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Background: The Global Asthma Network phase I study in
India aimed to study the prevalence, time trends, and associated
risk factors of allergic rhinitis and eczema among 6-7-year-old,
and 13-14-year-old school children and their parents.
Objectives: The objective of the study was to understand the
current prevalence and associated risk factors of Allergic
Rhinitis and Eczema in India among 6-7-year-olds, 13-14-year-
olds and in their parents/guardians for newer directions to
health care providers, policy makers and academicians.
Methods: Cross-sectional, multicenter study using self- and
parent-administered questionnaire among randomly selected
school children aged 6 to 7 years from 8 centers and 13 to 14 years
from9 centers and their respective parents/guardians across India.
Results: Prevalence of allergic rhinitis (AR) (%, 95% CI) among
20,084 6-7-year-olds (children), 25,887 13-14-year-olds
(adolescents), and 81,296 adults/parents was 7.7% (7.4%-8.1%),
23.5% (23.0%-24.1%), and 9.8% (9.55%-9.96%) and that of
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eczema was 2.5% (2.3%-2.7%), 3.5% (3.27%-3.71%), and 9.9%
(9.7%-10.1%), respectively. Among 6-7-year-olds, AR and eczema
showed a significantly (P < .001) declining time trend since the
International Study of Asthma and Allergies in school children
phase III in 2002-2003.Among13-14-year-olds,AR(P<.01) but not
eczema showed a significant temporal decline. Coexisting atopic
condition, parental history of atopy, and some environmental
factors consistentwithprevious studieswere significant risk factors
among children and adolescents. AR or eczema in either parent
strongly predicted the same atopic condition among their
adolescent offspring. Among adults, coexisting atopic condition
was the strongest predictor of either AR or eczema.
Conclusions: There is a slight declining time trend of AR and
eczema in India over 2 decades among children and adolescents.
Nearly 10% of Indian adults suffer from AR and eczema.
Although genetic factors had the strongest association for AR and
eczema among all age groups, certain early-life and environmental
exposures need consideration to devise preventative strategies. (J
Allergy Clin Immunol Global 2022;1:51-60.)

Key words: Allergic rhinitis, eczema, prevalence, risk factors, India,
children, adolescents, adults

Allergic rhinitis (AR) is a chronic atopic disease characterized
by bouts of sneezing, runny nose, and blocked and itchy nose
particularly on exposure to environmental triggers such as dust,
smoke, fungi, pollen, or other known allergens.1 It is common in
school children and adolescents, with prevalence ranging be-
tween 0.1% and 45% globally.2,3 When associated with ocular
symptoms, it is termed allergic rhinoconjunctivitis (ARC).
Eczema is an atopic skin condition that usually manifests in early
childhood as a chronic itchy rash on the flexural surfaces. It is a
major predictor for development of AR and asthma later in
life.4-6 Both AR and eczema impact quality of life adversely
and cause significant economic burden.7,8

The International Study of Asthma and Allergic Diseases in
School Children (ISAAC), phase I was initiated in 19959 to study
the global prevalence, severity, and association with environ-
mental risk factors of asthma, AR, and eczema using a standard-
ized validated tool and uniform methodology. The ISAAC phase
II (1998) aimed at identifying the etiological factors, and the phase
III study (2001-2003)was a repetition of the phase I study to assess
temporal trends in prevalence.
51
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The ISAAC phase III studied 1.9 million children from 98
countries10 and showed a wide heterogeneity in the prevalence of
AR and eczema globally. In India, the ISAAC phase III was con-
ducted between 2001 and 2003 among 44,928 6-7-year-olds and
48,088 13-14-year-olds.11 The prevalence of AR and ARC was
11.3% (7.3%, 26.7%) and 3.9% (1.8%, 8.6%), respectively, in
the 6-7-year-olds and 24.4% (4.1%, 45.7%) and 10.9% (0.9%,
23.6%) in the 13-14-year-olds, respectively. The prevalence of
eczema reported was 2.8% (0.9%, 6.2%) among the 6-7-year-
olds and 3.7% (0.9%, 9.2%) among the 13-14-year-olds, respec-
tively. Risk factors associated with AR among 6-7-year-olds and
13-14-year-olds were passage of trucks near home, maternal and
paternal smoking, paracetamol intake in the past 12 months, and
watching television for more than 3 hours per day. In addition,
paternal smoking, use of paracetamol and antibiotics during in-
fancy, and using wood as fuel for cooking were risk factors among
6-7-year-olds, and lack of exercise was associated among 13-14-
year-olds. Similar risk factors were found with eczema for both
the age groups.

The ISAAC officially concluded in 2012. The Global
Asthma Network (The GAN)10 was formed together by scien-
tists from the ISAAC committee and the International Union
Against Tuberculosis and Lung Disease (The Union). GAN
continued the work that ISAAC had initiated and extended
the survey to include parents of children participating in
the study to bridge the data gap about prevalence of asthma,
AR, and eczema in adults especially in the low- and middle-
income countries.

