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Objective. To estimate the prevalence of allergic diseases and allergic multimorbidity (coexistence) among young adults in Kuwait
and to examine associations between risk factors with allergic diseases and allergic multimorbidity. Methods. A cross-sectional
study was conducted by enrolling 1,154 students, aged 18-26 years, attending Kuwait University. Participants self-completed a
questionnaire on symptoms and clinical history of allergic diseases. Prevalence ratios (PRs) and 95% confidence intervals (CIs)
were estimated by applying Poisson regression with robust variance estimation. Results. The prevalence of current asthma, rhinitis,
and eczema was estimated to be 11.9% (135/1135), 20.4% (232/1138), and 9.2% (105/1143), respectively. The coexistence of “asthma
and rhinitis” (5.1%, 57/1125) was the most frequent allergic multimorbidity. Both maternal history (PR = 3.97, 95% CI: 2.32-6.80)
and paternal history (PR = 1.72, 95% CI: 1.10-2.68) of allergy were independently associated with having two or more coexisting
allergic diseases. The joint effect of having both maternal and paternal history of allergy was associated with 8.16 times (95% CI:
4.19-15.90) higher risk of allergic multimorbidity. Conclusion. Allergic diseases and allergic multimorbidity are common among
young adults in Kuwait and their burden mirrors that of westernized countries. Parental history of allergy is a strong predisposing

factor for allergic multimorbidity.

1. Introduction

Allergic diseases, including asthma, rhinitis, and eczema,
have emerged as a global public health challenge due to their
elevated prevalence and the associated clinical and social bur-
den [1, 2]. The International Study of Asthma and Allergies
in Childhood (ISAAC) provided an unmatched opportunity
to explore trends in the prevalence of allergic diseases and
their risk factors over time in children [3]. Reports based on
the ISAAC study revealed the existence of both between- and
within-countries variations in the prevalence of allergic dis-
eases [1, 4]. For instance, among children aged 13 to 14 years,
the 12-month prevalence of eczema, asthma, and rhinitis
symptoms ranged from 0.2% to 24.6% [5], from 3.4% to 31.2%
[6], and from 4.5% to 45.1% [7], respectively. The disparity
in the prevalence across nations and the changing trends
over time between and within populations are indicators of
the importance of environmental factors, in addition to the
genetic elements, in disease pathogenesis.

Although allergic diseases can be thought of as sin-
gle entities, their multimorbidity (i.e., coexistence/cooccur-
rence) is a common phenomenon. A meta-analysis estimated
the worldwide prevalence of the coexistence of asthma,
rhinitis, and eczema to be 1.17%, which is 9.8 times higher
than what could be expected by chance alone [8]. In contrast,
the “allergic march” concept suggests that allergic diseases
develop sequentially with eczema, most often, being the
index condition [9]. However, emerging evidence suggests
that allergic diseases rather coexist than follow a progressive
atopic march [10]. Results from the Swedish BAMSE birth
cohort showed that the multimorbidity of allergic diseases
is frequent during the first 12 years of life [11]. Similarly,
results from the German Multicenter Allergy Study (MAS)
indicate that allergic multimorbidity is common in childhood
and persists up to early adulthood [12], hence indicating that
allergic diseases share common developmental mechanisms
and their natural history is complicated by their coexistence.
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In Kuwait, the ISAAC study, which estimated the preva-
lence of allergic diseases among schoolchildren, was con-
ducted in 1995-1996 [13] and in 2001-2002 [14]. The estimated
prevalence of current symptoms of asthma, rhinitis, and
eczema was 7.6%, 27.6%, and 8.3%, respectively, among school-
children aged 13 to 14 years in Kuwait [14]. These estimates
indicate that allergic diseases are common among schoolchil-
dren in Kuwait and are comparable to estimates from west-
ernized countries [4]. Although the aforementioned studies
provided valuable information on the burden of allergic dis-
eases among schoolchildren, there remains a lack of empirical
knowledge on the burden and risk factors of allergic diseases
among young adults in Kuwait. In addition, it is important
to understand how the prevalence of asthma, rhinitis, and
eczema changes if youth cohorts mature and move into the
age of young adults. Therefore, this cross-sectional study
aimed to estimate the prevalence of allergic diseases and
allergic multimorbidity among university students (young
adults) in Kuwait. Moreover, associations between common
risk factors with allergic diseases and allergic multimorbidity
were examined.

