
ARTICLE OPEN

The minimal clinically important difference of the control of
allergic rhinitis and asthma test (CARAT): cross-cultural
validation and relation with pollen counts
Sander van der Leeuw1,2, Thys van der Molen1,2, PN Richard Dekhuijzen3, Joao A Fonseca4, Frederik A van Gemert1,2,
Roy Gerth van Wijk5, Janwillem WH Kocks1,2, Helma Oosterom1,2, Roland A Riemersma1,2, Ioanna G Tsiligianni1,2, Letty A de Weger6,
Joanne NG Oude Elberink2,7 and Bertine MJ Flokstra-de Blok1,2

BACKGROUND: The Control of Allergic Rhinitis and Asthma Test (CARAT) monitors control of asthma and allergic rhinitis.
AIMS: To determine the CARAT’s minimal clinically important difference (MCID) and to evaluate the psychometric properties of the
Dutch CARAT.
METHODS: CARAT was applied in three measurements at 1-month intervals. Patients diagnosed with asthma and/or rhinitis were
approached. MCID was evaluated using Global Rating of Change (GRC) and standard error of measurement (s.e.m.). Cronbach’s
alpha was used to evaluate internal consistency. Spearman’s correlation coefficients were calculated between CARAT, the Asthma
Control Questionnaire (ACQ5) and the Visual Analog Scale (VAS) on airway symptoms to determine construct and longitudinal
validity. Test–retest reliability was evaluated with intra-class correlation coefficient (ICC). Changes in pollen counts were compared
with delta CARAT and ACQ5 scores.
RESULTS: A total of 92 patients were included. The MCID of the CARAT was 3.50 based on GRC scores; the s.e.m. was 2.83.
Cronbach’s alpha was 0.82. Correlation coefficients between CARAT and ACQ5 and VAS questions ranged from 0.64 to 0.76
(Po0.01). Longitudinally, correlation coefficients between delta CARAT scores and delta ACQ5 and VAS scores ranged from 0.41 to
0.67 (Po0.01). Test–retest reliability showed an ICC of 0.81 (Po0.01) and 0.80 (Po0.01). Correlations with pollen counts were
higher for CARAT than for ACQ5.
CONCLUSIONS: This is the first investigation of the MCID of the CARAT. The CARAT uses a whole-point scale, which suggests that
the MCID is 4 points. The CARAT is a valid and reliable tool that is also applicable in the Dutch population.

npj Primary Care Respiratory Medicine (2015) 25, 14107; doi:10.1038/npjpcrm.2014.107; published online 8 January 2015

INTRODUCTION
Asthma and allergic rhinitis are common diseases that have a
negative influence on social life, school performance and work
productivity.1 Epidemiologic studies have shown that asthma and
allergic rhinitis frequently co-exist; i.e., 70–90% of patients with
asthma also have allergic rhinitis and 40–50% of patients with
allergic rhinitis also have asthma.2,3 Furthermore, there is a
probable association between the severity of asthma and allergic
rhinitis.2–5

Most patients with asthma and/or allergic rhinitis are treated by
general practitioners. Given the variation in patients, symptoms
and clinical presentation, general practitioners face uncertainty
regarding asthma and allergic rhinitis management.6,7 Although
the majority of asthma patients also suffer from allergic rhinitis,
generally used questionnaires for asthma disease control do not
take into account the impact of allergic rhinitis.8–11 In addition,
general practitioners are often not aware of allergic rhinitis
symptoms in their asthma patients, although the allergic rhinitis
symptoms might have a large impact on their asthma control.12

This results in a large number of patients who do not receive
appropriate care despite the availability of effective treatment
options.11

The ARIA guidelines recommend optimal control of both
asthma and allergic rhinitis airway disease as the primary goal
of their treatment.1,13 A combined approach of upper and lower
airway disease management is a key issue that has been
extensively proposed.1,13–15 To assess the effects of treatment
on the control, validated questionnaires have been identified as
key instruments.16–18

The Control of Allergic Rhinitis and Asthma Test (CARAT)
questionnaire was created and validated to measure disease
control of both asthma and allergic rhinitis.19,20 However, the
minimal clinically important difference (MCID), a vital measure for
the interpretation of CARAT scores,21 is unknown. Moreover, the
psychometric properties of the CARAT have not yet been tested
outside the country of development. The objective of this study
was to establish the MCID of the CARAT. Additional objectives
were to evaluate the internal consistency, cross-sectional validity,
longitudinal validity and test–retest reliability for the Dutch CARAT
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version. Furthermore, the sensitivity of the CARAT in relation to
the influence of pollen counts was investigated.

