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(analytical)
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See: Bias.
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The problem is simple - there is just
too much cholesterol!
J. R. Sabine (1977) (1).

CHAFTER 1

MEASUREMENT OF SERUM CHOLESTEROL - WHY AND HOW?

1.1.Serum cholesterol emerging as a risk indicator

Cardiovascular diseases are the major cause of death in industrialized countries.
Death rates from coronary heart disease have increased steadily up to some 30%
of the total death toll ~ they have stabilized in the past ten years and even seem to
decline, The relative youth of the victims remains particularly disturbing (2 - 6).
The etiology and pathogenesis of the disease are still incompletely known (7).

From a considerable number of epidemiological studies, however, a great many
risk indicators (or risk factors) have emerged (8 - 13). The most important among
these are elevated blood pressure, elevated serum cholesterol levels and cigarette
smoking. The design and objectives of large scale trials have, as a rule, been quite
variable. It has been recognized that the conductance of such studies - the recruit-
ment of a representative target population, the data handling, etc. - is an extremely
complicated task. Comparability of the several findings is limited (14) and in view
of the need to exchange useful scientific information the various study methods
must be standardized (15, 16, 17). This need also applies to the measurement of
cholesterol. Comparability requires also the compatible analysis and presentation of
results and sufficient description of all procedures,

In many countries official and unofficial recommendations have been issued
that must contribute to prevention of atherosclerosis. Chiefly this amounts to: a
more sober life-style; consumption of less calories, saturated fat and sugar and more
poly-unsaturated fats and fiber; consumption of sufficient proteins, vitamins, min-
erals; no smoking; more physical activity (4, 18 - 24); avoidance of stress. In fact
such rules are riminiscent of old medieval wisdom as expressed by the medical tra-
dition in Salerno (* 1200),

‘Use three physicians still, first Doctor Quiet
next Doctor Merriman, and Doctor Diet.” (25)
The recommendations also stress the need to continue research into the under-
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lving causative mechanisms of the disease (26, 27), as well as regular medical exam-
ination of some sort to detect high-risk individuals. One quotation where this
desire is expressed reads:

‘Measurement of the plasma lipidprofile, particularly chol-

esterpl, become a routine part of all health maintenance

physical examinations. Such measurements should be made

in early adulthood, when coronary heart disease is still rare,

and repeated at appropriate intervals, The potential impact

of other risk factors should also be periodically assessed.’

(20)

Whether one agrees with such statements or not, it cannot be denied that their
impact is huge and that the news media have made large parts of the general popu-
lation aware of the existence of risk indicators. The subsequent demand for health
check-ups has made cholesterol analysis an interesting business in more than one
respect. Moreover, government funding of cardiovascular research - in the USA the
budget of the National Heart, Lung and Blood Institute was increased from $ 223
million in 1972 to $ 397 million in 1977 - adds to these interests {28). Several
industries and companies offer regular medical examinations to their personnel.
Whether all this will lay the foundation for an effective future prevention pro-
gramme depends greatly on the possibilities to compare, and pool, much of the data
to give consistent answers to some pertinent questions. One such question might be
that of the ‘best’ or ‘correct’ or ‘optimal’ serum cholesterol level (29, 30).

1.2. The difficulty of interpreting serum cholesterol values

It may, at a first glance seem surprising that a well established and common
laboratory test like serum cholesterol analysis, should create problems at all. Since
the beginning of this century gradually all clinicians and general practitioners have
become familiar with cholesterol measurements. The usage of such analytical re-
sults, however, is changing in the sense that a new dimension has been added by
medical screening, Since the advent of epidemiological surveys and screening pro-
grammes with large samples of the population, cholesterol analyses and their inter-
pretation have moved away from the traditional hospital situation. There the serum
cholesterol values of a patient were - and of course still are - details among many
other data that built up a pattern of information on which diagnosis and therapy
were based. When in doubt the doctor may gather additional data by requesting
more tests to confirm some and rule out other possibilities.

In modern screening examinations - ¢.g. studies to estimate risk of developing
coronary heart disease in an apparently healthy population or periodical medical
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check-ups - only a few tests are used to classify the participants into a limited num-
ber of categories. No diagnosis in the classical sense is attempted at all. Now a labo-
ratory error, i the absence of counterbalancing mechanisms, will put an individual
into the wrong category or will lead to erroneous conclusions when values are com-
pared with those from previous measurements, The quality of laboratory perform-
ance therefore must be even better than would be needed in a hospital situation.
Such quality requirements are a new challenge to clinical chemistry (31, 32).

Nowadays one realises also that the value of study results is limited when com-
parisons with similar projects in or outside the country are not possible. The
lack of interlaboratory comparability is a major problem that did not attract
much attention until clinical chemical investigations became common in epidemio-
logical work, A main cause is the enormous multiplicity of methods, a general phe-
nomenon in clinical chemistry, Schwartz and Hill quote a recent WHO-survey
(33) in which 28 methods for cholesterol were found to be in comunon use in
European laboratories, Practically all of these are not analytically specific, meaning
that other serum components along with cholesterol will contribute to the overall
analytical result by chemical side reactions, light absorption and such. The blood
sampling technique is of great importance as well!

In the following chapters a number of problems one meets when performing
serum cholesterol analyses for mass examinations, and interpreting their results
will be under discussion. Following a literature review, the set-up of our guality
control system and the development of standardization procedures are described in
detail. A national standardization programme aiming at comparability of all popu-
lation studies in the Netherlands is discussed also.

In this way several aspects of clinical chemical analysis are studied in order to
evaluate whether the laboratory method used in the hospital, or occupational
healih service, can be employed in epidemiology.
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There is also too much cholesterol in the litera-
ture. The index to Biological Abstracts for a
recent 6-month period (1) lists 487 items under
the heading Cholesterol - and my guess is that
two-thirds of these either flatly contradict, or
at least provide an alternative observation to or
explanation for, the corresponding number of
the previpus six months.

J. R. Sabine (1977) (2).

CHAPTER 2

SERUM CHOLESTEROL - A REVIEW OF ANALYSIS, BIOLOGICAL
VARIABILITY AND STANDARDIZATION

Introduction

The serum cholesterol level measured in two blood samples taken from one
individual will rarely be the same. The results, presented to us as a number of
mmolfl or mg% or else (1), are greatly influenced by biological and analytical varia-
bility. In this chapter a short review is presented of the factors that contribute most
to such variations and thus hamper the interpretation of what we have measured.
Of course we can only try to control the various analytical errors by attaining suffi-
cient proficiency in the laboratory. For this, adequate control and standardization
procedures are needed. The subjects to be discussed below are:
2.1. Multiplicity of analytical technigues
2.2. Biological variations
2.3. Precision and accuracy
2.4. Definitive and reference methods
2.5. Quality control
2 6. Reference laboratories
2.7. Standardization and comparability
2 8. Examples of standardization: CB Heart Project and KRIS
29. Standardization in the Netherlands: KCA

2.1. Multiplicity of analytical techniques _
Since the discovery of cholesterol in gallstones by Poulietier dela Salle (£ 1769)
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the same substance was found to exist in all animal tissues. Until 1853 over a hun-
dred references had appeared in the literature (3). During the past hundred years,
since Salkowski described a reaction of cholesterol with sulfuric acid (4) literally
hundreds of papers have been published on analytical methods - including many
modifications and refinements - for serum cholesterol and cholesterol esters. A few
important developments appear in table 2.1. Several authors have classified and
reviewed cholesterol methodology (7 - 11), the latest of which includes the new en-
zymatic procedures (11).

Table 2.1.
Some landmarks in cholesterol research (3, 4).

1769  Poulletier de la Salle : extraction of gallstones yields white crystalline
compound.
1815  Chevreuil :name ‘cholesterine’ from the Greek: chole =
bile and stereos = solid.
1859  Berthelot :with fatty acids synthetised esters.
1872 Salkowski rreaction with sulfuric acid in chloroforum
yields red colour.
1885  Liebermann : same reaction including acetic anhydride yields
green-blue colour, =
1890  Burchard : quantitative colorimetric analytical method.
1909  Windaus : gravimetric analysis with digitonin.
1932 Wieland, Windausand  : elucidation of steroid formula.
others
1952  Abell et al, : reference method (LB-reaction).
1953  Bloch, Cornforth and : biosynthesis described (in rat liver),
others

1973  Flegg, Richmond (5,6} :enzymatic analysis in serum.

The Liebermann-Burchard reaction has become the most widely applied proce-
dure. This colour reaction is a part of several versions of ‘indirect’ or ‘direct” analy-
tical methods. In the first, cholesterol and other lipids are extracted from the
serum, esters may or may not be hydrolyzed with a solution of potassium hydroxide
in alcohol, and then the I.B-reaction is camied out with reagents in which the mix-
ture of sulfuric acid, acetic acid and acetic anhydride has a compoesition adapted to
the preferences and priorities of the authors. Many mechanized and partly auto-
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mated modifications were developed (12). ‘Indirect’ methods gradually have been
replaced by ‘direct’ methods, their advantage being the simplicity of manipulation.
The serum sample is mixed without extraction and/or hydrolysis with a stabilized
LB-reagent. The simplicity of these methods does make them attractive although a
loss of specificity can not be denied and the water in the sample, the esters and
other components influence the results,

In the Netherlands a modification of Huang’s procedure is used (13) according
to a recommendation of the ‘Buitengewone Normcommissie” of the NACC and
RIV. This method has been published under the auspices of the Netherlands Nor-
malization Institute as method NEN 2415 (14).

Because the LB-method in many versions is used so often, a short summary of
relevant aspects is given here, emphasizing the many pitfalls and trouble that may
be encountered. The last paragraph mentions enzymatic methods also.

2.1.1. Mechanism of the Liebermann-Burchard reaction

A few studies have contributed observations that led to the first proposed
mechanism. In concentrated chloroform solution cholesterol yields red or green
colours (15} with strong acid, depending on the amount of acetic anhydride added
(16). Molecuies like C54Hgg and Cg4Hgg were identified (17) and a mechanism
based on dimerisation of cholesterol with formation of sulfonic acid groups (9, 18)
was suggested. Tietz inserted it in his authoritative textbook (1st edition) (19).
Recent studies at NBS employing spectroscopy and mass spectrometry have shown
various cations to be the more likely coloured products. Thus the red Salkowski
product is the cholestatetraenylic cation (A, = 563 nm) and the Liebermann-
Burchard colour stems from the cholestapentaenylic cation (A ,x = 620 nm} (20,
21). Still this reaction sequence does not explain very well the different colour
development of cholesterol esters (fig. 2.1.) nor the colour reaction of some sterols
with structures not closely resembling that of cholesterol (22).

2.1.2. Analytical specificity

Blood serum samples that are lipemic, joundiced or hemolytic create a great
number of problems in clinical chemical analysis. In the LB-reaction bilirubin
causes erroneously elevated values (23), because its oxidation product biliverdin
(Mpax = 619 nm) increases the optical density at 620 nm. Double wavelength
measurements may correct for this (24). In our Huang method 10 umol/l of bili-
rubin increases cholesterol results by some 0.05 mmol/l. Fortunately in screening
studies hemolytic and jaundiced serum is rarely seen. Lipemia will as a rule lead to
additional and/or repeated lipid analyses. Sterols other than cholesterol are said to
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interfere: various contributions to the final values are reported: 0.4 - 1.3% from
A7 cholesterol (25, 26), 1 - 2% from cholestanol (27) and 1 - 3% from dehydro-
cholesterol (28). Total percentages of 10% are published (29 - 32) but must be
attributed to unreliable analytical techniques (33).

The number of drugs known to influence cholesterol levels, either physiologic-
ally or in the analysis, is huge (well over a hundred) and discouraging, Such inter-
ferences are often small and usually ignored (34, 35). Again, in screening of the
healthy population most of the drugs are probably not important, oral contra-
ceptives being a major exception (36).

There exists considerable confusion in the literature on the increase or decrease
of analytical results by the various cholesterol esters. Early data were collected by
Brown (37) who cites several positive and negative errors caused by long chain fatty
acid esters and makes the gloomy statement that:

‘apparently accurate values might be due to a favourable
combination of errors’,

Since most of this, and more recent information (38, 39), relates to chloro-
form solutions, we decided to perform some measurements ourselves in the aqueous
situation. Solutions of cholesterol esters were prepared in water, employing a deter-
gent (40). Pure cholesterol linolate, cholesterol oleate and cholesterol palmitate
were purchased in 100 mg vials (Merck, analytical grade). The exact amount was
found by weighing the vial before and after washing the contents out with chloro-
form or hexane. The organic solvent was evaporated under nitrogen and the ester
dissolved in 3.0 ml of TWEEN-40 (polyoxyethylen sorbitan monopalmitate, Sigma
Chemical Co.). After adding 1.5 mg of anti-oxidant NDGA (nordihydro guaiaretic
acid) the flask was heated in boiling water and a hot 0.1% sodium azide solution
(preservative) was added dropwise with constant swirling of the flask. The totat
volume (* 15 ml) was such that concentrations of approximately 10 mmol/l were
obtained. For comparison the same esters and cholesterol itself were dissolved into
acetic acid, chloroform and isopropanol,

To these solutions (0.1 mi) the LB-reagent (acetic acid: acetic anhydride : sul-
furic acid = 30 : 60 : 10 (v/v); with 2% anhydrous sodium phosphate (w/v), Merck
analytical grade reagents) was added (5.0 ml, temperature 25° C). The colour devel-
opment of the solutions was compared to that of corresponding cholesterol solu-
tions after the maximum was reached (measurement after 16 minutes, A 618 am,
Aminco-DW-2 spectrophotometer). The palmitate dissolved with difficulty and pre-
cipitated parily in the reaction which precluded an exact evaluation. Table 2.2, pre-
sents the ratio of optical densities of esters as compared with cholesterol itself.
Spectrophotometric scans are shiown in fig. 2.1. Our observations confirm the
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Figure 2.1. Maximum colour development in direct LB-reaction; cholesterol and
some esters in 10 mmol/l agueous solution.
optical density

0,35 |
0,30 |
0,25 4
0,20 -

0,157

G110 1

0,05 4

460 500 550 €00 650 700 725
wave length: nm

1. cholesterol linclate; 2: cholesterol palmitate, 5 mmol/l, O.D.scale x 2; 3: chole-
sterol; 4: cholesterol oleate,
Five m] of reagent mixed with 0.1 ml of sample; reaction time 16 - 20 minutes.

Table 2.2.
Relative colour development of cholesterol esters.!

isopropanol acetic acid chloroform water + percentage of
TWEEN serum total

cholesterol
Cholesterol 1.00 1.00 1.00 1.00 25
Cholesterol linolate 1.06 124 1.25 130 38
Cholesterol oleate 0.80 098 0.84 094 15
Cholesterol palmitate 121 - (1.07)*  (1.07)? 10

Number of analyses 2 2 4 12

1) The coefficient of vatation is approximately 5%.
2) Precipitation of some material during the reactioti.

27



general conclusions one may draw from the literature regarding elevated colour
development of the most abundant serum cholesterol esters. The aqueous solutions
demonstrate that such esters indeed account in part for the positive bias of the
direct LB-procedure, although we could not accurately predict it in mixed samples.

When a small serum sample is added to a few ml of LB-reagent its water con-
tent causes instantaneous heat generation and this greatly speeds up the reaction.
The course of this reaction is determined in the mixing procedure for this reason.
As soon as maximum extinction is reached (at 620 nm) it gradually diminishes
while increasing at A = 410 nm. Combined readings have been suggested (41). The
temperature initially reached, is lower when cold reagent is used. But the final
result, when employing a 259 C water bath, is the same (42). We have measured
the following temperature elevations (Table 2.3.).

Table 2.3,
Temperature rise in direct LB-procedure.

Five m! of LB-reagent (222 C) mixed with: Temp. 10sec. Temperature
after addition  change

0.1 m! distilled water 670 45
0.1 ml aqueous cholesterol standard (10 mmol/1) 590 37
0.1 mi cholesterol standard in isopropanol  ,, 330 10
0.1 ml cholesterol standard in chloroform 259 2
0.1 ml cholesterol standard in acetic acid » 220 0

Standards of cholesterol in acetic acid or isopropanol produce little or no heat
and the early stage of the LB-reaction will proceed calmly. For safety reasons it
may be wise to add the sample to the test tube before the reagent - this can pre-
vent spraying (44). Fading of the greenblue colour occurs faster when the reaction
temperature is increased (44, 43, 8). The best way to standardize temperature con-
trol is to place the reagent tubes in a thermostatted bath as soon as possible after
mixing of the sample and the reagent. Without this precaution a bad precision may
occur. In connection with this temperature effect encountered in the direct LB-
reaction two remarks must be made in addition: the reagent to sample volume ratio
(or the amount of water added) should be such that the reaction does not slow down
too much (44, 8) nor must the heat create brown colorations (45).
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The importance of mixing is illustrated by our comparison of two pipetting
sequences. Figure 2.2. shows duplicate results obtained on 22 patient specimens. In
our laboratory (CKCL) a Hook and Tucker diluter/dispenser, type HI, was used
and in the other laboratory (G) the serum was pipetted manually (0.1 ml),followed
by the reagent (5.0 ml): standards, reagents and further reaction conditions were
the same (46). The systematic difference between our methods must be attributed
mainly to the different early stage of the process: the mixing procedure. This is one
example of slight modifications with serious consequences. The speed of placing the
test tube in the thermostatted water bath is a part of this early stage (47).

Figure 2.2. Serum cholesterol - results of two pipetting procedures.
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2.1.3. Interference of light, wavelength and temperature

The influence of light on the LB-reaction products is strongest at low wave-
length (e.g. 430 nm) and at the usual 620 nm the routine laboratory sitvation with
subdued daylight does not have a measurable effect. The lowered extinction - the
maximum absorbance may be a few percent lowered in light - is compensated for
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by the same effect on standards (43). When the maximum optical density is reached,
a slow fading of the colour sets in while a yellow product (A, = 410 nm) appears.
Measurements at this wavelength, however, suffer from extraneous light and the
serum water content (41, 47). Colour stability is best at 540 nm but sensitivity is
less and hemoglobin interference enhanced (42, 7). Bilirubin interference may be
- corrected by measurement at two wavelengths: 618 and 730 nm (24) (with electronic
calculation). A water bath of 25° C is necessary to cool down the heated reaction
mixture of samples.

Each sample must be mixed, cooled and measured in exactly the same way (8)
because response rates for standards and serum are not paraliel (see also Appendix 1)
and timing errors will lead to poor precision.

2.1.4. The Liebermann-Burchard reagent

Several reagent compositions have been proposed (13, 48 - 51) and increased
stability, sensitivity, speed and optimal behaviour towards esters are claimed.
Kinetic measurement is possible also (52).

In any composition the preparation of LB-reagent is a hazardous job and care
must be taken to avoid accidental heat production and spilling. The reagent and its
components are dangerously corrosive and with regard to acetic acid vapours a well
ventilated hood or fume-cupboard is needed. After the analysis the reagent mixture
may be collected so as to minimise pollution.

Of course, these properties are very disadvantageous and have become one ar-
gument in favour of enzymatic reagents. Commercially available LB-reagents may
be employed for convenience but their composition should be known and should
not change between lot numbers. A properly made reagent rhixture is always colour-
less.

2.1.5. Calibration and quality control

The particular problems with calibration and control of cholesterol measure-
ments are the main subjects of this dissertation. Calibzation is usually done with a
solution of sufficiently pure cholesterol (several commercially available preparations)
in an organic solvent like ethanol, propanol-2, acetic acid '()'r in aqueous mixtures.
All of these have 2 different matrix (physico-chemical surrounding of the analyte)
and do not contain esters. Anyone will see at once the diffe:ence between the blue
colour obtained with the standard and the green-blue colour obtained with serum,
Viscosity differences may create pipetting errors (53, 54, 55). Temperature, timing
and chemical interferences were discussed already. A proper blanking procedure is
virtually impossible in this reaction; a reagent blank is used for establishing the base
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line absorbance.

Quality control is concerned with checks on precision and on accuracy. The
first is usually carried out by insertion of reconstituted, lyophilized control serum
into the analytical runs. This is a useful, necessary and legitimate procedure. It
must be kept in mind that homogeneity of a batch is a necessity (56). Accuracy,
however, cannot be estimated in this way because the particular matrix of each con-
trol preparation precludes a general conclusion (52, 57). One example of matrix ef-
fects is the following: in a comparison between two groups of laboratories employ-
ing two continuous-flow-systems some lyophilized serum control (Quality Assuran-
ce Programme, ASCP) showed a 24% difference for both high and low values (pro-
portional). A comparison of simultanecusly analyzed patient sera revealed a con-
stant difference of 1 mmol/l (58).

In other surveys similar problems are seen (59). Also, when human serum is
used to make control materials or human lipids are isolated to spike animal serum
one should be aware of matrix effects (60, chapter 5). And the stated label values
should not be used in calibraiion before they have been confirmed by the reference
method (61). Calibration with serum (see chapter 5) is a practical way to reduce the
positive bias of the LB-method, as was proven in CDC-coordinated trials. The hazard
of using only one single serum calibrator was also experienced (62, 63). Long term
stability and vial-to-vial homogeneity are absolutely required (64-67}.

2.1.6. Enzymatic cholesterol analysis

The appearance of the enzymatic reagenfs hasin the past 6 years already resuited
in a wide application. The advocated advantages are specificity, simplicity (‘direct’
procedure), mild reaction conditions and thé small sample volume needed. Many
procedures, several of them adaptations to various instruments, have been publish-
ed (11). The reaction proceeds as follows:

a. cholesterol esters are split with an esterase.

b. cholesterol is oxidised with cholesterol oxidase (ChOD) and hydrogen peroxide
is formed with cholestenone '

¢. hydrogen peroxide concentration is measured.

When the first step is omitted only free cholesterol is measured and omission of the

second step allows for an approach to blank determinations.

The first enzyme does not have to be specific, but it must completely split all
cholesterol esters within the necessary time period - short chain fatty acids in esters
sometimes added to control serum are dissociated too slowly. And some of the long
chain esters may behave differently too (68, 32). The second enzyme must be spe-
cific and also ensure a complete conversion of all cholesterol. Although several other
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sterols are oxidized as well. They are not quantitatively imporiant. The third step -
the quantitative measurement itself - may be done in several ways: enzymatic con-
version of peroxide with katalase, colour reaction with chromogens, electrochemical
measurement with electrodes. In the index of recent Clinical Chemistry volumes
alone one finds some 60 articles (1976: 22, 1977: 18, 1978: 22) dealing with en-
zymatic modifications, including HDL-cholesterol procedures. Interferences by lipe-
mia, bilirubin, hemoglobin, drugs and other serum constituents and the balancing of
optimal reaction conditions with regard to enzyme activities, buffer and buffer
strenght, pH, detergents and chromogens are factors of importance (69 - 71). Cali-
bration, or rather the inconsiderate selection of the standard, may lead to consi-
derable bias (72,73, 74).

Interlaboratory differences among enzymatic procedures are as large as in other
methods. If this analysis is to be used as a reference procedure, standardized enzyme
preparations and the employment of fool-proof detection techniques are required.
One may think of UV measurement of cholestenone (75), oxygen electrodes (76)
or calorimetry (77).

2.2. Biological variations

As a result of screening for presence of hyperlipidemia usually group mean va-
lues are studied and calculated averages of resuits are presented in tables and graphs.
But before all this is possible the individual has been examined and classed into
‘normal’ or ‘at risk’ categories. In what way is a serum cholesterol measurement
used to determine risk? The serum cholesterol level in human beings may fluctuate
over a wide range of values. Screening studies have not soughtto find ‘elevated mean
cholesterol levels’ by averaging several analytical resulits. Instead our risk indicator is
the transient elevated serum cholesterol at the time a single medical examination
happens to be scheduled. Clearly at that moment the analysis must be precise.

Without good precision no valid distinction between low, medium or high values
is possible. An estimate of the rate of erroneous classification is made in section 6. 5.
When participating subjects have been divided into groups with different risk, re-ex-
aminations occur. Changes in the cholesterol are then evaluated. Here, in addition
to laboratory error, the biological variations play an important role - and knowledge
of their dimension is necessary.

The analysis, if not quite accurate, must have at least a known bias. Without
this information cut-off levels have no meaning. The blood collection procedure
must be taken into account too as an important source of variation (see section
34.1.3).

Several values for ‘personal biological variations’ are available. Some are derived



from duplicate measurements in several individuals (averaged individual s} and some
from serial examinations in the same individual (intra-individual s}. Examples from
a number of sources are shown below, in table 2.4,

Many more, older data are reviewed in ref. 83, but do not contribute to our in-
sight.

Considering this normal, physiological variability of the cholesterol concentra-
tion, what is a ‘statistically significant change’ that we might ascribe to intervention?
The probability of such a change being due to chance is great. Blackburm calculated
some examples (84) based on an estimated biological standard deviation of 0.40
mmol/l (15 mg%): two single measurements must differ more than 1.1 mmol/1 to
make the change significant (p << 0.05). If these measurements are averages of three
analyses 0.6 mmol/] is the smallest significant change. Thus we have good arguments
to consider groups of people only and to calculate means of many measurements,

Seasonal variations, if they exist, should have a regular pattern returning every
year and they would have to be known in order to interpret changes in cholesterol
levels. In the 1961 literature review of Paloheimo (83) there were three accounts of
high values during the summer season and two in winter, whereas in seven cases 1o
trends were found. More recently contradictory results have continued to appear,

There are practicaily no studies in which laborzatory fluctuations, although un-
doubtedly existing, have been taken into account. Some findings are tabulated in
table 2.5. Asin the intra-individual variations some seasonal data were derived from
serial examinations in one group and others from analysis of serum specimens
obtained from several population samples large enough to be comparable. In the
absence of detailed information about the laboratory error it can oniy be concluded
- particularly from well-controlled methods {93) - that rather irregular fluctuations
occur, the cause of which is unknown, and the extent of which is unpredictable. A
discussion appears in section 6.6.

2.3. Precision and accuracy: how to select requirements?

From the point of view of the analytical chemist precision and accuracy must
be of the highest attainable level. In daily practice the statement of the IFCC
Expert Panel on Nomenclature and Principles of Quality Control in Clinical Chem-
istry is more realistic:

‘consumer needs - i.e. health care requirements as determined
by benefit to patients, clinical practice and cost to the com-
munity - must be taken into account, in order to avoid wrong
management decisions which might result from reliance on
internal laboratory criterie alone; for example, an analytical
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Table 2.4.

Intra-individual biological variation of the serum cholesterol level.

Author ref. examined type of persons tests per time interval averaged intra-individual
persons person individual s
s
mg% mmol/l mg% mmol/l

Anderson (78} 22 healthy soldiers 2 1 week 1951 050
and 13 healthy obese young men 2 4 days 23.19 0.60
Keys 24 ambulant coronary patients 2 3 moths 29.61 0.77
Harris and(79)"? 68  healthy menand women  10-13  1week  13.1 034
Cotlove
Statland (80) 11 healthy young students 2 1/2 hour 68 0.18

? » » 3 6 hours 7.6 020

” » ” S 2-4days 106 027
Boerma, (81) 23 middle aged men 3 6months 197  0.51
KRIS study
Thomas (82) D2 male young prisoners 10-12 1 month 108 -496 0.28-1.28
Paloheimo (83) 45 policemen 10-12 1 month 7-38 018088

37 prisoners 10-12 1 month 11-36 0.28-093

1) In addition women over 30 are shown to have a significantly higher variation than average (79) and high cholesterol
varies stronger than low levels (82).
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Table 2.5.
Seasonal variations of serum cholesterol,

Author Ref. Location Period of Examined persons Same group  Maximum 4 Minimum
time always or differ-
ent groups each
examination
Paul (85) Chicago 4 years 1982 workers, aged  partly the same autumn + winter spring + summer®
40-55
Pincherle (86) London 2.5 years 7133 business men different winter summer
Thomas (82) Baltimore 1 year 24 young male same winter summer +
prisoners October
Fuller (87) London 1 x spring 80 healthy persons same no trend
1 x autumn same no trend
1 x summer73 healthy persons same no trend
Fyfe  (88) Glasgow 2 years 3701 ambulant and  different spring autumn
in-patients
Bleiter (89) Iowa City 1 year 43 healthy persons same no trend?
Paloheimo (83) Helsinki 1 year 45 policemen same no trend?
37 prisoners same spring autumn
Boerma (90) Rotterdam 1 year 3360 middle aged men different no trend?®
(91) The Netherlands 4 years 27271 persons, aged  different no trend?
20-49
Doyle (92) Albany,N.Y. 1 year 53 men same autumn + winter spring + summer

Notes: 1) at least one year had a reversed pattern; 2) women and men had different, though slight trends; *) monthly, un-
predictable, fluctuations are observed; 4)maximum never in summer,



method may be the best available for a given component, but
it may still not be good enough for medical application; con-
versely, a method may be more sensitive, specific or costly
than justifiable by its use in a particular clinical situation.’
(93)
Of course, it does seem reasonable that health care requirements dictate the
analytical needs, but the answer to the question regarding requirements has yet to
be given. Several propositions have been made concerning the precision and accuracy
limits of serum cholesterol analysis. They are based either on comparisons of labo-
ratory errors with normmal ranges in the population, or with individual biological
variability or on comparability between laboratories.
The Subcommittee on Criteria of Medical Usefulness of the CAP has given
several guidelines to define such requirements (94). Some are of litile help, be-
cause they perpetuate the present situation:
‘Desivable accuracy should be such thar the method will
create no substantial divergence from generally accepted
values for normal and disease states,”

whereas others have gained wide application:
‘Desirable precision should be such that errors induced by
the measurement process do not significantly widen the
range of values for the normal population,’

It is thereby advised that the laboratory standard deviation be within one-twelfth
or even one-twentieth of the population range. In these cases the laboratory will
add 5.4% or 2.0% respectively, to the normal biological range. In our laboratory the
observed serum cholesterol range for 95% of a group of 110 blood donors and labo-
ratory technicians is 3.8 - 8.0 mmol/l (59 * 2.1 mmol/l) and the two criteria
mentioned allow for standard deviations of 0.35 and 0.22 mmol/l respectively.
Several criteria as proposed in the literature are collected in table 2.6.

Although it is reasonable to consider intra-individual biological variations, these
are quite unpredictable and differ widely from person to person. Individual refer-
ence values are not easily established. Tonks (95) is mainly concerned with distin-
guishing the ‘healthy’ 93% of a population from diseased patients, Cotlove (96) and
Barnett (94) are likewise interested in distinguishing a normal physiological variation
from pathological changes outside the normal range of homeostasis. Boone (98)
and Gilbert (99) have evaluated numerous results from surveys among hundreds
(CDC) or thousands of laboratories (QAP - CAP); Eilers’ (100) recommendation is
the only one that reckons with individual human biologic variations. Very recently it
was, in more general terms, recommended that intralaboratory CV should be within
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Table 2.6.
Guidelines for laboratory precision and accuracy; cholesterol analysis.

Recommendations
Author Ref. Criterium for Cholesterol Accuracy cv § 8
analytical s level intralaboratory interlaboratory
Tonks  (95) allowable limits of 5%
error * 1/4 of normal
range or else within
10%
Bamnett (94) medical significance 6.5 mmol/i 8% 0.52 mmol/1 (20 mg%)
Cotlove (96) 1/2 of biological s 0.44 mmol/1 {17 mg%)
Steele (97} same 0.34 mmol/1
Boone  (98) ref. lab, median e.g. 0.41 mmol/l
* 1/4 norm. range 3 - 5 mmol/]
‘clinical requirement’
Gilbert (99) goal for 1980 in 4% 6%
QAP cf CAP
Eilers (100) goal for 1980 4 mg% 3 mg%h 6 mg%
0.1 mmol/l 0.08 mmol/l {0.16 mmol/l)
Aspen  (101) s<1/2 intra-individual s
Conference




1/2 CViptra-individual (101) without further specification.

In interlaboratory surveys comparability is in the first place strived at and the
group mean values must be approached to within + 2s (99, 102 - 104). In the case
that such a group mean by chance coincides with the true value, accuracy is in fact
judged in addition to comparability. Sometimes the mean obtained from results of
reference laboratories is used as a target value for trials {105). Scoring systems for
Iaboratory proficiency have been suggested in which analytical techniques are
judged one by one (106) or as a whole packags (107, 108).

In the international cholesterol standardization programmes of CDC and IKEM
the narrow limits of the WHO may not be exceeded. In epidemiclogy, laboratories
taking part in population trials are now beginning to make efforts to fulfil these
WHO requirements for interfaboratory comparability (table 2.7.). These limits
are meant to serve the purpose of pooling data from several studies and do not
reflect the requirements derived from ‘normal ranges’.

Cholesterol values in large-scale examinations are used often to classify all
subjects into risk categories like ‘normal’, borderline’ and ‘elevated’. This division
may be based upon more than one examination and at least the classifications
‘borderline” and ‘elevated’ are as a rule confirmed by repeated screening. For
these classifications to be exact the analytical method must be very precise, In the
ideal situation the cholesterol measurement must distinguish between 7.2 mmol/!
(highest ‘borderline’ value in CB-Project) and 7.3 mumol/l (lowest ‘elevated’ value
in CB-Project) (chapter 4). Knowing the actual precision of the analysis - the co-
efficient of variation is 3 - 4% - we can calculate the number of misclassifications.
Such calculations are performed in chapter 6. Although 1.5% of all individuals in
the CB Heart Study are misclassified the overall group results do not suffer from
limited laboratory precision.

Secondly the values are subsequently used to determine whether intervention
has been successful or whether ‘normal’ groups or individuals show a changing chole-
sterol level over time. In this case biological variations play a more pronounced
role and, especially for the follow-up of a group of participants, the analytical varia-
bility of the measurement will play a minor role.

When criteria for precision have been set it is the task of the laboratory staff
to fulfil them. This is entirely possible within the laboratory by selecting a good
method and by standardization of its execution. All details of the procedure must
be carried out in as much an identical manner day after day as possible. Quality
control is necessary to ensure that the level of performance stays within limits
(section 2.4.).

Accuracy largely, but not entirely, depends on the specificity of the selected
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Table 2.7.
Recommended WHO allowable lipid standardization limits for accuracy and pre-
cision (on mean and overall standard deviation).!)