2. Methods

2.1. Study Design and Participants. A cross-sectional study
was conducted among students enrolled at Kuwait Univer-
sity (KU), which represents the only public university and
the largest higher-education institution in Kuwait, enrolling
approximately 36,000 undergraduate and graduate students
with a female-to-male ratio of around 3: 1. The current study
enrolled 1,154 students during the period from January to
May 2015. KU consists of 15 colleges scattered across five cam-
puses. This study enrolled students from the five campuses of
KU using proportional allocation to the size strategy through
estimating the number of students (participants) needed
from each campus relative to the entire population of students
at KU. Hence, campuses with larger student body received
more weight in the study sample size compared to smaller
campuses, increasing the representativeness of the study
sample. A random sample of instructors from each of the five
campuses were emailed and asked about their willingness to
allow the research team to introduce the study and distribute
the questionnaire to students. Around 65% replied with pos-
itive responses. Students who were available at the selected
classrooms were invited to participate; thus, study partici-
pants were recruited using convenience sampling. Students
aged > 18 years who were registered at the different colleges of
KU at the time of the study were eligible to participate in the
study. The study was approved by the Health Sciences Center
Ethical Committee at KU. Written informed consent was
obtained from all study participants. Upon consenting, study
participants were asked to self-complete a questionnaire that
included questions on sociodemographic and lifestyle factors
and maternal history and paternal history of allergic diseases
and adapted the core items from the ISAAC questionnaire
regarding symptoms of asthma, rhinitis, and eczema [3].

2.2. Definitions of Allergic Diseases. A set of criteria based
on the self-reported symptoms and previous clinical diagno-
sis/history were used to define asthma, rhinitis, and eczema
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in the last 12 months. The current (12-month) presence of
asthma was defined by a positive response to “ever doctor-
diagnosed asthma” and either “use of asthma medications in
the last 12 months” or “wheezed in the last 12 months.” Cur-
rent rhinitis was defined as “ever doctor-diagnosed rhinitis”
plus “having problems with sneezing, runny, or blocked nose
in the absence of cold or flu in the last 12 months.” Current
eczema was defined as “ever doctor-diagnosed eczema” or
“ever having itchy rash coming and going for at least six
months” plus “having an itchy rash at any time in the last 12
months that affected the folds of the elbows, behind the knees,
in front of the ankles, under the buttocks, or around the neck,
ears, or eyes.”

2.3. Allergic Multimorbidity. Combinations of the three
study-defined diseases (i.e., current asthma, rhinitis, and
eczema) resulted in eight nonoverlapping groups of single
and coexisting allergic diseases, namely, groups with “no
allergic disease,” “asthma only,” “rhinitis only,” “eczema only,”
“asthma + rhinitis,” “asthma + eczema,” “rhinitis + eczema,”
and “asthma + rhinitis + eczema.” An alternative categoriza-
tion, as the following, was also considered: “no allergic disease,”
“one allergic disease,” and “two or more (>2) allergic dis-
eases.

» «

2.4. Covariates. Information on covariates (potential con-
founders) was obtained using the questionnaire. Study par-
ticipants reported maternal history and paternal history of
asthma, which were defined as a positive answer to the
following question: “Has your mother/father ever been diag-
nosed with asthma by a doctor?” (separate questions were
asked to inquire about mother’s and father’s asthma status).
Information on parental history of eczema and rhinitis was
collected in a similar manner. If one or more of these allergic
conditions (i.e., asthma, rhinitis, or eczema) were present in
parents, they were regarded as having a “history of allergic
disease.” Moreover, we collected information on smoking
habits (ever cigarettes and/or water pipe/hookah smoking),
regular exposure to environmental tobacco smoke (ETS)
inside and/or outside the house (i.e., exposure to cigarettes
and/or water pipe/hookah smoke), birth order (first, second,
and third or more), and mode of birth (vaginal or Caesarean
section). Study participants also self-reported having a cat
or a dog at home during the past 12 months (in the past 12
months, have you had a cat/dog in your home?).

2.5. Statistical Analysis. Descriptive analyses were conducted
to estimate frequencies and proportions of categorical vari-
ables and medians and 5th and 95th percentiles of contin-
uous variables. The 12-month prevalence and proportions
of symptoms and multimorbidity (coexistence) of asthma,
rhinitis, and eczema were estimated. Sex-based differences
in proportions of allergic diseases were assessed using chi-
square ( Xz) tests.

Associations between risk factors with asthma, rhinitis,
and eczema and their multimorbidity were evaluated. For
each outcome variable, we tested two regression models,
an unadjusted (crude) model and an adjusted model. To
control for the effect of potential confounders, risk factors
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TaBLE 1: Characteristics of study participants.

Total

Males

Females

Sex, % (n/total)
Male
Female

Age in years, median (5th, 95th percentile)
Ever tobacco smoking®, % (n/total)

Yes

Environmental tobacco smoke', % (n/total)

Yes

Birth order, % (n/total)

First
Second
Third or more

Mode of birth, % (n/total)

Vaginal

Cesarean section

22.7 (262/1154)
773 (892/1154)
20.0 (18.0, 26.0)

14.2 (163/1151)
34.3 (386/1126)
23.5 (270/1147)
19.9 (228/1147)

56.6 (649/1147)

87,8 (956/1089)
12.2 (133/1089)

21.0 (19.0, 33.0)
51.9 (136/262)
46.5 (118/254)
22.7 (59/260)
21.9 (57/260)

55.4 (144/260)

85.3 (198/232)
14.7 (34/232)

20.0 (18.0, 23.0)
3.0 (27/889)
30.7 (268/872)
23.8 (221/887)
19.3 (171/887)

56.9 (505/887)

88.5 (758/857)
11.5 (99/857)

*Included participants reporting ever smoking cigarettes and/or ever smoking water pipe (hookah). "Defined as regular exposure to tobacco smoke inside

and/or outside the house.

