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A B S T R A C T   

Objective: Dyslipidemia precedes type 2 diabetes (T2D) and worsens with increasing glucose intolerance. First 
degree relatives of T2D patients have an increased risk to develop dyslipidemia and glucose intolerance. The aim 
of the present study was to assess the relation between the development of dyslipidemia and glucose intolerance 
in first-degree relatives of T2D patients. 
Research design and methods: Fasting lipoprotein profiles were determined by density gradient ultracentrifugation 
in T2D patients and their first-degree relatives (42 Caucasians and 33 South Asians), and in 29 normoglycemic 
controls from non-T2D families. Glucose tolerance, insulin sensitivity index (ISI) and insulin disposition index 
(DI) were assessed by an extended, frequently sampled oral glucose tolerance test (OGTT), and fractional insulin 
synthesis rate (FSR) was measured by 13C-leucine enrichment in urinary C-peptide during the OGTT. 
Results: Of the first-degree relatives, 40, 16 and 19 had NGT, prediabetes and T2D, respectively. NGT family 
members had lower plasma HDL-cholesterol (HDL–C) (1.34 ± 0.07 vs 1.58 ± 0.06 mmol/L; p = 0.015), HDL2-C 
(0.41 ± 0.05 vs 0.57 ± 0.05 mmol/L; p = 0.021) and HDL3-C (0.62 ± 0.03 vs 0.72 ± 0.02 mmol/L; p = 0.043) 
than controls. HDL2-C levels tended to decrease with increasing glucose intolerance state. In South Asians, 
buoyant LDL-C levels decreased with increasing glucose intolerance state (p = 0.006). In South Asian families, 
HDL-C correlated with both ISI and DI (β 0.42; p = 0.04 and β 0.53; p = 0.01, respectively), whereas HDL2-C and 
HDL3-C levels correlated with DI (β 0.64; p = 0.002 and β 0.57; p = 0.005, respectively). HDL2-C and plasma 
triglyceride correlated with FSR (β 0.48; p = 0.033 and β − 0.50; p = 0.029, respectively). 
Conclusions: Low HDL2-C and HDL3-C levels are present in NGT first-degree relatives of T2D patients, and HDL2-C 
tend to decrease further with increasing glucose intolerance. In South Asian families HDL2-C and HDL3-C levels 
linked predominantly to deteriorating beta cell function.   

1. Introduction 

Type 2 diabetes (T2D) is characterized by reduced insulin sensitivity 
and by beta-cell dysfunction.1 In addition, we recently reported that 
patients with T2D had a higher fractional secretion rate (FSR) of de novo 
synthesized insulin than their non-diabetic family members.2 T2D is 
highly associated with co-morbidities such as dyslipidemia, obesity, 
hypertension, and cardiovascular disease (CVD).3 Dyslipidemia typi-
cally associated with T2D is characterized by low levels of HDL- 
cholesterol (HDL–C), a preponderance of small dense HDL, small 

dense LDL and large VLDL particles, and high levels of plasma tri-
glycerides (TG),4–8 which can be assessed by extended lipoprotein 
profiling.9 This typical lipoprotein profile, considered highly pro- 
atherogenic, may already be present 5 years prior to the diagnosis of 
T2D.4,10–13 Reduced insulin sensitivity deteriorates lipid meta-
bolism,4,6,8 but the mechanisms by which insulin resistance and beta- 
cell dysfunction are linked with diabetic dyslipidemia are not fully 
understood. 