In 2017, the GAN-India phase I study was initiated in 9 Indian
cities to understand the current prevalence of asthma, AR, ARC,
and eczema in 6-7-year-olds, 13-14-year-olds, and their parents/
guardians. In this article, we report the prevalence, time trends,
and risk factors for AR, ARC, and eczema among the 3 study
groups.
METHODS
The study protocol and methodology of GAN are described in an earlier

publication.10 In this cross-sectional, phase I GAN-India study, we repeated 7

centers that had participated in the earlier ISAACphase III and recruited 2 new

centers for better nationwide representation The GAN phase I survey was con-

ducted among 13-14-year-olds across 9 centers in India (Bikaner, Chandigarh,

Delhi, Jaipur, Kolkata, Kottayam, Mysuru, Lucknow, and Pune) and at 8 cen-

ters among 6-7-year-olds, because Kolkata did not participate in this age

group. The study was coordinated by the National Data Coordinating Center,

Jaipur, and was approved by ethics committees of all the respective centers. It

was registered with the Clinical Trial Registry, India (CTRI/2018/02/011758),

and was conducted between August 2017 and February 2018 across all the

centers.
In accordance with the GAN protocol, the targeted sample size at each

center was 3000 6-7-year-olds and 3000 13-14-year-olds along with their

parents/guardians. This sample size gives sufficient power to detect a 5%

difference between 2 centers with 99% certainty (at 1% level of

significance).10 All 9 study centers were urban cities with varying popu-

lation between 1.0 million (Chandigarh) and 16.8 million (Delhi). To

achieve the sample size, a list of all schools within the predefined

geographical boundary of the city was obtained from the district educa-

tion authorities, with due permission. Each city was divided into 4 zones.

Indian Institute of Health Management Research University (IIHMR),

Jaipur, India, randomly selected an equal proportion of schools from

each of the 4 zones to give us the required sample size, with some addi-

tional schools as backup in case any refused permission. Schools were

sequentially approached as per the randomized list, and consenting

schools were enrolled.

The research tool used was the standardized GAN questionnaire with few

India-specific questions added with prior approval from the GAN committee.

The questionnaire was developed in English and translated into vernacular

languages (Hindi, Bengali, Marathi, Punjabi, Kannada, and Malayalam), and

was validated with back-translations. English and/or vernacular question-

naires were used as per the school’s preference.

The study team included field investigators and data entry operators from

all 9 centers who were trained in the study procedures and data collection

methods, at IIHMR, Jaipur.

The study was conducted with due permission from the head of the school

and with the help of a study coordinator and class teacher of the classrooms

that contained children from the required age groups. The study was

introduced as a health-related survey without mentioning the words asthma

or allergy.

A passive informed consent process was implemented as per the GAN

protocol. Parents were asked to telephonically contact the study teammember

if they wished to refuse participation. Such students and their parents were

excluded from the study.

On the predesignated date and time, the study team visited the

classrooms, distributed the questionnaire, and recorded the height and

weight of the students. The adolescent group self-responded to their

questionnaire at school if their parents had consented. They took the adult

questionnaires home for their parent(s)/guardian(s) to complete. The

younger age group (6-7 years) took both the child and adult questionnaires

home. The parents/guardians completed the questionnaire both for their

child/ward and for themselves. All questionnaires were submitted back to

the respective class teacher. The study team then collected the completed

questionnaire from the teacher. The parent and child questionnaires were

given the same code number to study familial correlations. The study team

resolved any discrepancies or missing data by contacting the parents

through the school authorities.

The defining criteria for AR and eczema were as per those used in

the ISAAC-Global publications3,8 and are given in the tables of preva-

lence (Tables II and III). Wheeze in the past 12 months was defined as

asthma.
Data management and statistical analysis
Coding of the data and data entry were done as per the GAN protocol. The

datawere entered by the respective centers, except for Kottayam, for which the

entry was done by the National Data Collection Center. Ten percent of the data

was double entered by IIHMR for quality checks, with a permissiblemismatch

of up to 2.0%. Any discrepancies beyond that were mutually resolved by the

IIHMR team and the respective center. Consolidated data from all centers

were sent to the GAN global center in Auckland, New Zealand, for initial

quality check, and subsequently to the main data center in London, United

Kingdom, where the data were rechecked. The clean data set was locked and

used for analysis.

Using SPSS (Version 27, Bangalore, India), descriptive analysis and charts

were used to describe demographic characteristics, prevalence rates of

different symptoms, and health-related data. Continuous variables were

presented using N, mean 6 SD, and categorical variables were presented as



TABLE I. GAN-India: Centerwise details of randomization, recruitment, and response rate