that demonstrated possible association with the outcomes in
the unadjusted models (i.e., P value < 0.2, as suggested by
Maldonado and Greenland [15]) were simultaneously entered
into the multivariable regression models. In additional anal-
ysis, associations between having both maternal history and
paternal history of allergic disease and having both a cat and
a dog at home in the past 12 months with allergic diseases and
allergic multimorbidity were assessed. Regardless of statisti-
cal significance, sex and age were included as potential con-
founders in all multivariable regression models. The preva-
lence of allergic diseases is not a rare event (i.e., >10%); hence,
odds ratios are likely to overestimate relative risks [16]. There-
fore, to directly estimate crude and adjusted prevalence ratios
(PRs) and their 95% confidence intervals (Cls), we applied the
modified Poisson regression with robust variance estimation
using the GENMOD procedure in SAS 9.4 (SAS Institute,
Cary, North Carolina, USA) [17, 18]. All statistical analyses
were conducted using SAS 9.4. The statistical significance
level was set to o = 0.05 for all association analyses.

3. Results

3.1. Characteristics of Study Participants. The current study
enrolled 1,154 students out of the 1,561 students who were
approached (response proportion: 73.9%). Of the total study
sample, 892 were females and 262 were males (Tablel).
The majority of the study participants were aged between
18.0 and 26.0 years, with a median age of 20.0 years. Ever
tobacco smoking (i.e., cigarette and/or water pipe/hookah)
was reported by 14.2% (163/1,151) of the study sample, with
51.9% (136/262) of males compared to 3.0% (27/889) of
females being ever smokers (Table 1).

3.2. Prevalence of Symptoms of Allergic Diseases. With regard
to asthma symptoms, the lifetime (ever) prevalence of wheez-
ing was 22.5% (95% CI: 20.1-25.1), which was more frequent

in male (29.0%) than in female (20.6%) participants (P =
0.005; Table 2). Similarly, the 12-month prevalence of wheez-
ing was higher among males (19.2%) than females (13.2%; P =
0.018). The prevalence of self-reported ever doctor-diagnosed
asthma was 19.1% (95% CI: 16.8-2L.5), with more males being
affected than females (26.1% versus 17.0%; P = 0.001). Hence,
in general, symptoms of asthma were more prevalent among
male than female study participants.

The lifetime and 12-month prevalence of rhinitis symp-
toms (i.e., sneezing or runny or blocked nose in the absence
of cold or flu) were 43.1% (95% CI: 40.1-46.0) and 37.7% (95%
CI: 34.8-40.6), respectively (Table 2). Symptoms of allergic
conjunctivitis (i.e., itchy eyes associated with nasal problems)
in the last 12 months affected 21.2% (95% CI: 18.8-23.8)
of study participants. Ever doctor-diagnosed rhinitis was
reported by 30.5% (95% CI: 27.8-33.3) of the total study sam-
ple. There were no statistically significant sex-based differ-
ences in all reported symptoms of rhinitis (Table 2).

The prevalence of ever doctor-diagnosed eczema was
20.2% (95% CI: 17.9-22.7), which was reported more fre-
quently by female (23.0%) than male (10.8%) participants
(P < 0.001; Table 2). Also, more female (24.3%) than male
(17.2%) students reported itchy rash in the last 12 months (P =
0.002). Although the proportion of female compared to male
participants reporting itchy rash affecting flexural area was
higher (13.6% versus 9.3%), this difference did not gain
statistical significance (P = 0.068; Table 2).

3.3. Prevalence of Study-Defined Current Asthma, Rhinitis,
and Eczema. The 12-month (current) prevalence of allergic
diseases was estimated using a set of criteria based on self-
reported symptoms and history of clinical diagnosis. The 12-
month prevalence of asthma was 11.9% (95% CI: 10.1-13.9),
which showed a trend to be higher among male (15.2%)
than female (10.9%) participants (P = 0.065; Table 2). Rhinitis
affected 20.4% (95% CI: 18.1-22.9) of the study population
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TABLE 2: Prevalence of symptoms of asthma, rhinitis, and eczema in total study sample, stratified by sex.
Total Males Females P value®
% (n/total) 95% CI % (n/total) % (n/total)