In subjects with prediabetes, regression of dyslipidemia was reported 
following 1 year of metformin use.14 Early detection and treatment may 
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also protect normoglycemic individuals who are at high risk of devel-
oping T2D from worsening of dyslipidemia. A population-based 
screening method using HbA1c or fasting glucose is too insensitive to 
identify those individuals.15 TG/HDL-C ratios are used as markers for 
insulin resistance and have shown value as risk predictors of progression 
to T2D,16,17 but race- and gender-specific differences makes imple-
mentation difficult. A more robust analysis of lipoprotein particles may 
hold promise,17 but this may not be feasible in population-based 
screening. Family-based screening of high-risk families by extended li-
poprotein profiling, however, may be an efficient approach for early 
detection of diabetic dyslipidemia. Since first-degree relatives of T2D 
patients are at an increased risk of developing T2D, we hypothesized 
that non-diabetic relatives of T2D patients already display an altered 
lipoprotein profile at an early stage which might contribute to their T2D 
risk. In humans of South Asian origin, T2D is diagnosed at younger age 
and lower body mass index, and is associated with higher CVD risk than 
in Caucasians,18–21 which may be due to increased central adiposity.21 

This suggests an accelerated development of diabetic dyslipidemia in 
South Asians. 

The aim of the present study was to test the relation between dysli-
pidemia and glucose intolerance. We first compared plasma lipoprotein 
profiles in members of high T2D risk families with normal glucose 
tolerance (NGT) to NGT participants without family history of T2D. 
First-degree relatives of established T2D patients were recruited from 
Dutch families of South Asian origin and from indigenous Dutch families 
(further described as Caucasian). Secondly, within the high-risk families 
we assessed the association between the plasma lipoprotein profiles and 
glucose tolerance state and oral glucose tolerance test (OGTT)-based 
indices for insulin sensitivity and beta-cell function including in vivo 
secretion of de novo synthesized insulin. 

2. Methods 

2.1. Participants 

South Asian and Caucasian families with a high risk of type 2 dia-
betes were identified by systematic family screening at the outpatient 
clinic of the Erasmus University Medical Center as described previ-
ously.22 The South Asians were Dutch citizens, of which both parents 
descended from ancestors mostly from the Bihar region in India moving 
about 150 years ago to Surinam, where they lived largely in genetic 
isolation, before moving to the Netherlands. The Caucasians were born 
in the Netherlands from parents of Caucasian Dutch origin. Taking pa-
tients with type 2 diabetes attending the outpatient clinic as index cases, 
their first-degree relatives were recruited, taking two generations into 
account. First-degree relatives and index patients with insulin- 
dependent diabetes mellitus, using glucose metabolism altering medi-
cation other than metformin, or history of pancreatitis or insulinoma 
were excluded. The participants were categorized based on the WHO 
criteria as having normal glucose tolerance (NGT), impaired fasting 
glucose/impaired glucose tolerance (prediabetes) or T2D.23 Participants 
with T2D using metformin had to discontinue using it 24 h prior to the 
OGTT. Participants with T2D received dietary advice. Informed written 
consent was obtained from all participants, and the Erasmus Medical 
Centre Medical Ethics Review Board approved the study protocol (MEC 
2009-242).22 

For the current study, individuals who did not use lipid-lowering 
drugs, with sufficient blood collected at baseline available for 
extended lipoprotein profiling were selected from the original study. In 
total 42 Caucasian and 33 South Asian individuals from 43 high risk 
families (range 1–8 participants per family) were included. The control 
group consisted of 29 unrelated healthy volunteers from Caucasian non- 
T2D families. Inclusion criteria were: age ≥ 18 years, normal fasting 
glucose levels, no personal history of T2D or CVD, no use of lipid- 
lowering drugs, and no T2D in first-degree relatives. All volunteers 
provided informed consent. 

2.2. Anthropomorphic data 

Body height and weight were measured to the nearest 0⋅1 cm and 0.1 
kg to calculate the body mass index (BMI in kg/m2). The waist-to-hip 
(W/H) ratio was calculated from the waist circumference, measured 
halfway between the lowest rib and the iliac crest, and the maximum 
circumference of the hips, both measured in cm in the standing position. 
Systolic and diastolic blood pressures were measured with an electronic 
blood pressure monitor (Datascope Accutorr Plus Inc., Montvale, NJ) 
after 5-min rest in the sitting position. 