CHOLESTEROCL
Expected value Limit on overall Ccv Limit on mean
(EV) standard deviation (tolerated deviation
from EV)
mg% mmol/l mg% mmol/1 % EV +5%
100 2.59 6.5 0.1681 6.5 EV +{0.05 x EV)
150 3.88 7.0 0.1810 47 -7
200 5.17 7.5 0.1940 38 -7
250 6.47 8.0 0.2069 32 -7
300 7.76 8.5 02198 2.8 -7
350 9.05 9.0 0.2328 2.6 -7
400 10.35 9.5 0.2457 24 -7
450 11.64 10.0 0.2586 22 -7
500 12.93 10.5 02716 2.1 -7
TRIGLYCERIDES
2) mmol/1 %
35 0.4 5.3 0.06 15.0 EV 007 175
38 1.0 7.1 0.08 8.0 EV +0.09 9.0
142 1.6 8.8 0.10 6.3 EV £0.11 69
195 22 10.6 0.12 5.5 EV £0.13 59
248 2.8 124 0.14 50 EV +(.15 54
301 34 142 0.16 47 EV +0.17 5.0
354 4.0 15.9 0.18 4.5 EV £0.19 4.8
407 4.6 17.7 0.20 4.3 EV +021 4.6

DKindly provided by Dr. D. Grafnetter, Prague.
2)Expressed as mg% of triolein.
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method. The modification of a technique and the way it is performed, especially
the calibration procedure, greatly influence the outcome (109). It appears that
accuracy - the production of true values - is generally impossible to attain for the
average clinical chemistry laboratory. This holds true for almost all analyses in cli
nical chemistry as a result of the complexity of biological materials and the diffi-
culty of obtaining valid standards for calibration.

2.4. Definitive and reference methods

The basis for evaluation of accuracy is the availability of:

a. pure standard materials

b. accurate methods
The need for pure standards in clirical chemistry is met by a number of ‘standard
reference materials’ of NBS. Among these is SRM-911: cholesterol of more than
99 4% purity (110). The same quality is also commercially available from several
sources {111, 112). Serum preparations with assigned vafues for calibration pur-
poses will be discussed in section 2.5. Usually it is impossible to measure accurately
under routine conditions, because our methods have insufficient specificity. Bias
can, however, be assessed by comparison with a superior method, carried out at
high cost with sophisticated equipment. Such a method, according to the very
workable TIFCC definition, should have no source of bias, Such a method must also
be given a name and this does not stop to initiate many a lengthy discussion and
even controversy (101 and section 6.2.). The term definitive method or abso-
lute method do not necessarily imply the exclusion of any improvement nor do
they block scientific progress, as is sometimes feared. They too mark a state of the
art at the present time. And besides, the development of possibilities for confirm-
ation of the accuracy of a far-away decimal is not of any importance in clinical
chemistry. Accuracy of serum cholesterol analysis within + 0.05 mmeol/] is certainly
sufficient for the purposes in epidemiological investigations.

The first example of a definitive method in clinical chemistry is the IDMS
procedure for calcium in serum (113). A reference method, based on AAS followed
(114) as well as an immediate discussion about who assignes such titles as ‘reference’
and ‘definitive’ methods (115, 116, 117). The calcium reference method must yield
values within = 2% from the true value (118) and the exhaustive research in the
method already has reveiled up to 7.6%instrument dependent bias (119). Remark-
ably enough a serum calibrator improved this error significantly.

For cholesterol the IDMS technique has also provided the means to obtain ac-
curate results (120 - 123) as well as for numerous other body fluid constituents
{124, 125). Research in this area was stimulated by federal regulations of the FDA
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in the United States.

Reference methods, that are generally usable and for a long time have been
proposed as such, owe specificity to theisolation of cholesterol before it is measured,
Such isolation may be performed by precipitation (126} (Sperry and Webb method)
or extraction (127} (Abell method) after hydrolysis of the cholesterol esters. Several
colour reactions or GLC may then be employed to obtain reasonably accurate re-
sults (13). The Abell-Kendall method (127) has for a long time been generally re-
cognized as the most attractive reference method. Alternatives like enzymatic (128)
and GLC procedures (129) are under study by several groups of specialists at CDC
and in European countries, It must be noted that according to the defined termino-
logy a reference method can only really be considered as such, after verifying its ac-
curacy with the definitive method. Disadvantages of the Abell-Kendall method are
that several steps are involved. The shaking device and reagent tube size for instance
determine the efficiency of extraction as do timing and temperature. Slight mod-
ifications alter the final results as is demonstrated in interlaboratory comparisons
and the CDC standardization programme. Surely not everyone’s Abell method is
the Abell-method (108). It is of interest to note that recent investigations - com-
parisons between the IDMS, the Abell and enzymatic procedures - led to the finding
that Abell results were approximately 1% too low. This was corrected in the Lipid
Reference Center by optimising the extraction (74). A remarkable finding indeed
after some 20 years of experience with the method. It is doubtful whether this
1% correction, that was introduced with little publicity, is of any benefit at this
moment,

In this study the enzymatic method was carried out, with and without blanking
procedures, with very much the same precision and a negative bias of a few percent.
Further work is in progress at CDC,

2.5. Quality control

Any laboratory issuing analytical results to serve as indicators of healthy or
pathological states in a patient must control the reliability thereof. Although
the resuits of clinical chemical investigations are expressed in quantitative terms,
they are by no means absolutely correct. The numerous steps occurring between
tzking a blood sample and logging a final result into the patients record all are
potential sources of error and must be guarded. The best insurance for quality
is to have dedicated, qualified personnel working with care, paying attention to all
necessary details. A quality control system is needed to identify the several sources
of error and to determine whether repeatability, reproducibility and, as good as
possible, accuracy are such, that useful information is obtained. The literature on
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quality control is extensive. Most current textbooks on clinical chemistry contain
chapters describing fundamental techniques and lately some monographs have ap-
peared (130 - 133),

Proceedings of conferences, some devoted entirely to the subject of quality
control, contain much detailed and recent information (101, 134, 135, 136). The
hallmark article of Whitby et al. in Advances in Clinical Chemistry (137) has been
recently updated by Whitehead (138). His discussion on terminology,although not
unambiguous, and his systematic approach towards limitation of errors are very
valuable.

In the following chapters control procedures for cholesterol analysis are de-
scribed in detail, providing internal and external control schemes. The importance
of a normalized blood sampling procedure is stated in section 3.4.1.3 and Appendix
L. In our country the clinical chemist is free to organize quality control as he deems
fit. Several other countries have legislation that demands specific qualifications of
the laboratory director and the personnel and/or require a quality control system.
One of the first laws of this kind was the ‘Pennsylvania Analytical - Biochemical -
Biological Laboratory Act’ (act 389) of 1951 {amended 1961, 1972). A laboratory
may only be in operation after a permit has been granted. Some regulations in this
State now read as follows (139):

‘Cuality control procedures in chemistry, microbiclogy, hematology, and other

laboratory specialties shall be those approved by the Department.

A degree of accuracy, specificity, and precision satisfactory to the Department
shall be shown in quality control records at all times.

Results of proficiency tests shall be maintained in the acceptable ranges statistic-
ally determined for each evaluation. Fuilure of a laboratory to satisfactorily
perform in a proficiency test may be cause for revocation of approval of the
specific tests involved.

A clinical laboratory shall be prepared at all times during the normal working
hours to accept, perform, and report promptly on all specimens submitted by

the Department for purpose of testing the adequacy apd accuracy of its pro-
cedures.’

The federal ‘Clinical Laboratories Improvement Act’ (1967} now makes similar
requirements effective in the entire USA. Proficiency testing is carried out by CDC,

including shipments of control serumn as well as on-site inspections. European coun-
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tries like France, the United Kingdom and the German Federal Republic require
participation in proficiency testing or specify qualifications of the laboratory di-
rector. It must be added that in these cases law was intended to put an end to unde-
sirable situations unknown in the Netherlands. Analytical chemical techniques do
appear of course in some other Dutch laws. The Food and Drug Act (Warenwet)
specifies exactly which techniques must be used by Food Inspection Departments.
In contrast with this the Plant Protection Law (Plantenzicktewet) authorizes the
Plant Protection Service (Plantenziektekundige Dienst) to select her own methods
to detect diseases. Thus the presence of malignant virus infections, when it is de-
tected by enzyme immuno assay, will automatically prohibit the commerce of the
entire lot of checked plants.

2.6. Reference laboratories

26.1.CDC

In July 1946, the Communicable Disease Center began to coordinate the attack
on contageous and vector-borne diseases in the USA. It had already played an im-
portant role in the eradication of malaria in Florida and was, for that purpose,
headquartered in Atlanta, Ga. Today it has grown into one of the large US Federal
Health Service Departments. The name was changed to Center for Disease Control
in 1970 to emphasize its position as leading institution for State Health Depart-
ments, clinical laboratories, prevention programmes, nutritional studies and many
more action lines could be named (140). Its Bureau of Laboratories coordinates
work in all possible kinds of health oriented research, from occupationat safety pro-
blems to a search for exotic microorganisms from outer space.

In the Clinical Chemistry Division, the Lipid Standardization Laboratory is
carrying out the WHO Cooperative Cholesterol and Triglycerides Standardization
Programme. Since an experimental programme for cholesterol was initiated in 1957
the facilities were continuously enlarged and in the past 20 years over 800 labora-
tories took part in this CCSP (108, 141). The programme begins with ‘part 1°,
which is a self-evaluation phase. All participants check their performance and im-
prove upon it when necessary. Samples with known assigned values are sent to them.
In “part 27 proficiency is checked with samples having unknown lipid levels,

Advice and additional samples are provided whenever probleins should arise.
‘Part 3’ is a continuing control phase to ensure sufficient long term quality, A certi-
ficate may be granted after a period of time has elapsed in which good proficiency
has been demonstrated. This certification is therefore a retrospective one.

Today the programme s called Cooperative Cholesterol and Triglycerides
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Standardization Program and it is, among other international standardization ef-
forts, an important example.

2.6.2. IKEM

The World Health Organization has been coordinating and initiating research
on cardiovascular diseases in several countries which has been one of the important
drives for standardization - WHO requested participating laboratories to become
standardized in much the same way the US Government did in Federal health pro-
jects. A WHO Regional Lipid Reference Centre for Europe was established in 1973
in Prague, Czechostovakia, to meet the growing demands for reference work in
Europe (142). It is situated in the Institute for Clinical and Experimental Medicine
(IKEM). The programme is very similar to that of CDC, but is not strictly divided
into three parts. Another difference is the use of lyophilized control pools, com-
mercially obtained or own made. In addition to the TKEM reference method, the
identical manual Abell procedure at CDC is used to establish assigned values.
Today, over 120 laboratories in 47 countries are cooperating in this Regional
Programme.

2.6.3. The Netherlands Lipid Reference Laboratory

The growing number of laboratories seeking assistance with standardization
means an ever increasing burden upon the two WHO Reference Laboratories, This
includes the shipping of expensive serum samples without payment from the cus-
tomers. Recently CDC has recormmended that national coordination be improved
in order to channel interlaboratory contacts between a particular country and
CDC’s Lipid Reference Section thrrough one national centre (141).

In the Netherlands a discussion about pros and cons of one or more reference
laboratories has hardly begun. But to serve the needs for our cholesterol standardi-
zation plans a reference laboratory is in the founding stage in the Rotterdam Uni-
versity Hospital Department of Clinical Chemistry. Its position fits in with the
reference task which the RIV considers its duty by a mutual agreement reached in
consultation with the KCA foundation.

This reference laboratory has now duplicated the manual Abell-Kendall meth-
od as it is employed at CDC, without changes. In the near future our reference
method will be used to establish assigned values to serve as our basis for checking
accuracy of cholestercl determinations. QOur draft proposal to set up a reference
system in the European Community awaits approval of the BCR in Brussels (143).
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2.7. Standardization and comparability

2.7.1. The cholesterol standardization programmes currently in existence differ

from other interlaboratory surveys in several ways:

1. The values obtained by the labeling procedure in the reference laboratory may
for all practical purposes be considered as true values,

Participants therefore can establish bias, provided that samples are used with
chemical and physical matrix properties closely resembling those of fresh
human serum (57).

2. The two reference laboratories will in case of difficulties always be prepared to
give advice and to make additional control samples available. They are actively
engaged in helping the participants to solve their problems. (142).

3. The surveys are focusing on only one or two analytes and participants must
devote a relatively large amount of time to these techniques.

4. The allowable limits for bias and standard deviation are fixed and used uni-
formly throughout the world (table 2.6.).

The results of these programmes and other interlaboratory trials are similar in
that the introduction of better analytical technigues and effective quality control
procedures is stimulated. This has led to improved comparability among labora-
tories. All publications about external quality control schemes report improved
interlaboratory precision over the past decade, but improvement with cholesterol is
usually small (144 - 147).

2.7.2. Comparability of published data on cholesterol analysis is severly limited by
lack of standardization. Only few papers report having employed a method that
took part in WHO international standardization programmes (examples are: 148 -
151). Some have made intralaboratory comparisons with reference methods but
such results form a less reliable basis (108) because of bias among the Abell modifi-
cations. For instance, in a paper by Keys et al. (152) cholesterol levels in different
studies were compared (table 2.8.).

It is then stated:

‘Essentially identical methods were used in all of these studies and there is no

reason to ascribe differences in the results to the methods used.’

There may well be differences between Chicago and Minnesota men, but direct
comparisons were not made and this statement is not valid. It would be better to
suspect between-method differences unless their absence is proven (153). Even if
mean values of two methods do seem to be alike, the correctness of it must be con-
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Table 2.8. Serum cholesterol levels found in some studies.

Percentage of population with specified
serum cholesterol level:

<220 mg% > 260 mg%
< 5.69 mmol/l > 6,72 mmol/l
Minnesota men, aged 45 - 55 47% 20%
Chicago men, aged 40 - 59 26% 47%

etc.

firmed in comparative measurements (154).

Sometimes repeated measurements within the same study are not comparable
because of method changes: e.g. Busselton, Australia (155).

2.7.3. Are the WHO narrow limits a sufficient guarantee that comparing or pooling
of data is possible? The answer must be: no; and it may be illustrated by an example.

Suppose laboratory A and laboratory B participate in a screening programme,
Their bias, employing the same method, is + 4% and - 4% respectively and the
mean values obtained in two control pools are compared (table 2.9.):.

Table 2.9. Analytical results of two laboratories with + 4% and - 4%bias.

Serum Laboratory A Reference laboratory Laboratory B
pool X 7.28 mmol/l 7.00 mmol/1 6.72 mmol/1
pool Y 6.10 mmol/1 5.86 mmol/l 5.67 mmol/l

If laboratory A uses cut-off levels of 6.15 and 7.25 mmol/l, as is done in the
CB Heart Project, the corresponding cut-off levels in laboratory B must be 5.65 and
6.75 mmol/l respectively. Bui both laboratories work within WHO narrow limits. In
the CB Heart Project during a certain time peripd 6006 men and women were
screened and classified as ‘normal’, ‘borderline’ and ‘elevated’ by laboratory A.
(Table 6.6). Had this been done by laboratory B a different impression would have
been obtained altogether: table 2.10.
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Table 2.10. Sample of 6006 persons grouped by serum cholesterol.

laboratory number of persons in three categories (cholesterol level: x)

X < 6.2 mmol/l 63<x<73 x >7.3 mmol/1

‘normal’ ‘borderline’ ‘elevated’
A 4398 (73.0%) 1177 (19.5%) 431(7.5%)
B 5076 (84.5%) 720 (12.0%) 210(3.5%)

[t may be concluded that for interlaboratory comparison the bias of the labo-
ratories must be known, and included in published results.

If the bias is unknown, both laboratories may consider to designated the upper
5%, or 10%, of the group as ‘elevated’. Compare section 6.7.7. in which the need
for standardization is discussed for different kinds of study set-ups.

2.8. Examples of standardization: CB Heart Project and KRIS

In the next two chapters the standardization and quality control procedures
will be described, that have been parts of an intemational and a national cardiovas-
cular epidemiological study: Chapter 3: The Kaunas Rotterdam Intervention Study,
(KRIS) and Chapter 4: The CB Heart Project.

2.8.1. In the KRIS comparability between the two participating laboratories was
ensured by keeping all procedures and equipment identical in Rotterdam and
Kaunas. From the blood sampling to the reporting of results all methods and mate-
rials were exactly alike. The laboratory results were compared by employing
common serum controls and by exchanging frozen patient specimens.

To estimate the accuracy of our method a special series of surveys was organ-
ized and during the 2.5 years of the KRIS-project eleven survey-sets of a dozen
samples of human reference serum were analyzed and the results compared with
those from the Lipid Reference Laboratory in the Center for Disease Control
(Dr. A. Mather): A part of the results has been published elsewhere (156, 157).

2.82. The CB Heart Project has only one central laboratory, the Central Clinical
Chemistry Laboratory of the University Hospital Dijkzigt in Rotterdam. To make
the study results comparable with others, the survey samples from the WHO
Regional Lipid Reference Centre in Prague (Dr. D. Grafnetter) were analyzed from
1973 onwards. Results have been published, in part, elsewhere (158, 159, 160).
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2.8.3. In both projects several problems were encountered, some could be solved
easily and some, unexpectedly, demonstrated that our cholesterol analysis remains
a difficultly controllable process. Its sensitivity to slight changes in the analytical
procedure and to the sources of the serum pools for example, makes the measure-
ment of bias a hard fask.

2.9. Standardization in the Netherlands: KCA

In the Netherlands numerous epidemiological studies have been and are carried
out (e.g. 161 - 167).

Screening of population samples occurred in studies carried out through univer-
sity research projects, or by professional organisations, the Government and the
food-industry. The laboratories of the coordinated study by the Commission for
Detection and Prevention of Ischaemic Heart Disease (COPIH) of the NVAB have
been participating in comparative measurements. These surveys were set up by the
Central Laboratory TNO in Delft (168) and comparability among the group - all
employing the same Huang modification (14) - was thus assessed. Acceptability
criteria were not established. It was decided to pursue the desired standardization
by an organization especially devoted to the task of making the analytical results
obtained in Dutch epidemiological studies comparable. This Foundation for Quality
Control of Chemical Analysis in Epidemiclogical Investigations (KCA) aims at in-
creasing precision and accuracy by offering a standardization programme set up like
the programmes of CDC, Atlanta, USA and IKEM, Prague, Czechoslovakia. In add-
ition to this the KCA plans (in collaboration with the RIV) to make sérum calibra-
tors available to the participants in an attempt to decrease the positive bias of direct
LB-reactions. A preliminary experiment has yielded rather satisfactory results.
Chapter 5 describes in more detail what has been accomplished so far in this nation-
al standardization project.
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By standardization is meant the process resulting in
meaningful measurement. This process, to be de-
scribed in some detail, is complex and highly interac-
tive, and it calls for the highest degree of cooperation,
enthusiasm, and hard work on the part of scientists,
technicians, and wmanufacturers if success is to be
achieved., Furthermore, the scope of the work is so
broad that only if international resources ave applied
to the problem and full cooperation between various
national groups and societies is assured will a solution
come about in a reasonable time,

J. Paul Cali (1973) (1).

CHAPTER 3

PLASMA CHOLESTEROL AND GLUCOSE ANALYSIS IN THE KAUNAS
ROTTERDAM INTERVENTION STUDY (KRIS);
INTERNATIONAL INTERLABORATORY STANDARDIZATION (2)

3.1. Introduction

The ‘KRIS’ was designed to investigate the feasibility of intervention - such as
health education or the administration of drugs - in order to prevent the occumence
of atherosclerotic complications in high risk individuals, The amount of risk for
myocardial infarction or cerebral stroke was estimated by measurement of three
risk factors, namely, elevated blood pressure, hypercholesterolemia and impaired
glucose tolerance. The main objectives of the KRIS were: to examine recruitment
and complicance of subjects, to study the interaction between the medical com-
munity and the research team and to compare the effectiveness of several treatment
approaches (3).

This programme was carried out in two cities with contrasting health delivery
systems: Rotterdam, The Netherlands and Kaunas, Lithuania, U.S.S.R. The target
population consisted of males, aged 45 - 59, and a baseline survey among 4000 men
was performed. Finally screening examinations were started in Kaunas in March
1972 with 3561 men and in Rotterdam in September 1972 with 3882 men. A
borderline group with mildly elevated risk factors was recruited after two screening
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examinations for a double-blind drug treatment trial. A pathological group with
highly elevated risk factors was partly referred to their general practitioners or
specialists and partly treated by the study team. A 10% sample of the normal group
was re-examined for control purposes at the end of the tral, e.g. to detect the in-
fluence of screening on risk factor levels. This chapter will deal with standardization
and quality control of cholesterol and glucose analysis. The entire laboratory pro-
tocol is reproduced in Appendix I.

3.2. Laboratory implementation and standardization

The KRIS programme was developed by the Division of Health Statistical
Methodology, WHO, Geneva (Dr. L. S. Glasunov: Project Leader), the Rotterdam
Municipal Health Department (Prof. Dr. L. Burema: Director) and the Kaunas
Medical Institute (Prof. Dr. Z. I. Januskevichius: Director). As early as Gctober
1970 a preliminary meeting was held in Kaunas to discuss all initial preparations for
the study. The methodologies used in Rotterdam and Kaunas for cholesterol and
glucose determination were different. In Rotterdam modifications of Turners
method (4) and Hofmans ferric ¢cyanide reductions respectively (5) were in use,
whereas in Kaunas a version of the Zlatkis reaction (6) and the Nelson-Somogyi
method (7) were applied.

it was strongly suggested in the Biochemical group meeting by the chairman
(Prof. Dr. B. Leijnse) to use identical examination procedures and SI-units. For
cholesterol the Lisbermann-Burchard reaction was suggested while for glucose an
enzymatic oxidase procedure was discussed. After consulting the special adviser
from the CDC (Dr. A. Mather, Associate director; Clinical Chemistry Division) the
final proposals were to use a modified Huang method for cholesterol as used in the
Netherlands as the normalized procedure NEN 2415 and an o-toluidine method for
ghicose (8, 9).

Although from an analytical point of view one central laboratory would have
been desirable, this was virtually impossible with the large distance between the
cities. Further it seemed advantageous to gain experience with standardization pro-
cedures since a much larger study in at least ten cities might follow this relatively
small feasibility study. Thus it was decided that all chemicalf.analyses would be per-
formed locally in laboratories especially implemented for this task. This operation
was performed by the Central Clinical Chemistry Laboratory at the University Hos-
pital-Dijkzigt and in Kaunas by the Department of Cardiology. With distance and
transit times involved in the Kaunas-Rotterdam studies maintenance problems and
materials supply presented difficulties that made automation undesirable. Complex
manual procedures are at the same time difficult to maintain in control and close
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interlaboratory comparability requires frequent communication. On this basis the
two manual analytical methods were selected, both being performed in plasma
samples without deproteinization or extraction. It was considered essential to ac-
ceptable standardization that all supplies, equipment and reagents had identical
specifications and these were then, through WHO, obtained from common sources.

After selection of the chemical methods,these were studied in both labora-
tories. Both methods proved to be quite sensitive to slight variations in analytical
technique. The support of WHO in ensuring that the two biochemists (Dr. A.
Toleikis and Dr. C. T, Bartels) spent a week in each others laboratory and the
intensive efforts of the adviser from the American CDC laid the groundwork for
ironing out many problems.

A great amount of attention was paid to the elaboration of a detailed protocol.
Our experience has shown that procedures without detailed description become
peorly controllable and several details may be performed in different ways in dif-
ferent laboratories. The very aim pursued by cooperative epidemiological investi-
gations - to obtain comparable results - is thus defeated. The development of the
protocol was a continuous process of refining and detailing of methedology aiming
at the eliinination of the possibility of different interpretation and performance.
The protocol describes why and how units, common sources of materials and
methods were selected. It states exactly how specimens for analysis must be ob-
tained, handled and stored. All details of the analytical method are presented,
together with procedures for calibration, computation and quality control (Appen-
dix ).

Materials:
Equipment

Colorimeter UC 200-S with flow-through cuvet from Vitatron (Holland), Mett-
ler H 10 TW digital analytical balance {Switzerland), all-glass reagent dispensers
from Salm and Kipp (Holland), Vacutainers type 3200PS (containing 25 mg of
sodium fluoride and 20 mg of potassium oxalate, size 10 ml) for blood collection
from Becton-Dickinson (France). All other materials like MacLean pipettes and
test tubes were identical in both laboratories by supplying them from common
sources.

Reagents

Propanol-2, sulfuric acid, acetic acid, acetic anhydride, benzoic acid, anhydrous
sodium sulfate, thiourea, D-glucose, quality ‘pro analyse’ from Merck, Darmstadt,
West-Germany; o-toluidine and cholesterol from British Drug Houses Ltd.; a
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common lot of control serum (Metrix Normal) was obtained from VWR Scientific
International (USA) in December 1972. Before that time Monitrol and Labtrol
{Dade) were used.

3.3. Standardization and quality conirol procedures

A manual ‘direct’ Liebermann-Burchard procedure, well-known in the Nether-
lands as method NEN 2415 was used. This modification from Huang (9} was issued
by the Netherlands Normalization Institute (NNI) on recommendation of the Com-
mittee on Methods of the Netherlands Association for Clinical Chemistry (NVKC)
and the National Institute of Public Health (RIV). Several problems connected with
this method were discussed in chapter 2.

When the staff of both laboratories during 1971 had familiarized themselves
with the analysis they were gble to exchange plasma or serum samples or standard
solutions and obtain results that were quite close together. The programme that was
finally adopted to ensure good quality and adequate comparability, consisted of the
following essential procedures.

A, Collection of specimens (Protocol page 11, 12)

Collection of plasma samples according to the protocol.
B. Intralalroratory quality control (Protocol page 13 - 28)

Every step of the analytical procedure carried out strictly according to the pro-

tocol.

Calibration with common standard material, including a check on linearity and

drift.

Measurement in duplicate of all samples.

Measurement in all runs of two serum controls (normal and elevated levels).

Application of predetermined quality criteria.

Measurement in each run of at least one patient specimen from a previous run

- preferably blind’.

C. Interlaboratory quality control (Protocol page 3,7, 8)

Periodical analysis of reference serum from CDC (external surveillance pro-

gramme).

Analysis of quantities of patient specimens stored continuously in both Rotter-

dam and Kaunas and shipped frozen by air for comparability evaluation.

3.3.1. ad A. Specimens of venous blood were collected by venipuncture employing
10 ml Vacutainers with 25 mg of sodium fluoride (preservative for glucose) and 20
mg of potassium oxalate (anticoagulant). The subjects had fasted for two hours
(initial screening) or overnight (later examinations). The tubes were mixed by in-
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version ten times and centrifuged after an-hour at 1000 g for 10 minutes.
Comments.

a.

An investigation into the effectiveness of the preservative led us to conclude
that glycolysis continues at a slow pace (table 3.1.) and that centrifugation
should occur as soon as possible - we compromised on 1 hour after blood
sampling. The cholesterol level practically was not influenced by standing of

the blood. Kaunas findings were in fair agreement,

Table 3.1. Time dependence of plasma cholesterol and glucose levels.

Sample GLUCOSE (mg%) CHOLESTEROL (mg%)

nr. T, T, T, T, T, T, T, T, 1
7925 103 100 100 100 190 190 191 191
7922 91 85 83 81 179 179 179 180
8626 113 110 108 108 187 188 184 193
7279 170 170 169 169 149 146 146 146
7516 194 194 190 186 204 201 205 203
7689 60 37 56 55 266 266 271 270
6935 72 7 71 68 211 212 209 212
6564 64 62 62 60 210 207 211 214
8470 146 144 142 141 211 211 212 214
9301 103 96 95 94 155 155 157 160

(X) 111.1 1089 1076 1062 | 1962 1955 1965 1983

0% ~26% -38% -50%| 0% -04% +02% +1.1%

1) T, = 5 min after sampling; T, = 30 min after sampling; T, = 60 min after sam-
pling; T, = 120 min after sampling.

b.

Usually the plasma samples were frozen overnight until transportation to the
laboratory. Upon thawing clot formation was observed frequently and thus for
short term storage a refrigerator was preferred.

Oxalate and fluoride may cause hemolysis - plasma samples occasionally ap-
peared slightly reddish.

Both laboratories at the beginning of the study had been supplied with oxalate-
fluoride Vacutainers, although originally EDTA was chosen instead of oxalate.
That specific type of tube was not available in sufficient quantity at the appro-
priate time. Unfortunately afterwards logistical difficulties in Kaunas precluded
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the replacement of oxalate tubes by EDTA tubes. The plasma used in this study
therefore had a lower cholesterol level as compared to corresponding serum
samples due to an osmotic water shift from the blood cells towards the oxalate
containing plasma. The systematic error caused by this water shift is discussed
below under ‘Bias’. Practically all anticoagulants cause water shifts to some
extent, but unfortunately oxalate holds the record (10).

3.3.2. ad B. Intralaboratory Quality Control

The internal quality control programme included four chief procedures:
Measurement in duplicate of all patient and control samples, to rule out large
CITOTrS.

Measurement of pure standard solutions at several concentration levels at the
beginning and end of each run for constant checking of linearity and drift.
Measurement in each run of at least two serum controls (normal and elevated
levels).

Measurement in each run of one or more patient samples taken from a previous
series (sample resubmission programme). This was intended to provide both
centres with a ‘blind” means of measuring between-run precision. In daily prac-
tice, however, the selection of resubmitted samples took place within the labo-
ratory.

In the development of the laboratory manual it was decided to include fixed limits
for quality acceptability. We considered adherence to such imposed limits to be a
vital prerequisite to interlaboratory comparability. The rejection limits used were:

1.
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Any duplicate pair of optical density readings deviating by more than 3%of
the higher value called for reanalysis of the specimen, or rejection of a standard
reading (an exception is noted below).

Standard solutions in duplicate at three levels (for glucose) and four levels (for
cholesterol - later reduced for practical reasons to two levels) were included in
each run of about 20 specimens. The slope of the calibration curve calculated
for each point was required to fall within * 3% of the mean slope. One of the
duplicate values at one concentration level of three or four levels could be dis-
carded for deviations of slope or duplication greater than 3% . When only two
standard levels were used, one single value deviating by more than 3% but less
than 6% could be deleted, provided that the other duplicate and all other
values fell within the limit. Otherwise the run was rejected. Note that the
limits on duplicate deviation between the initial and final readings of the stan-
dard provided control for excessive instrument or operational drift as well as
for linearity. For an extensive description see Appendix I.



The two serum controls were analysed in duplicate in 20 runs and the average
value then remained the target control value as long as a lot was used; the mean
of duplicates for both controls in each run had to lie within + 6% of this target
level, based upon a maximum allowable coefficient of variation preset at 3%.
Injtially a number of runs had to be discarded, but with growing experience the
precision was ordinarily kept well within the limits of the protocol.

The duplication of plasma samples from previous runs was meant to be an add-
itional check upon the repeatability but was not formalized and not reported
to Geneva on special sheets as originally scheduled. However, it provided the
laboratory directors with an extra tool in evaluating analyticat performance.

Comments

a.

In the Sl-system the kg is the unit of mass, and so g/l may be used. However,
the mmol/l is the unit to express quantities {e.g. in a solution) and it is gradually
becoming more generally employed, or even legally required. In 1971 the prac-
tical situation made jts usage almost impossible. Neither the USSR nor the
USA had chosen to adopt this unit. It was agreed that results expressed in both
units should be retrievable from the data base. The use of the mmol/l must be
strongly recommended of course in future studies as a prerequisite for real
standardization.

Calibration with pure standards often leads to bias in clinical chemistry. Usage
of serum calibrators as a means of interlaboratory standardization may now be
recommended (Chapter 6), but this was much less certain at that time.

The predetermined quality criteria contributed a great deal to the good per-
formance of the two laboratories, It forced us to discard sample or run results
that might otherwise have been accepted. When experience grew it proved to
become easier to remain within the imposed limits. In several situations the
decision to discard a series of measurements is often hard to make and border-
line control results may be accepted too soon. The maximum difference be-
tween duplicates, however, (3%} now seems to be a too severe limit for low
concentrations, because it required reanalysis when the glucose values were e.g.
80 and 83 mg % (4.44 and 4 .61 mmol/l). The maximum acceptable coefficient
of variation (3%} has always been a good compromise with the state of the art.
Blind replication of human plasma samples is 2 superior way to establish the
true precision of the laboratory. This was also demonstrated in the C.B. Heart
Project (Chapter 4). The procedure ought to be included in all population stu-
dies and perhaps in all laboratory procedures.

Quality control also included checks on the calibration of the volumes of rea-

67



gent dispensers, temperature of thermostatted water baths, exact timing of
each individual reaction, comparison of each freshly prepared standard solution
against the older one etc. all in accordance with the protocol.

3.3.3.ad C. Interlaboratory Quality Control

In order to measure the bias and monitor drift in each laboratory, an external
surveillance system was required, although logistic problems precluded completely
blind evaluation. Periodically a set of 12 unknown specimens from human serum
pools was sent out from the Center for Disease Control, Atlanta, for the evaluation
of the current proficiency of the Kaunas and Rotterdam Laboratories. Two sets of
six samples each were included in each shipment: the six vials in one set were anal-
yzed in duplicate, the second set of six vials was similarly analyzed in a separate
analytical run. All results were recorded on a standard form supplied with each
shipment and promptly returned to Atlanta. Evaluations of the survey were sent to
WHO and a summary of performance (blinded as to individual samples and reported
only as % bias) was sent to each laboratory.

The early survey results demonstrated interlaboratory bias between Kaunas and
Rotterdam and measures were taken to make standardization more rigid.

A second comparison, made possible through the exchange of large numbers of
frozen specimens, nicely coincided with the survey results (section 3.4.1.2.).

Comments:

a. The external surveillance programme might have been more frequent through
1974. As a whole it furnished the analyses with an indispensable check on
accuracy and stability.

b. The first lazge shipment of some 450 frozen plasma samples from Kaunas to
Rotterdam created analytical problems when several showed clot formations
upon thawing. More than a hundred plasmas for that reason were discarded.
Accurate pipetting was hardly possible, When more attention was paid to pro-
per mixing of the oxalate fluoride and blood this kind of problem was much
reduced in later exchanges.

3.4. Results and discussion

3.4.1, Accuracy

Common standards and specified requirements for evaluating accuracy for the
two chemical analytes do not yet exist. They are being developed by concerted
national and international efforts and are under evaluation (11, 12). Comparability
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between any two or more quantitative data bases can be judged only on a case-by-
case comparison of all the procedures that may contribute to systematic errors in
measurements of biological characteristics: patient preparation, specimen collect-
ion and preservation, analytical procedures, etc. Thus, unless a carefully document-
ed common basis exists for these factors and reliable estimates of bias components
are available, between-study comparisons of quantitative data will necessarily be of
limited value.

The design of the Laboratory Protocol attempted to provide mechanisms for
the control and measurement of quality parameters. Not all of these factors (e.g.
blood collection) were under laboratory control.