Asthma symptoms
Wheezing ever 22.5(248/1101) 20.1-25.1 29.0 (74/255) 20.6 (174/846) 0.005
Wheezing in the last 12 months 14.6 (161/1101) 12.6-16.9 19.2 (49/255) 13.2(112/846)  0.018
Exercise-induced wheezing in the last 12 months 17.7 (198/1117)  15.5-20.1 24.5(62/253) 15.7 (136/864) 0.001
Ever doctor-diagnosed asthma 19.1 (216/1134) 16.8-21.5 26.1(67/257) 17.0 (149/877)  0.001
Rhinitis symptoms
Ever sneezing/runny/blocked nose (when there is no cold/flu) 43.1(478/1110) 40.1-46.0 40.9 (104/254) 43.7 (374/856)  0.438
IS;l((:reltzlilrslg/runny/blocked nose (when there is no cold/flu) in the last 12 377 (415/1102) 34.8-40.6 32.9 (83/252) 39.1(332/850) 0.078
Itchy eyes associated with nasal problems in the last 12 months 21.2 (231/1089) 18.8-23.8 19.8 (49/248) 21.6(182/841) 0.524
Ever doctor-diagnosed rhinitis 30.5 (345/1132) 27.8-33.3 273 (71/260) 31.4 (274/872) 0.206
Eczema symptoms
Itchy rash in the last 12 months 22.7 (251/1107) 20.2-25.3 17.2 (44/256) 24.3(207/851) 0.002
Ever itchy rash coming/going for at least 6 months 17.7 (199/1123) 15.5-20.1 13.1(34/260) 19.1(165/863)  0.025
Itchy rash affecting flexural areas 12.6 (140/1111) 10.7-14.7 9.3 (24/258) 13.6 (116/853)  0.068
Ever doctor-diagnosed eczema 20.2 (230/1138) 17.9-22.7 10.8 (28/259) 23.0 (202/879) <0.001
Study-defined current’
Asthma 11.9 (135/1135)  10.1-13.9 15.2 (39/257) 10.9 (96/878)  0.065
Rhinitis 20.4 (232/1138) 18.1-22.9 18.0 (47/261) 21.1(185/877) 0.277
Eczema 9.2 (105/1143)  7.6-11.0 5.8 (15/261) 10.2(90/882)  0.029

CI: confidence interval. * P values comparing male and female participants. TSee “Methods” for detailed information on the criteria used to define current

asthma, rhinitis, and eczema.

in the last 12 months with no sex-based differences. The
12-month prevalence of eczema (9.2%, 95% CI: 7.6-11.0)
was statistically significantly higher among female compared
to male study participants (10.2% versus 5.8%; P = 0.029;
Table 2).

3.4. Prevalence of Allergic Multimorbidity. Based on the
study-defined current asthma, rhinitis, and eczema, eight
nonoverlapping categories of allergic diseases were estab-
lished. Asthma only in the last 12 months was more prevalent
among males compared to females (8.6% versus 4.7%; P =
0.046; Table 3), whereas more female than male students
reported eczema only in the last 12 months (7.3% versus
3.5%; P = 0.036). The coexistence of “asthma and rhinitis”
was the most frequent allergic multimorbidity (5.1%, 95%
CI: 3.9-6.5; Table 3). The coexistence of “asthma, rhinitis,
and eczema” was evident in 0.6% (95% CI: 0.3-1.3) of the
total study sample. There were no statistically significant sex-
based differences in the prevalence of allergic multimorbidity.
Moreover, the prevalence of having any one allergic disease
and that of having two or more (>2) allergic diseases were
25.3% (95% CI: 22.8-28.0) and 7.9% (95% CI: 6.4-9.7), respec-
tively, with no sex-related differences (Table 3).

3.5. Associations between Common Risk Factors and Aller-
gic Diseases. Associations (crude and adjusted) between
common risk factors with current asthma, rhinitis, and
eczema were assessed (Table 4). In the adjusted analysis,

ever smoking, regular exposure to ETS, current exposure
to cat and dog at home, and maternal history of allergic
disease were statistically significantly associated with current
asthma. Participants with maternal history of allergic disease
had 3.15 times (95% CI: 2.10-4.71) higher prevalence of
asthma compared to participants with nonallergic mothers
(Table 4). Moreover, ever smoking was associated with higher
prevalence of current asthma (PR = 1.70, 95% CI: 1.11-2.61).
On the other hand, results of adjusted analysis showed that
current exposure to cat (PR = 1.42, 95% CI: 1.08-1.87) and
maternal history (PR = 1.82, 95% CI: 1.39-2.39) and paternal
history (PR = 147, 95% CIL: 1.14-1.89) of allergic disease
were associated with higher prevalence of current rhinitis
(Table 4). With regard to eczema, only maternal history (PR
= 1.62, 95% CI: 1.05-2.49) and paternal history (PR = 1.54,
95% CI: 1.02-2.33) of allergic disease were associated with
higher prevalence of current eczema in the adjusted analysis
(Table 4).

3.6. Associations between Common Risk Factors and Allergic
Multimorbidity. Associations between risk factors with hav-
ing one allergic disease and having two or more (>2) allergic
diseases were explored (Table 5). In adjusted models, partici-
pants with maternal history and paternal history of allergic
disease were more likely to have single allergic disease as
well as coexisting allergic diseases compared to participants
with no parental history of allergic disease. For example,
maternal history of allergic disease was associated with 3.97
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TABLE 3: Prevalence of study-defined current asthma, rhinitis, and eczema as single morbidity and multimorbidity stratified by sex.