2.3. Procedures 

Venous blood was obtained after a 10-hour overnight fast. Plasma 
was obtained by centrifugation and aliquots were stored at − 80 ◦C until 
lipoprotein profile analysis. Plasma total cholesterol, TG, HDL-C and 
LDL-C were determined by standard clinical chemistry. Plasma lipo-
protein profiles were generated using density-gradient ultracentrifuga-
tion as described previously.24 KBr (0.35 g/mL) was added to plasma to 
obtain a density of 1.26 g/mL, of which 1 mL was placed in an ultra-
centrifuge tube. KBr solutions with density 1.21, 1.10, 1.063, 1.04 and 
1.02 g/mL (1.9 mL each) were layered successively on top, followed by 
1 mL of water. Samples were centrifuged at 36000 RPM for 20 h at 4 ◦C 
using a SW41 rotor in an L-40 Beckman ultracentrifuge (Beckman In-
struments, USA). Thereafter, the density gradient was fractionated (250 
μL/fraction) starting from the bottom of the tube. Fractions with den-
sities 1.125–1.21 g/mL and 1.062–1.125 g/mL represented HDL3 and 
HDL2, respectively. Fractions with densities 1.038–1.063 g/mL and 
1.019–1.038 g/mL represented small-dense LDL (dLDL) and buoyant 
LDL (bLDL), respectively,10,25 and fractions with a density ≤ 0.971 g/mL 
represented VLDL. 

The participants underwent a 210 min frequently sampled OGTT, as 
described previously.22 Plasma glucose, insulin and C-peptide were 
measured in the fasting state and during the OGTT, using standard 
laboratory methods.22 HOMA-IR and HOMA-β were calculated using the 
following formulas: fasting insulin (mU/L) x fasting glucose (mmol/L)/ 
22.5, and 20 x fasting insulin (mU/L)/(fasting glucose (mmol/L) − 3.5), 
respectively.26 The Matsuda Insulin sensitivity index (ISI = 10.000/ 
(glucoset0 x insulint0 x mean glucoset0–30–60-90-120 x mean insulint0–30–60- 

90-120)1/2) and overall disposition index (DI = insulin secretion 
ratet0–210/glucose disposalt0–210 x ISI) were derived from the data of the 
frequently sampled OGTT, with insulin secretion rate based on plasma 
C-peptide measurements and calculated with ISEC software.22,27–29 

These indices were used as measures for insulin sensitivity and beta-cell 
function, respectively, as previously described.22 

In a subset of the current study group (38 Caucasians and 22 South 
Asians) we measured insulin synthesis during OGTT. In short, the stable 
isotope tracer 13C leucine was administered 45 min prior to the OGTT, 
and urine voids were collected just before oral 13C leucine intake, and 
during the OGTT (total urine collected in the period between 13C leucine 
intake until 210 min after the glucose load). C-peptide in urine was used 
as target peptide for enrichment measurements. FSR, expressed as newly 
synthesized insulin in percentage per h (%/h), was determined from the 
difference between 13C-leucine enrichment of C-peptide in urine 
collected during OGTT and enrichment at baseline, as described 
previously.2 

2.4. Statistical analysis 

Data are presented as mean ± SEM. We used ANOVA followed by 
Dunnett's post-hoc tests to analyse the differences in general charac-
teristics and fasting lipoprotein levels between the Caucasian NGT 
group, the South Asian NGT group, and controls. In multivariable 
regression analyses, data were adjusted for age and sex. Adjustment for 
family ties did not change the results. Where indicated, additional 
adjustment was done for waist/hip ratio, which is a better measure for 
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central obesity than BMI even across ethnicities.30 Metabolic syndrome 
is defined as having central obesity using ethnic specific values for waist 
circumference, and at least 2 of the following parameters: high TG, low 
HDL–C, high blood pressure and/or high fasting glucose.31 

Linear regression models were used for trend analysis per ethnicity 
using the category of glucose tolerance as independent parameter. 
Linear regression analysis was also used to assess the relationship be-
tween FSR and lipoprotein levels, using HDL2-C and TG as independent 
parameter, and between lipoprotein levels and insulin sensitivity and 
beta-cell function using ISI and DI as independent parameter, respec-
tively. We determined the relationship between lipoprotein subclasses 
with ISI and DI using Pearson correlation analysis for normally distrib-
uted variables and Spearman's correlation analysis otherwise. Log 
transformation was applied to analyse the differences in not-normally 
distributed variables between the different categories of glucose toler-
ance. We used IBM SPSS version 21 software for statistical analyses. 
Differences were considered significant at p < 0.05. 