3.4.1.1. Analytical bias

The reference methods selected as bases for analytical accuracy were the
method of Abell, Levy, Brodie and Kendall {13) for cholesterol, as performed in
the Lipid Reference Laboratory and for glucose an o-toluidine reaction on a protein
free filtrate, cross checked with a glucose oxidase manual method and an auto-
mated oxidase procedure employing a Beckmann glucose analyser with an electrode
sensing the oxygen consumption (14). Recent work on definitive and reference
methods for both analytes indicates that these methods do indeed have no substant-
ial bias (11, 15). The bias of the analytical procedure as performed in each la-
boratory was estimated by a programme of monitoring results periodically through-
out the study by the external quality surveillance programme, using common tests
samples of human serum, analyzed in Atlanta. A panel of 16 sample pools of re-
lated composition, being obtained from 5 analyzed human serum pools in various
mixtures, provided sufficient varety to maintain blindness of test sample identity
in the laboratories; blindness was maintained in the reports of the survey results
regarding deviations from target values. Within-run and between-run duplicates were
included. In addition, quality assurance materials (Metrix} were provided to both
laboratories as a common reference point for estimating and detecting out-of-
control conditions. Owing to selection and procurement problems these common
materials became available only in early 1973. Since they represent modified and
lyophilized serum, their value in measuring bias of results with subject specimens is
limited , but they did assist in the evaluation of betweendaboratory bias as well asin
short term drift and between-run varability. Unfortunately the ‘normal’ level

consisted of two different lots - only the ‘elevated’ serum was identical in both
laboratories.
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Results:

The samples of survey | - a glucose survey only - arrived in Rotterdam one
month later than in Kaunas, which may account for low values in some samples.
The average ratios (R/CDC and K/CDC) were 0917 and 0.953. At the time, Octo-
ber 1971, linearity, temperature of reagents and inter observer variability were still
under investigation. Later results showed great improvement.

During 1972 when survey 3 and 4 revealed considerable discrepancies in chol-
esterol values - a mean difference between R and K of 5% was seen - the possibility
of correction factors or serum calibrators was considered. None of these were
applied as in Kaunas after the summer holidays a downward shift occurred and the
two sets of results became quite close together.

Use of serum calibrators may indeed offer solutions when comparability prob-
lems arise.

Example:

In survey 3 two reference samples had reference method values of 250 mg%
{6.46 mmol/l} and of 282 mg% (7.03 mmol/l). These samples were inserted two
times among the 12 samples as blind duplicates. If the mean of each duplicate result
were to be used in calibration, the following results can be calculated.

Kaunas Rotterdam Difference

bias bias K minus R
survey 3 +13.8% +8.7% +5.1%
‘standard 250’ - 09% +1.6% -25%
‘standard 282" + 1.3% - 1.8% +3.1%

This calculation shows how both participating laboratories approach the CDC
values a lot better, but between them interlaboratory bias is dependent upon the
chosen calibrator. The choice of proper calibrators is not an easy matter (chapter
5), and one measurement is noet a sufficiently solid basis for calibration.

Figure 3.I. summarizes the subsequent survey results. It shows calculated
average bias of the determined value and the reference method value of all sets of
12 samples. These averages illustrate the bias from the reference point, and reveal
occasional periods when the accuracy definitely drifted from the average. For glu-
cose, the overall bias from the reference method values was essentially zero for
Rotterdam and - 1.7% for Kaunas. The limited frequency of surveying could not
reveal short time trends for analytical and calibration drift. For cholesterol a posi-
tive bias was anticipated for the method employed. It must be pointed out that for
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Figure 3.1. Laboratory accuracy with human reference serum, KRIS.
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the first half of 1972, the Kaunas cholesterol resulis were abnormally elevated by a
calibration problem with standard solutions. This was revealed by the surveys (3 +
4) when a + 13.6% bias in the Kaunas cholesterol results vs. a + 7.8% bias for
Rotterdam occurred. The problem was corrected in autumn 1972 (by the time of
survey 5), after which the Kaunas bias averaged +7.9% and that of Rotterdam +6 4% .

3.4.1.2. Interlaboratory comparisens

a. In addition to the surveys, a measure of between-laboratory bias was provided
by two exchanges of fairly large numbers of duplicate subject plasma speci-
mens for analysis by the second laboratory (see Table 3.2.). The first such ship-
ment of Kaunas specimens in early 1973 included 133 samples for which choi-
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Tsble 32. Comparative results of plasma analyses on the same subject samples in

both laboratories.
Date of number of Average values (mg%)  Mean difference
exchange specimens  Kaupas  Rotterdam (%)
(K -R)

Cholesterol

June 1973 1331) 198 184 +7.0

1922) 192 188 +2.

October 1974 1483) 207 204 +12
Glucose

June 1973 3221:2) 139 136 +18

October 1974 1483) 137 138 -07

1} Samples collected and analyzed in Kaunas between March and July 1972 and
2) petween September 1972 and June 1973, and reanalyzed in Rotterdam.

3) Samples collected and analyzed in Rotterdam between July and October 1974
and reanalyzed in Kaunas.
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esterol values had been determined with the erroneously prepared early 1972
standard solution; the data for this period is shown separately for the choles-
terol results, and reveal a deviation from later results of about 5% (this agrees
well with the difference shown in figure 3.1. first surveys). After this time the
Kaunas results coincided with the 1 - 2% positive difference over Rotterdam
results shown in the surveys 5 through 11. Although this type of verification
required the collection and storage of separate samples of each specimen and
their transportation in the frozen state presented problems, this procedure pro-
vided a valuable validation check on the results obtained by the CDC surveys.
Comparison of the results for the quality control materials is another and more
intensive basis for comparison of interlaboratory bias that could be correlated
with time. Two levels of analytes concentration were furnished, the higher of
which was effected by a smaller dilution of the ‘normal’ Metrix material in its
reconstitution. To achieve a control concentration approximating the higher
levels attained for the 1 hour post-challenge glucose analysis, a 100 mg% glu-



cose standard was used for the reconstitution fluid.

The procedure permitted fairly exact calculation of the concentration ratios
for each analyte, which furnished a reliable check on ‘recovery’ of added ana-
lyte. Table 3.3. gives the mean values for the normal and elevated controls av-
eraged over periods of some 20 runs. Only the elevated level regards identical
lot numbers of material! The time frame presented for each laboratory extends
from March 1973 until December 1974 (Kaunas in this period performed fewer
runs). The analyses continued unaltered until early 1976. It is to be noted that
with these materials no substantial differences are apparent in the cholesterol
values of the two laboratories, but Kaunas is just above Rotterdam on the
average. On the basis of the above mentioned exchanges a 2% lower cholesterol
and a 2% higher glucose level could be expected, whereas only %% is found.
This confirms the earlier statement (section 3 4.1.1.) that one, or few, lyophil-
ized sera are not of sufficient value to establish bias. This is further discussed in
section 6.4. The Rotterdam data have been visualized in figure 3.2. for easy
comparison with figure 4.1. (CB Heart Project control sera).

3.4.1.3. Sample Collection as a source of error.

Although great attention was paid to control analytical bias, a much more
serious error was introduced into the cholesterol results by the system of blood
sampling that was finally evolved.

For many vyears, blood serum has been the sample of choice for cholesterol
measurements, although alterations in plasma lipid concentration during the co-
agulation process may not be exactly predictable. With the great emphasis placed
upon control and documentation of interlaboratory differences by the laboratory
planners of the study, it was considered essential that rather large numbers of
samples from each population be analyzed in both laboratories. In view of the
necessaty preservation of glucose both during local processing and in long term
storage and shipment, it was decided to use fluorided plasma as the common spec-
imen for both glucose and cholesterol - a decision influenced by the costs and
labour of separate collection, handling and shipping of both serum and plasma
samples.

Preliminary studies with a vacuum collection tube containing sodium fluoride
(2 mg per m! of blood)} and EDTA showed that the lowering of cholesterol values
in the preserved plasma from the corresponding values obtained in serum (8 - 12%)
was of the same magnitude as the positive bias anticipated with the method (This
method related bias later proved to be approximately 6.4-7.9%). Such plasma dis-
crepancies are attributable to osmotic shifts of cellular water into the plasma, since
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Table 3.3. Interlaboratory bias, common serum control means by twenty-one
20-run periods over the duration of the study.!)

Period Glucose mg% Cholesterol mg%
No. Normal Elevated Nommal Elevated
K*» R?» K R K R K R
1973: 1 102 216 194 185 235 238
2 100 101 212 212 192 237
3 101 214 190 236
4 101 214 190 236
5 102 101 210 214 192 238
6 100 214 192 238
7 99 212 196 191 238 237
8 99 213 191 236
9 101 100 210 212 192 193 235 241
10 99 211 194 195 237 242

11 102 93 210 209 196 194 236 239
12 102 99 211 211 201 192 242 237
13 102 99 208 211

1974: 14 102 100 211 211 198 191 239 237
15 9% 100 210 212 199 192 244 238
16 106 99 217 212 190 238
17 103 99 209 213 198 192 241 238
18 100 99 212 213 195 192 237 237

19 29 100 213 213 192 237
20 195 192 238 237
21 198 192 241 236

% (mg%) 101.5 99.8 211.1 2124 1963 192.0 2386 2376

1) Normal control pool was not identical in K and R; Elevated control pool was
identical.
2)JK = Kaunas; R = Rotterdam.
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Figure 3.2. Mean values of serum controls in 20-run periods in the KRIS; Rotterdam (X £ 2 sem).
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oxalate and fluoride per se were found to have no significant effect on the anai-
ytical method when they were added to serum (10).

Unfortunately, the selected tubes were not available in Europe except on a
special production order with much delayed delivery, and it was hurriedly decided
to substitute available oxalate-fluoride tubes. The effects of these concentrations on
serum cholesterol were found by subsequent investigation to be greater than ex-
pected. A downward adjustment of the cholesterol cut-off level, became neces-
sary. The data for the studies in each laboratory are presented in table 3.4. There is
apparently no relation between serum-plasma differences and the cholesterol level,
table 3.5.

Owing to the rapid exchange of cellular glucose with plasma, the serum-plasma
differences were found to be very small, on the average under standardized condi-
tions of sample collection and processing. The epioque (section 3.5.1.) discusses
plasma-serum comparability. The type of specimen and the conditions of cellection
and processing are extremely important in population and clinical studies and it is
essential that steps be taken to standardize these factors. Until they are, strict com-
parability will be impossible to achieve, For example: separate specimens should be
taken for glucose and cholesterol; serum or carefully heparinized plasma for choles-
terol, and EDTA and fluoride (! mg per ml) for glucose, as was initially planned.
This second blood sample should be centrifuged as soon as possible. The times of
harvesting serum or plasma must be standardized, although this presents a burden
on the scheduling of examinees and clinical workload (16, 17, 18). The vacuum
tube is suited very well for taking a blood sample without stasis. The subjects
should be sitting upright at the occasion.

3.4.2. Precision

In quantitative chemical measurements, precision refers to the random errors
of measurement. Measures of actually achieved precision in routine performance are
obtained by indirect means that usually underestimate the variability of actual
sample results.

3.4.2.1. Repeatability (Within-run precision)

In this study a fixed limit of 3 % of the higher value was placed upon the ac-
ceptable deviation between two duplicate values obtained on each sample within
each run and samples showing results exceeding this limit were reanalyzed.

Therefore, ordinary estimates of precision cannot be applied to these data. An
indirect estimate of the reliability of a single test result can be gained from the rate
of rejection of samples outside the 3% limit. These have not been worked up for
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Table 3 4. Bias resulting from blood sampling technique.!?

Date n -1)100% £ 1s  Analyzed in
December 1972 46 192438 Rotterdam
Summer 1974 100 16.4+4.0 Rotterdam
Summer 1974 122 199 +£6.8 Kaunas

1) Serum and plasma obtained from a patient at the same time in two types of

Vacutainers, both centrifuged after one hour,

Table 3.5. Ratio cholesterol is not dependent on concentrations.

Rotterdam; 100 subjects

Plasma concentration numbers mean ratio serum/plasma
< 150 mg% 4 1.17

151 -200 mg% 44 1.16

201 - 250 mg% 49 1.17

251 - 300 mg% 2 1.18
> 300 mg% 1 (1.21)

Kaunas; 122 subjects

Plasma concentration numbers mean ratio serum/plasma
< 150 mg%h 6 1.22

151 - 200 mg% 61 1.19

201 - 250 mg% 45 1.20

251 - 300 mg% 9 1.20
> 300 mg% 1 (1.19)
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Table 3.6. Within-run duplicates. Number of sample results rejected and repeated
because of duplicate deviation beyond 3% of the higher value (Kaunas

results).
GLUCOSE CHOLESTEROL

year

Total Rejected % Total  Rejected %

n n n 1

1972 1135 55 438 1090 15 14
1973 1779 39 22 1922 23 12
1974 1168 33 28 1304 28 2.1
1975 536 12 22 815 49 6.0

Rotterdam, but table 3.6. gives the numbers and percentages of all samples rejected
as not meeting this criterion in Kaunas. The repeatability in both laboratories was
congistently much better than reproducibility, and the low rejection rate for du-
plicates indicates quite good within-run performance.

3.4.2.2. Reproducibility (Between-run precision)

The use of common lot materials in each analytical run by both laboratories
throughout the major part of the study provided a powerful monitor of between-run
precision. During the early part of the study until common control materials be-
came available, runs were declared out of control when either control value exceed-
ed 2 s of the predetermined variability; after this time, a fixed limit of 6 % was
placed on the allowable deviation of either control. Above this limit the run was re-
jected. The number of rejected runs is known for Kaunas. In the period 1972 -
1974 of all glucose and cholesterol runs 15% and 4% were discarded. The most re-
liable estimates of achieved precision are obtained when (a) test samples truly re-
present the specimen population analyzed and (b) the testing is completely blinded
from the technician. A system of this type was provided for in the Laboratory Pro-
tocol by a ‘Blind Sample Resubmission’ programme, in which a sampling of speci-
mens in each run js reserved for reanalysis in the next run. Although the Protocol
specified 3 such samples per run, this represented a large portion of the total work-
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load, and the number was later reduced to at least one resubmitted sample per run.
This procedure was designed to provide the laboratory director with a sensitive
estimate of overall reproducibility of performance; the ‘blinding” was less rigorous
in Rotterdan than in Kaunas until 1976. The complete data for this programme,
however, were not collected centrally, as planned.

Summarizations are available in table 3.7. Such estimates for blind tests show
greater variability than those obtained from control sample data as is seen when
lines 3) and 4) are being compared. The Kaunas data includes results obtained in re-
jected runs and the difference between Rotterdam and Kaunas coefficients of varia-
tion reflects the improvement of precision when our quality control limits are ap-
piied.

3.4.2.3. Precision of the survey results

Results of those samples that were inserted as blind duplicates in survey 3
through 11 allow us to calculate standard deviations for repeatability and reprodu-
cibility evaluation. Duplicates that were present within the same survey have been
analyzed on two consecutive days - occasionally a few days in between may have
occurred. This is called day-to-day precision in the table. The s for 2n degrees of
freedom were found by applying the ‘Snedecor equation’ that was also used in table
3.7. (table 3.8.).

To obtain an estimate of long term precision all results of 11 pocls, samples
whereof appeared in 4 surveys or more, have been selected. For each of these 11
pools reproducibility was estimated by calculating s. A weighed average s is present-
ed in table 3.8.B. Survey 3 and 4 were excluded in the cholesterol calculations.

Especially the long term s values are a clear demonstration of the excellent re-
producibility of the two sets of biochemical data obtained in the KRIS study. The
overall mean bias between the two participants (1.8% for glucose and 1.4% for
cholesterol) confirm that with simple manual methods that are controlled elabora-
tely and performed every day in the.same standardized manner a high level of com-
parability may be achieved.,

3.5. Epiloque
3.5.1. Plasma vs. serum cholesterol values

Although the KRIS was officially brought to an end on December 315t 1974
in both centers the work was continued. All persons ‘at risk’ were given an oppor-
tunity to remain under surveillance and examinations took place half yearly.

In Rotterdam it was then decided to change from plasma to serum measure-
ments in conformity with most other studies, including the CB Heart Project. We

79



Table 3.7. Between-run reproducibility calculated from the duplicate blind sample

resubmission programme for a few time periods.

Analyte Period n XY x,V s CV Laboratory
mg% mgh me%h b
CHOLESTEROL
2} 1 493 1968 1965 125 6.3 Kaunas
If 223 2122 211.9 114 54
3 runl-50 47 2092 209.5 5.3 2.6 Rotterdam
run 350 - 400 48 2332 2342 20 09
4) August 1975 20 2346 2344 83 3.5 Rotterdam
February 1976 30 2355 2320 99 43
GLUCOSE
2) I 470 1418 1389 131 9.3 Kaunas
II 215 994 990 69 69
Drenl-50 45 1650 164.0 4.0 24 Rotterdam
run 350 - 400 51 146.0 146.3 2.1 1.5

DZ, and X, are the means of all first and all second analyses. Resubmission in the
laboratory was blind 2) or blind as to concentration only 3) or sent blind from out-

side the laboratory 4.

s=+/ Z)(;:\x-)2 ; (Ax;) being the difference between (x;), and (x,),.
1
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Table 3.8, Precision and bias estimates from external surveillance results.

A. Day-to-day 1 B. Overall 3 C. Qverall 5
precision long-term bias
precision,
n  scalculated 2 n mean s 4 n mean
from duplicate bias
differences
{mg%) {mg%) %
GLUCOSE
Kaunas 19 4.23 60 4.30 88 -1.7
Rotterdam 22 2.98 &7 3.01 100 +0.1
CHOLESTEROL
Kaunas 25 331 30 4266 80 +79s
Rotterdam 25 349 69 424 107 +64

DDuplicate values {n pairs) obtained within surveys in two consecutive days on
identical serum, blinded as to concentration.

2)s for 2n degrees of freedom, as in table 3.7,

3)Results obtained in different surveys in 11 samples that were inserted at least
4 times.

#)Average of s values of 11 samples, analysed in 4 - 8 surveys, weighted for n.
(n=4,5,6,7 or 8).

5) Average bias of all reported values in 9 surveys.

8)Survey 3 and 4 excluded; bias at the time + 13.6% due to calibration problem.
Compare figure 3.1.
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then evaluated the problem of comparing new serum values with old plasma levels.
It was decided also to perform all measurements both ways until serum baseline
values would have been obtained for each participant.

This evaluation is based on the large number of duplicate analyses already done
on the two materials (table 3.9.) and on our estimate of biological variations in
our population,

Table 3.9. (extended table 3.4.).

. . Serum :
Laboratory Period numtfer of  ratio Plasia s of ratios
duplicate
analyses
Rotterdam Dec.’73 46 1.182 0.048
Jan. 74 10 1.176 0.026
Apr. - Sept. 74 100 1.164 0.040
Aug. - Sept. "75 106 1.169 0.042
Kaunas Febr. 74 20 1.192 0.077
Summer ’74 122 1.199 0.068

In the equation: y = ax + ¢,

with v = serum value

x = plasma value in the corresponding sample

€ = difference
we calculated the best fitting value for ‘a’ in such a way that the sum of squared
residuals ‘€” would be minimal. Other equations were tried out also, but none gave
better resuits than the simple proportional one given here. The value for ‘a’ is given
with the standard deviation and it differs significantly between Rotterdam and
Kaunas.

a sem sq (mg%)
Rotterdam 1.170 0.004 7.3
Kaunas 1.203 0.007 11.8

When the factor ‘a’ is applied, small differences remain between measured
serumn values and calculated ones. The standard deviation of these differences is sg.
To judge whether such differences are of consequence in evaluating plasma choles-
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tercl changes in our subjects they must be compared with biological variations. Two
estimates of that variability can be made with KRIS data:

1.

After initial screening (IS) there has been a rescreening (RS) in Rotterdam and
Kaunas of 1343 and 821 men respectively. Initially they had one or more bor-
derline risk indicators. The risk pattern at RS was considerably more moderate,
see table 3.10.(19).

Table 3.10. Risk pattern at IS and RS in some KRIS subjects.

n of men cholesterol in plasma
with borderline =216 mgh =216 mgh
risk (IS) =558 mmol/l = 5.58 mmol/l
(Is) (RS)
Rotterdam 1343 666 500
Kaunas 821 366 288

From these measutements (500 duplicate examinations in Rotterdam and 288
in Kaunas) an estimate of averaged individual variability was made. The cal-
culated standard deviations are 189 mg% (0.49 mmol/l) and 22.9 mg% (0.59
mmol/l) for Rotterdam and Kaunas respectively.

During 1976, when subjects with vardous risk patterns were examined half-
yearly, we took serum cholestero] values from 23 of them, measured at three
consecutive check-ups. The men belonged to the original group of 500 (table
3.10.) and had received dietary and drug treatment since 1973. With all intra-
individual changes observed (46 ‘intervals’) a standard deviation of 19.7 mg%
(0.51 mmol/l) was calculated. From these two estimates it appears that we
must reckon with an average intra-individual biological s of some 19 mg%(0.49
mmol/l). The additional factor of variability -sq, caused by plasma-serum cor-
rection (7.3 mg%) - does not enlarge the varability very much. The average
overall s becomes: (192 + 7.32)”% = 20.4 mg% (0.53 mmol/l). This means that
no substantial additional component of variation is introduced when plasma
cholesterol values are increased by 17% to compare them with serum levels,

3.5.2. Seasonal variations (figure 3.3.)

The mean cholesterol level was calculated each month in all baseline examina-

tions. The number of men screened each time was large enough to assume that the
groups are more or less comparable samples. We observed two relatively high means
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in QOctober 1972 and September 1973, For comparison a year from the CB Heart
Project is plotted as well. The oldest age group is taken from that study and serum
values are turned into plasma values by the correction factor observed in 1973
(1.17).

The selection of men for the KRIS from two particular suburbs of Rotterdam
and of certain age groups from other cities in the CB Project make comparisons
and general conclusions difficult. Further discussion will follow in section 6.5.

Figure 3.3. Monthly mean plasma cholestero]l values at baseline screening in the
KRIS, men 45 - 59 yrs (o) compared with CB Heart Project serum values - ‘correct-
ed’ to plasma level - in men 40 - 49 yrs ().
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Hence the sages did not treat those who were already
ill; they instructed those who were not yet ill... To
administer medicines for diseases which have already
developed is comparable to the behaviour of those
who begin to dig a well after they have become
thirsty and of those who begin to cast weapons after
they have already engaged in battle.

Huang Ti {The Yeliow Emperor) (x 2700 b.C.) (1)

CHAPTER 4

SERUM CHOLESTEROL ANALYSIS IN THE CB HEART PROJECT;
INTRA- AND INTERLABORATORY QUALITY CONTROL (2)

4.1. Introduction: the CB Heart Project

In the Netherlands a network of tuberculosis clinics - ‘Consultations bureaus’
{CB’s) - has been active, for more than fifty years, in the field of control and pre-
vention of tuberculosis. The CB’s have gained wide confidence among the public
and the medical profession. In May 1971 the Ministry of Social Affairs and Public
Health (today this is the Ministry of Public Health and Environmental Hygiene)
decided to support a study on the possibilities to employ CB’s in the prevention of
cardiovascular disease. A feagibility study began in October 1972 in three such
bureaus (Rotterdam, Tilburg, Doetinchem) differing in size, capacity, geographical
area and type of public. Full details of the study have been published elsewhere by
members of the Steering Committee (3, 4, 5). [n January 1976 three additional
CB’s were included in the project (Amsterdam, Leiden and Maastricht).

A central laboratory was assigned to perform the measurements of one risk
factor: the serum cholesterol concentration.

This chapter will describe how the Central Clinical Chemistry Laboratory of
the Rotterdam University Hospital ‘Dijkzigt’ carried out this task,

4.2. Methods and materials

The selection of methods described in the previous chapter (KRIS} led to the
same cheice for the cholesterol method. But since in the KRIS and the CB Project
the external contacts, the arrival of samples and the reporting of results etc. were
entirely different, the two procedures were carried out in different parts of the
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CKCL. In the CB Heart Project there was less need to emphasize interlaboratory
standardization. The results of the analyses have been continuously compared with
the WHO Regional Lipid Reference Center in Prague. In contrast with the KRIS a
mechanized pipetting step was adopted and serum was used instead of plasma after
the difference between the two (section 3.4.13)) became apparent. From April
1973 the following procedure has been in use:

A venous blood sample for serum cholesterol determination is taken from one
of the arms with little or no stasis whilst the subject is sitting upright. A Terumo-
Venoject tube (type T 200-U; plain; 10 ml} is used; the subject’s name and labora-
tory number are written on a sticker which is then attached to the tube.

The blood is allowed to clot for 45 to 60 minutes at room temperature. The
tube is then spun in a centrifuge for 10 minutes at 1000g. The serum is pipetted
into 5 ml plastic tubes, one hundred of which fit into a polystyrene box, keptina
refrigerator. Samples are collected at the three CB’s throughout one week, before
overnight shipment to the laboratory by mail. The same identification as described
above is used on the tubes containing the serum when shipped to the laboratory.
Boxes are delivered at the post office at 17.00 hours and arrive at the CKCL the
next morning at 08.00 hours, at which time the contents are still well cooled.

The totatl serum cholesterol is measured with the ‘direct’ method of Huang et al,
according to the standardized modification NEN 2415 of the NNI, the NACC and
RIV (6, 7).

Without prior extraction, 0.1 ml of serum together with 5.0 m! of Liebermann-
Burchard reagent (J.T.Baker Chemicals) which is brought to room temperature,
are transferred into a reagent tube with a Hook & Tucker diluter-dispenser (Type
III). After mixing (Vortex Mixer) the tube is placed in a water bath kept at 25° C.
The optical density of the blue-green colour developed over 25 minutes, is read
with a photometer (Vitatron Digital DCP) at a wavelenght of 620 num. Calibration is
done with a solution of pure cholestero! (British Drug Houses) in acetic acid
(Merck). Several commercial quality control samples with values known to the tech-
nician, are included in each run (process control). Until 1975 about 3% of 4il pa-
tient samples were taken at random and analyzed the next day, thus providing for a
‘blind’ control. Samples with cholesterol levels of 7.7 mmol/l (296 mg %) or more
are re-analysed as well, as an extra check on the elevated level. Since February 1975
a completely blind’ control scheme has been functioning.

Control materials: Monitrol I and I-X (Dade), Monitrol I-X and II-X made for the
Massachusetts Society of Pathologists Interlaboratory Quality Assurance Pro-
gramme {Dade), R.I.V. Control Serum, Elevated Lipid Control Serum (Lederle
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Diagnostics) and Seronorm Control Serum (Nyegaard) have been used in the time
periods shown in figure 4.1.

4.3. Terminology

The reliability of experimental results has at least two components: precision
and accuracy.

In discussing precision, a distinction has been made in this study between repe-
tition of the experiment under constant experimental conditions or as different as
possible. In the former case repeatability, in the latter reproducibility is under dis-
cussion, but always the same laboratory with the same technicians and method is
performing the measurements. The definitions of repeatability and reproducibility
presented allow considerable freedom in interpretation. We prefer to determine the
conditions under which precision and accuracy are studied (see section 4 .4.), rather
than try to define these terms unequivocally.

4.4, Control procedures

The main component of guality control is concerned with checks on stability
and reproducibility by monitoring precision. The following four procedures are part
of contral of precision in the CKCL cholesterol analysis.

4.4.1. Process control

Reconstituted, lyophilized control serum from different sources is included in
all the series of measurements (runs). All analyses are performed in side-by-side du-
plicate because all patient samples are treated in that way to rule out large errors,
according to a protocol proposed by the Center for Disease Control, USA. The
maximum difference allowed between duplicate patient values is 0.3 mmol/]. Until
the summer of 1973, three controls were used with mean cholesterol levels of 2.2;
2.7 and 4.2 mmol/l as determined in our laboratory. Since then the 2.7 mmol/l
control was replaced by an ‘elevated’ control with an 8.2 mmaol/] cholesterol level,
which in turn has been succeeded by other elevated controls. In each run at least
two out of the three controls had to yield values within a range of 2 s from the pre-
viously determined mean value. However, in the first period a run was accepted
when both ‘low’ controls were slightly out of range, as the 4.2 mmol/l control was
considered more important. From the summer of 1975, runs have been discarded
and repeated when the ‘normal’ and the ‘elevated’ controls have fallen beyond their
respective 2 s limits.

The reproducibility results are summarized in Fig. 4.1 and Table 4.1. The small-
est dispersion with regard to repeatability can be expected within one anatytical run:
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Table 4.1. Precision results in serum cholesterol analysis.

Control serum

Period of © No.of No.of Monthly mean

§

observation months samples  (mmolfl)  (mmol/l)

Elevated Lipid July 1975 - 20 1007 8.28 0.157
Control (2915 - 650 R1) Feb. 1977
Elevated Lipid Feb. 1977 ~ 15 748 7.83 0.173
Control (2915 -413)  Apr. 1978
Monitrol (IT) Feb.1978~ 10 508 7.02 0.196
{(SPXP - 9570) Dec. 1978
Monitrol 1 Mar, 1973 - 26 318 4.29 0.152

Apr. 1975
Monitrol I June 1975 - 34 1817 4.16 0.115
(SPXL. - 345) Mar. 1978
Monitrol I Jan. 1978 - 12 581 440 0.136
(SPXL - 372) Dec. 1978
R.LY. Control Mar. 1977 - 16 561 2.69 0.111
(Serum B) Dec. 1978
R.1.V. Control June 1973 - 57 1932 226 0.113
{Serum A) Dec. 1978
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at ‘normal’ and ‘elevated’ levels a coefficient of variation of 1% is observed in our
laboratory. However, this sample is not ‘blind’ and can be identified by the tech-
nician.

A check on linearity is included in all runs: the calibration is performed with a
10.0 mmol/l standard solution and a 5.0 mmol/! solution is analysed subsequently.
The result must be within 0.2 mmol/l from the expected 5.0 mmol/l level. Graph
‘plots of the control results are maintained in the laboratory.

4.4 2. Blind control with duplicate patient serum; repeatability

In all serum shipments arriving at the CKCL from February 1975 onwards,
about 10% of all samples have been divided into duplicates, one of which is labelled
with a code known to the CB administration only.

The selection of these sets of samples at the CB is carried out as follows. Bach
week, the serum of the first person whose case history number ends with O is taken
as the first serum for double determination of cholesterol. The selection of the
person cccurs at random, as serum cholesterol is measured not only in newly ex-
amined persons but also in those belonging to the ‘high risk’ group who are reex-
amined at 4, 8§ and 12 months, and also in persons with 7.3 mmol/l or more at en-
try who are re-examined about 3 weeks later. Serum of each tenth person following
the first whose case history number ends with 0 is eligible for the biind control.

Sera chosen for the blind control are divided into two approximately equal
parts; the second tube is labelled with a new laboratory number and a fictitious
name. A separate register is kept at each CB with information about each person
selected for double determinations, or triple as described next.

4.4 3, Reproducibility

In 5% of newly-examined persons, selected at random as described above, the
same serum is analysed by the CKCL three times: twice for repeatability and once
for reproducibility about three weeks later. For this purpose, two venous blood
samples are taken from the chosen persons. After centrifugation, the serum from
both tubes is pipetted into one tube, mixed and divided into three parts,

4.4 4. Accuracy (interlaboratory conirol)

The CKCL takes part in the standardization programme offered by WHO
through the WHO Regional Lipid Center for Europe (Director: Dr. D. Grafnetter,
Prague, Czechoslovakia) (8). Since.early 1973 sets of twenty reference serum
samples have been received, the reference method values being unknown to the
CKCL. The samples are included in routine analytical runs, usually at a rate of two
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samples on two different days per week. The evaluation of the results by the
reference laboratory includes precision and accuracy, usually at two different levels.

4.5, RESULTS
Precision

4.5.1. Process control
Precision results for these sera are plotted in fig. 4.1., showing monthly aver-
ages. These fluctuate over a range that is within 0.4 mmol/1.

4.5.2. Blind control with duplicate j patient, serum; repeatability.

The results of serum cholesterol determination in duplicate sera for the period
February 1975 to December 1978 are given in table 4.2.1.

The differences between the mean values of the two series of sera fluctuated
between + 0.05 mmol/l (Auvgust 1975) and - 0.11 mmol/l (February 1975). The
standard deviation was relatively large during the period February to July 1975 and
became smaller from August 1975 and varied less than before, between 0.10 and
0.19 mmol/l. The last column of table 4.2.1. refers to the coefficient of variation.
Again, it was higher during the period February to July 1975 (about 3% to 5%)
than afterwards (2% to 3%).In September 1978 two outliers caused an increased CV.

4.5.3. Blind control with duplicate patient serum: reproducibility

The results of serum cholesterol determination for reproducibility in patient’s
sera for the period August 1975 to December 1978 are given in table 4.2.2, This
table contains information about reproducibility given in the same way as repeat-
ability in table 4.2.1.

The difference between the mean values of the two series fluctuated between
+ 020 mmol/l (September 1978) and - 0.14 mmol/l (October 1975 and Apiil
1978).

The value for s was, as could only be expected, on average larger than that ob-
served in table 4.2.1. (repeatability). The results of serum cholestercl determination
in duplicate sera have also been analysed separately for values <6.2 mmol/1, values
between 6.2 and 7.2 mmol/l, and values of 7.3 mmol/l and more. The results for
the analytical errors and the coefficients of variation are given in table 4.3.

4.5 4. Accuracy (interlaboratory control)
As already mentioned, several sets of serum samples with reference values un-

known to the CKCL have been received from the WHO Regional Lipid Reference
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Figure 4.1, Serum controls for cholesterol analysis in CB Heart Project, Monthly % £ sem are shown.
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Table 4.2.1. Blind control with duplicate patient serum.
CB Heart Project, February 1975 to December 1978.

Repeatability
Year and No. of Mean serum cholesterol!) 52) cv
month pairs value (mmol/l) (%)
Chol. ¥ Chol. I
1975
February 38 6.22 6.11 020 34
March 87 5.94 593 0.15 2.6
April 100 592 5.86 0.17 29
May 81 5.69 5.65 028 49
June 109 5.53 5.56 0.24 4.3
July 67 5.56 5.49 024 4.3
August 100 557 5.62 0.14 2.5
September 120 595 396 0.17 3.1
October 73 579 5.76 0.13 2.3
November 81 3.61 3.65 0.12 2.1
December 71 6.19 6.22 0.14 2.2
1976
January 135 6.00 6.00 0.10 1.6
February 190 593 593 0.11 2.0
March 187 592 591 0.17 28
April 160 5.65 5.65 0.10 19
May 174 5.78 5.80 0.16 28
June 171 590 591 0.15 2.6
July 126 598 597 0.14 2.3
August 192 597 598 0.10 1.7
September 205 597 597 0.12 19
October 215 6.19 6.17 0.11 19
November 233 6.18 6.19 0.10 1.6
December 187 6.01 6.00 0.13 2.1

1)Cholesterol I and Cholesterol II are duplicate sera, one of which is labelled with a
code known to the CB administration only. The sera are usually examined on the
same day.