Total Males Females

Allergic disease (n=1125) (n = 256) (n = 869) P value”

% (n) 95% CI % () % (n)

None 66.8 (751) 63.9-69.5 69.1 (177) 66.0 (574)

Asthma only 5.6 (63) 4.3-71 8.6 (22) 4.7 (41) 0.046

Rhinitis only 13.3 (150) 11.4-15.5 105 (27) 14.2 (123) 0.164

Eczema only 6.4 (72) 5.0-8.0 3.5(9) 7.3 (63) 0.036

Asthma + rhinitis 5.1(57) 3.9-65 5.9 (15) 4.8 (42) 0.630

Asthma + eczema 0.7 (8) 0.3-1.4 0.4 (1) 0.8 (7) 0.689

Rhinitis + eczema 15 (17) 0.9-2.4 1.6 (4) 15 (13) 0.997

Asthma + rhinitis + eczema 0.6 (7) 0.3-1.3 0.4 (1) 0.7 (6) 0.848

One allergic disease’ 25.3 (285) 22.8-28.0 22.7 (58) 26.1(227) 0.270

>2 allergic diseases® 7.9 (89) 6.4-9.7 8.2 (21) 7.8 (68) 0.996

CI: confidence interval. * P values comparing male and female participants. In cells with frequency < 5, Fisher’s exact test was used to obtain P values. TIndicating

that the participant has either asthma, rhinitis, or eczema. *Indicating that the participant has at least two allergic diseases.

times (95% CI: 2.32-6.80) higher prevalence of having >2
allergic diseases, whereas paternal history of allergic disease
was associated with 1.72 times (95% CI: 1.10-2.68) higher
prevalence of having >2 allergic diseases (Table 5). Moreover,
exposure to ETS and current exposure to cat were associated
with having >2 allergic diseases.

3.7. Associations between Parental History of Allergy and
Exposure to Pets with Allergic Diseases and Multimorbidity. In
further analysis, associations between having both maternal
history and paternal history of allergic disease and having
both cat and dog at home in the past 12 months with allergic
diseases and allergic multimorbidity were assessed. Strong
and statistically significant associations were found when
study participants having both maternal history and paternal
history of allergic disease were compared with participants
who had neither (Table 6). For instance, maternal history and
paternal history of allergy were associated with 8.16 times
(95% CI: 4.19-15.90) higher risk of having >2 coexisting
allergic diseases. Similarly, we found 3.73 times (95% CI:
1.96-712) higher risk of having >2 coexisting allergic diseases
in participants with both a dog and a cat at home compared
to participants without pets (Table 6).

4. Discussion

This cross-sectional study estimated, for the first time, the
burden of allergic diseases, including asthma, rhinitis, and
eczema, and their multimorbidity among university students
(young adults) in Kuwait. Also, associations between com-
mon risk factors with allergic diseases and multimorbidity
were explored. Results of this study showed that allergic
diseases affect a considerable proportion of university stu-
dents in Kuwait. The estimated 12-month prevalence of study-
defined asthma, rhinitis, and eczema was 11.9%, 20.4%, and
9.2%, respectively. The coexistence of asthma and rhini-
tis (5.1%) was the most frequent allergic multimorbidity.
Asthma, rhinitis, and eczema coexisted in 0.6% of the study
sample. In general, the prevalence of allergic multimorbidity

did not demonstrate sex-related disparities; however, the
single occurrence of asthma was more common among
male than female participants, whereas eczema occurred
more frequently among females compared to males. Hav-
ing parents with history of allergic disease was a strong
predictor of reporting current allergic diseases and allergic
multimorbidity. Moreover, having pets at home during the
past 12 months was associated with higher risk of allergies.
Therefore, this study demonstrates that allergic diseases and
their multimorbidity are common among university students
in Kuwait and parental history of allergy and having pets at
home are strong risk factors.

The current study estimated the 12-month prevalence of
wheezing to be 14.6%, which is similar to estimates from the
1995-1996 ISAAC study (16.1%) and almost double what was
reported by the 2001-2002 ISAAC study (7.6%) in Kuwait
[13, 14]. Moreover, the estimated 12-month prevalence of
wheezing is in agreement with the global estimate 0f14.1% [6]
and with results of a Swedish study (16.1%) conducted among
adults aged 20 to 44 years [19]. With regard to sex differences,
the current study and the ISAAC studies conducted in Kuwait
demonstrated that current wheezing is more prevalent among
males compared to females. This finding contradicts the com-
mon observation of a sex reversal (switchover) in symptoms
of asthma, which suggests that before puberty asthma symp-
toms predominantly affect boys, whereas girls are more likely
to be affected during adolescence and adulthood [20-22].
Results of a study from Saudi Arabia, a neighboring country,
conducted among 16-year-old to 18-year-old adolescents
agreed with our results by showing that current wheezing is
more prevalent among males (20.3%) compared to females
(16.9%) [23]. Since ever tobacco smoking (males: 51.9% versus
females: 3.0%) and exposure to ETS (males: 46.5% versus
females: 30.7%) were differentially reported by the two sexes,
we hypothesized that the observed sex differences in asthma
symptoms might be explained by the disparity in smoking
and ETS prevalence between the two sexes. However, results
of the multivariable regression model, adjusting for ever
tobacco smoking and regular exposure to ETS in addition
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TaBLE 4: Crude and adjusted associations between risk factors and study-defined current asthma, rhinitis, and eczema.