MATERIALS AND METHODS
Study design and procedure
The longitudinal study consisted of three measurements (T1, T2 and T3)
with 1-month intervals during the period May through August 2012. At
each time point, the questionnaire packages included CARAT, an asthma
control questionnaire (ACQ5), three visual analog scales (VAS) on
pulmonary symptoms, and a question concerning medication use during
the preceding month. The questionnaire packages at T2 and T3 also
included a global rating of change (GRC) question. The questionnaires
were distributed to the patients by mail with an accompanying letter from
both their clinician and the researcher, explaining the objectives of the
study, along with an informed consent form. Participants were requested
to return the completed questionnaires and informed consent form in a
prepaid envelope. Reminders were sent once, in case a participant had not
returned the questionnaire within 1 week after the aimed date.

Participants
Patients were recruited from the outpatient clinics of the departments of
allergy or pulmonary diseases of the university hospitals in Groningen,
Rotterdam and Nijmegen. In addition, patients were recruited from primary
care practices in Groningen, Appingedam and Harlingen. Patients aged
18–70 years with a physician diagnosis of asthma and/or allergic rhinitis
were asked to participate. Patients with insufficient command of the Dutch
language and those diagnosed with dementia were excluded from the
study. At each centre, baseline characteristics of the patients were
obtained from patient files. These characteristics included age, sex,
diagnosis, age of onset, respiratory co-morbidity, type of allergen and,
where available, skin prick test, specific IgE and/or lung function. Informed
consent was obtained from all patients. The local Medical Ethical Review
Commission deemed that permission from the commission was not
required (METc 2012.096).

Outcome measures
CARAT. The CARAT consists of 10 questions scored on a 4-point Likert
scale with a recall period of 4 weeks.20 Seven questions relate to the
frequency of airway symptoms, four of which focus on upper airway
symptoms and three focus on lower airway symptoms. The other three
questions deal with sleep impairment, activity limitations and the need for
higher doses of medication. The total score is calculated by summing up
the scores of all 10 questions, resulting in a range of 0–30 points, with a
higher score representing better control. The CARAT consists of two
domains: allergic rhinitis (question no. 1–4) and asthma (question no.
5–10).20 The CARAT was originally developed and validated in Portugal and
translated into Dutch following international recommendations. These
comprise repetitive rounds of forward translation, backward translation,
comparison of back translation with original until consensus is obtained by
the expert panel and testing in patients in terms of comprehension.22

ACQ5. The asthma control questionnaire (ACQ5) consists of five
questions that are scored on a 7-point Likert scale with a recall period of
1 week. The total ACQ5 score is the mean score of all questions (ranging
from 0 to 6), a lower score representing better control. The ACQ5 has been
shown to be reliable (intra-class correlation coefficient (ICC) = 0.90,
Po0.0001) and has strong evaluative properties for the measurement of
asthma control.16 It has also been shown to have good discriminative
properties to distinguish patients who have well-controlled asthma (score
⩽ 0.75 points) from those with uncontrolled asthma (score ⩾ 1.5 points).23

VAS. Three visual analog scales were used to assess all airway symptoms
(VAS-all), lower airway symptoms (VAS-low) and upper airway symptoms
(VAS-up). Participants were asked to mark the position on a 10-centimetre
line corresponding to the amount of symptoms they experienced in the
preceding week.24

GRC. At T2 and T3, a global rating of change (GRC) question with a
15-point scale was used to monitor the participants’ subjective experience
of change in symptoms of asthma and allergic rhinitis, compared with the
previous measurement. The score range of this question was from − 7

(extremely worse) through 0 (no change) to 7 (extremely better). The GRC
question was used for the determination of the MCID of the CARAT.25

Pollen counts. During the study, daily pollen-specific counts were
provided by the Leiden University Medical Center. Grass and birch pollen
counts were used for the analysis because they are the major cause of
pollen-induced symptoms in Northern Europe.26

Statistical analyses
Statistical analyses were performed using SPSS 19.
The MCID of the CARAT was established using both an anchor-based

and a distribution-based method. For the anchor-based method, the GRC
scores at T2 were used. This GRC measurement represents the difference in
symptoms between T1 and T2. Patients were divided into four categories
on the basis of GRC scores: no difference (−1, 0, 1), minimal difference
(−3,− 2, 2, 3), moderate difference (−5, − 4, 4, 5) and large difference (−7,
− 6, 6, 7). For each category, the mean difference in CARAT score between
T1 and T2 was calculated. The outcome of the GRC category minimal
difference was considered as the MCID.25 For the distribution-based
method, the standard error of measurement (s.e.m.) was calculated using
the CARAT scores at T1 and used as a threshold to further establish
the MCID.
The internal consistency of the CARAT was evaluated by calculating