2)For caleulation of s see equation in table 3.7.
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Table 4.2.1. (continued)

Repeatability
Year and No. of Mean serum cholesterol) $2) cv
month pairs value (mmol/l) (%)
Chol. I Chol, II
1977
January 193 6.08 6.09 0.14 2.5
February 162 6.12 6.08 0.16 2.5
March 223 5.86 5.83 0.12 2.1
April 176 5.79 5.78 0.12 2.1
May 141 5.80 5.80 0.09 1.6
June 181 5.81 5.82 0.19 3.1
July 62 5.69 5.68 0.10 1.8
August 85 5.61 5.55 0.11 19
September 109 5.80 5.81 0.15 26
October 106 5.86 5.84 0.16 2.7
November 119 6.11 6.09 0.08 1.4
December 106 6.00 6.01 0.10 16
1978
January 108 592 590 0.07 13
February 88 598 599 0.08 14
March 109 5.84 5.85 0.10 1.6
April 91 578 5.78 0.11 2.0
May 85 5.80 5.81 0.09 1.6
June 100 5.69 5.69 0.14 24
July 75 5.74 575 0.11 1.8
August 81 590 5.86 0.10 1.7
September 83 593 593 024 4.0
October 124 5.83 5.81 0.11 2.0
November 105 590 5.88 0.038 13
December 32 6.26 6.26 0.11 1.7

DCholesterol I and Cholesterol IT are duplicate sera, one of which is labelled with a
code known to the CB administration only. The sera are usually examined on the
same day.

2)For calculation of s see equation in table 3.7.
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Table 4.2.2. Blind control with duplicate patient serum.
CB Heart Project, August 1975 to December 1978.

Reproducibility
Year and No. of Mean serum cholesterol) 52) cv
month pairs value (mmol/l) (%)
Chol. I Chol. 11
1975
August 32 572 5.2 0.14 2.3
September 38 5.68 5.68 028 53
October 30 5.74 5.60 0.21 38
November 29 5.54 5.54 0.13 24
December 28 5.94 591 021 39
1976
January 65 6.05 6.09 0.19 3.0
February 92 6.05 594 0.19 31
March 92 599 592 0.21 38
April 79 5.84 5.87 0.14 2.5
May 84 571 5.76 0.17 3.0
June 84 590 6.08 024 4.1
July 84 571 5.76 0.17 3.0
August 93 6.04 6.03 0.22 37
September 103 6.02 6.02 0.15 2.5
October 103 6.01 6.01 0.15 2.6
November 115 6.32 6.26 0.13 2.1
December 93 596 6.04 0.20 3.2

DCholesterol I and Cholesterol 111 are duplicate sera, one of which is labelled with
a code known to the CB administration only. Cholesterol III is measured about
three weeks later than Cholesterol I.

2)¥or caleulation of s see equation in table 3.7.

96



Table 4.2.2. (continued)

Reproducibility
Year and No. of Mean serum cholesterol!) §2) cv
month pairs value (mmol/1) (%)
Chol. I Chol. 111
1977
January 93 6.02 5.98 0.15 2.6
February 75 6.06 596 0.20 32
March 107 587 5385 0.17 2.8
April 83 595 5.90 0.14 24
May 66 5.87 591 0.15 2.6
June 88 5.81 584 0.27 4.4
July 42 5.62 5.60 0.17 32
August 82 5.61 5.63 0.14 24
September 97 572 5.69 0.18 32
October 98 5.87 5.89 0.16 2.6
November 108 6.11 6.06 0.14 23
December 96 6.03 596 0.14 2.4
1978
January 95 598 6.05 0.17 29
February 78 598 5.86 020 3.3
March 98 5.80 5.84 0.29 48
April 83 5.81 5.67 0.25 4.4
May 77 5.81 5.85 020 34
June 91 573 5.73 0.17 30
July 64 573 5.67 0.18 36
August 75 5.82 5.86 0.21 3.6
September 73 593 6.13 0.36 6.0
October 102 5.83 5.76 0.17 3.0
November 106 5.89 5.96 0.13 2.3
December 81 6.24 6.15 0.23 39

UCholesterol I and Cholesterol III are duplicate sera, one of which is labelled with
a code known to the CB administration only. Cholesterol 111 is measured about
three weeks later than Cholesterol 1.

2)For caiculation of s see equation in table 3.7.
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Table 4.3. Blind repeatability with duplicate patient serum. Standard deviation (s)
and coefficient variation in samples with ‘low’ (<6.2 mmol/T), ‘borderline’ (6.2 - 72
mmol/]) and ‘elevated’ (7.3 mmol/l) serum cholesterol values.

CB Heart Project, June 1975 to December 1576.

Period of s (mmol/1) CV (%)

observation Serum cholesterol Serum cholesterol
Low Borderline  FElevated Low Borderline Elevated

Apr-June 022(195) 027( 67) 023( 28) 472 4.1 27

1975

July-Sept. 0.17(189) 0.20( 68) 0.21( 30) 33 32 2.8

1975

Oct-Dec. 0.13(142) 0.13( 51) 0.13( 31) 24 19 17

1975

Jan.-Mar. 0.13(313) 0.14 (135) 0.12( 64) 24 23 1.6

1976

Apr-June 0.15(331) 0.14(126) 0.11( 48) 27 2.1 14

1976

July-Sept. 0.10(299) 0.15(158) 0.11( 66) 19 2.3 14

1976

Oct.-Dec, 0.11(335) 0.12(199) 0.12(100) 2.0 1.8 1.5

1976

Figures given in brackets are the numbers of pairs,
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Center for Europe during the study. Each survey set usually contained 10 lyophil-
ized samples with Tow’ (45 to 5.0 mmol/l} and 10 samples with ‘elevated’ (7.5 to
10.0 mmol/1) levels of cholestercl. The reproducibility reported periodically did
agree quite well with the intralaboratory resuits (see table 4 4. for s and CV values).

The WHO Reference Center reports also include average differences between
the ‘reference method values’ and those obtained in the CKCL. These biases, ex-
pressed as percentages of the target values, are given for the ow’ and ‘high’ pools
for each survey set. For the results see also figure 4.2,

The table shows that many different reference serum pools have been em-
ployed. All of them behave slightly different in the Huang determination as will
be discussed in more detail in Chapter 6. Sometimes corrections have been intro-
duced by the Reference Center for matrix effects in order to obtain a more con-
sistently arranged graph. Pool B and C are uncorrected. During October 1973 a
comparison was made by sending 22 frozen patient samples to the reference labora-
tory. Qur bias was +5.3%, in good agreement with survey set II. Between February
and July 1974 a special set of 42 frozen sera was analyzed. Our bias was +7.8%(2),
a bit more than the 3,8% appearing in the corresponding survey IV (compare tabie
4 4.; Iune-Oct 1974).

Late in 1975 pools L and M were introduced and in September showed a bias
of +12.1 en 10.4% respectively (compare figure 6.1.). In December the much higher
bias in L and M (as compared with the bias B and C) was confirmed and to counter-
balance this matrix effect the target values were increased 8% . It was believed that
such corrections would make the bias of our method close to that for human serum.

During 1976 pool N was issued but not continued because our triglycerides
method ran into problems with this serum. Pools T and U in April had a bias of
11.4 and 7.2%. Corrections applied were 10% and 6% (increase of target values);
discussion: section 64.1. In 1978 several new pools were tested. This will be de-
scribed in more detail in section 6 4.

4.6. Seasonal variations

The table 4.5. and figure 4.3. depict the mean cholesterol values per month in
men and women at baseline (at first entry into CB) examinitions. The number of
persons examined each month are as a rule many hundreds and we assume these
groups to be fairly comparable, although this is not exactly true. For example let us
loock at the age distribution of the men and women examined in November 1974
and November 1975, table 4.6.

99



Table 4.4. Interlaboratory quality control results as reported by the WHO Regional
Lipid Reference Center for Europe, Prague.
Reproducibility and bias, 1973 - 1978

Period of Pool X $ CV  Bias No.of Reference softhe 1)

observation (mmol/1) (%) (%) samples method bias: sy
value

Setl

May-June B 474 023 48 +067 10 471 1.60

1973 C 7.55 031 41 +04 10 7.53 1.33

Set I1

Fuly-Sept. B 494 023 46 +53 10 471 1.58

1973 C 8.07 024 30 +72 10 753 1.03

Set 11T

Nov.1973- B 474 008 17 +07 10 4.71 0.54
Jan. 1974 C 764 015 20 +15 10 7.53 0.67

Set IV

June-Oct. B 4.88 028 57 +3.7 10 471 1581
1974 C 780 040 351 +36 10 7.53 1.70
SetV

Dec.1974- B 4.83 0.16 32 +2.7 10 4.71 1.15

Febr. 1975 C 772 019 24 +26 10 7353 0.83

Set VI

Apr.-June B 445 024 53 -54 10 471 1.63
1975 C 753 020 26 +02 10 7.53 0.87
Set CT 1

Aug.-Oct. L 525 011 21 +29 10 505 0.77
1975 M 1038 019 18 +18 10 10.13 0.61
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Table 4.4. (continued)

Period of Pool X s CV  Bias No.of Reference s of the 1)

observation {mmol /1) (%) (%) samples method bias: sp
value

Set CT 2

Febr-March L 519 o014 28 +27 10 5.05 094

1976 M 1045 017 16 +30 10 1013 0.53

Set CT 3

Apr.-May L 502 016 31 -07 10 5.05 1.06

1976 M 1017 016 15 +03 10 10.13 052

Set CT 4

June-July L 509 010 20 +08 10 5.05 071

1976 M 1017 017 16 +03 10 10.13 0.55

Set CT S5

Sept.-Oct, N 507 012 29 +60 20 4.78 091
1976

Set CT 6

Dec.1976- N 518 012 22 +84 20 4.78 0.90

Jan. 1977

Set CT7

Febr. 1977 N 518 013 26 +84 10 4,78 097
P 545 014 27 +40 10 524 093

Set CT 8

Apr.-May T 365 009 26 -11 7 3.70 0.94

1977 v 894 013 14 -20 7 9.13 0.50

BetCT9

July-August T 3585 012 33 -16 10 3.70 16

1977 U 882 021 24 -33 10 93.13 0.76
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Table 4.4. (continued)

Period of  Pool b4 $ CV  Bias No.ofl Reference softhel)
observation (mmol/1) (%) (%) samples method bias: 5,
value

SetCT 10

Sept.-Oct. T 3.59 0.07 20 -04 7 3.70 0.80

1977 U 9.07 020 22 -06 7 9.13 073

SetCT 11

Nov.1977- T 365 014 38 -12 7 3.70 132

Jan. 1978 U 9.12 0.11 12 -0.1 8 9.13 044

Set CT 12

March 1978 T 3.60 014 39 -02 8 3.70 1.31
U 9.03 022 24 -10 8 9.13 0.79

Set CT 13

May-June AA 4.13 016 39 +29 7 3.83 143

1978 AB 534 013 22 +75 7 543 0.85
U 932 0.16 1.8 +5.1 7 9.13 0.60

Set CT 14

Sept.-Oct.  AC 4.14 0.13 31 +16 9 ~ -

1978 AE 8.00 0.19 24 +20 10 - -

Set CT 15

Dec. 1978 T 370 016 35 0 10 3.70 1.30
8] 9102 023 23 -01 10 9.13 0.70

1)The standard deviation of the bias was estimated with the following equation
52100 1241+ Db y2g82
L S TR

in which: n = number of samples; ¥ = reference method value; s = our standard
deviation; Sy = 5 of reference method; b = bias
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Figure 4.2, Laboratory accuracy with reference serum, IKEM, Prague.
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Table 4.5. Monthly mean serum cholesterol values.

Men Women
n X ] n X 8
1973 April 261 5.95 1.357 247 5.86 0.943
May 257 5.77 1.090 269 570 0820
June 228 6.08 1.253 247 566 0.786
July 130 5.55 1.209 124 538 0.779
August 160 5.51 1.075 180 533 0.803
September 174 5.84 1.068 183 5.70 6.812
October 238 6.06 1.203 274 567 0.828
November 187 5.84 1.121 237 555 0.770
December 97 551 0.965 118 543 0.652
1974 January 260 598 1.113 329 5.66 4.907
February 204 581 1.285 259 5.37 0.805
March* 421 591 1.231 478 5.69 0.875
April 240 601 1.224 186 5.66 1.146
May 198 5.74 1.224 189 557 1.059
June 161 587 1.040 198 554 0999
July 130 6.13 1.482 110 574 1.133
August 293 6.03 1.147 300 567 1.178
September 283 5.81 1.043 291 5.59 1.024
October 170  6.03 1.108 206 5.52 05919
November 252 6.02 1.397 293 556 1.027
December 194 568 1.365 187 537 1.080

*including 15-3 - 31-3-1973.
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Table 4.5. (continued)

Men Women
n X s n X 8
1975 January 206 602 1.177 222 547 0983
February 209 5.839 1.113 260 548 0951
March 200 573 1131 206 544 0990
April 259 590 1,239 267 548 0931
May 211 539 1.046 201 509 0964
June 365 5.53 1.165 356 522 1.132
July 192 5.53 1.053 184 527 0.868
August 248 547 1.071 279 527 1.002
September 349 568 1.214 350 5.51 0992
October 182 545 1.025 178 5.38 1.134
November 238 5.50 1.034 251 5.12 0.808
December 212 379 1.092 212 544 1.107
1976 January 378 5.82 1.108 376 557 1.125
February 410 582 1.114 398 548 1.057
March 504 585 1.122 534 542 1.017
April 461 572 1.031 465 536 1.014
May 552 5.76 1.104 544 538 0980
June 576 591 1.104 531 539 0922
July 429 592 1.181 414  3.59 1.017
August 397 600 1.075 631 561 0.955
September 388 6.15 1221 472 5.67 1.065
October 459 615 1.071 520 587 1.026
November 630 6.1 1.079 637 568 0859
December 517 591 1114 568 555 0953
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= Figure 4.3. Monthly mean serum cholesterol values in men (@) and women (o) at baseline examination in the CB
@ Heart Project.
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Table 4.6. Examples of cholesterol values in groups of men and women.

November 1974 November 1975
n X n X expected
from 1974
Men
20-29 y1s 33 494 34 524
30 -39 yrs 81 590 145 548
40 -49 vis 138 6.34 59 5.71
Total 252 6.02 238 5.50 587
Women
20 -29 yrs 32 4.87 36 5.09
30-39ys 108 5.53 146 5.07
40 -49 y1s 153 5.73 69 5.24
Total 293 5.65 251 512 549
Number examined: n Mean serum cholesterol: X

This example shows how the age group 40 - 49 dominates in November 1974
and in the next year the group aged 30 - 39 years is larger. At the same time it can
be noted how the cholesterol level in the youngest group increased while at the
same time it has become lower in the 30 - 39 years old subjects. The oldest group
again has a lower level.

So we must realize that the selection of subjects from certain age groups and
from various cities introduces variables which make an exact explanation for all
fluctuations seen in figure 4.3, a rather tricky matter.

According to the data of figure 4.1, the laboratory measured about 0.2 mmol/l
lower in 1975 when compared with 1974. The lower mean age in November 1975
further decreases the average cholesterol level. If for example the levels from No-
vember 1974 and the numbers of subjects examined a year later are combined, the
expected cholesterol values in men become 5.87 mmel/I and in women 5.49 mmol/1.

In the literature the term ‘seasonal variations’ is often used and in accordance
with this we took the values of three months periods together, and also those of
the quality control sera. The latter value enabled us to correct the average levels in
the studied population for laboratory drift.

The seasonal variations - figure 4.4. - now appear to be very small. These
results are further discussed in section 6.5.
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Figure 4 4. Seasonal mean serum cholesterol values in men (@) and women (o) at baseline examination, corrected for

* laboratory variations, CB Heart Project,
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4.7, DISCUSSION

The results of our process control summarized in fig. 4.1. and table 4.1.demon-
strate a fairly constant level of performance and little long-term drift, although
some variations do occur. It is interesting to note the rather constant s- values over
the whole range of concentrations. It has to be stressed that when the introduction
of known’ samples is not performed by a ‘blind’ procedure the laboratory precision
is easily overestimated (9). The same holds true for automated methoeds; accuracy is
not influenced as much (10). Our built-in control with duplicate patients specimen
is firstly an absolute ‘blind’ procedure and, secondly, uses human material only.
The table 4.2.1. shows that the analytical error (s) for repeatability was between
0.07 and 0.28 mmol/l. For reproducibility (table 4.2.2.) these values were between
0.13 and 0.36 mmol/l. Most high values reflect the presence of one or a few outliers.
For example: two samples analyzed and having 5.1 and 6.5 mmol/fl, in the next
analysis show the following cholesterol values: 6.6 and 5.0. A mix-up of samples in
such a case ighard to trace - it may have happened in the clerical or in the laboratory
area - and the large difference is not deleted from calculations.

The accuracy of our method was assessed by analyzing lyophilized reference
sera provided by the WHO Regional Lipid Reference Center in Prague. The expect-
ed positive bias of our ‘direct’ Liebermann-Burchard technique does appear and not
always does it remain within the WHO limits of + 5% (table 4.4.). The low level in
survey VI (May-June 1975) was caused by unsatisfactory reagents. Comparisons of
two lots of this reagent with our own preparation confirmed a low level of results
for this particular reagent lot, although all calibrations were done with identical
standards. The high cost and several operational problems connected with the ship-
ment of frozen human serum make its usage difficult. It would, however, be highly
desirable to do it. Our results indicate a material-related bias instead of an absolute
bias. This will be discussed in Chapter 6. In our opinion a ‘blind’ continuous quality
control is feasible in a large study and measures accurately the extent of Jaboratory
errors while it remains free from several short-comings of lyophilized control pre-
parations (matrix, vial-to-vial variation, changed solubility, need to reconstitute).
We do not find seasonal variations in the study population but there are fluctuat-
ions (after corzection) in the monthly averages within a range of about 0.3 mmol/l.
These variations cannot be attributed to analytical instability as they are corrected
by means of the results in figure 4.1. Indeed the low values in May and June 1975
are, at least in part, a result of a downward change in analytical bias, which also is
revealed by figure 4.2. Laboratory bias cannot fully explain the rising curve through
1976.

Further discussion of the findings appears in chapter 6,
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The unsolved problem of establishing long-term stabi-
lity in accuracy and precision stands in the way of ex-
tended longitudinal studies, and prevents proper utili-
zation of the mass of information accumulating in the
records of CC laboratories all over the world.

IFCC Committee on Standards; Expert Panel on
Nomenclature and Principles of Quality Control in
(linical Chemistry, {(1977) (1)

CHAPTER 5

STANDARDIZATION QF CHOLESTERQL ANALYSES IN
THE NETHERLANDS

5.1, Introduction

The history of interlaboratory comparisons in clinical chemistry begins in 1947
with the survey of Belk and Sunderman (2} in the USA and on an international
scale in 1956 with the trial organized in England by Wootton (3). The organ-
ization of many comparative studies has been undertaken in the past 30 years by
professional associations, federal institutions and commercial organizations. Be-
tween 1957 and 1965 the Dutch RIV has, yearly, performed trials by distribution
of equine serum samples or bovine albumin solutions spiked with several biochemi-
cal compounds and electrolytes (4, 5). Invariably the results of the trials demon-
strated a wide variability in results. Deviations of 100% from the mean values were
no exception! Besides we must reckon with the fact that several of these results
were obtained in analyses that were done with extra care and not in daily routine
runs (4). It has always been hoped that such information would stimulate laborato-
1y directors to abandon obsolete methods and to do something about intralaborato-
ry differences. An unmistakable trend towards better comparability is present and
an ever increasing number of laboratories take part in one or several trials (6).

Since 1972 in the Netherlands a new scheme with 6 surveys per year is func-
tioning under the auspices of the Foundation for Quality Control in Clinical Chemi-
cal Hospital Laboratories (7). The intention remains the same: the trials are edu-
cational and the clinical chemist himself must improve his techniques in such a way
as to increase comparability and if possible accuracy. Such improvements are
brought about slowly. Much more than average attention and aiming at a few
analytical techniques at a time are requirements for a faster process. As a stimulus,
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to speed up the standardization, a purposive set-up is necessary.

In 1976 the Foundation for Quality Control of Chemical Analysis in Epidemio-
logical Investigations (Stichting Kwaliteitsbewaking Chemische Analyse ten behoeve
van epidemiologisch onderzoek: KCA) began to implement the first national stand-
ardization programme in clinical chemistry.

An initiative was taken by Prof. Dr. C. den Hartog, Wageningen, who assembled
a first meeting in December 1975 to discuss the non-comparable cholesterol find-
ings. Subsequent conferences led to the birth of the KCA in the office of the
Netherlands Heart Foundation (8). Several associations take part in it: The Nether-
lands Heart Foundation, The Netherlands Association for Clinical Chemistry, The
Netherlands Association for Qccupational Health and the Foundation for Quality
Control in Clinical Chemical Hospital Laboratories furnish board members. The
Ministry of Health and Environmental Protection, The Royal Nethertands Medical
Association, The Royal Netherlands Tuberculosis Association appoint advisers in
the board. The scientific advisory board of the foundation decided to adopt the
WHO Cooperative Lipid Standardization Programme as a model for this enterprise (9).

After having consulted several experts from CDC (Di. A. Mather, Dr. TH.
Boutwell and Dr. G.R. Cooper visited Rotterdam) the following plans were devel-
oped with the aim of increasing interlaboratory precision and overall accuracy of
the methods used in our screening projects. In the first year 31 laboratories enlisted
in the project.

5.2. KCA Cholesterol Standardization Programme

Part 1 Participants will, in routine runs, analyze 30 samples from each of three
serum pools. The precision and the accuracy are then evaluated according to
the protocol as used in CDC’s own Lipid Standardization Programme. The
standard deviation will reveal intralaboratory proficiency; the WHO narrow
limits (table 2.7.) will be applied,

The pools have been analyzed in the Lipid Reference Laboratory so that
comparisons with the reference method values will enable us to determine
accuracy. Matrix effects may pose a problem here.

Part 2 Participants with sufficient precision will use the above mentioned serum
pools as calibrators. The positive bias of the direct LB-reaction (often 10 -
15% higher than target values) may be reduced to less than +3% (WHO
narrow limits).

Part 3 Continuous surveillance by the K.CA with a number of serum controls, to be
mailed, or delivered in person for on the spot analysis.
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5.2.1. Methods of the participants

Since all laboratories had at the start submitted a questionnaire with details on
their methods, it was known that considerable variation among results could be
expected. According to the questionnaires filled in by all KCA laboratories quality
control was sketchy in a number of cases. Important shortcomings are listed below
in table 5.1.

Table 5.1. Deficiencies in quality control procedures.

Problem Prevalence
1o serum controls in every run 5
low level serum control only 3
high level serum control only 1
no linearity check with more than 1 standard 11
no blind controls (16)
(it is not always clear what is meant with “blind’, but some peo-

ple obviously regard “unknown’ controls as blind, even when their
identity as a control is known).

no external comparison 9
commercial serum calibrators or aqueous standards 7

(this may work very well, but not without extensive checking up-
on the matrix effects in comparison with human serum).

' Any improvement of comparability among laboratories must begin within the
laboratories. The factors just listed must be taken into consideration to ensure
internal repeatability and stability of the method.

Quality control, preferably with blind samples, the identity of which is entirely
unknown to the laboratory, over a sufficient period of time will reveal how the
situation is. Only with such information do we have a starting-point to try and
bring about a favourable change in the bias and to check whether such a change has
had the desired result. After ample discussion the KCA has recommended the KRIS
laboratory protacol as an excellent example of a controlled analytical method (Ap-
pendix I). This protocol was then distributed to the participants. During the first
vear (1977) 31 laboratories entered part [ of the standardization programme. Three
laboratories used two different methods as they were in the process of changing.
Among these laboratories there were 10 hospitals, 11 occupational health services
and 10 research or private institutes, table 5.2.
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Table 5.2. Methods used by KCA participants.

Methods labs, group

Netherlands recommended Huang method NEN 2415 1
Huang on AutoAnalyzer (Technicon Corp.)

Huang on SMAC (Technicon Corp.)

Huang on AKES (Vitatron Co.)

Huang calibrated with reference serum

Direct Liebermann-Burchard on Hycel 1600

Manual Abell-Kendall

No R W
— e e = B LI |02

Total Liebermann-Burchard reaction 27

8. Manual enzymatic procedure

9. AutoAnalyzer I enzymatic procedure

10. SMAC enzymatic procedure

11. Centrifichem enzymatic procedure (Roche)

Total ChOD reaction

i A B 7%

-~

The advisory board has encouraged the continuing use of the direct LB-react-
ion, at least for a few years. The recommended Huang modification is by far the
most frequently adopted procedure in the Netherands. Recently, however, the en-
zymatic reagents have been gaining increasing popularity. The advocated advantages
are: specificity, absence of unpleasant odour and corrosiveness and rather simple
analytical manipulations. However, there are now several products commercially
available with different reagent composition. In addition reaction conditions exist
sometimes where specificity of the method may be lost. Surely the standardization
among laboratories will not be fostered when part of them changes over from LB to
a number of different enzymatic methods. This does not alter the possibility that
eventually a reliable enzymatic procedure may become the method of choice for
everybody.

5.2.2. Materials

Pooled serum, from samples sent to the RIV (Dr.AH. Holtz, Drs. J.B.A. Terlin-
gen) for Hepatitis B-antigen testing and found negative, was used to harvest human
lipoproteins employing an alcoholic precipitation technique (10). This procedure
was carried out by Drs. C.M. van Gent, Gaubius Institute -TNO, Leiden.
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Concentrated lipid fractions were added to equine serum which itself had a cho-
lesterol level of approximately 2.0 mmol/l (Pool A ). After mixing, a filtration was
done to sterilize the pools. Several filters clogged and the entire filtration took
many hours. When the first pools appeared not to be sterile the entire procedure
was repeated. Finally pools A,, A, and A, were ready and dispensed in 7000 glass
ampoules containing 0.6 ml of serum. Later three more pools (A,, A5, Ag) were pre-
pared at the RIV, employing the Cat™- heparine separation technique of Burnstein
(11} for isolation of a human lipid fraction to be added to the equine serum. Re-
cently human serum pools, numbered 7, 8,9 and 10’ were added (Dr. I.C. Koedam).

5.3. KCA Programme part [

To each laboratory 90 ampoules of pools A, A, and A, were mailed in a
polystyrene container with dry ice. All material had to be kept frozen untill the
time of analysis. Then, three ampoules were to be taken from the freezer, thawed
and homogenized well, and analyzed in a routine run. These measurements had to
be spread over a minimum of 15 days. All results were then sent back and evaluated
with a simple calculation of means and standard deviations (overall, within-run and
among runs) like the CDC Standardization Programme requires in its part L.

5.3.1, Precision:

In accordance with the WHO criteria the overall s for these pools should be be-
low 0.18 mmol/1 (7 g %) with regard to pools A, and A, whereas s for pool A,
had to be smaller than 0.21 mmol/! (8 mg %). These requirements had to be met
for entering part T1. Bias in this first part was not marked because in part II of the
programme this would change anyhow for the majority of the participants. Table
5.3 presents a summary of the results.

It turned out that for one or more pools in 13 cases syara)) Was unsatisfactory
and 21 methods qualified for part I1. A second serum shipment for part | was sent
to the first 13 to repeat the series after reviewing their analytical procedure. All of
them quatified in the second series.

5.3.2. First results of part I:

It appears that the comparability within the manual Huang group (A) and with-
in the enzymatic group (C) is not bad in pool A, and A,. The overall spread of
results among all methods is of course very wide in all pools.

As could be expected the LB-reaction yields elevated values. This bias is rela-
tively high at lower cholesterol levels and highest in group A. Group B includes
several methods employing serum calibrators which may explain a lower bias as
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Table 5 3. Results of KCA programme, part 1.

group (compare table 5.2.)

CDC A B C All

reference n=18 n=9 n=7 n=34
method

pool A, mean (mmol/l) 2.14 245 2.35 2.00 233
s (mmol/1) 0.054 0.092 0397 0.160 0.279

bias (%) 0 +14.5 +98 -63 +9.0

poal A, mean 4.16 4.54 444 4.03 441
8 0.088 0.194 0.407 0.182 0.325

bias 0 +93 +6.7 -3.0 +6.1

pool A; mean 6.85 740 7.09 6.64 7.16
8 0.101 0314 0.535 0.280 0475

bias 0 +8.1 +35 -31 +4.6

compared with group A. The enzymatic method gives low results: an experience
often seen when measuring serum that has been processed to change the usual phys-
iological levels of constituents or to increase stability (lyophilization) (12, 13, 14).

5.3.3. Bias

Figure 5.1. shows the relationship between several methods and the reference
method. There appears to be an absolute and a relative component that together
create the difference. Fach individual laboratory of course will need a special cor-
rection suited for their own need. As shown in figure 5.2. some have produced a
calibration curve through the origin (no. 10) and others (no. 12) have parailel up-
ward shift with a constant bias in each of the three samples. No. 13 has a negative
bias for the high serum and positive bias for the lower values.

When measurements are repeated several months later the calibration curve
may have shifted significantly over a range equal for all samples (12— lb) or the
slope may change (11— 113); Figure 5.3. An other shift is seen in the highest labo-
ratory results shown below. These intralaboratory results illustrate the necessity to
standardize a method with internal quality control before interlaboratory compara-
bility is within reach. A search for the highest and lowest values among the initial
and the repeated analyses in part I resulted in a surprise: the lowest values were pro-
duced in a direct LB-reaction: table 5.4,
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Figure 5.1. Mean results of KCA-laboratories; LB-group, enzymatic group and
highest and lowest results.

CHOLESTEROL

mmol/t HIGHEST LAB

8.0F

P L B - GROUP

7.0 " ENZYMATIC GROUP

LOWEST LAB

! ﬁ 1

pool Al poal A2 poal A3
1.0 3.0 5.0 8.0 8.0 mmol/l

REFERENCE METHOD VALUES

Every laboratory performed 30 analyses for each pool.
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Figure 5.2. Examples of KCA-laboratory results. Each dot represents the mean of
30 samples. Bias varies from proportional to constant values.

CHOLESTERCL
mmol/|
8.0r 10
12
17
7.0 o 13

6.0+

5.0+

4.0

2.0

! S ! F s S L . i

pool Al pool A2 pool A3
1.0 3.0 5.0 6.0 8.0

REFERENCE METHOD VALUE, mmol/|
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Figure 5.3. Intralzboratory shift in two KCA-laboratories (parallel and angular
change). o and @ show mean results with a few months time interval.

CHOLESTEROL

mmal /|

7.0

6.0

5.0

4.0

3.0

2.0

! 43 ! Efh ; . £ .

pool Al pool A2 pool A3
1.0 3.0 3.0 6.0 8.0 mmol/l

REFERENCE METHOD VALUE

Every laboratory performed 30 analyses for each pool.
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Table 54. Low and high values in KCA, part I (both LB-reaction) including an
example of intralaboratory drift.

Pool lowest value highest value (mmol/l) drift
(mmol/1) first series second series b % mmol/l
A 1.74 2.81 345 23 0.64
A, 3.69 492 5.56 13 0.64
Ay 6.11 766 3.46 9 080

)The high laboratory in the first series showed insufficient precision and repeated
the measurements 4 months later, Significant upward drift had occurred.

5.4. Earlier experiments with common calibration procedures and methods

The main effort of the KCA was focussing on reduction of interlaboratory
differences. A plan was developed to use serum calibrators to aim at reference
method values at the same time. It was only reasonable of course to expect lower
values in a direct LB-reaction when serum is used to calibrate. This would not, in it-
self, decrease the interlaboratory differences, unless the present calibration pro-
cedures would be among the main causes of them.

The equalization of calibration procedures had been attempted earlier in the
Foundation for Quality Control in Clinical Chemical Hospital Laboratories. In three
of the surveys a common standard solution was distributed along with two serum
samples. Interlaboratory comparability did improve, but not very much, at the time
(Table 5.5.).

An aqeous cholesterol solutjon, made by addition of a detergent (15), was cen-
trally prepared and distributed along with the survey samples.

A second approach was tested among colleagues in the south-west region, near
Rotterdam, during a number of national surveys. The RIV control serum was anal-
yzed along with the survey samples. Its label values were used in calibrating 12 con-
stituents.

Unfortunately the low cholesterol content (2.3 mmol/l) made the material
unfit for calibrating this particular analyte. Typical results are shown in table 5.6.
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Table 5.5, National QC survey with common cholesterol standard and/or common
cholesterol method.

Mean and s Same, but Common standards
overall.1) common and common LB-
(mmol/l) standards.?) method.?}
Survey 9
sample 9A. X. 41 (n=97) 4.17 (n=89) 425(n=77)
{(Wellcome) 5 032 0.27 0.24
sample 9B X. 52 5.30 543
] 0.35 0.33 0.26
Survey 10
sample 10A X. 27 m=97) 2.86 (n=80) 288(m=357)
(Nyegaard) 8 0.34 0.36 0.26
sample 10B X. 28 2.88 2.97
8 0.32 0.26 0.27
Common LB- Enzymatic methods
method.?) only 3
Survey 11
sample 11A X. 24(@m=101) 233(=71) 1.8% (n=15)
(RIV) § 0.38 0.27 021
sample 11B X. 24 240 2.04
] 0.31 0.26 0.16

1)Results from the National Surveys as sent out by the QC Foundation, Dr. A. P.
Jansen, Nijmegen.

2)Calculated from Youden-plots sent out with survey results.

3)Two extreme values excluded (values not plotted).
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Table 5.6. Cholesterol results with and without common serum calibrator (RIV-
pool).

Survey Sample Mean ; corrected s ; corrected

13{n=11) 13A 399 372 032 0.44
(Dade serum) 138 3.38 3.15 021 0.31
17(m=135) 17A 6.27 577 0.69 1.0t
(Nyegaard) 7B 3.70 342 0.35 052
19(n=11) 19A 6.09 6.18 045 093
(Nvegaard) 19B 3.58 3.60 035 0.33

5.4.1. Conclusions
The experiments illustrate that taking just one common quality control serum

or one common standard solution does not automatically change interlaboratory

comparability very much. However, it must be noted that the surveys with common
aqueous standards suffered from a few deficiencies:

1. The number of laboratories performing the LB-reaction in addition to their
routine procedures was considerably smaller than the total.

2. Several laboratories not routinely employing the common LB-method only did
so upon request for the purpose of the survey. In such cases the unexperienced,
single attempt does not really reveal the merits or disadvantages of the method.