Asthma Rhinitis Eczema
Independent variables Crude PR Adjusted PR Crude PR Adjusted PR Crude PR Adjusted PR
(95% CI) (95% CI)" (95% CI) (95% CI)" (95% CI) (95% CI)"

Age® 101 (0.97-1.06)  0.99 (0.93-1.05)  1.02(0.99-1.05)  1.04 (L01-1.07)  0.99 (0.94-1.06)  1.02 (0.95-1.09)
P value 0.553 0.730 0.225 0.007 0.969 0.663
Sex

Male 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Female 072 (0.51-1.02)  0.79 (0.51-1.24) 117 (0.88-1.56) 126 (0.88-179) 178 (1.05-3.01)  1.63 (0.80-3.31)
P value 0.065 0.301 0.283 0.208 0.033 0.177
Smoking'

Never 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Ever 192 (1.34-2.75) 170 (L11-2.61)  0.99 (0.72-1.38) 0.78 (0.44-1.39)
P value <0.001 0.014 0.971 0.397
ETS

No 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Yes 1.48 (1.08-2.03) 1.45 (1.02-2.05) 1.10 (0.87-1.40) 1.57 (1.09-2.27) 1.37 (0.91-2.08)
P value 0.017 0.038 0.437 0.015 0.137
Birth order

First 119 (0.82-1.74) 1.04 (0.78-1.38) 1.26 (0.82-1.93)

Second 116 (0.77-1.73) 1.25 (0.94-1.66) 1.04 (0.64-1.69)

Third or more 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
P value 0.601 0.334 0.597
Mode of birth

Vaginal 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

C-section 1.31 (0.84-2.03) 1.06 (0.74-1.50) 0.55 (0.26-1.16) 0.68 (0.32-1.43)
P value 0.230 0.756 0.116 0.307
Cat exposure®

No 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Yes 164 (1.14-2.36) 144 (1.02-2.18) 133 (LOI-176) 142 (1.08-1.87) 115 (0.72-1.84)
P value 0.008 0.043 0.043 0.013 0.556
Dog exposure®

No 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Yes 1.97 (1.18-3.26) 1.62 (1.01-2.60) 1.21(0.76-1.93) 1.14 (0.52-2.48)
P value 0.009 0.046 0.429 0.746
Maternal allergy*

No 1.00 (Ref) 1.00 (Ref) 100 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Yes 3.08 (214-4.42)  3.15(2.10-4.71)  2.04 (1.59-2.60)  1.82(1.39-2.39) 180 (1.22-2.65) 162 (1.05-2.49)
P value <0.001 <0.001 <0.001 <0.001 0.003 0.028
Paternal allergy®

No 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Yes 1.76 (1.25-2.48) 1.29 (0.92-1.82) 1.74 (1.37-2.23) 1.47 (1.14-1.89) 1.87 (1.25-2.77) 1.54 (1.02-2.33)
P value 0.001 0.147 <0.001 0.003 0.002 0.042

PR: prevalence ratio; CI: confidence interval; Ref.: reference; ETS: environmental tobacco smoke; C-section: Cesarean section. *Age was modeled as a
continuous variable. "Included participants reporting ever smoking cigarettes and/or ever smoking water pipe (hookah). *Defined as regular exposure to
tobacco smoke inside and/or outside the house. Defined as having a cat/dog in the home during the past 12 months. *Mother/father having history of doctor-
diagnosed asthma, eczema, or rhinitis. PVariables that had a P value < 0.2 in the crude model were included in the adjusted (multivariable) model, except for
age and sex, which were included in all adjusted models.



BioMed Research International 7

TaBLE 5: Crude and adjusted associations between risk factors and allergic multimorbidity.

Allergic multimorbidity*

N

One allergic disease” >2 allergic diseases

Independent variables
Crude PR Adjusted PR Crude PR Adjusted PR
(95% CI) (95% CI)f (95% CI) (95% CI)!

Age® 1.01 (0.98-1.04) 1.01 (0.98-1.05) 1.03 (0.98-1.08) 1.02 (0.97-1.06)
Pvalue 0.665 0.394 0.212 0.596
Sex

Male 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Female 1.15 (0.90-1.47) 1.06 (0.80-1.40) 1.00 (0.63-1.59) 1.35 (0.65-2.80)
P value 0.277 0.700 0.996 0.426
Smoking"

Never 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Ever 0.90 (0.66-1.22) 1.69 (1.07-2.68) 1.65 (0.79-3.42)
Pvalue 0.505 0.025 0.180
ETS

No 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Yes 1.04 (0.85-1.29) 1.94 (1.31-2.86) 1.75 (1.14-2.69)
P value 0.688 <0.001 0.011
Birth order

First 1.03 (0.81-1.33) 1.39 (0.89-2.19)

Second 1.24 (0.98-1.58) 1.24 (0.74-2.08)

Third or more 1.00 (Ref.) 1.00 (Ref.)
P value 0.236 0.359
Mode of birth

Vaginal 1.00 (Ref.) 1.00 (Ref.)