Cronbach’s alpha. A Cronbach’s alpha of at least 0.70 is required for the
comparison of groups of patients.27

The cross-sectional construct validity of the CARAT was evaluated by
calculating Spearman’s correlation coefficients for CARAT (total and
domains scores) with ACQ5 and VAS scores (VAS-all, VAS-up and VAS-
low). A priori expectations were based on the Portuguese version of the
CARAT, which showed correlation coefficients ranging from 0.6 to 0.8 with
the ACQ5 and VAS scores.20 The CARAT domain allergic rhinitis was
expected to correlate best with VAS-up and the CARAT domain asthma
was expected to correlate best with VAS-low.
The longitudinal validity of the CARAT was evaluated by calculating

Spearman’s correlation coefficients for delta scores of the CARAT (total and
domains scores) with delta scores of the ACQ5 and VAS scores. Delta
scores were calculated as T2 minus T1 and T3 minus T2. A priori
expectations were based on the Portuguese version of the CARAT, which
showed longitudinal correlation coefficients ranging from 0.4 to 0.6 with
the ACQ5 and VAS scores.21

The test–retest reliability of the CARAT was evaluated by calculating ICC
of CARAT scores for the first interval (T1, T2) and second (T2, T3) interval.
Only patients in the ‘no difference’ category based on the GRC scores
measured at T2 and T3 were included in these analyses.
The discriminative properties of the CARAT were investigated by

dividing the patients into two groups on the basis of ACQ5 scores at T1:
(1) patients with ACQ5 score o1.5 (well and partly controlled) and
(2) patients with ACQ5 score ⩾ 1.5 (uncontrolled).23 The mean CARAT score
for both the groups was compared using an independent samples t-test.
The a priori expectation was to find a significantly lower mean CARAT score
for group 2 compared with group 1.
To investigate the sensitivity of the CARAT to the influence of pollen

counts, patients with a history of clinical reactivity to pollen (grass and/or
birch) were selected. Depending on the date of completing the
questionnaire package, a mean pollen count over the previous 4 weeks
was calculated for each patient at each measurement point (T1, T2 and T3).
Pearson’s correlation coefficients were calculated between delta pollen
counts and delta CARAT scores, as well as delta ACQ5 scores. A higher
correlation with pollen counts was expected for CARAT scores than for
ACQ5 scores.

RESULTS
Of the 176 approached patients, 92 patients completed T1
(response rate 53%). Response rates of T2 (89%) and T3 (88%)
were much higher. An equal number of patients were recruited
from primary and secondary care (Table 1).
The mean score of the CARAT among all patients for T1 was

19.4, with a standard deviation of 6.8 (Table 2). There was no floor
effect as no patients scored the minimum score of 0 (worst
control) but there was a small ceiling effect with four patients
scoring the maximum score of 30 (best control).
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Minimal clinically important difference
Mean CARAT scores for each GRC category are listed in Table 3.
The MCID for total CARAT scores, derived from the GRQ category
‘minimal difference’, is 3.50. CARAT scores showed an s.e.m.
of 2.83.

Internal consistency
The Cronbach’s alpha for the total CARAT questionnaire was 0.82
on T1, with an alpha of 0.81 for domain allergic rhinitis and 0.77
for domain asthma. Cronbach’s alpha for the total CARAT
questionnaire was 0.86 on T2 and 0.83 on T3.

Construct validity
Correlation coefficients of CARAT total and domain scores with
ACQ5 and VAS scores are shown in Table 4. All a priori expected
best correlations were met.

Longitudinal validity
Correlation coefficients between delta scores for the CARAT and
delta scores for the ACQ5 and VAS scores are shown in Table 5.
A priori expected correlations were confirmed.

Test–retest reliability
Test–retest reliability of the CARAT was confirmed by an ICC of 0.81
(Po0.01) for T1–T2 (n=44) and 0.80 (Po0.01) for T2–T3 (n=31).

Discriminative properties
On T1, the group with ‘well and partly controlled’ asthma
according to the ACQ5 (n= 70) had a mean CARAT score of
21.43 (s.d. 5.85). The group with ‘uncontrolled’ asthma according
to the ACQ5 (n= 22) showed a mean CARAT score of 12.77
(s.d. 5.32). The difference in means between both groups was
significant (Po0.001).