3. The aqueous standard itself was a novelty for the large majority of the partici-
pants,

The results obtained in the south-west region in survey 13 and 17 confirm that
serum calibrators tend to lower the positive bias of direct LB-reactions. Survey 19 is
an exception. Interlaboratory precision was not improved at all in this local recali-
bration eaterprise. And it was confirmed at the same time that the different control
pools behave differently in our methods.

5.5. KCA Programme part II;

It was expected that we produced a suitable serum calibrator and the KCA-
material was used in a new trial.

The three pools used in part I of the standardization programme were design-
ated to serve as standards. Each laboratory would employ its usual routine pro-
cedures and recalculate the same results later on the basis of measurements of
serum A, A, and A, and the CDC-reference method values.
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Five pooled, human sera, numbered [ - V, were sent to a number of laboratories
for anmalysis with the direct LB-method. A few of them also did enzymatic and
Abell measurements. Six KCA serum calibrators were also shipped, numbered A, -
A, (enriched horse serum), All samples were analyzed in duplicate in 4 different
runs, Each laboratory prepared calibration curves by plotting absorbance values of
serum A,, A, and A, against the reference method values. Later, when assigned
values for serum A,, A; and A, had been obtained from CDC, these were also
used in a retrospective, calculated calibration.

Tabel 5.7. demonstrates in what way the results are influenced by this common
calibration method. The left section shows results, as obtained in the routine
methods of the participants. The central part contains mean results and s values
based on serum calibrators A, A, and A,. On the right a recalculated result is ob-
tained in such a way that each participant’s mean result in serum A,, A, and A,
coincides with the reference method values mean.

As a first result serum calibrators clearly improve standard deviations of the
Huang group.

To check whether the improvement of all standard deviations was significant a
Morgan-Pitman-test was performed; table 5.8. The common F-test cannot be used
here, because the two series of values each time are strongly correlated: the two
series of results were taken from the same runs. Therefore a ‘correction’ is needed
in order to find the proper value for t (16).

t=—F=1 . /a2 t was tested one-sided

2/ F(112) Vo ( )

It must be noted that this test is applied to only 9 values which is a rather low
number, therefore the enzymatic results were evaluated after a second trial.

The values for p are given for serum calibrators A, A, and A5 and for A,, A,
and A,. They are discussed in chapter 6 (table 6.4.). Two striking effects on the
standard deviations are the improved homogeneity in the Huang group and the ex-
cellent result of calibrators A, A, and A, in the measurement of the other three
preparations. This must be ascribed to the matrix similarity.

The second quantity, the mean result x, may be compared with the mean of
Abell-measurements because these closely approach true values as can be seen in
the case of A,, A; and A,. In the middle section of this table Huang values obvi-
ously have become much too low. In the right hand part they are only slightly
fower (table 5.10).

We also observe how the average results of emzymatic methods closely ap-
proach reference method values in human serum. The prepared pools A,, A; and
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Table 5.7. Huang method (average of 4 analyses).

Routine results Results with serum calibrators Results with calibrators
Al, A2 and A3 A4, AS and A6
Sera: 1 11 11 Iv v Ad A5 AB I 1§ 111 iv v A4 AS Ab i II 1 1v '

LAB 1: 4.81 6.54 7.11 7.04 8.56 4.86 7.1510.09 [4.12 5.58 6.06 6.01 7.30 4.13 6.09 8.60)|4.20 572 6.21 6.15 7.48
4.77 6.22 6.99 6.89 8.53 4.79 7.02 9.77 {4.12 545 6.11 6,13 7.58 4.19 6.17 8.62)4.26 556 6.24 6.15 7.62
4.67 6.20 7.06 6.96 8.66 4.67 6.94 9.67 [4.14 5.48 6.22 6.12 7.61 4.12 6.12 8.51}14.24 563 641 63F 7.86
4.85 6.3% 7.17 7.11 8.84 494 7.05 9.88 |4.01 5.37 6.06 6.01 7.54 4.09 595 B.46[4.27 5.62 6.3F 6.25 7.78
4.96 6.62 7.24 7.28 8.86 4.95 7,33 10.09 [4.08 545 596 599 7.30 4.07 6.04 832|427 570 6.24 6.27 7.63
4.42 577 6.38 6.28 7,83 4.67 6.79 9.33 |3.88 5.12 5.64 5.54 6.93 4,10 6.00 8.26{4.09 534 590 5.81 1.24
4.75 6.31 7.06 7.00 8.62 4.91 7.02 9.88 |4.02 5.33 5.97 592 7.30 4.16 5.94 8.36;4,19 557 6.23 6.18 7.61
4.80 6.23 6.90 6.89 B8.48 4.70 6.80 9.47 |4.29 5.63 6.25 6.25 7.73 4.19 6.16 8.67[4.41 572 6.33 632 7.78
4.68 6.09 6.66 6.67 8.26 4.74 6.80 9.38 ;4.12 541 593 592 7.37 4.19 6.07 8.40[4.30 5.59 6.12 6.13 7.59
4.75 6.26 6.95 6.90 8.52 4.80 6.99 9.73 [4.09 5.42 6.02 5.99 7.41 4.i14 6.06 8.47|4.25 561 6.22 6.17 7.62
0.150 6.250 0.273 0.2870.315 0.1150.181 0.287/0.112 0.148 0180 0.199% 0.239 0.047 0.085 .14 0.087 0.117 0.146 0.154 0,185

WO 00 -] Ot BN

ca

Ref. Iab, CDC: 4.24 6.28 B8.79

Enzymatic methods (average of 4 analyses).

10: 4.05 5.59 5.99 6.09 7.42 3,96 5.94 8.30 |4.35 5.90 6.30 6.40 7.74 4.25 6.24 B.63]4.30 594 636 647 7.88
11: 4.36 5.63 6.33 6.15 8.09 3.76 5.90 B.23 |4.74 6.06 6.80 6.62 8.16 4.10 6.34 8.7914.74 6.12 6.B8 6.68 8.79
12: 4.22 5,53 6.09 6.08 7.50 3.94 5.84 8.23 {4.57 5.99 6.61 6.60 B.14 4,27 6.34 8.93:4.53 5.93 6.54 6.52 B.05

13: 4.33 5.76 6.40 6.38 7.91 3.93 594 840 [4.65 6.17 6.84 6.82 B8.44 4.24 6.35 B8.96[4.59 6.11 6.79 6.77 8.39
X: 4.24 563 6.20 6.18 7.73 3.90 590 8.29 [4.58 6.03 6.64 6.61 8.12 4.22 6.32 8.83[4.54 6.03 6.64 6.6f B.28

Abell-Kendall method:

14; 4.17 5.53 6.13 6.12 7.51 4.06 6.03 8.36 |4.18 5.58 6.19 6.1 7.61 4.07 6.09 8.48]1436 578 6.41 6.40 7.85
15: 4.32 598 6.66 660 B.14 442 656 9.14 4.14 5.74 6.39 6.33 7.81
16: 4.29 5779 6.38 6.36 7.91 4.26 6.31 8.87 [4.23 571 6.31 6.29 7.84 4.19 6.24 8,78 |4.26 5.75 6.34 6.32 7.86

17: 4.40 575 6.31 6.40 8.05 4.28 6.30 B8.81 |4.32 5.5% 6.18 6,14 7.76 4.19 6.02 8.47|4.38 572 6.28 6.37 8.01
X: 4.30 5.76 6.37 6.37 7.90 4.26 6.30 8380 j4.24 5.63 6.23 6.18 7.74 4.15 6.13 8.584.29 5.75 6.36 6.36 7.88




Table 5.8. Calculated p values indicating significance of improvement of interlabo-
ratory comparability (9 laboratories with direct LB-method).

Sample calibration with A,, A,, A,  recalculated with A,, Ag, A,
t p t p

1 0.8998 0.200 1.8684 0.052
I 1.8408 0.054 3.9899 0.003
11 1.4324 0.097 3.1739 0.008
v 1.3073 0.116 3.0998 0.009
v 0.8981 0.200 2.1953 0.032
A, 29432 0.011

Ay 2.2138 0.031

Ag 1.8904 0.050

A, demonstrate the often observed negative bias (14) in control materials. This
negative shift in calibrators A,, A, and A4 leads to elevated results in the ‘correct-
ed’ parts of the table, proving these sera to be unfit for calibration of enzymatic
methods. Calibrators A,, A, and A, do not change the mean Abell results, whereas
in the central section of the table these are lowered.

A larger study was then carried out to see whether our results could be con-
firmed. Also the enzymatic group had to be enlarged. Five fresh human serum
pools, numbered VI - X, and the KCA-sera were distributed to 25 laboratories.
Some of them used more than one method.

The results, coltected in tables 5.9.1. and 5.9.2. de indeed correspond with
those from table 5.6.

Again standard deviations in the Huanglaboratories improved and the mean
result is lower - in fact there is an overshoot, like the first time (table 5.10) (This
‘Huang-group’ is not group ‘A’ from table 5.3., but is mixed with *B’).

The Morgan-Pitman test reveals the largest imprévement again in the stand-
ard deviations for pools A, A; and A, (matrix effect), whereas in the human
pools significance is observed only when the second series of calibrators is used
(table 5.11.). One-sided t was tested.

In the enzymatic methods a decrease of interlaboratory comparability occurred
in some samples (negative t), but in the KCA pools the improvement is great also.
The comparability among the original enzymatic results is better than it is in the
LB-group; after recalibration this is reversed.
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I~ Table 5.9.1. Huang method (average of 4 analyses).
>
Routine results Results with serum calibrators Results with calibrators
Al, A2 and A3 A4, A5 and A6
Sera: Vi VII VI IX X Ad A5 A6 Vi VII VII IX X Ad A5 A6 VI owvil vIII IX X

LAB 1: 10.44 7.55 6.91 6.24 3.57 4.80 7.i1 9.71 |B.87 6.52 5.87 5.30 3.05 4.08 6.07 8.25 [9.30 6.73 6.16 5.56 3.18
10.34 7.81 6.99 6.39 3.88 4,95 7.08 9.68 {8.85 6.64 5.90 5.36 3.19 4.13 .00 8.26 {2.I14 6.90 6.18 565 3.43
10.04 7.39 6.63 6.00 3.60 479 0693 9.58 |8.76 6.38 571 516 3.07 4,13 597 830 [%.07 6.67 599 542 3.25
10.05 7.50 6.80 6.03 3.73 4.77 6.90 9.43 [9.14 6.77 6.11 5.40 3.26 4.22 6.15 8.56 {9.15 6.83 6.19 5.49 3.40
9.9F 7.34 6.57 598 3.51 4.66 678 936 [9.13 6.73 6.00 546 3.15 420 6.17 8.63 |9.17 679 6.08 5,53 3.25
9.52 6.89 6.25 5.47 3.21 4.66 06.67 9.20 |8.39 6.12 5.52 4.85 2.86 4.13 5.90 B.12 }8.91 6.45 5.85 s5.12 3.00
9.03 6.97 6.25 5.64 343 441 6.39 8.8518.65 6.67 596 5.48 3.28 4.20 6.09 8.47 |8.84 6.82 6.12 5.52 3.36
9.84 7.25 6.50 5.86 3.43 446 6.58 9.14 {8.96 6.66 5.94 538 3,20 4,11 6.03 8.03 |9.40 6.93 6.21 560 3.28
9: 10.18 7.36 6.59 5.88 3.49 4.64 6.91 9.55 [8.95 6.48 5.50 5.18 3.10 4.07 6.09 B.30 {9.31 6,73 6,03 5.38 3.19
10: 9.33 6.95 6.25 575 3.42 4.60 6.65 9.27 |B.44 6.29 5.66 5.20 3.09 4.17 6.01 8.40 |8.75 6.52 5.86 5.39 3.21

_oo-ac\mhww

11: 9.16 6.96 6.17 5.62 3.39 441 6.29 8.69 [8.81 6.69 5.95 540 3.25 4.25 6.04 8.33 {9.07 6.89 6.11 5.57 3.36
12: 3.77 7.30 6.51 5.84 3.47 4,59 6.76 9.28 [8.75 6.50 5.80 5.20 3.10 4.09 .02 85.2979.12 6.81 6.08 545 3.24
13: 9.96 7.27 6,53 5,78 3.50 4.66 6.77 9.50 |8.76 6.41 5.76 5.09 3.12 4.11 598 8.37 |9.17 6.70 6.01 5.32 3.22
i4: 10.91 7.94 7.27 6.47 3.92 5.12 7.4510.23 |897 6.46 5.89 522 3.06 4.08 6.04 8.38 [9.20 6.70 6.13 546 3.31
E5: 10.13 142 — 5.96 3.54 4.63 6.79 9.36 [9.04 6.62 — 5.32 3.16 4.14 6.04 B.35 |9.39 6.88 — 5.52 3.28
16: 9.31 6.80 6.11 5.44 3.21 4.32 6.35 B8.85 |8.88 6.50 5.84 5.20 3.08 4.14 6.07 8.45 [9.20 6.72 6.04 537 3.17
17 8.48 6.50 5.85 5.29 3.34 4.84 6.38 B.23 {7.64 570 5.03 4.50 2.54 4.00 5.53 7.35 |B.28 6.34 5.71 5.i6 3.26
Ref. lab, CDC: 4.24 6.28 8.79
X: 9.80 7.25 6.51 5.86 3.51 466 6.75 9.83 |8.76 6.48 5.80 5.21 3.09 4.13 6.01 8.30 [9.09 6.73 6.05 5.44 3.26

s: 0.593 0.367 0.364 0.321 0,196 0.204 0.306 0.457|0.355 0.262 0.249 0.241 0.173 0.062 0.140 0.281|0.273 0.163 0.135 0.144 0.101
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Table 5.9.2.

Enzymatic methods (average of 4 analyses)

Routine results

Results with serum calibrators
Al, A2 and A3

Results with calibrators
Ad, AS and Ab

Sera: VI OVII VHI IX X A4 A5 A6 | VI VIl VII IX X A4 A5 A6} VI VI VII IX X

LAB18: 9.06 6.94 6.54 5.79 3.67 3.63 5.48 7.57110.18 7.83 7.39 6.55 4.20 4.22 6.31 B8.66|10.50 8.04 7.58 6.71 4.25
19:  9.08 6.78 6.05 534 3.29 3.90 576 8.02] 9.80 7.45 6.69 5.90 3.72 4.36 6.35 8.78| 9.91 7.40 6.60 5.83 3.39
20: 9.40 6.77 6.01 5.43 3.34 3.88 5.86 B.2710.20 7.35 6.53 5.88 3.63 4.21 6.36 8.99|10.1t 7.28 6.47 584 3.59
21: 10.10 7.45 6.42 5.55 3.44 4.25 6.36 9.00| 9.44 7.06 6.14 5.36 3.47 4.20 6.09 8.46] 9.97 7.35 6.34 5.48 3.40
22:  8.94 6.66 5.93 532 3.25 3.85 575 8.00{ 9.73 7.29 649 583 3.61 4.25 6.30 8.73} 9.81 7.31 6.51 5.84 3.57
23:  8.92 6.57 5.92 5.20 3.20 3.84 5.75 8.06] 9.65 7.15 6.45 5.67 3.54 4.21 6.27 8.74| 9.77 7.20 6.49 s5.70 3.51
24: 9,51 6,93 6.28 5.53 3,34 4,01 5.86 8.28[10.06 7.39 6.68 5.88 3.55 4.26 6.20 8.81|10.11 7.37 6.68 5.88 3.55
% 9.29 6.87 6.16 5.45 3.36 3.91 5.83 B.17] 9.87 7.36 6.62 5.88 3.67 4.24 6.27 8.74|10.03 T.42 6.67 5.90 3.64
st 0.423 0,288 0.249 0.193 0.156 0.187 0.265 0.435 0.288 0.248 0.384 0.357 0.245 0.056 0.095 0.160 0.248 0.281 0.416 0.384 0.278

Abell-Kendall methods

LAB25: 9.54 6.99 627 554 3.32 4.30 6.43 8.92] 9.17 6.72 6.03 534 3.21 4.14 621 8.56] 9.38 7.43 6.67 5.80 3.53
26: 933 6.94 6.24 541 3.33 -  6.15 8.63] 2.33 6.87 6.17 5.33 3.2t - 6.07 8.60] 9.15 6.81 6.12 531 3.27
27:  9.48 6.89 6.14 5,39 3.28 422 6.31 8.64| 9.43 6.84 6.09 5.34 3.24 4.17 6.26 B8.58 9.53 6.93 6.18 542 3.30
% 9.45 6.94 6.22 S5.45 3.31 4.26 6.30 8.73] 9.31 6.81 6.10 534 3.22 4.15 6.18 8.58] 9.35 7.06 632 5.54 3.37

Ref. lab. CDC: 4.24 6.28 8.79




Table 5.10. Mean resuits compared with Abell values and presented as percentage bias.

Routine procedure Calibration with  Calibration with
Ay A, A, Al Al AL

Huang method Human KCA Human KCA Human

serum serum seruml)  serum serum
Ist survey (n = 9) +89% +114% -57% -5.6% -27%
2ndsurvey (n=17) +33% + 9.7% -64% -42% -2.3%
Enzymatic methods

2) 3)

Lst survey (1= 4) -23% -69% +4.4% -0.1% +4.6%
2nd survey (n=7) ~04%  -74% +7.1% -0.3% +7.7%

Y Calibrating the Huang method with A,, A, and A, creates considerable negative
bias; A,, A and A, perform much better.

2)Calibrating the enzymatic methods with either set of serum calibrators creates a
positive bias, whereas the original averages were quite accurate.

3)Note that the similarity of matrices yields excellent results in KCA serum in the
enzymatic procedures.

Table 5.11. Calculated p values indicating significance of change in interlaboratory
comparability.

Huang (n=17) Enzymatic (n =7)

Sample t P sample t) P

VI 2.9293 0.005 VI 09110 0.202
VII 1.5991 0.065 VII 0.3387 0.374
VI (n=16) 17439 0052 Vill - 1.1153 0.157
IX 1.3134 0.104 X - 1.7680 0.068
X 0.4985 0312 X - 16220 0.082
A, 6.4180 < 0.001 A, 34708 0.008
Ag 34762 0002 Ag 42692 0.004
Al 2.2603 0.020 A 2.8283 0.018
Vi 5.0172 < 0.001 VI 1.2632 0.131
VII 41561 < 0.001 VI 0.0586 0478
VIII{n=16) 55129 < 0.001 VIII - 1.5177 0.095
IX 44857 < 0.001 X - 2.2385 0.038
X 3.5407 0.001 X - 22156 0.039

Dwith negative t a decline of comparability is indicated.
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Considering our iniiial (routine} Abell values for A,, A; and A, the serum

calibrators A,, A, and A, decrease those values unfavourably which might suggest
that the assigned calibrator values are on the low side. The downward shift was also
observed in the first experiment (table 5.7.) and at present the serum calibrators
A;, A, and A, are again investigated in the CDC Lipid Reference Laboratory.

5.6. Conclusions

1.

The KCA-samples were analyzed in the Reference Laboratory at CDC (17).
The reference method values are:

A, : 2.14 mmolfl s=0.054 n=232
A, 416 mmol/l s = 0.0%8 n=31
A, : 6.85 mmol/l s=0.101 n=232
A, 1t 4.24 mmol/l s =0.051 n=16
A 6.28 mmol/l s =0.083 n=16
Ag © 8.79 mmol/l s = 0.081 n=16

In our Abell-Kendall procedures we find that the results of pool A,, A, and
A, are lowered when we calibrate with A, A, and A;. This has led to a re-
investigation of the target values.

The LB-reaction in these surveys on the average overestimates cholesterol by
8.9% to 5.3% respectively. After the first correction the mean results become
5.7% to 6.4% too low. The KCA-pools (A,, A, and Aj) at the same time have
a larger bias and show a better correction. The serum calibrators lead to an
overshoot effect, unless their matrix is similar to that of the analyzed material.
Calibration with the three new serum pools A, - A, brings Huang means within
WHO limits. Bias in human sera must still be thoroughly checked.

The serum calibrators in enzymatic analysis tend to tum accurate results into
high results. Only the KCA-pools (A,, A, and A,) do improve considerably.
As in the LB-procedure, it is quite obvious that enriched pools behave in a way
that differs from that of human serum. In the enzymatic analysis no general
change of calibration is necessary. The remaining problem is: how to prepare
in sufficient quantity a serum control, fit to check the enzymatic accuracy in
the KCA-programme.

Although all laboratoses in part I produced acceptable precision, variations
among laboratories employing the same methodology are large. In addition
the intralaboratory reproducibility is not stable proving that sustaining good
precision is a problem. It is in fact the problem that must be solved before all
other ones.

It appears that serum calibrators of a type like A;, A, and A, are able to pro-
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duce more comparable Huang values in pool A,, A, and A, but are less
adequate for normal human serum. Calibration with A,, A; and A, yields
better results. Their application will mean a step forward on the road to
interlaboratory comparability. Before this step is taken consultation with the
laboratories and the several projects must take place.

In chapter 6 these findings and some very recent developments are discussed.
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‘Nos vetera instauraimus, nova non prodimus’
{Our business is to restore the old, not further the
new

/ Erasmus
That may have been Ergsimus’ business, but ours is
the reverse. In this fast-moving field the old is soon
replaced.

Eds. of Clin. Chem. (1977) (1)

CHAPTER 6

DISCUSSION OF QUALITY CONTROL, STANDARDIZATION AND THE
USEFULNESS OF SERUM CHOLESTEROL DETERMINATION

6.1. Introduction

As an illustration of what this thesis is ali about tet us look into the manner in
which a new analytical method, or an old method with new diagnostic potential,
becomes a part of general daily practice, HDL-cholesterol introduced recently
as a risk indicator will be our example. It is not at all a newly discovered serum
component but it was never analyzed as frequently as other lipoproteins since it is
not used in the Fredrickson typing of lipidemias (2). However, recent publications
have boosted the interest of many scientists and HDL has become known as an im-
portant inverse risk indicator (3, 4, 5). Although the chemical composition is com-
plex and several distinct classes exist among the HDL-lipoproteins (HDL-2 and
HDL-2 being most important) in the present situation HDL-cholesterol is often
measured without further differentiation. Electrophoresis is not precise enough for
good, quantitative analysis (6, 7). The ultracentrifuge is expensive and time con-
suming, although a miniature instrument is now available {8). A number of pro-
cedures have been published in which the other lipoproteins are being precipitated
{(LDL and VLDL together or in separated steps) and HDL remains in the super-
natant after centrifugation (9). The HDL is then quantitated by means of its choles-
terol content. The apoproteins Al or phospholipids may also be analyzed (10).

High levels of HDL are protective against atherosclerotic complications because
HDL facilitates cholesterol transport away from blood vessel walls towards the liver
where excretion must take place - thus reads the hypothesis (11, 12).

A clinical chemist considering the possible introduction of this analysis - his
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enthousiasm springing from the literature data or from being hurried by his fellow
clinicians - will begin to screen published analytical methods, finds one or another
promising technique and begins to evaluate HDL measurements. The selection of
the technique is based upon workload, available instrumentation, previous experi-
ence, personal preferences and such. This results in a variety of methods. Thereisno
standard material or calibration serum readily available (although it does exist){13).
A means for a clinical chemist to check his analyses somehow, is to see whether
values in healthy people as obtained by his laboratory, agree more or less with pu-
blished reference values. Soon the first results begin to flow towards the requesting
physician. This is a realistic account, as we proved in the following way: In order to
obtain insight into the methodology and precision of performance of HDL-choles-
terol determinations two trials were organized. Serum samples were sent by mail to
sixteen laboratories, actively engaged in HDI-research of some kind. The major-
ity of them recently became interested in HDIL-measurements. A questionnaire
about methods and reference values was included. To study the effect upon com-
parability of the HDL-isolation separately from that of the cholesterol measure-
ment a few HDL-fractions, prepared by tungstate precipitation of LDL and VLDL,
were distributed at the same time for cholesterol analysis only. All results are col-
lected in table 6.1 and 6.2.

Conclusions from the questionnaire are:

a. At least 8 different modifications of HDL-cholesterol procedures are in use.

b. Precipitation techniques include Ca-heparine, Mg-heparine, Ca-dextrane sul-
fate, Mn-dextrane sulfate, Na-tungstate in various concentrations.

The cholesterol method includes Abell-Kendall, Huang and enzymatic pro-
cedures in several modifications.

Conclusions from the tables are:

c. The total CV values range from 16% to 48% and in human serum from 16% to
30%. And s lies between 0.2 and 0.3 mmol/1.

d. The cholesterol analysis alone yields s values of 0.1 - 0.3 mmol/l - CV: 13% to
20% - and is the main cause of overall variability.

e, An inserted duplicate sample reveals that intralaboratory repeatability as a rule
is satisfactory (table 6.1. serum 2 and 3).

f. After a history of 30 years of widely published interlaboratory trial results
with poor comparability, clinical chemists continue to introduce analytical
procedures without coordinatici. Even when the measurement relates to an
important risk factor in cardiovascular epidemiology, comparability does not
have the required priority.
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Table 6.1. First HDL-survey, August 1978.

LAB Precipitation Cholesterel Serum pooisl) HDL-fractions2)
method method 1 P 3 4 5 6 7 I Il IH
1 Na-tungstate Abell 147 128 4.64 099 1.19 -3 07414 179 123 0.79
2 Mn-heparine ChOD-PAP 1.88 - 254 1.27 131 - .11} 1,71 1.21 -
3 Mg-dextr.sulfate ChOD-PAP 1.52 - 495 1.01 1.12 - 098] 1.71 1.21 -
4 Mn-heparine ChOD-PAP 243 126 195 129 132 1.20 1,18¢ 1.59 1.21 G.68
5 Na-tungstate ChOD-PAP 0.76 - 231 090 1.08 0.68 0385 1.51 - 0.70
6 Ca-dextir.sulfate = ChOD-Katalase - 066 305 044 073 062 044 1.67 1.24 0.73
7 Na-tungstate Abell 1.29 111 1.0% 0385 1.11 072 078§ 178 140 0.75
8 Na-tungstate ChOD 137 1.1 111 0.88 1.11 078 075 1.78 145 0.83
Pierce-Kit
9 Mn-heparine ChOD-Katalase 1.87 118 284 1.04 1,19 - 094 163 1.30 -
+EDTA
10 Mn-heparine Abell 1.7 1.0 3.3 1.1 1.1 - 0.9 1.6 1.2 0.7
| ¥ Na-tungstate ChOD 0.99 0.58 - 067 0.63 - 0.77 061 037
Pierce-Kit
12 Mg-tungstate ChOD-PAP 1.0 0.8 2.3 0.6 0.7 0.5 0.6 1.5 1.1 0.6
13 Na-tungstate ChOD-Katalase 1.35 1.09 - 1.27 1.11 - 140 1.89 1.63 0.88
14 Mn-heparine Huang with 1.52 106 121 094 109 064 1.59]| 1.73 135 0.73
calibration serum
n 13 11 12 14 14 7 13 14 13 11
X 147 101 261 095 106 073 094} 162 1.24 071
5 044 023 126 0.25 0721 022 032] 027 0.23 0.13
VC % 299 231 483 268 204 304 335 166 189 191
With lab. 11 deleted from HDL results {fractions I, II and III) the following results are obtained:
n 13 12 10
% 1.68 1.29 074
s g.11 0.i4 0,08
VC% 6.8 i1.1 108
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Table 6.1. (continued).

) The pools consisted of the following materials: 1, Monitrol IT (Dade}; 2 = 5, human pool; 3, Elevated Lipid Control
(Lederle); 4, Monitrol [ (Dade); 6, human pool and 7, human pool with bilirubin 110 gmol/1.

2)Prepared by Na-tungstate precipitation of LDL and VLDL.

3)Several vials were damaged in the mail, results not reported.

Table 6.2. Second HD1-survey, November 1978,

LAB!) Precipitation Cholesterol Serum pools?) HDI-fractions
method?) method 8 9 10 11 12 v v VI
1 1.25 130 1.21 1.28 141115 087 099
2 1.58 140 1.34 - 1.30 | 0.96 0.87 0.99
4 1.27 135 1.23 122 139 1.10 0.88 1.00
6 058 0.80 062 1056 1.16 - 0.87 1.04
7 149 133 1.22 130 1351132 100 1.11
9 124 129 112 116 125124 097 1.06
10 1.36 148 1.32 - 1.77 { 1.15 0.94 1.00
11 Na-tungstate ChOD 149 1.53 146 1.65 - 1.03 0.71 0.87
12 1.2 1.2 1.1 1.3 1.2 1.20 094 1.01
13 t.56 1.53 145 1353 176 1.53 1.22 132
i4 1.24 133 126 1.14 1524 1.25 097 1.09
15 Meg-dextr.sulfate ChOD 1.07 113 099 1.05 1144 104 073 0.82
16 Mn-heparine Huang 1.62 1.67 - 1.60 1.68 - 1.20 1.30
n 13 13 12 11 12 11 13 13
X 1.31 133 1.19 130 1.41 1.18 091 1,03
5 0.27 021 022 020 0.22] 0.15 0.18 0.16
VC % 21.1 163 190 161 16.0f 134 207 16.2
Notes

1)Same as in table 6.1.; three did not report values; two new participants added,
2)Same as in table 6.1., unless stated here.
3)Human pools



g. Reference materials and standardization are urgently needed in lipoprotein
analysis.

In the following sections (6.2. - 6.4.) a number of steps will be discussed that
have to be taken to achieve a quality of cholesterol analysis wanted in epidemiolog-
ical investigations. Section 6.7.7. will discuss the different needs for different
purposes.

6.2. Terminology

Comymunication of meaningful datais possible only when members of a scientific
community practice some linguistic normalization. Clinical chemistry is a field in
which misunderstanding as a result of the use of personal interpretation of terms
occurs easily. Fortunately in many countries professional or legal authorities have
compiled norms for terminology. However, these do not always coincide in a con-
venient way. Accurgcy for instance in the IFCC definition relates to systematic
error in the best estimate (14), whereas the ASTM relates it to single measurements
and thus includes the precision concept in it (13).

The NNI defines both: firstly: accuracy in the IFCC-sense (Dutch: juistheid,
zuiverheid) and secondly: exactitude (nauwkeurigheid) which encompasses both
systematic and random errors (16). It is a pity that ‘nauwkeurigheid’ is often used
in this country for precision. Two methods with the same ‘exactitude’ may well
differ in both accuracy and precision and the expression does not generally provide
useful information.

As for precision it is always necessary to state clearly whether repeatability is
under discussion or reproducibility, and ideally, whether one or more instruments
or technicans are involved and which time intervals have occurred.

The concept of error itself is not a simple one either. Sometimes the distinct-
ion between random or systematic is hard to establish - causes for systematic error
may be variable entities themselves and random errors may be caused by unrecog-
nized phenomena. Sometimes ‘bias’ or ‘analytical bias’ have been used for pre-
cision (17) or prejudice (18) which of course must lead to confusion.

Materials, like primary standards or secundary standards or reference sera have
been defined by a number of committees in different ways and most of this is in
the stage of draft proposals. The way to uniformity seems to be long. Even the
simple information about how serum or plasma was obtained, or which of the
two was used, is deleted in several papers (19). The consensus acceptance of definit-
ions of methods is probably not more at hand and among the standard methods, se-
lected methods, reference methods, optimized methods and definitive methods a
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lot of clearing up has to occur. Particularly the latter term: definitive, is an example
where the linguistic and philosophical arguments frequently obscure the real issue
of methodology. It sometimes seems as if some are afraid of the process of ap-
proaching true values, which inevitably teaches us the limitations of long used and
trusted procedures (compare section 2.4.).

Quality control in Dutch means ‘kwaliteitsbeheersing’ or ‘kwaliteitsbewaking’,
but uniil recently the term ‘kwaliteitscontrole’ (quality checking) was in use pre-
dominantly. This temm indeed is less compulsive and may seem to require less en-
gagement. Control systems imply preventive measures whereas checking systems are
more aimed at inspections after the event. In accordance with the modern approach,
involved with earliest identification of sources of error, the term ‘quality assurance’
is also used (20). The latest version of various, officially proposed terminology was
very recently published in the proceedings of a conference (21). In the field of epi-
demiology confusion may also arise regarding terminology. When several kinds of in-
vestigations are described, a clear distinction ought to be made between ‘epidemn-
iological surveys’, ‘screening’, ‘case-finding’ and ‘surveillance’ (22). There are dif-
ferent requirements for test properties in these cases (23); see section 6.7.7.

6.3. Organization of quality control

This is very much a matter of delegation and sharing of responsibilities. Of
course general principles of care, paying attention to neatness and maintenance of
equipment, sufficient know-how and a good working atmosphere are prerequisites
for quality. In case an analytical procedure lacks precision and accuracy a large va-
riety of factors may be causative and each should be checked.
Summarising such factors one will think of:

Glassware : pipettes, volumetric flasks and such must be of sufficient
quality and well cleaned.

Weighing devices : must be well calibrated.

Reagents - all chemicals used must be of analytical grade, (p.a.) puri-
ty, including the water;

Standards : several standards are available from the NBS, Washington

DC (standard reference materials = SRM) including cho-
lesterol being more than 99.4% pure. But cholesterol of
comparable purity is now commercially available also.
All chemicals and standards must be properly stored -some
cold, some at room-temperature, some in the dark, and
shelf life must be carefully observed. '
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Photometers : Wavelength and absorbance must be calibrated from time

to time.

Specimens for analysis : the serum or plasma samples (make sure which is which al-

ways) should be as fresh as possible; preferably without
hemolysis, turbidity, lipaemia or drugs.

Storage in the cold (4°C) in well closed tubes is possible
over several days. At room temperature the ratio free:
esterified cholesterol may change.

Quality control : proper quality control must include at least two levels of
materials control serum and clearly outlined rules for accepting and

discarding an analytical run.

Analytical procedure : all steps must be performed in as much the same manner

each time as possible (pipetting, mixing, timing, temper-
ature}. For this a written and argued account of every step
is needed, because oral transmissions from technician to
technician will not do justice to all necessary details.

(In reference (24) an exhaustive checklist is given, as employed by CDC Laboratory
Inspectors in the USA).

6.3.1. Our recommended organization scheme in a simple form is the following:

I

It
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Process control must be executed entirely by the technicians. The analytical
procedure be performed exactly according to the written protocol. It is con-
trolled at the bench and produces analytical results within predetermined con-
trol limits. It is the responsibility of the technician to reject results always
when a run is out of control. For this purpose known serum control samples
are used. Details were described in chapter 3 and 4. The system ensures a suf-
ficiently constant precision and no seizable drift will be accepted.
Retrospective quality control must evaluate the proficiency attained. Unknown
serum controls treated as routine patient samples are introduced into all runs.
The results must become available in time to confirm that process control me-
chanisms are functioning to a satisfactory degree. This must lead to changes in
the method or the materials used whenever results shift out of control limits.
The modern tendency to board out this retrospective control to serum manu-
facturers can threaten the readiness of action of the clinical chemist. The di-
rector may delegate this task and considerablé responsibility to a ‘control of-
ficer’ who is not involved in routine measurements a great deal and who will be
able to spot unexpected errors timely.