3. Results 

3.1. Normoglycemic individuals from healthy and high-risk families 

Table 1 shows the general characteristics of the T2D high-risk fam-
ilies and controls, with the former being subdivided according to 
ethnicity and categorized as NGT, prediabetes or T2D. There were 27 
and 13 individuals with NGT in the Caucasian and South Asian T2D 
families, respectively, and 29 controls. Of the anthropometric data, BMI, 
hip circumference and waist-hip ratio differed among the three NGT 
groups. BMI and hip circumference of the controls were significantly 
lower than in the NGTs from the T2D families (p = 0.012 and 0.009, and 
p < 0.001 and < 0.001, respectively), without difference between the 
Caucasian and South Asian NGTs (p = 0.81 and p = 0.17, respectively). 
Waist-hip ratio was lower in the Caucasian than in the South Asian NGTs 
(p = 0.008), but both did not differ from the controls (p = 0.08 and 0.30, 
respectively). Of parameters of fasting glucose homeostasis, only fasting 
C-peptide levels were different among the three groups (Table 1). 
Fasting C-peptide was higher in South Asian individuals with NGT than 

in controls (p = 0.029), but not compared to the Caucasian NGT group 
(p = 0.059). LDL-C and HDL-C significantly differed among the two NGT 
groups and controls (Table 1). LDL-C was significantly lower in the 
Caucasian NGTs than in the South Asian NGTs and controls (p = 0.032 
and 0.024, respectively), but no longer after adjusting for age and 
gender. HDL-C in South Asian NGTs was lower than in the controls (p =
0.009), but not in Caucasian NGTs (p = 0.078). When combined, HDL-C 
levels in the NGT participants was lower than in controls (1.34 ± 0.07 vs 
1.58 ± 0.06 mmol/L; adjusted p = 0.015). 

Next, lipoprotein profiles were prepared by density gradient ultra-
centrifugation. There were no significant differences in HDL2-C, HDL3-C, 
bLDL-C and VLDL-TG between the Caucasian and South Asian NGTs 
(Fig. 1). In contrast, dLDL-C levels in the Caucasian NGT group were 

Table 1 
Baseline characteristics of the controls and the subjects from the T2D families.   

Controls T2D families per ethnicity p-Value 

Caucasians South Asians 

NGT NGT Prediabetes T2D NGT Prediabetes T2D 

n 29 27 10 5 13 6 14  
MetS (n/tested) 5/29 7/27 5/10 4/4 4/11 3/5 8/11  0.44a 

Female sex (%) 55 74 70 60 54 67 50  0.28b 

Age (years) 44.6 ± 2.7 38.1 ± 1.9 43.1 ± 3.7 56.3 ± 5.2 39.4 ± 3.7 44.2 ± 4.0 54.8 ± 3.0  0.14a 

Weight (kg) 71.2 ± 2.2 80.6 ± 3.1 95.7 ± 10.5 91.5 ± 3.8 75.2 ± 3.8 67.4 ± 3.6 75.2 ± 3.9  0.05a 

Length (m) 1.73 ± 0.02 1.74 ± 0.02 1.76 ± 0.02 1.76 ± 0.05 1.68 ± 0.04 1.59 ± 0.03 1.62 ± 0.02  0.16a 

BMI (kg/m2) 23.8 ± 0.5 26.5 ± 0.9 30.8 ± 3.0 29.7 ± 0.8 26.8 ± 0.9 26.6 ± 1.1 28.6 ± 1.1  0.01a 