Pollen counts
Correlation coefficients of delta CARAT and ACQ5 scores with
delta pollen counts are shown in Table 6. Correlations with pollen
counts were higher for the CARAT than for ACQ5.

DISCUSSION
Main findings
This is the first study that determines the MCID of the CARAT and
indicates that this stands at 3.5 points based on GRC analysis. As
the CARAT score is a whole-point scale, this outcome suggests
that a change in score of 4 points or more from baseline indicates
the smallest change in control of asthma and allergic rhinitis as
measured by the CARAT that can be considered as clinically
significant. The determination of MCID is important for interpret-
ing CARAT scores and, therefore, is a vital step for implementation

Table 1. Patient characteristics

Characteristics Primary care Secondary care

Patients, n 46 46
Age in years, mean (s.d.) 46.6 (12.7) 41.3 (14.2)

Sex, n (%)
Male 19 (41.3) 11 (23.4)
Female 27 (58.7) 35 (76.6)

Diagnosis, n (%)
Asthma 26 (56.5) 26 (55.3)
Rhinitis 31 (67.4) 46 (100.0)

Age of onset in years, mean (s.d.)
Asthma 37.0 (15.1) 19.8 (14.5)
Rhinitis 32.7 (11.1) 19.4 (10.5)

Respiratory co-morbiditya n (%) 4 (8.7) 11 (23.9)

Type of allergenb, n (%)
Not allergic 12 (26.1) 1 (2.2)
Pollen 18 (39.1) 39 (84.8)
Non-pollen allergen 8 (17.4) 5 (10.9)
Unknown 8 (17.4) 1 (2.2)

ACQ5 score, mean (s.d.) 1.1 (1.2) 0.9 (0.9)
Skin prick test, n (%) 1 (2.2) 15 (32.6)
Specific IgE, n (%) 2 (4.4) 30 (65.2)
Lung function, n (%) 41 (89.1) 33 (71.7)
% predicted FEV1, mean (s.d.) 102.3 (14.4) 98.7 (15.4)

Medication usec, n (%)
Antihistamines
Local 1 (2.2) 7 (15.2)
Systemic 7 (15.2) 21 (45.7)

Corticosteroids
Nasal 10 (21.7) 32 (69.6)
Pulmonal 19 (41.3) 18 (39.1)
Systemic 2 (4.3) 3 (6.5)

B-sympathicomimetics
Short-acting 12 (26.1) 29 (63.0)
Long-acting 13 (28.3) 10 (21.7)

Leukotrien antagonists 4 (8.7) 8 (17.4)
Immunotherapy 0 (0.0) 3 (6.5)
Decongestives 3 (6.5) 0 (0.0)

Abbreviations: ACQ, Asthma Control Questionnaire; FEV1, forced expira-
tory volume in 1 second.
aChronic obstructive pulmonary disease exclusively.
bBased on history. Data for skin prick tests and specific IgE could not be
described because of different outcome measures at each centre.
cMedication as taken by patients.

Table 2. Mean CARAT scores

CARAT scores Mean (s.d.) n

CARAT T1 19.36 (6.80) 92
CARAT T1 ♀ 18.63 (6.59) 63
CARAT T1 ♂ 20.93 (7.11) 29

CARAT T1 age percentiles
o33 17.87 (7.07) 23
34–43 17.38 (7.64) 23
44–53 19.38 (7.04) 23
454 22.24 (4.88) 23

CARAT T2 19.99 (7.13) 82
CARAT T3 21.67 (6.51) 72

Abbreviation: CARAT, Control of Allergic Rhinitis and Asthma Test.

Table 3. Minimal clinically important difference

Difference category GRC Difference CARAT score mean
(s.d.)

None (n= 44) − 1, 0, 1 3.00 (2.79)
Minimal (n= 16) − 3, − 2, 2, 3 3.50 (2.78)
Moderate (n= 15) − 5, − 4, 4, − 5 7.07 (4.08)
Large (n= 7) − 7, − 6, 6, 7 5.57 (6.40)

The MCID (minimal clinically important difference) is shown in bold.
Abbreviations: CARAT, Control of Allergic Rhinitis and Asthma Test; GRC,
Global Rating of Change (−7 through 7).