As a result of I and II the precision of the method is known and absence of



drift is confirmed. Accuracy is pursued by making specificity a principle point
in method selection.

III Interlaboratory comparison; the laboratory director must set up an external

quality control system. By inserting a proper reference serum into several runs
the bias of a method will become established.
It is also desirable to know the position of the own method among many others.
Participation in one or more interlaboratory trials makes this position survey-
able, It is important to decide what is to be done with survey results of this
kind before a selection out of the many programmes is made. In general, com-
parability within a limited area {s more important than comparability among
the continents, at least so in the clinical situation.

6.4. Materials for quality control

A great number of quality control setum preparations are available commercial-
ly in lyophilized form. Mostly bovine or equine serum constitutes the main fraction
of such pools. A limited number of them has an added lipid content that can provi-
de the high cholesterol level of man and the matching cholesterol ester variety.
Human serum is used sometimes in which case hepatitis-B antigen tests must be ne-
gative. With adequate dispensing and lyophilizing procedures these sera show, after
reconstitution, a sufficiently homogeneous vial-to-vial composition (VC <<%%) (25).
Inhomogeneity is difficult to ascertain but is sometimes revealed in large interlabor-
atory trials (26). Usually lyophilized pools are fit to be used in reproducibility con-
trol as stability can be guaranteed for a period of at least two years. Most laborato-
ries can make human serum pools with or without added lipoproteins; several
methods are available in the literature for this purpose (27).

When different kinds of serum are in use a serious problem arises regarding the
estimation of analytical bias. The biological matrix in which the analyte is present
influences the results by a number of factors. An analytical result is the sum of
them all. For instance we will get:

Result = total cholesterol concentration +a+tb+c+d+e.
where a = error introduced by cholesterol esters

b = error introduced by bilirubin

¢ = error introduced by other components (drugs)

d = error introduced by physio-chemical properties, like high viscosity

¢ = analytical errors (from calibration or instrumental problems etc.).
Evidently most of these contributions will be different from serum to serum, in the
case of patient sera as well as the varous lyophilized preparations on the market.

We have seen in the KCA trials that even serum with most of the lipid content
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being from human sources gives rise to unexpected behaviour in several analytical
methods.

6.4.1. Materiais in the KRIS and CB studies

In the KRISstudy accuracy was checked by CDC with a number of human
serum pools (fig. 3.1.) whereas in the CB Heart Project serumn pools of varying ori-
gin were employed by the Prague Reference Center (fig.4.2.). In 1973 already, this
material dependent behaviour became apparent. It was attempted to make correc-
tjons each time new pools showed a bias distinctly different from previous ones.
As a result the graph in fig.4.2, is suggestive of a fairly stable laboratory perfor-
mance; on the average a small positive bias is present. The survey means are within
or just above WHO narrow limits. However, when uncorrected values are displayed,
often a much higher bias appears to be present (fig. 6.1.).

Pools B and C were used from 1973 till 1975 in five comparisons (suryeys).
In late 1975 new pools -L. and M- were introduced, when the new combined choles-
terol-triglycerides programme started. A higher bias than before was noticed at that
instant. In December 1975, at a visit to Rotterdam, Dr. Grafnetter provided us with
several samples of the pools B, C, L and M. Comparisons were made duting several
days and the shift of the bias could thus be attributed to the new materials with re-
Hability, Our target values for pools L and M were increased by the Reference Lab-
oratory accordingly (+8%), table 6.3. The graphic representation in figure 4.2. con-
tinues to demonstrate a low bias during 1976.

The following pools, N and P, gave us some problems in triglycerides analysis
and were soon replaced by T and U.

Again their matrix effect was studied, however in a limited series of measure-
ments while at the same time no reference method values had yet been established.
These were provisionally estimated and a correction of +10% and +6% was applied
to neutralize our shifted bias. It later turned out that the target values were a little
lower than the previously estimated ones and our bias correction was overdone. In
the next period our results often seemed to have a negative error.

Nevertheless an exchange of human serum (Autumn 1977) and comparisons
during 1978 and 1979 with the Abell-Kendall method of our own Reference Labo-
ratory indicate that our bias indeed is small (positive and sometimes zero) and quite
comparable with the results appearing in figure 4.2,

During 1978 some new pools again were put into use but comparisons are not
yet completed.

The importance of making a clear distinction between bias and random error is
seen when survey results of single analyses are studied. The KRISsurveys - 12 hu-
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Figure 6.1. Material related bias in reference serum, IKEM, Prague. Matrix effects not corrected.
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Figure 6.2. Mean and range of serum analyzed once in mixed survey sets. Human (CDC) and Iyophilized (IKEM) serum.
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Table 6.3. Comparison: December 1975. Bias in WHO Prague Lipid Reference Cen-
ter Surveys.

Pool Reference n X bias corrected
method bias
B 4,71 14 4.66 -1.1% -1.1%
C 7.53 13 7.63 + 1 4% +14%
L 468 26 503 +6.9% - 0.5%
M 9.39 26 10.23 +9.0% +0.8%

The assigned values for pools L and M were increased by 8% to compensate for
anomalous behaviour due to incompatible matrix. After this correction, bias found
in analysis of control pools was believed to continue representing ‘true’ bias.

man, samples from CDC - were each time analyzed in two runs only. A few CB-sur-
veys with frozen serum, or with Rotterdam sera sent to Prague, were likewise
performed in single determinations.

Figure 6.2. takes together the range of differences of our results and reference
method results. These differences are determined much more by the precision of our
method and of the reference method than by our methods bias. It is clear that there
are no apparent signs now to indicate which set of resulis stems from human
samples and which from lyophilized animal materials. But the mean bias of a setis a
useful figure when the Huang method is employed.

Conclusions:

The use of simultaneous sets of several lyophilized samples in the external sur-
veys gives results in which matrix effects are averaged out and approach the results
obtained from sets of human sera. But to ascertain bias with reliability, human ma-
terial must be considered superior.

6.4.2. KCA programme

When the KCA programme began, its intention was to standardize the choles-
terol analysis in a number of laboratories of which practically all used a direct LB-
reaction. The plan to develop a common calibration system with serum seemed
ideal to reduce bias and improve comparability at the same time. Human serum was
considered preferable to other possibilities. To get hold of freshly frozen human se-
rum was not quite easy. Arguments against a plan based solely on employing it
were for example:
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1. Law in the Netherlands does not permit the use and commerce of human blood
other than for the purpose of transfusions and through official blood banks.

2. The cost of human material purchased abroad would be high.

3. It was presumed that a WHO appeal to developing countries to oppose com-
mercial blood donations or plasmapheresis would in the future make it consid-
erable less obtainable (29).

4. CDC programmes make use of bovine serum mixed with human lipids in add-
ition to human serum.

5. It was considered important to make a start within a limited time span because
a number of epidemiological projects were being conducted without standard-
ization.

As a consequence enriched equine pools became our compromise. These were
to be frozen and not freeze-dried, to avoid errors in the reconstitution and inhomo-
geneity caused by dispensing and lyophilization.

When part [ of the KCA plans was completed and part II began with experi-
mental trials to test several serum calibrators a new situation emerged: the direct
enzymatic methods were gradually beginning to replace the direct LB-reactions.
New participants using enzymatic methods entered the programme.

Clearly this did not make standardization any easier, but there can be little
doubt that the future will see enzymatic methods to be more and more applied in
clinical chemistry. But since a considerable number of procedures and modifications
exists already, each with their own problems, standardization still remains an
unsolved problem.

In order to calibrate and control enzymatic methods as well, the need for
human serum again becomes urgent, although improvements of the enzymatic re-
agents may eventually release this strain. For direct LB-methods our enriched serum
served its purpose fairly well. When in both trals the final results obtained with
calibrator sets A, A,, A, and A,, Ag, A, are compared, looking firstly at inter-
laboratory comparability, the second set is clearly superior. The standard deviations,
already improved by calibrating with A, A, and A, are again much better when
A, A and A are used.

Table 6.4. shows which improvements were statistically significant in the
Huang method; one-sided t is used.

Table 6.5. in the same manner presents the enzymatic values; these do no justi-
fy the use of these calibration sera.

For enzymatic analysis human pools were very recently tried out and we are
confident that calibration with this serum produces cholesterol levels that are quite
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Table 6.4. (summarizing table 5.7. - 5.11).
Interlaboratory comparability. Huang method with serum calibrators (mmol/1):
a=calibrators A, A, and A,; b=calibrators A,, A; and Ag; n = number of labora-

tories
Sample Abell Huang Standard deviations
values  routine a b routine a b
n=4 n=9 n=9 n=9
trial 1
I 4.30 4.75 409 425 ¢.150 0.112 0.087
I 5.76 6.26 542 5.61 0.250 0.148 0.117%)
1Ix 6.37 6.93 6.02 622 0.273 0.180 0.1492)
v 6.37 6.90 5.99 6.17 0.287 0.199 0.1542)
v 7.90 8.52 7.41 7.62 0.315 0.239 0.1851)
A, (424) 426 480 414 - 0.115 0047V -
A (6.28) 6.30 6.99 6.06 - 0.181 0.0851) -
A, (8.79) 8.80 9.73 847 - 0.287 0.1431) -
trial 2 n=3 n=17 n=17 n=17
VI 9.45 9,79 876  9.09 0.593 03551 02732
VII 6.94 7.25 6.48 6.73 0.366 0.262 0.1632)
VIl 6.22 6.51 580 6.05 0.364 0.249 0.1392)
IX 345 5.86 521 5.44 0.321 0.241 0.1442)
X 331 3.51 3.09 326 0.196 0.173 0.1012)
A, (424) 4.26 4.66 4.13 - 0204 00621 -
A (6.28) 6.30 6.75 6.01 - 0.306 0.1401) -
A, (8.79) 8.73 9.83 8.30 - 0.457 0.2811) -

Usignificant improvement: p < 0.05

2)significant improvement: p < 0.01
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Table 6.5. (summarizing table 5.7. - 5.11).

Interlaboratory comparability. Cholesterol oxidase methods with serum calibrators:
a = calibrators A,, A, and Aj;b = calibrators A,, A; and Ag; n = number of labo-
ratories,

Sample Abell Enzymatic values (n = 7) Standard deviations
trial 2 values  routine a b routine a b
n=3
VI 945 9.29 987 10.03 0423 0.288 0.248
VIl 6.94 6.87 7.36 7.42 0.283 0.248 0.281
VIII 6.22 6.16 6.62 6.67 0.249 0384 0416
IX 545 5.45 5.88 590 0.193 0.357 0.384
X 3.31 3.36 3.67 3.64 0.156 0.245 0278
A, (4.24) 4.26 391 424 - 0.187 0.0551 -
A  (6.28) 6.30 583 6.27 - 0.265 0.0951) -
Ag (8.79) 8.73 8.17 8.74 - 0.435 0.1601) -

Dsignificant improvement with p < 0.05

close to Abell-results. Whether this also leads to better comparability is being tried
out in a new comparative study.

A rough calculation of what is necessary in terms of volume of donor blood
can be made as follows. If 40 laboratories calibrate every day with three pools
- two ml of each daily - and an equal amount of a fourth pool is needed for enrich-
ment, we need per year: 40 x 0.008 x 250 (working days) = 80 liter of serum, or
approximately 480 donor units of blood. This should not be any burden at all upon
regular blood supply and serve an excellent purpose in a most convenient way.

6.5, Classification errors

The question how many persons could be classified in a wrong category as a
result of random analytical errors and biological variability may be approached in the
following manner. The serum cholesterol frequency distribution in the population
examined from October 1974 till the end of 1975 in the CB Heart Project is used
as an example (table 6.6.). How many individuals put into the normal and border-
line group really had a cholesterol level above 7.25 mmol/l at that moment and,
conversely, what percentage of our ‘elevated cholesterol” group in fact did have a
bordetline or normal serum cholesterol value?
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Table 6.6. Frequency distributiont of serum cholesterol. All baseline examinations,
October 1974 - December 1975. CB Heart Project.

Cholesterol mmol/1 number of persons
<32 16
32-36 88
3.7-44 347
42-4.6 717
47-51 1104
52-56 1155
5.7-6.1 971
<6.2 4398
62-6.6 678
6.7-7.2 499
>6.2-x72 1177
73-7.7 221
7.8-82 113
83-87 45
88-92 33
>92 19
>72 431

The following assumptions are made for this particular calculation:
Symbols are listed as well:

s; = standard deviation in laboratory: 0.25 mmol/l
sy, = standard deviation of intra-individual variation: 0.40 mmol/l

5, =4/ sf + sﬁ = 0.47 mmol/l

-

vy =serum cholestero] leve} expected at examination (best estimate)

x = actual laboratory result at examination

k; = mean cholesterol result of section j in the frequency distribution

¢ =y - x (laboratory error, having a normal distribution)

G = 7.25 mmol/l, being the cut-off level between elevated and borderline choles-

terol
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g; =G -k;; smallest laboratory error that causes wrong classification

P(x=k) = fraction of population {with cholesterol level between (k + 0.2) mmol/l)

P(e > {or <) G - k)= chance that laboratory error (&) is larger (or smaller) than the
difference between someones cholesterol level (k) and cut-off level G

P, =P{y > G{x < G); fraction of the population that has an elevated cholesterol
level, but was analyzed as borderline or normal

P, =P{y < G|x> G); fraction of the population that was put into elevated group,
but does not have high cholesterol levels.

The two equations for P, and P, are as follows:

2 Px=k).Pe>G-k
=k<G(x ).P(e )

Py
T Px=k
k< G ( )
Z Px=k).P(e<G-k
. =k>G( )P )
2

Y P(x=k
k> G ( )

For this simplified approach it is agsumed that all individuals within a certain
interval of 0.4 mmol/l had serum cholesterol levels equal to the mean of their inter-
val (k;). The numbers of people belonging to each interval are given in table 6.6.

The chance P (e < (G - k)) was obtained by transforming the normally distri-
buted variable ¢ into a standard normally distributed variable Z in the following
way':

¢ =N (0, 02 ); becomes: Z =2 =N (0, 1)

m

For example the probability of ‘e’ exceeding ‘a’ now becomes equal to the

probability that Z is larger than ﬁi or, conversely, the probability that Z is smaller
m

than = —&- :
Um

P(Z<--2)
m

The tail-probability can now be found in a table of the standard normal distri-
bution after substituting (G - k) for ‘a’ and s, and s, for a,,,.

This tail-probability is practically zero for cholesterol sections that are one
mmol/l or more away from G. The calculated values for P (e ?< (G - k)) were also
included in table 6.7. together with all other necessary quantities.

The results are at the same time shown in figure 6.3.
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Figure 6.3. Wrong classifications in frequency distribution of serum cholesterol, CB Heart Project 1975. Total of 6006

men and women.
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Table 6.7. Data used in calculating erroneous classifications and results.

cholesterol n k; €; P(x=k) Ple<G-k) Ple>G -k)
category mmol/l mmol/l s:025 047 025 0.47
mmol/l mmel/l mmol/l mmol/l
Total 6006 - - 1

52-56mmolfl 1155 54 -1850192 0 0
5.7-6.1 971 59 -135 0162 O 0.002
62-66 678 64 -085 0113 00003 00359
6.7-72 499 69 -0.35 0083 0.1151 02611
7.3-7.79 221 735 0.25 0.037 0.1587 0.2980
7.8-82 113 8.0 0.75 0.019 0.001 0.0559
83-8.7 45 85 1.25 0.007 0 0.004
88-9.2 33 90 1.75 0.005 0 0.0001
below G 5575 0.928
above G 431 0.072

Results ) s=025mmolfl  s=047 mmol/l

P, 57 (1%) 154 (2.5%)

P, 35 (8%) 72 (17%)

Total misclassified 92(1.5%) 226 (4%)

DWHO narrow limits at this concentration level require §; to be 0.19 mmol/l, Using
that value the number of errors will be slightly lower than those in the left column.
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We do not know very much about biological variation in serum cholesterol but
we can use literature data suggesting a fluctuation with s = 0.40 mmol/1 is a reason-
able estimate. When combined with laboratory precision (reproducibility is known,
table 4.2.2.) a total standard deviation of 0.47 mmol/l is obtained:

Laboratory CV = £ 3% = 0.25 mmol/l

Biological CV = = 5-6% = 0.40 mmol/l

s overall =+/ 0,252 + 0.402 = (.47 mmol/l

We calculated that among 431 persons in the elevated group, 35 are probably
misclassified, whereas 57 persons were missed. Suppose we do not consider the
cholesterol level which the examined subjects happen to have on the day of baseline
screening important. And that instead we would like to let the mean level, around
which the biological fluctuations occur, decide about classification. Then the per-
sons accidentally having a ‘relatively high’ cholesterol concentration during the
examination day will be classified ‘wrongly’ as elevated. Then the overall s must be
employed and we find 72 persons in the elevated group and 154 in the nommal
group that in fact should have been on the ‘other side’. However, because our
decision level of 7.25 mmol/l is an arbitrary one, and does not change for different
age groups, the term ‘wrong classification’ is a very relative one. Besides,the calcu-
lations are performed with a frequency distribution having 04 mmol/l intervals.
This introduces an clement of guess work but we believe a realistic impression has
been given.

Moreover, it is not possible to make measurements for checking these calcu-
lations.

After completion of the classifying process there are examinations at a later
time. Elevated cholesterol values are checked for instance. We now run into the
‘regression-towards-the-mean’ phenomenon, which will not be discussed here (30).
The regression is such that ‘elevated’ persons upon rescreening show a lower mean
value. This effect must be carefully distinguished from lowering as a result of
intervention (diet, drugs).

Table 6.8.1. and 6.8.2. show what happens when individuals with increased
tisk are rescreened. The cut-off point in the CB Heart Project was higher than that
in the KRIS and therefore the regression towards the mean there is more pro-
nounced. In addition to regression we have the biological variation which moves the
cholesterol level across the cut-off level in both directions for several of these per-
S01S.
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Table 6.8.1. Serum cholesterol changes in ‘elevated group’ in a 3 week period. CB
Heart Project, 1976.

first analysis repeated analysis in percentage
= 7.3 mmol/l the same group lower
< 7.2 mmol/]
Men 623 211 33.9%
Women 295 118 40.0%
Total 918 329 35.8%

Table 6.8.2. (from table 3.10.). Plasma cholesterol changes in ‘borderline group’ in
a 6 week period (KRIS, 1973).

serum = 6.5 mmol/1 second analysis percentage
plasma =216 mg%  serum << 6.4 mmol/! lower
Rotterdam 666 166 25%
men
Kaunas 366 78 21%
men

6.6. Seasonal variations

The eventuality of serum cholesterol levels being dependent of the time of the
year is the subject of many a study. This was reviewed in chapter 2. Some studies
have followed a group of volunteers, others have compared the average cholesterol
levels in different samples of the population. In this case comparability of these
samples may be limited. Observations over periods longer than a year are ex-
ceptional and the observed variations do not have a consistent pattern. Some-
times winter levels seem to be higher than those in summer and the absence of
trends has been reported as well. Men and women sometimes have shown differing
trends. But pertinent data on quality control procedures are not communicated.
In our CB Heart Project seasonal changes in the screened population may be visual-
ized by compiling the averages of three months and plotting those graphically. In
figure 6.4. they are put together with results that were likewise obtained from pro-
cess control data. In several parallel segments of the curve the similarity is striking.
Sometimes, however, the lines diverge. An estimate of laboratory drift was used to
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Figure 6.4. Seasonal mean cholesterol values in men, women and control sera.
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draw a corrected version of seasonal average serum cholesterol levels. Clearly there
is no predictable, regular pattern present and only slight, irregular fluctuations oc-
cur. This corrected seasonal trend is shown in figure 4 4.

In the KRIS study seasonal trends were not observed either (figure 5.3.) although
in this case the number of examined subjects per month was relatively small and did
not represent a random sample and therefore we should be careful making general
conclusions.

In the case of the CB Project the seasonal mean values are calculated for very
large groups. These are every time composed of people aged 20 - 50 years. Due to
the fact that varying age groups have been examined within the CB’s and their rela-
tive contribution to the total number was subject to changes also, it proved to be
quite difficult to single out a number of rather narrow age categories and follow
them through afl 3% years. Only some groups could be followed over single year
periods and a Friedman test did not indicate that one month or another had high or
low cholesterol results.

We did not find a seasonal effect that might be used to ‘correct’ intervention
results or to modify other data obtained in the screening procedures. We can also
conclude that a seasonal effect - should it exist - is most probably equal for men
and women and rather a small one.

6.7. Requirements for cholesterol analysis in epidemiological investigations, some
final observations

6.7.1. Precision

To establish the risk of getting an infarction for an individual by measuring his
blood cholesterol a high precision is needed. Incorrect classifications on both sides
of cut-off points, however, always occur as the precision is never perfect. Their
number is not equally distributed on either side (section 6.5.). Precision is pre-
eminently a challenge for each laboratory itself. The most reliable way to measure
analytical standard deviations is by blind analysis of human serum samples (section
4.4.). The possibility of clerical errors remains in blind set-ups but this adds to a
realistic estimate of overall precision.

A ‘sufficient’ level of precision must be predetermined by the experts setting
up a particular study. When thinking in terms of biological variation (section 2.2.)
one should be aware of interindividual differences. The intra-individuval standard
deviations of the human serum cholesterol variations - considering time intervals of
more than a day - may be as low as 10 mg% (0.26 mmol/1) - table 2 4. If we now-
accept the total value for s to be 10% higher than the biological one, this total s
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may become 0.28 mmol/l (11 mg%) and the laboratory s must be lower than 0.12
mmol/l (4.6 mg%), in the nommal cholesterol range. The WHO recommended
(narrow) limits (table 2.7) are shown to be attainable in most KCA laboratories.
They may be considered as minimum requirements, although we must note that the
measurements were not done by ablind procedure. With this nomm (s < 0.19 mmol/1
at x = 7.25 mmol/l) incorrect classifications occur at a rate comparable with those
in figure 6.3. Very recently in a conference on reference methods and materials it
was stated that analytical CV must be < 3% intra-individual CV. In our example %
intra-individual s equals % x 10 mg% = 5 mg%, which agrees well with the above-
mentioned 4.6 mg% . The proceedings of this conference contain a wealth of use-
ful discussions, that were held in the USA on the development of reference me-
thods and materials (21).

6.7.2. Accuracy

Accuracy largely depends on analytical specificity. In laboratories where the
Abell-Kendall procedure can be propetly carried out - or a partially mechanized
version - this is not an insurmountable problem. When larger work loads preclude
the use of extraction steps and direct methods have to be selected, one has to
decide whether bias is acceptable. Identical bias in laboratories of multi-centre
studies still permits the comparison of data (section 2.7. and 3.4.). For prolonged
comparability this bias must be established in cooperation with an official reference
laboratory. Bias reduction by means of properly selected calibration sera is a useful
improvement (section 5.5.).

The WHO criteria for bias are not automatically sufficient for pooling of data
(section 2.7.). Besides, the proportional limit of 5% does seem too rigid for Jow
cholesterol levels and rather large for elevated levels. In any case bias must be esti-
mated at several concentration levels by every single laboratory (section 5.4. and
figure 5.1.).

This bias of the particular laboratory must be taken into account when its re-
sults are studied.

6.7.3. Methods
Methods for cholesterol analysis, and evaluations of them, have been published by
the hundreds. A recent, and very informative bibliography lists 972 references! {31).
Normalization of methodologies to be used in epidemiology reduces the num-
ber of problems one may expect to run into during standardization procedures (sec-
tion 3.3. and 5.2.). When several methods are adopted at first and then standard-
ization is attempted we are obviously closing the stable-door after the steed has
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been stolen! (section 5.3. and 6.1.) Even when improved techniques come into
being they cannot at once be introduced into running studies. Method normaliza-
tion was carried through in the USA for this reason in the Lipid Research Clinics
and the Hypertension Detection and Follow-Up Programme (HDFT’) (32, 33) and in
the KRIS. All of the laboratories involved are using a LB-reaction.

Today the enzymatic procedures are available as well (section 2.1.6.). The
production and delivery of stable reagents with guaranteed enzyme activities is not
easy. Interferences are by no means ruled out and differ among the many modifi-
cations. If kits are to be used it is also necessary that reagent manufacturers refrain
from introducing product modifications without announcing them in advance. The
enzymatic methods will come into more general use and it must be realized that
standardization is not less strenuous than with other methods (section 5.3.).

6.7.4. Quality control

Quality control procedures must include process control (section 6.3.) based
on a careful description of the analytical procedure and on limits for rejecting or ac-
cepting results (section 3.3. and Appendix I). Blind control is not difficult to include
but is does require special care on the side of the sender of the extra samples (section
4.4.). The laboratory must also be prepared to make all quality control results avail-
able to the evaluators of the study results. Evidently the best way to obtain such
objective information is the external part of the control organization (table 3.7.).

6.7.5. Materials

Control materials must resemble human serum closely enough to avoid er-
roneous conclusions caused by matrix effects (section 6.4.). Although precision es-
timates may be valid, the bias seen in measurements of control sera does not reflect
the ‘true’ bias. The approach of the WHO Regional Lipid Reference Center in Prague
of making corrections for these matrix effects probably does not creste substantial
errors but it is not an optimal alternative. Additional comparative measurements
and communication were necessary to unravel all problems connected with such
corrections which meant an additional burden on both parties invelved. One may
expect that the pretentious WHO Standardization Programme employs materials
that clear up accuracy problems in stead of creating bias. For that purpose adequate
funding of the Reference Laboratory is elementary. Purchase or preduction costs
and shipments in dry-ice containers require more financial support and man-power.
Such support must be provided by the WHO - it is not primarily the task of the
laboratory director. This does not imply that every clinical chemistry laboratory
must have human serum to verify every measurement of every analyte - a limited
volume of serum suffices for this sort of programme.
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6.7.6. Reference laboratories

When many laboratories get involved in screening a great number of people,
care must be taken that encugh time is spent in thorough standardization. More
reference centers are needed than the present two (CDC and IKEM). CDC already
stimulates the development of more, regional or national reference centers. Such
coordination already is taking place in South Australia (Dr. T. D. Geary). These
centers are ideal for concentrating communication and for distribution of reference
serum in a particular area. Technical support and advice can be given easier. A
reference method must be established and maintained in these centers. When
quality control procedures and the contacts with CDC and/or IKEM are extensive,
reliable reference method values can be produced locally and issued as assigned
values. There is no need for large networks of reference laboratories for serum cho-
lestero} analysis. One or two might do this job in the European Community. A cost-
benefit analysis should be made to study the financial consequences of such enter-
prises. Research into definitive methods may be done (but does not have to be) in
the same institute; one such centre - somewhere in the EC - would be a wellcome
partner of America’s NBS to further explore definitive methodology.

6.7.7. Epidemiological investigations

This thesis has emphasized the necessity of comparability of results obtained in
large scale studies. But there is a countless number of ways to set up such investiga-
tions. It is conceivable that epidemiclogical studies are planned as ‘closed’ entities
in which final conclusions are drawn in such a way that these are universely useable.
For instance one can always single out high risk groups, using arbitrary cut-off
points, and measure intervention results by means of methods that are precise. If
this is the scope of a project no comparability is required.

A simple scheme is drawn below in which minimum requirements regarding
laboratory proficiency in various studies are outlined. These requirements have
been listed in four headings:

1. precision: keep s within predetermined timits

2. same as 1; with special attention for long-term reproducibility

3. extra attention for uniformity of sample collection and handling
4,

accuracy: if the methods are not accurate, at least their bias must be establish-
ed.
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Set-up Time Minimum requirements
to permit data evaluation

short period (a) 1
one site
one lab
long period (b) 1+2.
short period (c) 1+3.
. more sites
Project one fab
long period (d) 1+2+3.
short period {¢) 1+3+4,
more sites
morg labs
long period (f) 1+2+3+4.

An example of the first category (a) might be a plan to determine whether
persons with iliness X have higher or lower serum cholesterol levels than persons
without the disease. A target population is selected and the collection of bloed and
the analysis take place within a short period of time. The conclusion ‘illness X is at-
tended with elevated serum cholesterol levels’ is useful information. However a pu-
blication of the serum cholesterol values is not. Without proper standardization
they have no clear meaning outside the scope of the study.

An example of the second category (b) could be an evaluation of the effective-
ness of drug treatment. Serum cholesterol levels are determined in patients before
and after the drug has been taken for some time. The results are compared with
changes found in an untreated group. After a proper evaluation of the data a con-
clusion like ‘drug Y reduced serum cholesterol levels on average more than 1 mmol/l’
is useful information. (Unless the presence of the drug in the serum decreased the
analytical result by interference). Publishing the cholesterol results separately is use-
less by lack of a frame of reference.

In set-ups like the last category (f) meaningful information on serum cholesterol
concentrations alone can be gathered, because these are comparable with other
standardized results. Precision is always necessary and particularly when extended
periods of time are involved, the assessment of s by means of a ‘blind’ control
mechanism is essential, Once the reproducibility is under control the job of standard-
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ization is practically and in theory an easy one. It involves the measurement of bias
with reference serum having a compatible matrix, or with series of human serum
samples from the study, in cooperation with a reference centre, This particular
measurement does not need frequent repetition as long as the checks on precision
confirm an extended method stability. In terms of effort - including financial
cost - the extra work, after s or CV has been brought within specified limits {and
that is always vital) is relatively small. The importance of proper blood sampling
and handling procedures is described in section 3.4.1.3 and Appendix L

All measurements regarding risk indicators - whether they are used as a basis
for planning prevention of atherosclerotic diseases or to inform the individual about
‘risk’ - must lead to uniform information. When people in various parts of the coun-
try have their serum cholesterol level checked and learn in one place that 7.0 mmol/l
is perfectly normal and elsewhere it is considered elevated, no successful preventive
strategy can be initiated. Normalized information must provide a sound substructure,

Requirements for properties of tests that are employed in various mass heaith
examinations have been proposed in the literature (22, 23). The concept of precision
in these papers is treated along the same lines as is done above. Precision is crucial
in the diagnosis of individual cases and less important for overall estimates that
concern groups.

‘Accuracy’ is defined next as ‘providing a true measurement of the attribute
being sought’ and it is therefore closely related to clinical sensitivity and specificity.
In the case where the test is serum cholesterol analysis and the characteristic sought
is susceptibility to atherosclerotic disease, these test properties can hardly be ap-
plied. The exact numbers of those with the disease (risk) and of those free from it
cannot be provided. However it is possible to make approximations and it is fairly
safe to state that both sensitivity and specificity in this particular situation are
rather low.

Therefore in screening and case-finding manoeuvres, the measurement of only
this single risk indicator will not be worth-while and several others have to be taken
into account. In epidemiological surveys sensitivity and specificity are of minor im-
portance.

Additional properties that are important for all of these studies are simplicity
and low cost.

In these requirements the comparability of results obtained in the numerous
surveys, screening and other programmes is not mentioned although all of these will
eventually be published - and have been published. The main issue in the discussion
given above, is the need to reduce the confusion that is created when anafytical data
without a basis for comparison appear in the literature.
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6.8, Final remarks

Strict comparability is not always needed (section 6.7.7.) in every clinical or
biochemical research setting. Although these areas will eventually tenefit from the
described efforts to improve the quality of chemical analysis they may still, in a
satisfactory way, employ the resulis fumished by the procedures currently offered
by the clinical chemist.

Though not all, certainly many epidemiological investigations in which labora-
tory analyses are carried out require that these be performed with more than average
proficiency. In selecting the laboratories, proof of such capability will be demanded
gver more by the planners of the study. The laboratory must then produce a certifi-
cate issued by an official standardization programme and it should continuously
take part in external surveillance. The laboratories must be large enough, and suffi-
ciently expert, to carry out the necessary quality control procedures. One may also
expect future financial support from government or other institutions to depend on
the degree of standardization of measurement; certainly when risk indicators are in-
volved. As a result, eventually all hospital laboratories will pursue comparability of
resutts and thereby reduce the need for test duplications and increase the value of
literature data.

The methods used must be of proven reliability and control materials must be
available. The ways and means to achieve this have been outlined and discussed in
this dissertation.

In the Netherlands the KCA and the Netherlands Lipid Reference Laboratory
will pursue proper standardization of all determinations done for large scale medical
examinations. International cooperation will be needed to ensure general com-
parability.

A cost-benefit analysis of such international enterprise is outside the scope of
this thesis.
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SUMMARY

The rate of clinical chemical measurements of serum cholesterol has been in-
fluenced particularly by its role in predicting the risk of developing cardiovascular
disease. In this thesis some important aspects - mainly quality control - of this labo-
ratory test are studied, that are particularly related to its function in epidemiologic-
al investigations.

Chapter one describes the appearance of large scale studies - mainly in the
industrialized countries - on the spread of diseases resulting from progressive athero-
sclerosis. Serum cholesterol analysis provides a tool for the prediction of suscept-
ibility to such disease, The measurement of this risk indicator - serum cholesterol -
therefore must produce reliable results. In view of the common interest and the
international communication among epidemiologists and other scientists, compar-
ability of the analytical methodology and results is required. The multiplicity of
techniques for cholesterol estimation combined with a lack of common bases for
accuracy and precision have stood in the way of universal comparability of such
results.

Chapter two reviews the literature on several subjects that are connected with
the measurement of serum cholesterol concentrations and their interpretation. The
principal problems regarding the most frequently used Liebermann-Burchard re-
action and the enzymatic method are outlined.

Interpretation of cholesterol values requires knowledge about biological {phy-
siological} variations. Requirements for analytical precision and accuracy are dis-
cussed and these are closely connected with biclogical variability, within and
between human beings. The way to attain proper laboratory proficiency, through
quality control and the use of reference methods and materials, is then described.
It is also demonstrated that the WHO recommended limits for accuracy do not
permit pooling of data from several laboratories. Recently a Netherlands lipid refe-
rence laboratory has been established.

Chapter three deals with international standardization between two clinical
chemistry laboratories and a reference laboratory. In the KRIS, during three years,
plasma cholesterol and glucose measurements were carried out with results that on
the average did not differ more than 2% between Rotterdam, the Netherlands and
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Kaunas, Lithuania, USSR. Furthermore, the glucose values were accurate; the chol-
esterol measurements had a positive bias but it was maintained constant. The pre-
cision was rigidly controlled and the CV kept within predetermined limits. The
overall laboratory proficiency was very much a result of strict adherence to the
protocol (which is entirely reproduced in Appendix 1), and of intensive commu-
nication between the reference laboratory (CDC) and between the two partici-
pating centres.