Waist (cm) 85.1 ± 2.3 88.9 ± 2.9 104.7 ± 6.5 107.8 ± 3.6 94.5 ± 2.9 94.0 ± 5.4 96.0 ± 3.1  0.11a 

Hip (cm) 97.8 ± 1.2 107.6 ± 1.5 116.3 ± 6.4 114.8 ± 2.2 105.0 ± 1.4 101.8 ± 3.1 102.3 ± 2.8  <0.001a 

Waist/hip ratio 0.87 ± 0.02 0.82 ± 0.02 0.90 ± 0.02 0.94 ± 0.02 0.90 ± 0.02 0.92 ± 0.04 0.94 ± 0.02  0.04a 

RR systolic (mmHg) 130 ± 4 123 ± 2 130 ± 6 135 ± 5 119 ± 4 122 ± 3 135 ± 4  0.09a 

RR diastolic (mmHg) 79 ± 2 76 ± 2 79 ± 3 81 ± 2 75 ± 1 80 ± 3 80 ± 2  0.41a 

Fasting glucose (mmol/L) 5.08 ± 0.09 5.24 ± 0.07 5.98 ± 0.19 8.93 ± 0.57 5.40 ± 0.10 5.73 ± 0.17 7.21 ± 0.32  0.06a 

Fasting insulin (mU/L) 7.53 ± 1.04 6.39 ± 0.97 7.43 ± 1.52 7.09 ± 2.00 8.88 ± 1.90 8.28 ± 3.41 5.94 ± 1.77  0.42a 

Fasting C-peptide (pmol/L) 528 ± 47 573 ± 43 675 ± 76 901 ± 116 807 ± 107 815 ± 87 824 ± 93  0.01a 

HOMA-IR 1.72 ± 0.24 1.51 ± 0.23 2.04 ± 0.45 2.66 ± 0.62 2.16 ± 0.48 2.11 ± 0.83 1.90 ± 0.59  0.37a 

HOMA-β (%) 104 ± 17 74 ± 11 58 ± 10 29 ± 11 93 ± 18 77 ± 36 36 ± 11  0.33a 

Total Cholesterolc (mmol/L) 5.35 ± 0.19 4.67 ± 0.20 4.87 ± 0.28 5.23 ± 0.47 5.06 ± 0.26 4.78 ± 0.23 4.97 ± 0.38  0.05a 

LDL-Cc (mmol/L) 3.26 ± 0.14 2.73 ± 0.18 2.89 ± 0.24 3.31 ± 0.27 3.34 ± 0.20 3.21 ± 0.28 3.15 ± 0.34  0.04a 

HDL-Cc (mmol/L) 1.58 ± 0.06 1.40 ± 0.08 1.27 ± 0.10 1.18 ± 0.08 1.18 ± 0.12 1.01 ± 0.08 1.11 ± 0.06  0.02a 

Triglyceridesc (mmol/L) 1.19 ± 0.10 1.00 ± 0.08 1.25 ± 0.26 1.29 ± 0.38 1.04 ± 0.15 1.27 ± 0.06 1.62 ± 0.18  0.36a 