MCID of the CARAT
S van der Leeuw et al

3

© 2015 Primary Care Respiratory Society UK/Macmillan Publishers Limited npj Primary Care Respiratory Medicine (2015) 14107



in clinical practice.22 This is also the first study to investigate the
psychometric properties of the CARAT in another country than the
country of origin (Portugal) and we have found that the Dutch
CARAT is a valid tool with good internal consistency and
discriminative properties.

Strengths and limitations of this study
One of the strengths of this study is the determination of the
MCID by using both an anchor-based method and a distribution-
based method. In addition, both patients from primary and
secondary care were included in this study. This is also the first
study reporting on the psychometric properties of the CARAT in
another country than the country of origin showing that it is valid
and reliable. Further, this was the first study in which CARAT was
administered by mail. A limitation of this study is the attrition rate
at T2 and T3. For each measuring moment, the number of patients
reduces by 10. For this reason, the main focus in the interpretation
of the results lies with T1. The sample size for each measurement
(T1, T2 and T3) is considered sufficient, as a number of 50–100
patients is usually what is needed in questionnaire validation
studies.28

Another limitation is that pollen counts were measured in
Leiden, whereas participants were recruited from Rotterdam,
Nijmegen, Groningen and Friesland. Although the maximum
distance between the pollen station and the centres is only
200 km, local fluctuations of pollen counts may have occurred.
A final limitation of the study is the incomplete descriptive

baseline characteristics concerning lung function, specific IgE and
skin prick tests, especially for primary care patients. However,
these are not standard clinical investigations in primary care and
all available data were included.

Interpretation of findings in relation to previously published work
The MCID of the CARAT was evaluated using both an anchor-
based method (GRC) and a distribution-based method (s.e.m.). The
rationale for using the s.e.m. as a tool to further confirm the MCID
is that when a change is smaller than the s.e.m., it is probably a
measurement error rather than a true change.29 However, this
does not indicate whether the magnitude of change is important
for patients as perceived by patients.30 Therefore, from the clinical
point of view, the anchor-based method using GRC would be
preferred to establish MCID with the s.e.m. as an establishment
threshold. The establishment of the MCID of the CARAT has been
proposed as an important step for meeting COSMIN
requirements.28 With the CARAT meeting 9 out of 10 criteria so
far, this has been marked as a highly prioritised goal.22

The Dutch CARAT (total and domains) showed satisfactory
internal consistency, which was comparable to that of the
Portuguese CARAT study.20 With regard to the construct validity,
all a priori expectations were met. As expected, the CARAT asthma
domain showed good correlation with ACQ5, which measures
asthma control, and the CARAT allergic rhinitis domain showed
good correlation with VAS-up, which covers upper airway
symptoms. Comparisons of the CARAT domains with the lower
and upper airway domains vice versa showed lower correlation
coefficients throughout. Thus, the separate CARAT domains
measure the supposed construct. These results were similar to
findings for the Portuguese version of the CARAT,20 underlining
good cross-sectional validity of the CARAT.
The Dutch CARAT showed satisfactory longitudinal validity as

well. Correlation coefficients between delta scores of the CARAT
and delta scores of the ACQ5 and VAS questions were reasonably
high. These results underline findings in the Portuguese CARAT
study, which showed similar longitudinal results. The same was
true for the test–retest reliability of the Dutch CARAT.21 The Dutch
CARAT is also shown to be able to distinguish patients on the basis
of ACQ5 cut-off scores. Therefore, discriminative properties of the
Dutch CARAT are good when it comes to distinguishing ‘well

Table 4. Spearman correlations construct validity

T1 ACQ VAS-all VAS-low VAS-up VAS-low+up

CARAT total score − 0.66 −0.69 − 0.62 − 0.64 −0.76
CARAT domain allergic rhinitis − 0.41 − 0.47 − 0.41 −0.70 − 0.66
CARAT domain asthma −0.70 − 0.68 −0.64 − 0.44 − 0.71

Abbreviations: ACQ, Asthma Control Questionnaire; CARAT, Control of Allergic Rhinitis and Asthma Test; VAS-all, Visual Analog Scale-all airway symptoms;
VAS-low, Visual Analog Scale-lower airway symptoms; VAS-up, Visual Analog Scale-upper airway symptoms; VAS-low+up, Sum of VAS-low and VAS-up score.
All correlations were statistically significant (Po0.01). The a priori expected best correlations are shown in bold.