Chapter four especially focusses on the intralaboratory quality control system
that grew into its present form as a part of the CB Heart Project in which the CKCL
is the single, central laboratory. The most important parts of its quality control
procedures are: process control, blind external control and the survey programme
of the WHO European Regional Lipid Reference Center (IKEM, Prague).

The process control enabled us to monitor long-term, small fluctuations in the
laboratory and te make retrospective corrections in seasonal variation data. Blind
control furnishes the most reliable method to determine repeatabiliy and repro-
ducibility. Analysis of blind duplicates with three week intervals results in a CV
of 2 - 4% and some values exceeding this level are a result of relatively rare out-
liers.

The materials employed in quality control greatly influence the bias one
measures, which may complicate standardization procedures.

Chapter five is devoted to the standardization programme of the KCA found-
ation, This programme is being developed in the Netherlands in order to make
laboratory results comparable, which can at present only be interpreted with dif-
ficulty, Several epidemiological investigations and health check-up schemes are still
carried out with non-standardized laboratories. The evaluation phase (part I) and
the preliminary standardization phase (part II) are described. A number of practical
difficulties, mostly concerned with procurement or preparation of proper reference
sera, had to be conquered. It also seems that a lack of rigid intralaboratory quality
control is not uncommon. We have found that calibration based on a curve obtain-
ed with three serum cailbrators with known assigned values (Abell-Kendall) greatly
improves interlaboratory comparability when a direct I.B-reaction is used. For en-
zymatic methods human serum is prepared and studied for the same purpose. The
bias is this case does not need much improvement.

In chapter six follows a discussion about the results of cholesterol analysis.
Clinical chemists in general are not sufficiently concerned with standardization and
still introduce a multitude of methods for the same analyte. Thus HDI -cholesterol
tesults are being produced today that can hardly be interpreted satisfactorily by the
average reader of publications.
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For better understanding firstly some uniformity of terminology is necessary.
Then an organization of quality control in the laboratory is proposed that doesn’t
need to be complicated at all.

Usually, commercially available materials for quality control may very well be
employed for checking precision, For establishing analytical bias they are often less
suitable. Even the serum used by the WHO Reference Laboratory in Prague needs
improvement in this respect. The serum calibrators prepared at the RIV for the
KCA programme may well serve the purpose in the near future of bringing the
results gbtained in Dutch population stadies in closer agreement. Comparability
of data depends greatly on the proper establishment of analytical bias.

The biological variability of cholesterol in the biood is such that laboratory
precision does not play a decisive role when changes of the serum cholesterol level
are studied; as long as laboratory ‘drift’ is avoided the mean cholesterol change in
population samples can be evaluated properly. Great precision is needed when at
the first examination (e.g. baseline screening) individuals are classified into risk
categories. Several subjects may for instance be suspected wrongly of having ele-
vated cholesterol levels when their values are close to cut-off points. Properdy re-
corded quality control data can retrospectively provide a means to correct e.g. the
calculated mean cholesterol level in seasons. No seasonal variation appears to be
present in this country although the conclusion is somewhat restricted by the
selection of the population samples.

It is finally concluded that good precision is always vital, particularly in large
studies even when the investigators should not require comparability with others.
However, as soon as this precision has been brought within specified limits, the
measurement of bias is not too much of an extra effort. At present the proper
establishment of bias by very many laboratories is impossible by lack of suffi-
clent reference serum; but those relatively few involved in mass health examina-
tions certainly should perform the additional work at little extra costs. Undoubt-
edly the selection of laboratories for participation in epidemiological investigations
will, in the near future, occur mainly on the basis of proficiency, proven before-
hand by authorized certification.

The Appendix, last but not least, presents the full details of the KRIS labora-
tory procedures, that have led to a unique international, interlaboratory standard-
ization. It was largely based on the experience of Dr. A. Mather, CDC, who advised
the KRIS laboratories throughout the official life time of the study.
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SAMENVATTING

Het aantal serum-cholesterol bepalingen verricht in klinisch-chemische labora-
toria is bijzonder beinvloed door de mogelijkheid de uitkomsten te hanteren als
voorspeller van het risico op het ontstaan van hart- en vaatziekten. In dit proef-
schrift worden enkele belangrijke aspecten van de kwaliteitsbewaking van deze labo-
ratorium bepaling bestudeerd welke verband houden met de plaats ervan in epide-
miologische onderzoekingen.

Hoofdstuk 1 signaleert de onderzoekingen op grote schaal, vooral in de gein-
dustrialiseerde landen, naar de verspreiding van ziekten die een gevolg zijn van een
voortschrijdende atherosclerose. De bepaling van serum-cholesterol verschaft een
mogelijkheid de vatbaarheid voor dergelijke ziekten te voorspellen. Daartoe dient de
meting van die risicofactor of risico-indicator - het serum-cholesterol gehalte - be-
trouwbare uitkomsten op te leveren. Gezien de wijdverbreide belangstelling en de
internationale communicatie tussen epidemiologen en andere onderzoekers is verge-
lijkbaarheid van methodieken en resultaten een vereiste. De veelheid aan analyse-
technieken voor cholesterol en het ontbreken van een gemeenschappelijke basis
voor precisie en juistheid hebben een algemene vergelijkbaarheid van meetresultaten
veelal belemmerd.

Hoofdstuk 2 bespreekt literatuurgegevens over verschillende zaken die met het
meten van cholesterol zowel als met de interpretatie van de uitkomsten te maken
hebben. De nadruk hierbijj ligt op de Liebermann-Burchard methode (de oudste en
meest gebruikte). De enzymatische techniek (de nieuwste) wordt eveneens vermeld.

Voor het interpreteren van cholesterol waarden is kennis nodig omtrent biolo-
gische variabiliteit. De eisen welke aan de analytische precisie en juistheid gesteld
dienen te worden hangen daarmede ten nauwste samen. Variaties in en tussen indi-
viduen moeten worden onderscheiden. De wijze waarop voldoende hekwaamheid in
het laboratorium kan worden verkregen, middels kwaliteitsbewaking en met ge-
bruikmaking van referentiemethoden en -materialen, wordt besproken. Tevens
wordt aangetoond dat het voldoen aan de WHO eisen m.b.1. de juistheid niet bete-
kent dat laboratoriumresultaten onbeperkt kunnen worden geacht gelijk te zijn.
Tevens wordt beschreven dat sinds kort een Nederlands referentielaboratorium voor
cholesterol in oprichting is.
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Hoofdstuk 3 behandelt de internationale standaardisatie van twee laboratoria
en een referentielaboratorium. In de KRIS werd drie jaar lang cholesterol en glu-
cose in plasma bepaald op zodanige wijze dat er slechts 2% verschil bestond tussen
Rotterdam en Kaunas, Litouwen, USSR. Bovendien hadden de glucosewaarden
praktisch geen systematische afwijking, terwijl die van cholesterol een constante po-
sitieve onjuistheid hadden. De precisie werd nauwlettend bewaakt en de VC binnen
vooraf vastgelegde grenzen gehouden. De gebleken kwaliteit was het resultaat van
het strikt aanhouden van het laboratorium voorschrift (volledig in de Appendix
weergegeven}, de intensieve communicatie met het referentielaboratorium (CDC) en
de, zo vaak als mogelijk was, onderhouden contacten met elkaar.

Hoofdstuk 4 is in het bijzonder gewijd aan intralaboratorium kwaliteitsbewa-
king zoals die is gegroeid in het CKCL tijdens het verrichten van de bepalingen voor
het CB Hart Project. De belangrijkste onderdelen van het systeem zijn: de proces-
bewaking, de ‘blinde’ exferne controle en het standaardisatieprogramma van het
WHO Regionale Europeese Referentielaboratoriurn in Praag (IKEM). De procesbe-
waking stelde ons in staat kleine fluctuaties welke over lange tijdvakken in het labo-
ratorium optraden vast te leggen en te gebruiken om seizoensinvloeden daarvoor te
corrigeren. De blinde controles vormen het meest betrouwbare middel waarlangs
dupliceerbaarheid en reproduceerbaarheid worden geverifieerd. Onze VC is 2 - 4%
en de hogere waarden, die af en toe voorkomen zijn ih.a. een gevolg van spora-
dische uitbijters. Ben ernstige complicatie bij de standaardisatie vormt de matrix
van de erbjj in gebruik zijnde sera, waardoor systematische afwijkingen niet dan met
veel moeite kunnen worden vastgesteld.

Hoofdstuk 5 beschrijft het standaardisatieprogramma van de Stichting KCA,
dat in Nederland in gang is gezet om de vele laboratoriumresultaten een basis voor
vergelijkbaarheid te verschaffen die tot dusverre ontbrak. Diverse epidemiologische
onderzoekingen en veel periodiek geneeskundig onderzoek geschiedt vooralsnog
met niet gestandaardiseerde laboratoria.

De evaluatiefase (deel I} en de eerste bevindigen van de standaardisatiefase
(deel II van het programma) worden beschreven. Een aantal praktijkproblemen,
veelal betreffende het serummateriaal, moest worden opgelost. Bij de deelnemers
bestaat nogal eens gebrek aan voldoende intralaboratoriwm kwaliteitshewaking.

Wij constateerden dat de onderlinge vergelijkbaarheid bij gebruik van calibratie-
serum sterk verbetert in de ‘Huanggroep’. Voor de gebruikers van enzymatische
methodieken lijkt calibratieserum niet direct nodig te zijn. Humaan materiaal is
voor contrele en eventueel voor bevordering van vergelijkbaarheid het meest ge-
schikte materiaat. Onderzoek in deze richting is nog gaande.

Hoofdstuk 6 sluit de presentatie van de diverse resultaten af met een bespre-
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king. In het algemeen zijn klinisch chemici nog onvoldoende met standaardisatie
bezig en voeren zij nog steeds vele verschillende nieuwe technieken in. Zo worden
dan ook vele HDL-bepalingen uitgevoerd waarvan de uitkomsten in onvoldoende
mate zijn te interpreteren door de geinteresseerde lezer van publikaties erover.

Voor een beter begrip van de problematiek is allereerst een éénduidige termi-
nologie nodig. Een organisatiestructuur wordt vervolgens voorgesteld voor de kwali-
teitsbewaking in het laboratorium.

Materialen voor kwaliteitshewaking zoals die veel in de handel zijn kunnen voor
controle op de precisie gebruikt worden. Om de systematische afwijking van een
meettechniek te bepalen ziin ze minder geschikt. Zelfs de sera die bij het WHO refe-
rentielaboratorium te Praag in gebruik zijn, behoeven op dit punt verbetering. De
calibratiesera die by het RIV voor de Stichting KCA werden bereid, kunnen wel-
licht in de naaste toekomst de resultaten van Nederlands bevolkingsonderzoek in
goede overeensternming brengen. De analytische precisie behoeft niet zeer goed te
zijn om gemiddelde veranderingen in het serum cholesterol gehalte te bestuderen,
daar de biologische variaties relatief groot zijn. Als het laboratorium op langere ter-
mijn geen ‘drift” vertoont, zijn de gemiddelde steekproefresultaten goed te beocor-
delen.

Echter bij de aanvang van een onderzoek (bijv. bij ‘baseline screening’} moet de
precisie hoog zijn, omdat anders heel wat individuen onjuist worden ingedeeld in
diverse risicogroepert.

Seizoenvariaties blijken in de mb.v. kwaliteitscontrole gegevens gecorrigeerde
resultaten afkomstig uit het CB Hart Project niet op een jaarlijks terugkerende,
voorspelbare wijze voor te komen. Aangezien het er bij diverse studies veelal om
gaat individuen in te delen in risicogroepen, zal precisie daar aan hoge eisen dienen
te voldoen. Wanneer dit het geval is, zal vaststelling van de juistheid weinig extra
moeite behoeven te kosten. Hoewel voor dit doel nu nog onvoldoende referentiese-
rum voorhanden is, behoeft dit voor het relatief kleine aantal laboratoria dat bij
bevolkingsonderzoek is betrokken geen blijvend obstakel te vormen. Ongetwijfeld
zal de selectie van laboratoria die deelnemen aan epidemiologisch onderzoek steeds
meer geschieden op geleide van op voorhand aangetoonde kwaliteiten, middels een
certificaat van een erkend standaardisatieprogramma,

De Appendix is een onverkorte weergave van het Laboratorium Protocol van de
KRIS, waarmee een unieke internationale standaardisering werd bereikt. Het heeft
zijn ontstaan grotendeels te danken aan de ervaring van Dr. A. Mather van het CDC,
die de beide KRIS Iaboratoria adviseerde gedurende de officiéle studieperiode.
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CURRICULUM VITAE

De schrijver van dit proefschrift is geboren op 28 maart 1944 in Pieterburen
(G1), doorliep aldaar de Openbare Lagere School en bezocht de Rijks HBS (b} te
Warffum (1956-1961). Na een verblijf van een jaar aan de Ecole d’Humanité (Prof.
Paulus Geheeb) Goldern, Zwitserland, werd de studie scheikunde begonnen aan de
Rijksuniversiteit van Groningen.

Het doctoraalexamen is in 1971 afgelegd met als hoofdrichting organische che-
mie (Prof. Dr. J. Strating, Prof. Dr. H. Wijnberg en Dr. A. M. van Leusen) en bijvak
polymeerchemie (Prof. Dr. G. Challa). Gedurende enkele jaren werd een assistent-
schap vervuld en voorts is voldaan aan de eisen voor onderwijsbevoegdheid.

Na het vervullen van de militaire dienstplicht, waarvan 16 maanden in het
Klinisch Chemisch Laboratorium (Kol. D1s. P. J. Prosée) van het Militair Hospitaal
‘Dr. A. Mathijsen’ te Utrecht, werd de opleiding tot klinisch chemicus begonnen in
het Centraal Klinisch Chemisch Laboratorium (Prof. Dr. B. Leijnse) van het Acade-
misch Ziekenhuis Rotterdam - Dijkzigt. Inschrijving in het Register van erkend
klinisch chemici volgde op ! april 1977.

De schrijver werd later, met ingang van dezelfde datum, benoemd tot klinisch
chemicus. Het proefschrift is gedurende de afgelopen jaren in het CKCL bewerkt,

waarbij veel gastvrifheid werd genoten in de afdeling Chemische Pathologie der
Medische Faculteit.
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1. Units of reporting

in Western Eurcopean countries a new convention of réporting units of biochemical concen-
tration, based upon Systéme Internationale, is being promoted; in the Netherlands, this
system became official on 1 January 1971. For purposes of documentation and future referral,
all values derived for the study {cut-off or screening levels, means, variance, ete,) should
be available in new as well as old units. This is a simple mztter of conversion from the
older system by the use of standard coefficients, and this computation could be performed
in all computer print-outs, either alone or in parallel equivalents of old and new units.
It was felt, however, that since: (a) the older mass-based units are familiar and will be
centinued in Kaunas as well as in the United States of America and other places for some
time; (b) they are easier to handle within and between the two laboratories in the study,
particularly with unfamiliar methodologies and methods of calibration; (e} they are lsss
susceptible to aputation and weighing erros; and (d) they are better adapted to the
problem of rapid standardization of the two laboratories; the older system should be the
"working" system for the study, Moreover, since past guidelines for epidemiologic and
clintical evaluation are in the ©ld units interpretation of the data by reference to past

experience will be facilitated during the difficult pericd of transition which may extend
over several years.

Specifically, mg/lOO ml concentrations will be employed for the preparation of cali-
bration standards, control and evaluation samples, ana reporting results. Screening limits
for glucese and cholesterol concentrations will also be based upon thesge units,

2. Common sources and specifications of egquipment and materials

In view of the lack of comparative information on specifications and nature of materials
commonly employed in the two regions, it was considered essential to acceptable standardiza-
tion that those supplies ¢onsidered critical be replicated in as clese counterpart as possible
in the two laboratories or furnished from common sources, This included several items of
equipment selected for ease and speed of analysis that either had no corresponding counterpart
or that might provide unique basic data that could not be strictly compared, even though the
derived quantitative results might not be impaired. For example, spectrophotometers with
flow-through cuvets furnish instrument readings that are not identical with specific aprtical
absorbance, and cannot be comparable unless the dimensions and gecmeiry of the cuvet system
in each instrument are identical; reagent dispensers of different manufacture may deliver
different volumes at the same nominal setting, Faor control purposes, and to provide sensitive
means of diagnosis of deviations when problems of interlaberatory variance occurred, those
variables that were considered amenable to such standardization were covered by common egquip-
ment, These are listed in Appendix I {page 3N

To provide the necessary flexibility for meeting unexpected situations and to establish
a readily available source of common lot or standard specification reagents, procurement and
provision of any necessary central supply was supervised by the Rotterdam laboratory, In
certain ¢ases, specifications had to be worked cut by pre-study evaluation and c¢omparisons,

3. Collection and handling of specimens for analvsis

{a} Examinge preparation for laboratory work: This is an extremely important point of
standardization in any cellaborative study, and often the problems of obtaining sufficient
numbers, or adequate cooperation, of subjects override the desirability or even necessity of
standardizing patient preparation or physiologic¢ and diurnal variables, Thus circulating
glucose levels are guite sensitive (particularly in subjects with borderline carbohydrate
metabolic competence) to the immediate dietary history and probably other diurnal factors.
Since a single blood specimen was to be collected after a standard glucose challenge, this
provided 2 more standardized intake, but necessarily widened the screepning limits, owing to
the increased variability of response among individuals along the post-challenge time curve,
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Cf necessity, single point glucocse values after a standardized challenge decrease the sensi-
tivity (i.¢. reguire wider permissible limits) of glucose analysis as a screen for diabetic
tendency. Those examinations seeking to define the circulating maximum - which may oceur
between 0.75 and 1.5 hours post-challenge - ordinarily select a one-hour time interval; those
seeking to demonstrate tolerance of the subject by a return to normal levels by a single
determination at two hours post-challenge encounter similar variance in the metabolic time
curves of "normal” subjects, Although little hard data exist in the literature.to support
their observations, some investigators believe that the tolerance of many subjects to glucose
loading is decreasad in the afterncon in comparison with morning examinations. on the other
hand, circulating levels of cholestercl in serum or plasma are relatively stable with respect
to immediate dietary history. Protocol for standardizing the preparation of the subjects
and times of ¢ollection has hesn detailed elsewhere in the study protocol,

{b) Collection of specimens: Specimens of vencus blood are collected by venipuncture employing
disposable 10 ml vacuum-collecting tubes (Vacutainers) with sterile disposable needles.
Normally, serum is the specimen of cheice for cholesterol assay and would be acceptable far
prompt analysis of glucose also, but the stahility of the latter constituent depends vitally
upon maintenance of sterility, and in most population surveys flexibility is required in the
times and preocedures of specimen processing and in scheduling of analysis that make it advisable
to provide a preservative for this constituent for some days. The present study presented an
additional stability requirement im the need for interlaboratory comparisons on identical
samples, and periodic shipment of samples from Kaunas to Rotterdam reguire long and uncertain
transport times, Preservation of serum glucose with sodium flucride is the most ceriain as
well as benign procedure, as determined by other similar studies (see the recommendations of

the Ameérican Diabetes Association, J.A.M.A., 18, 299 (1969)),

Thus the alternatives for this study were: (a2} collection of two blood specimens, cne
clotted and the other preserved; (b) splitting a serum specimen and preserving half of it for
glucose assay; or (¢) performing both cholesterol and glucose analyses on preserved plasma,
The latter Course was selected in the expectation that plasma values for ecach constituent
would not differ significantly from those with serum, and the use of an EDTA-fluoride combina-
tion preservative (supplied in the Vacutainer) was recommended, However, this was available
from the supplier of Vacutainers only on special order and since procurement and supply proved
to be a difficult problem, a more ¢common mixture of potassium oxalate and sodium fluoride was
selected,

{c} Collection of specimens for other analyses: For collection of specimens for analyses
requiring serum ({potassium, triglycerides or total serum lipids, and various enzyme analyses
contemplated by the two study sites), ancther Vacutainer of blood may be collected following
the first, The protocol for Vacutainer collection, processing, and distribution is detailed
in Appendix II (page 11).

4, Selec¢tion and detailing of analytical methods

The selection of basic analytical methods was guided by the following consideratians:

{a) Highly-mechanized or automated testing presented to¢ great a problem of mainténance and
control of the equipment and supply of expendable materials, and would not he essential for

the estimated workioad cf 40-60 specimens per day. The only automated analytical equipment
seriously considered was Technicon's AutcAnalvzer-I, since experience with other possible
systems is extremely limited and ¢onflicting. As demonstrated by the experience of saveral
studies in the United States of America and in Britain, although internal control and precision
can usually be improved by automation over the use of manual methods, the maintenance of close
interlaboratory comparability of analytical results is quite difficult and requires very close
external monitoring and ready and freguent communication, often inveolving travel of monitoring
personnel or analysts between laboratories, Indeed, these difficulties in maintaining compa-
rability of lipid analyses have only recently become the subject of a long-term study sponsored
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and directed by the National Institute of Health in the United States of america. In view

of the distances and transit times involved in the Kaunas-Rotterdam studies, the problems of
both materials supply and diagnosing and correcting deviations in results in one or the other
laboratory, the difficulties with automated methods and equipment appearsd to be insurmountable

(b) Similarly, complex reference manual methods are difficult to maintain in control and
are highly susceptible t0 error in the routine laboratery, although reliable reference methods
ware expected to provide the target values at which the finally selected methods should aim.

(c) In spite of the dangers inherent in oversimplification of chemical analytical procedures,
simplicity is a very desirable goal under the circumstances of the study: English text pro-
cedures being official for the study, translation into two different local languages is
necegssary; adaptation to lecal or regional technology must be made in one or the other
laboratory; standardization of each step in detzil being necessary, the number of such steps
must be kept at a mininum, etc, Moreover, the availability and supply of reagents of constant
quality, simplicity and reproducibility of preparation, ¢osts, the effects of turnover in
personnel on the guality of analytical results, and other factors entered into the decision,

On this basis, two manual methods were proposed and accepted, both being conducted
directly on serum samples without deproteinization or solvent extraction, and both having
been extensively studied and evaluated as standard procedures in a number of countries, thus
having some standing as internatiocnally accepted methods. Intensive preliminary study before
the recruitment of patients for the study began revealed serious shortcomings of both methods
in the ease of standardization between laboratories, both being guite sensitive to very slight
variations in analytical technique, In retrospect, however, no other candidate methods that
might meet the stated requirements appeared to be freer of problems, and the extensjive support
of WHO in ensuring that a temporary advisor and the key laboratory professional personnel of
each study site spent a week of intensive study and observation at each laboratory site laid
the groundwork for ironing out future problems by written communication,

Glucose

Plasma or serum spectimens have by now almost universally replaced the use of whole blood
samples. A method approximating "'true glucose" values was desirable, although analytical
results in many large population studies are being based upon the ferricyanide AutoAnalyzer
method, which yields values somewhat higher, Enzymatic methods are generally considered to
be most specific for glucose, but their reliance upon expensive and poorly-defined commercial
enzyme products, often sensitive to deteriocrstion and presenting problems of procurement of
uniform qguality, weighed against their choice, Ortho~-toluidine has been widely employed as
a reagent relatively specific for hexoses, and in practice yields values for human serum
specimens ¢lose te those with enzymatic methods. Originally this reagent was applied to
protein-free filtrates of plasma or serum, but a simplified procedure invalving heating a
small aliguoet of sample directly with the reagent yields comparable values, and interference
with non-glucose constituents is gquite infrequent.

The present method
has been extensively
studied in parallel with other ''true glucose' methods by the Reference Laboratory of the

Center for Disease Control, Atlantz, which is collaborating with other WHO standardization
programmes.

Cholestercl

As with glucose, analytical results for serum cholesterol levels vary rather widely with
the specific methodology employed, and again a simplified method was sought that promised
results not too deviant from those with much more complex reference methods. A procedure
listed in the N.¥,1, (No, 2415) manual of recommended methods, derived from that of Huang, et
al,, was selected, Intensive study revealed that the analysis was critically sensitive to
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the manner in which each step of the test was performed, and the final method was determined
by the techniques that gave results with plasma samples that approximated Abell reference
values and gave the best reproducibility.

The critical problem with the method is that of calibration, i.e. obtaining development
of colour with calibration standards that exactly parallel concentrations in the plasma
specimens. Since the reaction of the water in the specimen produces a great amount of heat
that cannot be replicated in pure cholesterol standards prepared in organic sclvents, the
colour development of the former proceeds more rapidly than in the latter, Thus, an arbi-
trary set of conditions must ke found in which these coincide. An alternative approach
would be the use of analysed serum pools as calibrators, but since this involves logistics
problems in providing stable, carefully analysed materials to both laboratories over the
term of the studies, it was considersd only as a last resort if other approaches failed.

Thus the chosen method is not one that can be applied to similar studies without expendi-

ture of gffort comparable te that taksen by this project to ensure interlaboratory consistency
on a long-term basis.

The analytical methods are detailed in Appendix III (page 13).

5. Standard procedures for caljibration and computation

Three major points were proposed and adopted by both laboratories,

(a) Standard materials

Pure standard sclutions of each material were adopted as the basis of calibration, This
decision avoids the extremely troublesome problem of maintaining and characterizing serum
calibration "standards", which has been the source of many difficulties in international
standardization programmes, It was recognized, however, that technical differences between
the two laboratories in relating the standards to the specimens might persist, leading to an
unacceptable bias between their results that might be resclved only with the use of a stable
serum calibration standard; in this eventuality, 'a commoh source of such calibration materials
would have to be provided for both laboratories, If such differences could not be resclved
in the preliminary trials, a mechanism for obtaining a common basis for the laboratory data
was provided whereby analysis of all of the early specimens of the project would be analysed
in one laboratery until these differences were resolved,

{b) Linearity of response

Linearity of the analytical response with concentration of the analysed substance is
confirmed daily by the employment of standards at several c¢alibration levels with each analy-
tical run. Where problems of non-linearity are encountered, a more intensive investigation
of the chemistry of the analysis is provided before proceeding. A standardized computation
procedurs is based upon the values of the multiple standards.

(e) Recovery of the data

Standard forms for recording 0.D. readings and the computed concentration values for
each run are to be used, copies of which are to be kept on file at Geneva, This provides
a means of validation or correction of sporadic computational errors on subjects in which
the laboratory data may be questioned.

Details of the computations, the evaluation of acceptability, and the procedures to be
followed in rejecting analytical results are given in the detailed procedures in Appendix IIIT
(page 13). The rejection limit ¢f three per cent. for variance in replicate results or in
determining the calibration was hased upon preliminary study of the achievable results in
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both Rotierdam and Kaunas laboratories, 1t was estimated that these limits might result in

as much as 10 per cent. repetitions of analyses during the early stages of the study but
should steadily decrease as proficiency improved with practice.

Ge Quality control programme

The quality control programme of the project consists of three chief categories:
(i) local measures for refinement of reported values by means of replication of results and
procedures for handling deviations heyond acceptable limits; (ii) local surveillance of
guality and benchmark calibration by the laboratory supervisor, with provision for his
response to detected problems; and (iii) external surveillanceé by the project cosrdination
team, with provision for inteérvention and =2id if and when precision in either laboratory
becomes unacceptable or there is evidence of deviation from comparability of the results
or from benchmark accuracy, Deiinitions of terms, detailed instructions, and reporting
form formats are given in Appendix IV {page 19).

Control pro¢edures incorporated inlo routine analyses

{a) Duplicate analyses of specimens: The precision and reliability of any determined value
is increased with replicate determinations, since each determined value incorporates some
analytical variance which tends to be averaged ocut with multiple determinations. iT these
replications are spread over separate analytical runs or days of analysis, an additional
"between-run” variance is encountered but the averaged value should be more generally repre-
sentative of the determined variable as measured in that laboratory; moreover, independent
scheduling of replicate analyses for each specimen provides a means of meonitoring sporadic
errors (as distinguished from random variance), both in analysis and in specimen identity
since specimen mix-ups increase significantly in the processing of larger workloads.
However, the latter approach consumes considerably more analytical and data processing

time and encounters prohlems of preservation and storage of all specimens,

Bach subject specimen, as well as calibrators and controls, will therefore be analysed
in side-by-side duplicate for as long as is deemed necessary by cost-yield considerations
by the project cocordinating team; the average value is usea for patient evaluation, but
both results are recorded on the central laboratory reporting form for study purposes.
Specimens in which the duplicate results vary by more than three per cent, of the higher
determined value in that pair are held over (refrigerated) and reanzlysed in the following
run on the same or the following day; in this case the second pair of results are reported
a3 patient data, and the first pair of results are cancelled. The laboratory supervisor
must be notified of all such unacceptable deviations, but may delegate the rescheduling and
reanalysis as a routine procedure,

The use of multiple concentration levels of the calibration standards provides adequate
control for handling excessive variance between duplicare standards, as detailed in the
analytical protocals.

(b) Optical density readings of standards: A record is kept of the optical density
readings of the standards for each run to monitor chemical stability of the analysis; a
consistent drift from run te run is evidence of a change in the chemistry, and possible
deterisration of either the standards or reagents, Such changes are most 2asily followed
in the laberatory by plotting the average computation factor ”f", which will vary inversely
with the drift of the O.D. of the standards; these values are also stored in the central
computar file of the contrecl data.

(c) Lrenl bench control (serum controls): to provide the analyst and labaratory supervisor
with a daily check of the integrity of the analysis, the usual system of introducing serum
control materials at two concentration levels (nermal and elevated values) into each run is
cmployed. The results of the controls and the linearity of the concentration curve with the
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calibrating standards are examined to confirm control at the beginning of each day; a graph
plot of daily results of each conirol serum is maintained in the lahoratory, and results are
transmitted and filed in the central records of the study. Preparation of control charts
15 considered in Appendix IV, In the initial stages of the study these pools

were prepared in each laboratory; later they were replaced by sera of normal and elevated

concentrations each supplied in a single “common lot' or preductiocn run cof cemmercial lyo-
philized human serum.

{d} Common interlabcratcry control pool {common contrel): @ common, stable pool of
anaiysed serum that is analysed in each analytical run provides a common ratio between the
results of the two laboratories. Normally this ratio should ke 1.00, but methodologic
and equipment differesnces may show some consistent difference between these results, If
such difference exists, and if external evaluation confirms a consistent bias hetwesn
laboratory results, this ratio can, if desired, be used to rationalize (“carrect') results
of one laboratory to the other, or to a third control laboratory performing the external
evaluation. It was intended that a commercially available lyophilized serum preparation

be provided in sufficient quantity to last the entire study in each laboratory as a ''common
control’,

However, procurement difficulties and probhlems of selection of suitable materials delayed
the introduction of common controls until after the patient recrultment began in both study
sites, 1t was then decided to employ common-lot lyophilized materials at two laboratory-
prepared ¢ontrols. This decision provided a source of two hases of interlaboratary comparison
on common materials that can be followed throughout the remainder of the study.

Quality surveillance by each laberatory director

The laboratory director in each study site will maintain the followihg measures:
(&) Daily review of analytical data:

acceptability of the linearity and computation factor for each run;
acceptability of the serum control and commen control results;

the quality control plots of the absorbance of standard readings;
normal and elevated contrel pools, and the common control;

acceptability of guplicate readings (decisions as to disposition of
variance beyond limits).

(ii} introduction into each analytical run of previously analysed specimens from the
previous analytical day - selected by, and known only to him ("blind replicates'). He
evaluates the degree of consistency with previous results and takes appropriate measures
far repeating analyses when this is necessary,

{(i5i) Review of all reports and data go into the local study files and to Geneva.

Blind replicates

In order to ascertain the level of reproducibility and c¢ccnsistency beiween results on
different analytical days, a systematic programme of reintroducing blind duplicate samples
af examinee specimens inio subsequent runs is maintazined by the dirsctor, Three such
quality assessment samples are analysed each analytical day. The results of this control
measure are forwarded to Geneva in a form worked out with SHS, invelving some estimate of
the standard error,
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External surveillance and proficiency testing

Pericdically, at about two-month intervals, a set of 12 unknoown sSpecimens will he sent
aut from the Atlanta WHO Standardization (roup for the evaluation of the current proficiency
of the two laboratories. The performance evaluation will serve two functions: recogniticn
and alert of analytical difficulties in either laboratory, and a means of comparison and
correction between analytical levels that are not mutually consistent. For each survey
(cne shipment), samples will be provided for inclusion into two separate runs, with means
for testing within-run and between-run wvariance and the current level of bias of eithers
cholesteral or glucose analysis from a reference basis, Both known and blind replicates
will be included by a system of internally related pools, Two sets of six samples each
will be inecluded in each shipment: the six vials in one set are analysed (in duplo, as
indicated on the report form); the second set of six vials is similarly analysed one week
later, All results are recorded on a standard form supplied with each shipment and promptiy
returned to Atlanta, Evaluations ¢f the survey will be sent te 5HS and a summary of perfor-
mance (blinded as to individual samples) is sent to each laboratory.

When a serious problem
is revealed,

the laboratory will be notified inp detail in an attempt to remedy the problem.

Vechanisms for response to detected problems will include submission of common standard
solutions if calibration appears to be a problem, written consultation, and {probably)
reduction of analytical data toc a common basis. In extreme ¢ases, personnel exchanges hetween
the two laboratories, @ither as consultation or retaining, may be arranged to sclve difficult
problens, The results of the surveys will be logged into the ''quality control” file for
Geneva. A sample format for the receipt ©f this informaticn is attached.

Base comparability by analysis in one laboratory

Although two-way exchange of the specimens of one study site with the other was considered,
considerations of the difficulties of transport of specimens and the effect of possible double
workloads dictated that one-way exchange of the early specimens of the Kaunas Study to be

analyged in Rotterdam be instituted; Rotterdam patient recruitment begins somewhat later

than in faunas, and This would permit concentration on problems that may arise. If the
results of the two laboratories diverge, methodologic variance can be investigated aimed
toward better coincidence of the results; i1f there still remain discrepancies, the chief
contribution of this exchange will be in validating constant bias between the two laboratories
discovered by the exteérnal surveillance programme, $o0 that the results may be rationalized.
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APPENDIX
LIST AND SPECIFICATIONS OF COMMON EQUIPHMENT AND MATERIALS

Common-lot control sera

(1) Normal range: Metrix Narmal, Airmour (Chicago, USA)
(2] To be specified later.