C-section 1.03 (0.76-1.39) 0.99 (0.53-1.85)
P value 0.868 0.975
Cat exposure®

No 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Yes 1.21 (0.94-1.55) 1.27 (0.99-1.62) 2.02 (1.31-3.10) 1.79 (1.11-2.90)
P value 0.149 0.061 0.001 0.018
Dog exposure®

No 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Yes 119 (0.79-1.81) 1.91 (1.01-3.65) 1.07 (0.49-2.34)
P value 0.402 0.048 0.860
Maternal allergy£

No 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Yes 1.92 (1.56-2.36) 1.76 (1.41-2.20) 3.99 (2.52-6.32) 3.97 (2.32-6.80)
P value <0.001 <0.001 <0.001 <0.001
Paternal allergy®

No 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Yes 175 (1.43-2.15) 1.48 (1.20-1.82) 2.45 (1.58-3.78) 1.72 (1.10-2.68)
P value <0.001 <0.001 <0.001 0.017

PR: prevalence ratio; CI: confidence interval; Ref.: reference; ETS: environmental tobacco smoke; C-section: Cesarean section. *The “no allergic disease”
category formed the common reference category. *Indicating that the participant has either asthma, rhinitis, or eczema. *Indicating that the participant has at
least two allergic diseases. * Age was modeled as a continuous variable. TIncluded participants reporting ever smoking cigarettes and/or ever smoking water
pipe (hookah). *Defined as regular exposure to tobacco smoke inside and/or outside the house. *Defined as having a cat/dog in the home during the past 12
months. “Mother/father having history of doctor-diagnosed asthma, eczema, or rhinitis. " Variables that had a P value < 0.2 in the crude model were included
in the adjusted (multivariable) model, except for age and sex, which were included in all adjusted models.
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TABLE 6: Associations between having both maternal history and paternal history of allergy and having both cat and dog currently in the
home with study-defined current asthma, rhinitis, and eczema and allergic multimorbidity.

N

Asthma Rhinitis Eczema One allergic disease” >2 allergic diseases
Independent variables Adjusted PR Adjusted PR Adjusted PR Adjusted PR Adjusted PR
(95% CI)f (95% CI)’ (95% CI)f (95% CD)f (95% CI)’

Maternal history
and paternal history
of allergy’

No 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref)) 1.00 (Ref)

Yes 4.57 (2.81-743) 2.82 (2.02-3.92) 2.83 (1.71-4.69) 2.70 (2.08-3.50) 8.16 (4.19-15.90)
P value <0.001 <0.001 <0.001 <0.001 <0.001
Current exposure to
cat and dog*

No 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref) 1.00 (Ref)

Yes 2.86 (1.55-5.27) 1.77 (1.03-3.04) 1.32 (0.45-3.85) 1.21 (0.62-2.35) 3.73 (1L96-7.12)
P value <0.001 0.038 0.613 0.582 <0.001

PR: prevalence ratio; CI: confidence interval; Ref.: reference. “Indicating that the participant has either asthma, rhinitis, or eczema. *Indicating that the

participant has at least two allergic diseases. " Adjusted for sex and age. " Both mother and father having history of doctor-diagnosed asthma, eczema, or rhinitis.
Participants with both maternal history and paternal history of allergy were compared to those with neither. *Having both a cat and a dog at home during the
past 12 months. Participants having both a cat and a dog at home were compared with those who had neither.

to other potential confounders, showed that females are less
likely to have current asthma compared to males (PR = 0.79,
P =0.301; Table 4), though this difference was not statistically
significant. Hence, smoking and ETS do not seem to fully
explain the observed higher prevalence of asthma symptoms
among males compared to females. Therefore, future etiologic
studies, incorporating lung function testing, are needed to
further confirm this sex-based disparity in asthma symptoms
and investigate the possible underlying mechanisms.

This study showed that a large proportion of participants
(37.7%) reported current symptoms of rhinitis. This observa-
tion is in agreement with reports from Spain (38.9%) [24] and
United Kingdom (35.8%) [25] and the previous two ISAAC
studies conducted in Kuwait (1995-1996: 30.7%; 2001-2001:
27.6%) [13, 14]. Moreover, our estimated prevalence of study-
defined current rhinitis (20.4%) is within the global range
of rhinitis prevalence (i.e., 10% to 30%) in the general pop-
ulation [26]. Furthermore, our observation of no sex-related
differences in symptoms of rhinitis is further supported by
previous observations [25].

The lifetime prevalence of doctor-diagnosed eczema was
estimated to be 20.2% in the current study, which is compa-
rable to prior estimates from the British Isles (24.3%) [27].
Moreover, the prevalence of study-defined current eczema
(9.2%) is comparable to estimates among adults in the United
States (10.2%) and Italy (8.1%) [28, 29]. The observed sex-
related differences in the prevalence of current eczema, in
which more females (10.2%) than males (5.8%) are affected,
are in agreement with the existing scientific knowledge [30,
31].