Table 5. Spearman correlations longitudinal validity

Period 1 (T1-T2) Period 2 (T2-T3)

CARAT total scores
CARAT—ACQ 0.45 0.40
CARAT—VAS-all 0.61 0.45
CARAT—VAS-low+up 0.67 0.40

CARAT domains
Domain allergic rhinitis—VAS-up 0.55 0.36
Domain asthma—VAS-low 0.45 0.29
Domain asthma—ACQ 0.41 0.41

All correlations were statistically significant (Po0.01). Period 1 represents
the 4-week period between T1 and T2, period 2 represents the 4-week
period between T2 and T3.
Abbreviations: ACQ, Asthma Control Questionnaire; CARAT, Control of
Allergic Rhinitis and Asthma Test; VAS-all, Visual Analog Scale-all airway
symptoms; VAS-low, Visual Analog Scale-lower airway symptoms; VAS-up,
Visual Analog Scale-upper airway symptoms; VAS-low+up, Sum of VAS-low
and VAS-up score.

Table 6. Longitudinal association of delta CARAT and ACQ scores with
delta pollen counts in patients with a history of clinical reactivity to
pollen

Delta pollen counts birch/grass

Period 1 (n= 49) Period 2 (n= 41)

Delta CARAT score 0.32 0.11
Delta ACQ score 0.10 0.06

All Pearson correlations were significant (Po0.05). Period 1 represents the
4-week period between T1 and T2, period 2 represents the 4-week period
between T2 and T3.
Abbreviations: ACQ, Asthma Control Questionnaire; CARAT, Control of
Allergic Rhinitis and Asthma Test.
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controlled and partly controlled’ patients from ‘uncontrolled’
patients on the basis of ACQ5 scores.23

As expected, higher correlation coefficients with pollen counts
were found for CARAT than for ACQ5. Although the correlation
coefficients were not persuasively high, they suggest an associa-
tion between delta pollen counts and delta CARAT score.
Moreover, high correlations were not expected, given the fact
that the majority of patients in this study were well controlled and,
therefore, less likely to be sensitive to rising pollen counts.
Furthermore, patients suffering from allergic rhinitis have been
shown to have more severe symptoms in the early flowering
season in relation to peaks in pollen counts, when compared with
peaks later in the same season.31 This can be explained by the fact
that patients allergic to pollen may have a potential to down-
regulate their allergic response after repeated allergen exposure.32

This could also explain the lower correlation coefficients that were
found in the second interval (T2–T3).

Implications for further research, policy and practice
Validated questionnaires have been suggested as key instruments
for the evaluation of all airway symptoms.16–18 The Dutch CARAT is
therefore a valuable addition to existing questionnaires that
generally evaluate only lower airway symptoms.8–11 Accordingly,
the CARAT is a useful tool in the Netherlands for facilitating
optimal control of both asthma and allergic rhinitis simulta-
neously. This has been extensively proposed as a future goal to be
achieved.1,12

Conclusions
This is the first study evaluating the MCID of the CARAT,
suggesting an MCID at 4 points. The determination of MCID is
highly important to be able to interpret CARAT scores and is a vital
step for implementation in clinical practice. The CARAT is a valid
and reliable tool for monitoring asthma and allergic rhinitis
symptoms simultaneously, which has been extensively proposed
by ARIA guidelines. Moreover, CARAT scores seem to be more
sensitive to changes in pollen counts when compared with ACQ5
scores.

CONTRIBUTIONS
JWHK, IGT and BMJFdB are Associate editors of npj Primary Care Respiratory
Medicine, but they were not involved in the editorial review of, nor the decision
to publish, this article. SvdL was involved in the coordination of data collection,
analysis, interpretation, study design and writing of the manuscript; TvdM, IGT
and JAF were involved in the study design and interpretation; PNRD, FAvG,
RGvW, JWHK, RAR, JNGOE and WO were involved in the study design and
clinical data collection; LAdW was involved in the study design and pollen
count data; BMJFdB was involved in the study design, interpretation and
writing of the manuscript. All the authors commented on draft versions, and
read and approved the final manuscript.

COMPETING INTERESTS
The authors declare no conflict of interest.

FUNDING
This study was funded by Stichting Astmabestrijding (SAB 2012/020).

REFERENCES
1 Bousquet J, Khaltaev N, Cruz AA, Denburg J, Fokkens WJ, Togias A et al. ARIA

update 2008: allergic rhinitis and its effect on asthma. Allergologie 2009; 32:
306–319.

2 Bresciani M, Paradis L, Des Roches A, Vernhet H, Vachier I, Godard P et al.
Rhinosinusitis in severe asthma. J Allergy Clin Immunol 2001; 107: 73–80.