Heagents

From: Merck, Darmstadt, Germany

Quality: pro Analyse

R + Merck
cagen —n
feagent Cat, No,
Propanol-(2) 9 634
Sulfuric acid 731
Acetic acid 20 063
Acetic anhydride 42
Benzoic acid 136
Anhydrous sodium sulfate g 6449
d-Glucose 8 337
Thiourea 7 949
From British Drug Houses Ltd,
0-Teluidine
Cholesteracl
Eguipment in each laboratory
{13 Photometer
From Meyvis and Co., Pergolesilaan 4, Bergen op Zoom, Hellana
Vitatron Colorimeter Uc 200-5
Flow-through cuvet in holder
light path 10 mm; ninimal volume 1.3 ml ue 204/b2
Three-way stop cock for flow through cuvet uc 205/03
Suction unit + pump + reservoir + tubing uc 205
Interference filter 618 nm
Interference filter 623 nm
Thermostated cuvet holder
5 x cuvets uc 207 /o2

English manual

2 spare lamps
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Appendix I
(2} Reagent dispensers (four each)

From Salm & Kipp, Keizersgrach 642-644, Amsterdam, Holland

Citopipette, complete with uncoloured bottie for delivery of maximal 10 ml, D,B,G.M. 1942737,
tvpe 6101

(3) Mixing apparatusg
2 x Vortex Genie Mixer for 220 V
(4} Water-bath 100°

G.F.L. water-bath, type 1013
8 ¥ reagent tube racks type 1920

(5} Thermostat

Thermomix II (manufacturer B, Braun Melsungen), Cat, No. 51012
Contact thermometer 0-100°, Cat. No. 52270

(6} Balances
Mettler H 10 TW digital analytical balance,
P 1200 precision balance

(7) Deep freezel

Bosch G8 230

{8) Micro-pipets

Glucose pipets according to MacLean - fabricated by Haak
200 x 0.2 ml

200 x 0.086 ml
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APPENDIX IT
COLLECTION OF SPECIMENS
1 Specimens of venous blood are collectegd by venipuncture employing disposapble 10 ml vacuupm-

©silecting tubes (Vacutainers) with sterile disposable needles,
e The sample is collected into a premeasured and dried guantity of anticoagulant (supplied
in the ¥acutainer) ¢tontaining 25 mg of sodium fluoride and 20 mg of potassium cxalate, This
permits the storage and transport of the specimen before centrifugation for six to eight hours
i[ absolutely necessary, but the plasma should he separated as promptly as possible. After
centrifugation the separated plasma may be stored in the refrigerator overnight or frozen for
several months without loss of glucose.

3. For collection of specimens for other analyses employing serum (such as potassium, tri-
glycerides, or total serum lipids, and various enzymes), another Vacutainer of blocd may be
collected following the first; this tube will be identified by a red stopper. The procedure
is as follows:

(a) The first blood sample is drawn inte a Vacutainer (containing fluoride-oxalate in
the standard manner, allowing it to f£ill completely, The tube is then removed from the
holder without disturbing the location of the needle in the vein; the sleeve of elastic
tubing will cover the outlet of the needle to prevent loss of blood from the vein.

(b For studies involving analysis for serum constituents (enzymes, lipids) a sccoend
red stopper Vacutainer (containing no preservative) is carefully inserted into the
holder and pressed firmly so that the needle cutlet penetrates the stopper of the
Vacutainer, As before, the Vacutainer is allowed to fill completely. (If only
glucose and cholestersl are to be analysed, the second Vacutainer is not collected.)

{c) The needle is smoothly removed from the vein with the tube and holder still
attached; a sterile cotton sponge is pressed over the puncture site.

() The fluoride oxalate Vacutainer is mixed by inversion six times; it may be centri-
fuged at any time up to six hours, The second (serum} tube is left to stand at room
temperature for 30-43 minutes to permit complete clotting before centrifugation. Before
centrifuging a clotted tube, the clot is "rimmed' by placing a clean applicator stick
down one side of the tube between the clot and the glass and drawing it around the inside
wall of the tube to free thée ¢lot from the glass,

4., Centrifugation: Each tube is properly labelled by number and carefully counterbalanced
in a centrifuge shield or tube holder in which it is to be centrifuged, and the tubes and
holders are placed in the centrifuge in balanced pairs, * The tubes are centrifuged at 1000 x
G for 10 minutes,

5, Separation and transfer: With a clean 1 ml Pasteur pipet fitted with a 1 ml rubber bulb,
draw approximately 1 ml of clear plasma from the fluorided Vacutainer and transfer into each
of several vials:

vial No. ©: for analyses for glucose and cholesterol;

¥ial No, la: (during the first part of the study an extra vial (No, la) will be prepared
at Kaunas for later shipment to Rotterdam for the interlaboratory comparison
of results. Vial No. la will be capped and kept frozen at -20° until
analysis at Rotterdam);
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Vial Neo.

Vial No,

All vials are

for frozen storage at -20°, This is to be used for repeating analyses
(i} when a discrepancy occurs between results betwsen Hotterdam and Kaunus
results, or {ii)} when the follow-up work on a screened patient is not
consistent with the original results and must be checked;

if an adequate volume of plasma 1s available a third vial is filled with
the remainder of the plasma and stored in the refrigeratoy for the purpese
cf repeating a doubtiul analysis or for introduction as a blind replicate
in the following day’'s run; if not used by the second day, it is poured
inte a2 container for collecting plasma control serum and kept frozen,

tightly capped and labelled hefore sStorage,
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APPENDIX T1I
A, GIRECT DETERMINATICN OF GLUCOSE IN SERUM BY THEE ORTHO-TOLUIDINE METHOD
Reagents and eguipment are specified on a separate list, Appendix I (page 9).

Reagents

Ortho-Teluidine reagent (O-T reagent, six per cent. v /v)

1.5 g of thiourea are dissclved in 940 ml of glacial acetic acid in a two-litre Erlenmeyveyr
flask; the flask is covered and placed in a heating bath and warmed to 50° with oceasional
swirling to permit complete solutien, After cooling to room temperature 60 ml of ortho-
toluidine are added from a graduate with vigorous swirling and the solution mixed thoroughly.
The reagent is stored at rcom temperature in a dark bottle, tightly capped and protected from
light, Stable for about threes months,

Benzoic acid diluent

One litre is prepared by adding 2.0 g of benzoic acid to cone litre of distilled water in
a flask, and heating into sclution (60+~70°) until dissclved; this goes in slowly, The
flask is capped and left to stand cvernight in a refrigerator, The clear supernatant is
decanted from the precipitated henzoic crystals into 2 stoppered storage bottle. It keeps
indefinitely at room temperature and standards prepared with it should not precipitate in
the refrigerator, although this is not critical,

S5tock glucose standard (10,0 mg/ﬁl)

2500 mg of anhydrous glucose are carefully weighed out and dissclved in about 200 ml of
benzoic diluent in a 250 ml volumetric flask; after the glucose has completely dissolved,
the contents are diluted to the mark at 20-23° with diluent. This stock is kept in tightly-
capped bottles in the refrigerator and is stable for up to a vear. For the preparation of
working standards suitable portions are poured into clean flasks and allowed to come to 20-23°
before being pipetted. Note that the scolid Merck gluccse must be kept tightly capped in a
vacuum disiccator over anhydrous calcium chleride.

Working glucose standards

The 100 mgh standard is prepared by diluting 10,0 ml of stock 10 mg/ml glucose to 100 ml
in a veolumetric flask with benzoie diluent, Similarly, 200 mg% (20.0 ml to 100 ml} and
300 mgh (30.0 ml ta 10C ml) standards are prepared. These standards must be kept refrigerated
and tightly stoppered, Suitable portions are poured into clean tubes and warmed to 20-23°
before pipetting. Fresh working standards are prepared meonthly.

Analwytical run

A single analytical run should consist of not more than 40 tubes, including standards,
controls, and patient specimens. Each sample is set up in duplo and run side-by-side, Two
stable control plasma or serum poels {(one in the normal and one in the elevated concentration
range) are set up and analysed as unknowns in each run,

1. Switch on the Vitatron colorimeter, select and insert a filter between 520 and 630 nm,
and select the red phototube by switching to the red dot. Allow the instrument to warm up
for about 30 minutes, In the warming up time, the following procedures can be carried out,
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2. Label the following 17 x 150 mm reaction tubes for the run, in duplicate:

Blank

Standards: leO' S350 5300

Patient specimens

Contrels: normal, elevated

A final § standard

* 200

Place the tubes in a rack in serial order, A "Run List" is prepared on the analysis recording
form (sea Appendix IV, page 21 ) with each standard or sample in this same numbered order,
Dispense 5.0 ml of o-toluidine reagent into each tube from a Citopipette dispenser set at
exactly 5.0 mi, with the reagent at 20°,

3. Use separate, clean micro-pipets for each measurement, carefully filled and adjusted to
the mark and wiped clean before delivery,

To the blank tubes add 0.030 ml water; to the standard tubes add 0,030 ml of the respec-
tive working standards; to the contrel and patient tubes add 0.030 ml of each plasma specimen.

The micro-pipet is rinsed three times with the reagent and blown out, Immediately after
each pipetting, the tube contents are mixed twice for three seconds sach on a Vortex mixer,

4. When all tubes are prepared, the rack is placed in & vigorously boiling water bath for
exactly 12 minuiés; this period of heating is c¢ritical.

5, At the end of 12 minutes' hesating, the rack is removed from the bath and placed in a

cold water bath for 10 minutes, The colour is relatively stable afier cooling, but the tubes
should not be allowed to stand for variable periods of time before photometry, The final
temperature of reading should be stabilized at the temperature of the room.

&. Before beginning the readings, adjust the Vitatron to zero optical density (0.D.} with
o-toluidine reagent; remove this by suction, Final adjustment of zero is made with the
first blank, and the 0.D, of standards and samples are read and recorded on the form in
duplicate, The cuvet is rinsed with a little o-toluidine reagent, and the second blank

is poured in and read as a final check on possible instrument drift,

Notes
1. Rinsing of the flow-through cuvet is performed with half the 3 ml volume, insuring that
the funnel and cuvet are washed down,; this wash is removed as completely as possible with

suction before the final portion is added. At least 2.0 ml is required for the final reading.

2. The measurement of 0.0350 ml by micro-pipet is critical and may contribute to excessive
variance if not carefully performed.

3. The delivery of the Citopipette must be adjusted to 5.0 T 0.1 ml by dispensing 10 aliquots
of o-toluidine reagent into a 50 ml veolumetric flask; the guantity delivered must be within

1 ml of the 50 ml mark on the flask.

4, The blanking ¢f the photometer is condugted similarly to thé procedure given in (3) under
the cholesterocl method.

Computation of results

1. The computation of results is a comparison between average 0.D. readings of each sSpecimen
and averaged readings of the standards, according to the general equation:
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Concstd _ =

Glucose concentration in specimen = 0.D 0.b

x —=td
) U.b,
spec s

“spec
td P

2. Factor (F) is obtained by dividing the concentration of sgach standard in the run by its
corresponding 0.D. reading, The calculated factor for each duplicate standard at any one
conceniration should not vary by mere than three per cent. I1f this holds true, an average
factor at each standard concentration {100 mg%, 200 mg®, 300 mgh, and the final 200 mgh) is
obtained. If one set of duplicates varies by more than three per cent,, then the factor for
the result which lies farthest from the average factors of the remaining three standard
duplicates is discarded (see instructions in Appendix V, page 25).

3. Overall computational factor (F): The spread of the average factors at each standard
concentration level, corrected for any outlier, should not exceed three per cent,, in which

case all of the accepted factors are averaged to obtain factor F, for computation of results
in the above equation,

4. Using this average E, compute the average concentration values of all samples, both
standards and specimens, from the average 0.D. value for esach, and record in the proper
column on the reporting form. Duplicate values for each specimen should not vary by more
than three per cent, from each other. Samples excesding this allowable variance are re-
analysed in following runs; if this reanalysis must be delayed te a following day, the
suspect samples 1s Irczen until such analysis,

3. For concentrations of specimens appreciably exceeding 300 mgh, adequate answers may be
cbhtained by diluting one volume of the ¢oloured product of the specimen with one volume of
the o~-toluidine reagent and reading this mixture at the end of the run; this result is
multiplied by 2.0 to obtain final concentraticn, In this way no dilution and resetting of
the reagent blank 1s necessary,

o, DIRECT SERUM METHOD FCR CHOLESTERCL ANALYSIS
Source reagents and eguipment are specified on a separate 1list, Appendix [.

Reagents

Lieberman-Burchard reagent

1. Measure by graduate cylinder 300 ml of glacial acetic acid into a two-litre Erlenmeyer flask
From a graduate, add portionwise and with constant mixing 600 ml of acetic anhydride, The
flask is left to chill te 3° or below in an ice-bath,

2. 100 ml of concentrated sulfuric¢ acid are measured in a 100 ml graduate cylinder and also
chilled in ice,

3. With constant stirrving or swirling of the large flask in the ice-path, pour the sulfuric
zcid in portions of about 10 ml at a time into the acetic acid-anhydride mixture, so that the
temperature does not rise above 20°.

4, After five minutes standing in ice, the flask is removed, 20 g of anhydrous sodium
sulfate are added, the flask is covered with a glass plate, and the wixture is left to atand
at room temperature with occasional shaking to dissclve the salt, which may require some
hours. When soluticn is complete, store in a screw-capped bottle or reagent dispenser in
the refriperator, The reagent is stable for several weeks; if a faint yellow colour
appears, it 1s discarded. The volume required for each day's work must be brought to
20-23° before dispensing the 5.0 ml aliquots,



SKS/HS1/73.1
page 16

Appendix I11

Stock cholesteral standard (1000 mg,/100 ml)

Weigh 2500 mg * 2 mg of cholestercl standard in a preweighed weighing trough, Holding
the trough with clean forceps, rinse the powder into a funnel in a 250 ml volumetrie flask
five times with 5 ml (approximately) volumes of isopropanol, Wash down funnel with about
100 ml of isopropanocl; stopper the flask and place in a 37° water-bath; swirl cccasionally
till chelesterol is completely dissolved. Transfer the flask te a bath held at 20° X 2°
and dilute to the 250 ml mark with isopropanci, Stopper and invert flask 10 times for
complete mixing of the standard.

This concentrated standard is stable 1f kept tightly stoppered in a refrigerator (5°-8°).
Note that any svaporation of solvent will alter the concentration of this stock znd this nust
be aveided,

Working cholesterol standards (prespared each month)

Note: Standard concentrations at twe levels (200 and 400 mg/ﬁDO ml) will be empleyed
routinely, However, during the preparatory studies of the analysis, and at any time thereafter
when problems of non-linearity arise four levels should be employed: 100, 200, 300 and 400 mg/
100 ml. The two additional standards are to be prepared by dilution from the Sapp #nd Sgpp
working standards, All sclutions are tc be brought to 20° 1 2° hefore any samples ars removed
or dilutions made,

S40p (400 mg/lDO ml standard): 20.0 ml of Stock 1000 mg/&OO ml standard are measured from a
20 mI volumetric pipet Into a 50 ml volumetric flask, The contents of the flask are diluted
to 50.0 ml with iscpropanol at 20° £ 2° and the flask is stoppered tightly and inverted 10
times,

Sopp (200 mg/10Q0 wl standard): From the same 20 ml pipet 20.0 ml of Stock 1000 mg/lOO ml
standard are measured into a 100 ml volumetric flask and similarly diluted to mark and mixed.

Since these two standards are prepared each month, they need not be refrigerated but
should be tightly capped and stored in a dark cabinet, Sufficient quantities of each are
poured into e¢lean tubes and brought to 20° F 2°,

Sipg {100 mg/lOO nl standard): 2.00 ml of 8355 plus 2,00 ml of isopropanol are pipetted Irom
a 2.0 ml pipet into a c¢lean test-tube, mixed and used immediately.

S300 (300 mg/lOO ml standard): 2,00 ml of 5200 and 2,00 ml of 5400 are pipetted into a clean
tube, mixed and used immediately.

Analytical run

A single analytical run should consist of not more than 40 tubes, and the precision and
accuracy of the analysis depends vitally upon exact timing and replication of the pipetting
and mixing steps.

1. Switeh on the Vitatron Colorimgter for about 30 minutes before use. During th® warming-
up time, the following procedures are carried out:

2, Select and insert the proper filter (625 & 3 nm), and select the proper (red) phototube
by turning the switch to the red dot,
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3. Label the following 17 x 130 mm reaction tubes for the run, in duplicate:

Blank

Standards: Spgnr S4pp
Patient specimens

Contreols: normal, elevated
A final Spphn Standard

Place the tubes in a rack in serial order, A "Run List" is prepared on the analysis i
form (see Appendix IV, page 1%) with each standard or sample in this same numbered ards:

4, Dispense 5.0 ml of Lieberman-Burchard reagent inte gach tube from a Citopipette dispons
set at exactly 5.0 ml with the reagent at 20°,

5. With the stop-watch or timer started and using a clean micro-pipet for each sample
delivery, add 0.200 ml of sample (water for the blank, respective working standards, or
patient plasmaza specimens) at a timed schedule of 30 seconds, The sample is carefully
measured and adjusted, and the pipet tip wiped off; the pipet is inserted into the bottom
of the tube under the reagent, and the sample is blown out forcibly from the pipet, followed
by air for mixing. Rinse the micro-pipet quickly by drawing up and expelling reagent from
the tube three times, Quickly mix the contents of the tube by Vortexing three times on the
mixer, being careful to hold the tube close to the top; insert the tube in a rack in the
25° water-bath, Not more than 10 seconds must be consumed between the first delivery of
sample and insertion of the well-mixed tube into the bath,

8. Each tube is read at 25 minytes from the addition of sample. Before beginning the
readings, adjust the Vitatron to sere 0,D. (optical density) with L-B reagent, If any
water has been left in the cuvet, this pust be carefully removed by suction to prevent
damage to the cuvet by the heat of reaction with the L-B reagent.

1. At exactly 25 minutes from addition of the blank, read the first blank and adjust the
colorimeter to zereo 0.D. if necessary, Now read the developed colours of all subseguent
tubes on a2 30-seconds time schedule, rinsing the cuvet carefully with half of the 5 nml
reaction mixture, carefully removing the wash by suction, and inserting the last haif or
the sample. After the last sample, rinse the cuvet with L-B reagent and read the seccnd
blank as a check on instrument drift.

8. Record the ©0.D, reading for each tube as it 1s obtained on the repeorting form.

Notes

1. The temperature of the reagent at the addition of sample should be at a constant teppe-
rature, which may not be the case if room temperature varies greatly from 20° and the tubes
have stcod for excessive times after delivery at 20°. They are, however, not placed in a
constant tewperature bath before the addition of sample, in order tc prevent more serious
errors Irom water dropping into the tubes during manipulations. The heat of reaction within
the tube exceeds 65° with the serum samples, much lower with the isopropanol standards, so
that exact timing and rapid processing in order to get each tube into the 25° bath within

10 seconds determines the precision and reproducibility of the final resuilt,

2. The order of addition was determined by the use of micro-pipets, from which all of the
sample must be rinsed out in the reagent to ensure compléete delivery, Both the order and
nature of addition of sample and reagent affect the relative responses between -the isopropancl
standards and serum or plasma samples, This has been extensively studied, and the final
procedure (although not ideal) has been derived as producing the best controlled results.
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3. Usually the O0.D. of the blank is zero when compared with the initial zeroing of the

colorimeter with L-B reagent; the advantage of the preliminary setting is the avallability
of adequate volumes for rinsing the cuvet free of water, If the khlanc 0,D,
from L-B 0.D,, fresh reagent should be prepared.
from zera,

changes appreciably
If the final blank reading varies appreciably
its plus or minus deviation should be estimated, and a linear plot of the standard
curve should be made to ascertain whether the first or second blank falls on the extrapolated
curve, I1f the best straight line through the average O.D. readings of the three standard
levels goes through the origin (the original blank zero), ignore the second blank. If the
second blank reading is nearer the standard line and it intersects the concentration axis

bzyond ! 3 mg%, the instrument was not zeroed properly, and the majority of the results will
exceed the three per cent, deviation limit. In this case, the second blank C.D. is subtracted
from all standard and sample 0.D. readings for the following computations.

4. The delivery of reagent from the citopipetrte must be adjusted to 5.0 I 0.1 ml by checking
volume delivery of 10 aliquots of L-B reagent into a 50 ml volumetric flask at 20° (see note
3 under glucose analysis).

Computation of results

& factor (F) is caleulated for each standard by dividing the O.D. of each by its respective
concentration in mgh:

F = Concentration of the standard

0.b. of that standard

If one of the factors caleulated from the four 5200 results differs by more than three per
cent. from the three others, this one standard is omitted, and the mean value of the remaining
San0 factors is obtained by averaging, This mean should not differ by more than three per
cent. from the mean factor derived from the Sypq standards, in which case all acceptable
values are averaged for F, (see Appendix V., page 25).

If the differences between Sgpp and S4pp factors is greater than these limits, or more
than one standard shows unacceptable deviation, a new gxperimental run of standards + controls
only should be made with a complete series of standards, from Sigg through 5400. 1f non-
linearity persists, prepare new reagent and working standards, and compare new and old standards
with the new reagent.

The concentrations of the controls and patient_samples are calculated by multiplying the
average 0.D. of each sample by the average factor, F. Also caleulate and record computed
values for the standards by this equation; this indicates thé deviation of each standard

from the mean factor.
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INSTRUCTIONS FOR COMPLELION OF RECORD FORM FOR LABCRATOHY ANALYSIS

Each form will represent one analytic run of up to thirty samples, controls
and standards, each run in duplicate. The identification of the analytie run
will be the heading of the form.

Heading

Analytic run no.

Laboratory code

Date

Analysed by

Supervised by

Caleculation factors

JAMPLE SPECIFICATION

{col.1~8) A four«digit number where the first digit will
represent the type of analytic run (7 = cholesterol,

3 = glucose) followed by the order number of the run
within its category: separate numbering order for
cholesterol and giucose.

{ecl.5) The one-digit code of the laboratory is entered
ageording to the code number assigned to the performing
laboratory!: Kaunas = 1; Rotterdam = 2

(e0l.6-7, B-9, 10-11) The date when the analytic run
is performed 1s entered as three two-digit numbers in
the approprizte hoxes for day, month, and yesr.

(c0l,12} Enter the one-digit code assigned to the
laboratory assistant whe performs the analytic run.
(see "Codes for Taboratory Analysis")

(col.13) Enter the one-digit code assigned to the
supervisor of the analytie run. (see "Codes for
Laboratory Analysis").

{¢col.14«17) Enter the calculation factor which iz to be
used for the ¢alculation of the results of this

analytic run as a three-diglt number with any decimal roundged
off. {A zero is printed in the fourth column to Indicate
this.) Example: 200mg¥ / .320 0.D. = 622.0.

The identification of the standard and contrcl samples are pre-recorded on
the forms., The readings and caleulated results of these samples should be recorded
in the boxes on the lines assigned for each standard and control samples. All other
lines are reserved for samples from subJects in the study.

Humber {card no.}

JubJject no.

{¢0l.18-19) The two~digit numbsr of the card of the
sample within an analytic run will be pre-recorded on the
form {see "Codes for Laberatory Analysis - Control Sera”)

{col.20-23) The four-digit sublect number assigned to the
doner is recorded here.
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Examination code

Sample no.

Test no.

mzk

Result scceptable

revised 12 2, 7%

{eol., 24-25) Enter the two~digit code of regular
examination {as it appears on the subject's
laboratory sheet for regular exams) as follows:

51 = initlal sereening

52 = rescreening

54 = start of trial examination
12 = final examination

The regular check-ups are ldentified by the number
of months since sublect's start of trial examination.
NOTE: If the sample is taken at an irregular
examination, the examination code should be recorded
at 00,

(col. 26) The one-diglt sample number indlcates the
order number of the sample from same donor for same
examination, e.g. if two blood samples were taken

the first sample will be coded as 1 and the second
sample will be coded as 2. If a sample 1s re-znalysed
for control purposes, the sample number does not
echange, (A temporary identification number is given
by the supsrvisor to the sample while being analysed
and the "true™ identification 1s entered on the form
after the control analysis has been finalized.)

leol. 27) The one-digit number indicates the order
number of tests made of the same sample. A repeat
test for control purposes, or because the result of
the first test was unacceptable, willl always have a
test number of a higher value than 1.

{col. 28-30) The first reading of a sample's optical
denslty is recorded here a5 a three-digit integer.
{Example: 0.320 is encoded zs [20)

[cel. 31-33) The second reading of & sample's oplteal
density 1s recerded here as a three-digit integer.

feol, 34-36) The calculated result of the analysed sample
is recorded as an integer of three digits.™®

{coil. 57) State if the results of the test were acceptable
or not acceptable. Enter 1 if result 1s acceptable or
enter 2 If result iIs not acceptable and a new test is
necessary.

+ Gxamples: 127 mg? lz encoded as 127
33.7 mgf is 2ncoded as 094
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CODES FOR LABORATOFY ANALYSIS

Kaunas Rotterdam
Fapm Hot Cholesterol Tun ro. T000-T29% TOCD-72%9
ST YT Glucose 8000-8259 8000-829%
Laboratory code 1 2
finalysed by: Z. Gakeliene = 1 Los = 1
E. Cibauskaite = 2 van Lier = 2
=3 =3
= 4 = 4
a5 = 5
= & - &
=7 =7
=8 -8
= 9 =3
Supervised oy: A, Tolelkis = 1 C. Bartels = 1
L. Margeviciene -~ 2 Blijenperg = 2
= I G. Boerma = 3
= b = 4
= K =5
- & =6
=7 =7
= B = B
=0 =3
Control Sera -
{eol.13-19) Card no. . 3ubJ.no. Exam,no,
1 Standard 100 mgk 4931 jels)
0z standard 200 mg® 2992 ol
o3 Stendard 300 mgfE Q393 39
ob Standard 400 mgd 2394 27
30 Normal Metrix Controel 2958 els
31 Elevated Metrix Control 939 29
32 2nd Standard 200 mg% 902 59

Note: Only data on standards, controls and patients in the study are to De
transmitted to Geneva. Lines containing data for other controls or
survey specimens included in a patient run are to ve deleted by drawing
a line through all data on such a line number.



SHS/HSI/73.1
page 24

APPENDIX V
AL ACCEPTABILITY OF ANALYTICAL RESULTS

The follewing procedures will be incorporated into the final laboratory protecol for
checking the validity and acceptability of analytical results and Tuns.

Check of duplicate readings

1. Dupiicate pétient specimens: Any duplicate pair of 0.D. readings yielding a deviation
between the two values of greater than three per cent. of the higher value is reanalysed in
a subsequent run. For this case, record both values on the report form but do not record
an average mgh value. Place a "2" in the '"Test Acceptable' column 37, indicating that it

is not to be used and that a second set of results will follow for that specimen.

2. Duplicate standard O.D. readings: Determine whether 0.D. readings of any pair of standards
exceeds three per cent. of the higher reading.

(a) IF two Oor more pairs of standards differ by more than three per cent,, REPEAT THE RUN.
Do not fill in a report form for a discarded run.

(b) IF only one pair deviates by more than three per cent. and iess than six per cent.,
proceed; record a 1" indicating that both values are acceptable.

(e) IF only one pair deviates by sixX per cent. or more, proceed, but indicate that this
deviation is unacceptable by recording a "2". Record the O.D. for each duplo.

Calculate separate F factors for each standard O.D. reading, e.g. each pair of standards will
have a pair of F wvalues,

(a) Average all F values that are accepted (i.e. all but the unaccepted pair).

(b) Reject the F value of that standard of the unaccepted pair that lies farthest from this
first average F.

(c) Reaverage (obtain final F) including the accepted F values and the remaining F value of
the pair from which one was rejected. Note that there musl be at least five finally accepted

F values for a cholesterol analysis, and seven F velues included in the average for any glucese
run,

Check of linearity of standards

1. Calculate the average mg%h value of each standard pair (three for cholssterol and four for
glucose) from the averaged 0.D. of each pair of standards; 1if one of a pair of duplicate
values has been discarded and the other is acceptable, calculate from the single remaining
value.

2. 1f the calculated value of the 200 mgh varies by greater than 6 mgh (> 3%) from 200 mgh
{(i.e. below 184 or above 206}, reject the run and repeat analysis of all specimens in another
run.

3. If both 200 mg% standard averages lie within 194-206, and all cther standards vary from

their nominal values by less than three per cent., proceed and calculate values of specimens
and controls from thé determined averaged F.

(Example: Average 100 mgh standard lies within 97-103
Average 300 mg¥% standard lies within 291-309
Average 400 mg% standard lies within 388-412).
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4. Otherwise reject and repeat the run after investigating the causes of the non-linearity
with new standard solutions and controls only.

Acceptability of control serum results

The third test of acceptability of a run is that bhoth normal and elevated serum control

averages must lie within Z six per cent. of their respective assigned values (previously
B b P E

determined by at least 10 runs in duplicate). If this is net the case, the run is rejected,
not reported, and is prepeated completely. Note that no value is rejected for deviation from

its duplicate; all must be used.

Thig criterion will be introduced with the new lyophilized common lot control serum
materials, For the first 20 runs (20 single values for each contrcl), the values are
recorded and accepted until a2 mean determined value iz obtained with the methods as they are
used in the laboratory, THE LABEL VALUES MAY RE COMPARED BUT ARE NOT USED AS TARGET VALUES;
these products will be analysed at CDC by the comparison methods employed for the external
survey samples.

After the average of the first 20 values is established, the above criteria of runs "in
control” will apply. However, a more refined value will be recalculated at the end of 10
more runs from 40 values in all, This new value will remain the target for determining
whether runs are "in controi"” (within ! six per cent.) for the remainder of the study. Any
gradual drift from these target values should be investigated with the object of correcting
any deviations in procedure or calibration that may account for such drift. Note: Lif the
value for either control serum seems to have altered to a new and stable value which produces
"out of control™ results for more than five per cent. of the runs, this new value may be used
as the target for acceptability. The drift of alteration of values will, however, be followed
serially in the records of the study t¢ decument the existence of such changes.

B. GUIDELINES FOR ALLOWABLE VARIANCE

Duplicate variance

The three per cent. limit imposed for the discarding of individual variant results in a
duplo standard, or in the computaticn of the over-all factor from the multiple standard levels,
or in the duplo results of a single specimen was obtained from evaluation of experience with
the method in both laboratories before the study began. When the average computational
factor at each standard level falls outside this limit, judgement must be exercised by the
laboratory director in the acceptance of the analysis,

Duplc values for a specimen: When the difference between duple values for a specimen falls
peyond three per cent., of the higher value, the sample is reanalysed in the next run; if the
next run is scheduled for the next day, the sample is refrigerated; if the sample must be
kept longer, it is kept frozen. The results for that sample are cancelled from the run in
which the variance occurs, and the duplo values in the re-run are reported,

Deviations in the standards: Normally, the duplo-optical density results for each standard

is divided into its concentration (in mg%h) to obtain separate computaticn factors, and these
are averaged to obtain an average computation factor (F}; if one pair of duple values deviates
by greater than three per cent., F is computed for each, and the value that deviates least

from F is averaged into a final F. At least seven values for F are obtained for glucose

{the 100, 200, 300 initial stan#ards and the final 200 mg% levels); for cholesterol, at least
five F values are cobtained (200, 400 and final 200}, These are ordinarily adequate for the
exercise of judgement, and the following guidelines cover most problems that may be encountered.
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{al Non-lingarity: The colorimetric reactions should maintain linearity through the
highest concentration level, and when they do not, an inspection of the chemistry and re~run
oi samples is necessary. For plucose, non-linearity will most often be indicated by good
consistency between the values for the 100 and 200 mgh standards with a proporticnately lower

absorbance (higher F) for the 300 mg% standard. In this case, the analysis may be saved by
computing its concentration from either the 200 or 300 mg% standard F, whichever level it is
nearest. With cholesterol, however, any deviation from linearity in the 200 and 400 mg%

standards requires investigation with all four standard levels,

Non-linearity involving a consistent decrease or increase in the slope of optical density
(i,e., progressive increase or decrease of F) indicates a more seriocus problem or potential
problem. The most likely cause of an abrupt shift i{s an erroneous setting of the instrument
with blane, but gradual and progressive drift of P values may arise from instrument malfunction
or a change in integrity of the reagents. The control chart of the 200 standard optical
density from day tc day is the most sensitive indicator of this trouble,

{b} Deterioriation of one standard: Wnen the F value for cne of the standard concen-
trations deviates consistently from the others, this 1s strong evidence that its concentration
is in error, either in its preparation or from deterioration. A new set of working standards
13 prepared carefully, and these are compared with the cld set in a special investigative
analytic run.

(c) Decreased precision: Most often increased variahility is seen when a new analyst
takes over; practice runs in parallel with the regular analyst are recommended, Other sources

may be a deterioriation from the standard technique at some point or improper cleaning of
glassware.

Deviation in the serum controls {normal, elevated, common)

After the meah value of 20 analyses of a new serum contrcl pool has heen detérmined, the

limits of acceptable contreol are six per cent, on either side of that mean. However, a con-
stant shift of values to a region between three per cent, and six per cent., on one side of
the mean indicates a change in base of the analysis or the pool. If this occurs with only

one of the serum controls the actual concentration in that pocl may have changed; if all
controls shift in the same direction, some change in analytical technigue or reagents has
occurred and the source must be investigated, since most probably all analysed serum specimens
show similar changes.

C. PREPARATION OF CONTRCL CHARTS

1. Normal and elevated control sera

Plots of average values in each run for normal and elevated controls are made on coordinate
paper as in the examples attached, and are posted daily for zll runs during a month. If less
than 20 runs are performed each month, the data from two months may be accumulated on one chart.
This is a laboratory control record for guidance of the laboratory supervisor and staff.

After the average concentration levels have been obtained from 10 or 20 runs, the five horizon-
tal lines are drawn opposite suitably plotted concentrations on the abscissa:

a solid line for the average conecentration of each pool;

two dashed lines at three per cent. above and below this average value;

two solid lines at six per cent. above and below this aveérage value.

These lines are used as guides for determining whether a run is in control.
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AL the completion of each chart (one or two months) a new average value for each control
computed from the data of that period and is compared with the original mean value to deter-
mine whether a significant shift has occurred; see the previous sections for guidelines in
nandling such shifts,

is

a, Chart of average computation factors

A similar chart of the F value of gach run is kept. The original average of the first
2t runs is used as a mean for the study, and lines five per cent. above and below this nmean
are drawn for guidance of the analyst, Whenever a factor falls outside these limits, the
run is investigated and repeated if necessary (that is, the control serum values are also out
of control). As mentioned in the previous section, when greater than five per cent. of runs

yield F values that fall beyond these limits in one direction {either all above or all belaw),
obviously the mean has shifted, and a new average is determined and new charts prepared,

This assumes that no cause or remedy can be found for the shift in F or optical density of
the standards.
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