Data are mean ± SEM and p-values unadjusted for age and sex. P-values < 0.05 are in bold. 
a By ANOVA between the three NGT groups. 
b By X2 test between the three NGT groups. 
c Missing: 2 NGT South Asians, 3 T2D South Asians, 1 T2D Caucasian. 
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Fig. 1. Lipoprotein profiles of normoglycemic individuals from T2D families 
and healthy controls from non-T2D families. 
Data are mean ± SEM. Statistical differences between controls and combined 
Caucasian and South Asian T2D family members are indicated by the asterisk 
(p < 0.05). 
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lower compared to the South Asian NGT group (1.01 ± 0.06 vs 1.42 ±
0.11 mmol/L; adjusted p = 0.003) and controls (1.56 ± 0.09 mmol/L; 
adjusted p < 0.001). For subsequent analyses of the other lipoprotein 
subclasses between the NGT groups the data of both ethnicities were 
therefore combined. Compared to the healthy controls, the combined 
NGT group displayed lower HDL2-C (Fig. 1: 0.41 ± 0.05 vs 0.57 ± 0.05 
mmol/L; adjusted p = 0.021) and HDL3-C levels (0.62 ± 0.03 vs 0.72 ±
0.02 mmol/L; adjusted p = 0.043). There were no significant differences 
in bLDL-C levels between the NGT groups and controls. However, VLDL- 
TG levels were lower (0.39 ± 0.05 vs 0.69 ± 0.08 mmol/L; adjusted p =
0.01). Differences remained significant after additional adjustment for 
waist/hip ratio. 

3.2. Glucose intolerance state in T2D families 

In both the Caucasian and South Asian T2D family members, mean 
fasting glucose in each group increased from NGT via prediabetes to 
T2D. Fasting insulin levels did not show a relationship with increasing 
glucose intolerance category (Table 1; ptrend = 0.544 and 0.605, 
respectively). In the Caucasian families, HOMA-IR increased and the 
HOMA- β decreased with increasing glucose intolerance, but these 
trends did not reach statistical significance (ptrend = 0.063 and 0.085, 
respectively). In the South Asian families, HOMA-IR did not change with 
increasing glucose intolerance, whereas HOMA-β decreased signifi-
cantly (ptrend = 0.735 and 0.030, respectively). Fasting C-peptide levels 
increased with increasing glucose intolerance in Caucasians (ptrend =

0.009), but not in South Asians (ptrend = 0.89). 
Results of the frequently sampled OGTT performed in the members 

of the high T2D risk families are shown in Fig. 2. South Asians with NGT 
displayed a higher area-under-the-curve (AUC) for insulin and C-peptide 
during the OGTT than Caucasians with NGT (11.3 ± 2.1*104 vs 5.8 ±
0.9*104 pmol*min/L, p = 0.033 and 67.4 ± 8.9*104 vs 46.0 ± 2.9*104 

pmol*min/L, p = 0.011, respectively). There was no trend for decreased 
AUC for insulin or C-peptide with increasing glucose intolerance in 
either of the two groups. The ISI was higher in the Caucasian than in the 
South Asian family members with NGT, and we did not observe a 

significant trend with the degree of glucose intolerance (ptrend = 0.465 
and 0.467, respectively). The DI was similar for NGT groups of both 
ethnicities, and decreased with the degree of glucose intolerance (ptrend 
= 0.018 and 0.020, respectively). Taken together, the impairment of 
glucose homeostasis in both ethnicities appears to be correlated with a 
decline in DI and not with changes in ISI. This is in line with our previous 
report on the original cohort from which the participants of the current 
study were selected, and using these and additional indices of static and 
dynamic insulin secretion.22 

3.3. Lipoprotein profile changes with glucose intolerance state 

HDL2-C decreased with the degree of glucose intolerance in Cauca-
sian and South Asian members of the high T2D risk families (Fig. 3), but 
significance disappeared after adjusting for age and sex (ptrend = 0.067 
and 0.135 respectively). In South Asians, bLDL-C levels decreased with 
the severity of glucose intolerance (ptrend = 0.006 after additional 
correction for waist/hip ratio). Levels of the other lipoproteins did not 
differ significantly among the categories of glucose intolerance in either 
ethnicity (Fig. 3). 

In the South Asians, levels of HDL-C correlated positively with DI and 
ISI (Table 2). HDL2-C and HDL3-C correlated positively with DI, but not 
with ISI. Of the variation in HDL–C, HDL2-C and HDL3-C levels, 30–37% 
was explained by variation in DI (Table 2). TG levels correlated nega-
tively with DI. No significant correlations with DI or ISI were found for 
the Caucasian families (data not shown). 