3 Terreehorst I, Oosting A, Tempels-Pavlica Z, de Monchy JG, Bruijnzeel-Koomen CA,
Hak E et al. Prevalence and severity of allergic rhinitis in house dust mite-allergic
patients with bronchial asthma or atopic dermatitis. Clin Exp Allergy 2002; 32:
1160–1165.

4 Sole D, Camelo-Nunes I, Wandalsen G, Melo K, Naspitz C. Is rhinitis alone or
associated with atopic eczema a risk factor for severe asthma in children? Pediatr
Allergy Immunol 2005; 16: 121–125.

5 Bousquet J, Gaugris S, Kocevar V, Zhang Q, Yin DD, Polos PG et al. Increased risk of
asthma attacks and emergency visits among asthma patients with allergic rhinitis:
a subgroup analysis of the improving asthma control trial. Clin Exp Allergy 2005;
35: 723–727.

6 Bousquet J, Bodez T, Gehano P, Klossek JM, Liard F, Neukirch F et al.
Implementation of guidelines for allergic rhinitis in specialist practices.
A randomized pragmatic controlled trial. Int Arch Allergy Immunol 2009; 150:
75–82.

7 Church MK, Maurer M, Simons FER, Bindslev-Jensen C, van Cauwenberge P,
Bousquet J et al. Risk of first-generation H-1-antihistamines: a GA2LEN
position paper. Allergy 2010; 65: 459–466.

8 Baiardini I, Pasquali M, Giardini A, Specchia C, Passalacqua G, Venturi S et al.
Rhinasthma: a new specific QoL questionnaire for patients with rhinitis
and asthma. Allergy 2003; 58: 289–294.

9 Kilpelainen M, Terho E, Helenius H, Koskenvuo M. Validation of a new ques-
tionnaire on asthma, allergic rhinitis, and conjunctivitis in young adults. Allergy
2001; 56: 377–384.

10 Fischer PE, Grabbe Y, Nolting H. Development and validation of a screening
questionnaire for allergy airway diseases (ASF Screening Questionnaire).
Allergologie 2006; 29: 393–402.

11 Wasserfallen J, Gold K, Schulman K, Baraniuk J. Development and validation of a
rhinoconjunctivitis and asthma symptom score for use as an outcome measure in
clinical trials. J Allergy Clin Immunol 1997; 100: 16–22.

12 Clatworthy J, Price D, Ryan D, Haughney J, Horne R. The value of self-report
assessment of adherence, rhinitis and smoking in relation to asthma control. Prim
Care Respir J 2009; 18: 300–305.

13 Braunstahl G, Fokkens W. Nasal involvement in allergic asthma. Allergy 2003; 58:
1235–1243.

14 Bousquet J, Bousquet P, Godard P, Daures J. The public health implications
of asthma. Bull World Health Organ 2005; 83: 548–554.

15 Bateman ED, Hurd SS, Barnes PJ, Bousquet J, Drazen JM, FitzGerald M et al. Global
strategy for asthma management and prevention: GINA executive summary. Eur
Respir J 2008; 31: 143–178.

16 Juniper E, O'Byrne P, Guyatt G, Ferrie P, King D. Development and validation of a
questionnaire to measure asthma control. Eur Respir J 1999; 14: 902–907.

17 Nathan R, Sorkness C, Kosinski M, Schatz M, Li JT, Marcus P et al. Development of
the asthma control test: a survey for assessing asthma control. J Allergy Clin
Immunol 2004; 113: 59–65.

18 Vollmer W, Markson LE, O'Connor E, Sanocki LL, Fitterman L, Berger M et al.
Association of asthma control with health care utilization and quality of life. Am J
Respir Crit Care Med 1999; 160: 1647–1652.

19 Nogueira-Silva L, Martins SV, Cruz-Correia R, Azevedo LF, Morais-Almeida M,
Bugalho-Almeida A et al. Control of allergic rhinitis and asthma test—a formal
approach to the development of a measuring tool. Respir Res 2009; 10: 52.

20 Fonseca JA, Nogueira-Silva L, Morais-Almeida M, Azevedo L, Sa-Sousa A,
Branco-Ferreira M et al. Validation of a questionnaire (CARAT10) to assess rhinitis
and asthma in patients with asthma. Allergy 2010; 65: 1042–1048.

21 Fonseca J, Nogueira-Silva L, Morais-Almeida M, Sa-Sousa A, Azevedo LF, Ferreira J
et al. Control of Allergic Rhinitis and Asthma Test (CARAT) can be used to assess
individual patients over time. Clin Transl Allergy 2012; 2: 16.