With regard to allergic multimorbidity, the coexistence of
“asthma and rhinitis” (5.1%) was the most common allergic
multimorbidity in the current study, which is supported by
the “one airway, one disease” notion [32]. This was followed
by the coexistence of “rhinitis and eczema” (1.5%). The

prevalence of coexistence of “asthma, rhinitis, and eczema”
in our study (0.6%) was similar to estimates of two European
studies carried out in Italy (0.7%) and Sweden (1.1%) among
adults [29, 33]. Although sex-related disparities were found
for the single occurrences of allergic diseases, we did not find
differences in the prevalence of allergic multimorbidity when
comparing the two sexes. Such an observation was previously
reported [11, 12].

The most common risk factors for the development of
allergic diseases and allergic multimorbidity were parental
history of allergic disease followed by pet ownership. Having
both parents with history of allergic disease was associated
with 8.16 times higher risk of having >2 allergic diseases.
Although previous studies have noted parental history of
allergy as a risk factor for allergic multimorbidity [11, 12],
the current study further demonstrated that the joint effect
of both maternal history and paternal history of allergic
disease is a strong predictor of allergic multimorbidity in the
offspring. Also, we showed that having both a cat and a dog
at home increased the risk of having >2 allergic diseases by
3.73 times. On the other hand, ever tobacco smoking and
regular exposure to ETS were independently associated with
increased asthma risk, an association that has been confirmed
by a large meta-analysis [34].

Studies estimating the burden of allergic diseases among
children are well represented in the scientific literature;
however, this study is among the limited number of studies
conducted among young adults to estimate the prevalence
of asthma, eczema, and rhinitis and their coexistence and
is the first in Kuwait. Moreover, the use of the validated
ISAAC core questionnaire and the stringent epidemiologic
definitions, incorporating both common symptoms and
clinical diagnosis, to determine allergic disease status is
considered a major strength of our study, which also aimed
to reduce misclassification of outcomes. Study participants
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were enrolled using a sample of convenience, which might
not provide a study sample that well represents the target
population of university students. However, to maximize
representativeness, we have enrolled students from all five
campuses of KU using proportional allocation to the size
strategy.

Self-selection bias, agreement/refusal to participate that
is related to the exposure and disease, could be a source
of bias in cross-sectional studies. However, self-selection
bias is not of a great concern in the current study, since
73.9% (1,154/1,561) of eligible students who we were invited
agreed to participate in the current study. Moreover, the sex
distribution found in the current study sample (77.3% females
and 22.7% males) closely resembles the sex distribution found
in the target population of KU student body (73.5% females
and 26.5% males). Hence, there is no indication of sex-related
self-selection bias in the current study. Therefore, in the
current study, self-selection bias is of little concern due to
the acceptable response proportion (73.9%) and the similar
sex distribution between the study sample and target KU
population. However, selection bias cannot be completely
dismissed in any epidemiologic study. The generalizability of
our findings is limited to university students due to the fact
that the sex distribution among university students (female-
to-male ratio of around 3:1) does not resemble the sex
distribution in the total population of young adults in Kuwait
(female-to-male ratio of around 1.04).

Moreover, information bias, specifically recall bias, can-
not be excluded, since offspring have reported their parents’
history of having allergic disease. For instance, individuals
with allergic disease might be more aware of their parents’
allergies than nonallergic individuals, which might lead
to differential misclassification (recall bias) that can either
overestimate or underestimate the measure of association. To
determine whether misclassification is of great concern in
the current study, we compared the magnitude of measure
of association found in this study to results of previously
published birth cohort study, in which information about
maternal/paternal history of allergic disease was collected
from the parents themselves. Results from the German MAS
birth cohort showed that, at age of 20 years, 18.5% (95%
CI: 15.0-22.5%) of all participants with allergic parents had
allergic multimorbidity (>2 allergic diseases) as compared
to only 6.3% (95% CI: 4.3-9.0%) of those with nonaller-
gic parents [12]. Thus, parental history of allergic disease
associated with 2.94-fold increased risk of having allergic
multimorbidity at age of 20 years. In the current study, in
additional analysis, we estimated the association between
parental (maternal/paternal) history of allergies and offspring
risk of having allergic multimorbidity. Results of this analysis
showed that parental history of allergic disease associated
with 3.35-fold (95% CI: 1.97-5.71; data not shown) higher risk
of having allergic multimorbidity. Thus, the risk conferred by
parental history of allergic disease in the current study (PR =
3.35) is slightly higher than what was estimated in the German
MAS birth cohort (PR = 2.94). This compassion indicates that
the influence of misclassification, if present, on results of this
study is minimal.

5. Conclusion

The current study demonstrated that allergic diseases and
allergic multimorbidity are common among university stu-
dents in Kuwait and their burden mirrors that of westernized
countries. The observation of higher prevalence of asthma
among males compared to females contradicts the current
scientific literature, which needs further corroboration and, if
warranted, further etiologic investigations. Sex-related dif-
ferences were observed for the occurrence of single allergic
entities; however, the occurrence of allergic multimorbidity
was not influenced by sex. Although both maternal history
and paternal history of allergy were independently associated
with higher risk of allergic diseases and allergic multimor-
bidity, the joint effect of both maternal history and paternal
history of allergy was associated with increased risk of allergic
multimorbidity. Similarly, having both a cat and a dog at
home was a strong predictor of allergic multimorbidity.
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