3.4. Lipoprotein profile changes and FSR 

As shown in Fig. 4, the fractional secretion rate of newly synthesized 
insulin was significantly higher in South Asians than in Caucasians 
overall (p = 0.017), but not in any of the three subgroups (p = 0.144, 
0.373 and 0.178 between the NGT, prediabetes and T2D groups, 
respectively). There was no trend with increasing glucose intolerance. 
FSR correlated positively with HDL2-C (β = 0.48; p = 0.033) and 
negatively with TG (β = − 0.50; p = 0.029), but not with other 
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Fig. 2. Glucose tolerance indices in T2D family members derived from frequently sampled OGTT. 
Data are means ± SEM. Asterisks indicate significant trends between the three subgroups of glucose intolerance state, as determined by linear regression analyses (p 
< 0.05). 
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lipoproteins. 

4. Discussion 

Our data shows that normoglycemic individuals from Caucasian and 
South Asian T2D high-risk families have lower plasma levels of HDL–C, 
HDL2-C and HDL3-C than controls from non-T2D families. These features 

may reflect early metabolic changes in the normoglycemic family 
members at increased risk of developing T2D. Among the members of 
South Asian high T2D risk families with different glucose tolerance state, 
the HDL–C, HDL2-C and HDL3-C levels show a stronger correlation with 
deterioration of beta-cell function, as reflected by DI, than with gradual 
loss of insulin sensitivity. HDL2-C levels correlated with FSR, again 
suggesting a link between lowering of HDL and beta cell dysfunction. 

Several studies have shown that dyslipidemia, characterized by a 
preponderance of dense HDL3 particles and small dense LDL, develops 
prior to the onset of T2D.4,10–13 A prospective study by Festa et al.4 

showed that prediabetic individuals who develop T2D within the 
following 5 years had lower HDL-C levels and more small, dense HDL-C 
and LDL-C at baseline than those who did not develop T2D. Here we 
show that HDL-C levels are already lower in the normoglycemic mem-
bers of high-risk families than in the healthy controls, suggesting that 
this dyslipidemic feature is already present in relatives of high-risk pa-
tients not only prior to the onset of T2D but also to that of prediabetes. In 
the South Asian family members, buoyant LDL-C levels decreased with 
increasing glucose intolerance, leading to preponderance of dense LDL- 
C. Unexpectedly, in comparison with the controls, normoglycemic 
family members of either ethnicity had lower VLDL-TG levels, and 
normoglycemic Caucasian family members had lower plasma levels of 
dLDL-C, which are rather features of an anti-atherogenic lipoprotein 
profile. Possibly, increased risk awareness among first degree relatives 
of a T2D patient may have resulted in an improved lifestyle leading to a 
more favorable lipoprotein profile. 

Our study does not allow conclusions on the causal relationship be-
tween low HDL and impairment of beta cell function in the South Asian 
high-risk families as we do not know the direction of the relationship. DI 
correlated positively with HDL-C and negatively with VLDL-TG. A lower 
DI and a lower FSR are indicative of decreased secretion of insulin and 
relatively less newly synthesized insulin, respectively, suggestive of a 
link between these dyslipidemia traits and overall decreased beta cell 
function. Low insulin action is commonly associated with hyper-
triglyceridemia, particularly with TG-enriched VLDL, and with lower 
HDL-C levels.32 This association may be explained by a reduced lipo-
protein lipase and increased cholesterol ester transfer protein activity as 
a result of the decreased insulin secretion or insulin sensitivity. This 
would result in TG-enriched, more buoyant HDL particles, which have 
been shown to be cleared faster from the circulation via hepatic 
lipase.33–35 On the other hand, beta cell dysfunction may also have 
resulted from changes in HDL. HDL is involved in cholesterol efflux36 

and lower HDL-C levels may reflect reduced efflux also from pancreatic 
beta-cells. Accumulation of cholesterol in the beta-cells has been 
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Fig. 3. Lipoprotein profiles in Caucasian and South Asians T2D-family members according to glucose tolerance state. 
Data are means ± SEM. Asterisks indicate significant trends with increasing glucose intolerance state, as determined by linear regression analysis (p < 0.05). 