22 Azevedo P, Correia-de-Sousa J, Bousquet J, Bugalho-Almeida A, Del Giacco SR,
Demoly P et al. Control of Allergic Rhinitis and Asthma Test (CARAT):
dissemination and applications in primary care. Prim Care Respir J 2013; 22:
112–116.

23 Juniper E, Bousquet J, Abetz L, Bateman EGOAL Comm. Identifying 'well-
controlled' and 'not well-controlled' asthma using the Asthma Control
Questionnaire. Respir Med 2006; 100: 616–621.

24 Bousquet P, Combescure C, Klossek J, Daures J, Bousquet J. Change in visual
analog scale score in a pragmatic randomized cluster trial of allergic rhinitis.
J Allergy Clin Immunol 2009; 123: 1349–1354.

25 Jaeschke R, Singer J, Guyatt G. Measurement of health-status. Ascertaining
the minimal clinically important difference. Control Clin Trials 1989; 10:
407–415.

26 D'Amato G, Cecchi L, Bonini S, Nunes C, Annesi-Maesano I, Behrendt H et al.
Allergenic pollen and pollen allergy in Europe. Allergy 2007; 62: 976–990.

27 Terwee CB, Bot SDM, de Boer MR, van der Windt DA, Knol DL, Dekker J et al.
Quality criteria were proposed for measurement properties of health status
questionnaires. J Clin Epidemiol 2007; 60: 34–42.

MCID of the CARAT
S van der Leeuw et al

5

© 2015 Primary Care Respiratory Society UK/Macmillan Publishers Limited npj Primary Care Respiratory Medicine (2015) 14107



28 Mokkink LB, Terwee CB, Knol DL, Stratford PW, Alonso J, Patrick DL et al.
The COSMIN checklist for evaluating the methodological quality of studies on
measurement properties: a clarification of its content. BMC Med Res Methodol
2010; 10: 22.

29 Copay AG, Subach BR, Glassman SD, Polly Jr DW, Schuler TC. Understanding the
minimum clinically important difference: a review of concepts and methods.
Spine J 2007; 7: 541–546.

30 Thompson AK, Juniper E, Meltzer EO. Quality of life in patients with allergic
rhinitis. Ann Allergy Asthma Immunol 2000; 85: 338–347.

31 de Weger LA, Beerthuizen T, Gast-Strookman JM, van der Plas DT, Terreehorst I,
Hiemstra PS et al. Difference in symptom severity between early and late grass
pollen season in patients with seasonal allergic rhinitis. Clin Transl Allergy 2011; 1: 18.

32 de Bruin-Weller M, Weller F, De Monchy J. Repeated allergen challenge as
a new research model for studying allergic reactions. Clin Exp Allergy 1999; 29:
159–165.

This work is licensed under a Creative Commons Attribution 4.0
International License. The images or other third party material in this

article are included in the article’s Creative Commons license, unless indicated
otherwise in the credit line; if the material is not included under the Creative Commons
license, users will need to obtain permission from the license holder to reproduce the
material. To view a copy of this license, visit http://creativecommons.org/licenses/
by/4.0/

MCID of the CARAT
S van der Leeuw et al

6

npj Primary Care Respiratory Medicine (2015) 14107 © 2015 Primary Care Respiratory Society UK/Macmillan Publishers Limited

http://creativecommons.org/licenses/by/�4.0/
http://creativecommons.org/licenses/by/�4.0/

	The minimal clinically important difference of the control of allergic rhinitis and asthma test (CARAT): cross-cultural validation and relation with pollen�counts
	Introduction
	MATERIALS AND METHODS
	Study design and procedure
	Participants
	Outcome measures
	CARAT
	ACQ5
	VAS
	GRC
	Pollen counts

	Statistical analyses

	Results
	Minimal clinically important difference
	Internal consistency
	Construct validity
	Longitudinal validity
	Test&#x02013;retest reliability
	Discriminative properties
	Pollen counts

	Discussion
	Main findings

	Table 1 Patient characteristics
	Table 2 Mean CARAT scores
	Table 3 Minimal clinically important difference
	Strengths and limitations of this study
	Interpretation of findings in relation to previously published work

	Table 4 Spearman correlations construct validity
	Table 5 Spearman correlations longitudinal validity
	Table 6 Longitudinal association of delta CARAT and ACQ scores with delta pollen counts in patients with a history of clinical reactivity to pollen
	Implications for further research, policy and practice
	Conclusions

	A5
	A6
	A7
	REFERENCES