Table 2 
Correlation of lipoprotein levels with DI and ISIa in South Asians.  

Lipoproteins Index Beta R2 p-Value 

HDL-C DI  0.53  0.37  0.01 
ISI  0.42  0.28  0.035 

HDL3-Cb DI  0.57  0.30  0.005 
ISI  0.38  0.14  0.07 

HDL2-Cb DI  0.64  0.35  0.002 
ISI  0.39  0.14  0.07 

LDL-C DI  0.38  0.01  0.96 
ISI  − 0.14  0.11  0.86 

dLDL-Cb DI  − 0.09  0.02  0.68 
ISI  0.05  0.02  0.83 

bLDL-Cb DI  0.40  0.23  0.05 
ISI  0.02  0.09  0.93 

TG DI  − 0.51  0.21  0.016 
ISI  − 0.23  0.04  0.27  

a ISI was log-transformed; data adjusted for age and sex. 
b Data derived from lipoprotein density profiles. 
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Fig. 4. Fractional Insulin Secretion Rate in T2D family members according to 
glucose tolerance state. 
Data are means ± SEM. 
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reported to decrease insulin secretion in animal models.37,38 As HDL-C 
levels were lower in our normoglycemic first-degree relatives of T2D 
patients compared to healthy controls, this may have contributed to the 
decreased beta cell function in the South Asian high-risk families. Taken 
together our findings suggest that these relationships between HDL and 
glucose intolerance are early disease processes. 

Within the Caucasian families, the HOMA-IR and HOMA-β index did 
not change with increasing glucose intolerance. This is probably due to 
the small sample sizes in this study, as the increase in HOMA-IR and the 
decrease in HOMA-β almost reached statistical significance. Alterna-
tively, the time since T2D diagnosis may have been relatively short since 
T2D patients on insulin and lipid lowering therapy were excluded. 
Although the mean age of the Caucasians and South Asian participants 
in the current study was similar, T2D is diagnosed at a much earlier age 
in South Asians, indicating that T2D duration was much less among the 
Caucasian patients. Within the South Asian families, the HOMA-β 
decreased significantly whereas HOMA-IR remained unaltered. This is in 
line with the conclusions of the original study, that in the South Asians in 
the Netherlands, beta-cell dysfunction plays a dominant role in the early 
development of T2D whereas insulin resistance does not change much 
during progression of glucose intolerance.22 In contrast, increasing 
resistance to insulin and decreasing overall insulin secretion progress 
more gradually in Caucasians from high-risk families.22 

The small sample size and the cross-sectional design are limitations 
of our study. This was partly overcome by using a family-based design 
and the inclusion of family members unaware of their glucose tolerance 
state. In addition, we included only individuals who were not on lipid- 
lowering drugs. This allowed us to study correlations between the li-
poprotein profile and the glucose tolerance state in the early stages of 
disease development, without interference of medication affecting lipid 
metabolism. We chose a family-based approach in T2D families, which is 
more attainable than population-based screening to identify normogly-
cemic individuals with a high risk of developing T2D. The relatively 
small number of participants from the T2D families is a potential 
weakness of this study. However, extensive phenotyping and family- 
based analyses in relatively small cohorts is feasible and can be highly 
informative. We only included controls from Caucasian non-T2D risk 
families. Due to the very high prevalence of T2D among South Asians 
living in the Netherlands39 it is difficult to find South Asian non-T2D risk 
families. 

In conclusion, our data show that concentrations of HDL subclasses 
were already lower in the NGT groups of Caucasian and South Asian T2D 
high-risk families than in healthy controls from families without T2D. 
HDL subclass levels were stronger correlated with indices of beta cell 
function than of insulin sensitivity in South Asian first degree relatives of 
T2D patients. Future studies are warranted to establish the direction of 
the link between HDL subclasses and beta cell function. 
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