Center

6-7-y-olds 13-14-y-olds Adults/parents

No. of

primary

schools

randomized

No. of

primary

schools

participated

No. of

children

approached

No. of

children

participated

No. of

secondary

schools

randomized

No. of

secondary

schools

participated

No. of

children

approached

No. of

children

participated

No. of

parents

approached

No. of

parents

participated

Bikaner 100 45 3,000 2,600 100 33 3,000 2,702 10,559 10,495

Chandigarh 100 57 2,473 2,473 100 54 3,000 3,000 10,394 10,386

Delhi 100 54 3,109 2,516 100 59 3,024 3,024 9,582 9,449

Jaipur 100 44 3,030 2,296 100 57 3,066 3,060 9,017 8,933

Kolkata* — — — — 100 37 3,000 2,998 4,138 4,096

Kottayam 52 50 3,070 2,099 42 20 2,450 2,091 7,028 6,940

Lucknow 100 32 3,251 2,969 100 31 3,160 2,969 11,891 11,820

Mysore 100 30 3,003 2,730 100 29 3,067 3,051 11,181 11,178

Pune 101 26 3,011 2,404 100 34 3,041 3,030 8,008 8,000

India 753 338 23,947 20,087 842 354 26,808 25,925 81,798 81,297

*Kolkata did not participate in the 6-7-y-old age group.
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frequency and percentage. Bivariate and multivariate analyses were per-

formed to estimate the impact of environmental and health-related factors for

presence of AR, ARC, and eczema.

Bivariate analysis was performed using chi-square tests for categorical

variables and student t test for continuous variables. Results of chi-square tests

were presented as odds ratios (ORs) with 95% CI. Unadjusted P values less

than .05 were considered significant and were further included for multiple

comparisons. Multivariate analysis was performed using binary logistic

regression model to identify the variables associated with the presence of

AR/ARC, eczema, or asthma. The results were presented using adjusted

ORs and 95% CIs.

Prevalence of current AR and eczema as reported in ISAAC phase I, phase

III, and GAN were compared using chi-square test. A P value of less than .05

was considered statistically significant.

Parent and children data sets were merged to analyze parental history as a risk

factor for AR and eczema in children. The presence of current symptoms was

correlatedwith theenvironmental risk factors todetermineassociations.Data from

ISAACphase Iwere extracted from the data available on the ISAACWebsite, and

data for phase III were extracted from the data published by Singh et al.11
RESULTS
The age-specific GAN questionnaire was administered to

23,947, 26,808, and 81,798 participants, respectively, for 6-7-
year-olds, 13-14-year-olds, and parents of both age groups from
across 8 centers for 6-7-year-olds and 9 centers for 13-14-year-
olds (Table I).

The response rates for the 3 age groups were 84%, 97%, and
99%, respectively. Male (M) to female (F) ratio of the responses
was 52:48, 49:51, and 49.8:50.2, respectively, for children,
adolescents, and adults.

The total and centerwise prevalence of AR, ARC, and eczema
for all 3 age groups is shown in Fig 1. The prevalence of AR
among 6-7-year-olds was 7.7% (95% CI, 7.4%-8.1%), with a
significantly higher prevalence among boys (M: 9.2% [95% CI,
8.7%-9.8%], F: 6.1% [95%CI, 5.7%-6.6%];P <.0001). The prev-
alence of ARC was 2% (95% CI, 1.8%-2.2%) and was higher
among boys (M: 2.46% [95% CI, 2.2%-2.8%], F: 1.5% [95%
CI, 1.3%-1.8%]; P < .0001). The prevalence of AR among 13-
14-year-olds was 23.5% (95% CI, 23.0%-24.1%) and that of
ARC was 8.43% (95% CI, 8.1%-8.7%) with similar sex distribu-
tion. Among the adult population, the prevalence of ARwas 9.8%
(95% CI, 9.5%-9.9%) with no sexwise difference.

Prevalence of eczema was significantly higher among boys
in both student groups, 2.5% (95% CI, 2.3%-2.7%) (M: 2.9%
[95% CI, 2.55%-3.19%] vs F: 2.1% [95% CI, 1.83%-2.40%];
P < .001) in 6-7-year-olds and 3.48% (95% CI, 3.27%-3.71%)
(M: 4.17% [95% CI, 3.86%-4.56%] vs F: 2.83% [95% CI,
2.57%-3.14%]; P < .0001) among 13-14-year-olds. Prevalence
of eczema among adults was 9.9% (95% CI, 9.7%-10.1%)
without any sex difference.

There was a wide variation in the prevalence of AR, ARC, and
eczema between different centers among all the 3 age groups.

Time trends in AR, ARC, and eczema from ISAAC-1, ISAAC-
3, and GAN are depicted in Fig 2 and show significant reduction
in all prevalence rates (P < .05). Eczema in adolescents did not
show a statistically significant decline.

Table II presents details of labeled disease,morbidity, and severity
for AR and ARC. About 0.9% of the 6-7-year-olds had moderately
severe AR and 0.3% had severe AR. Significantly more girls had se-
vere AR as compared with boys (M: 0.18%, F: 0.38%, P 5 .007).
Among adolescents, 1.3% and 0.6% had moderately severe and se-
vere AR, respectively, without any sex difference.

Labeled disease condition, severity, and morbidity for eczema
are presented in Table III. Moderately severe eczema and severe
eczema prevalence was 1.1% and 0.3%, respectively, in children
and 2.89% and 1% among adolescents. About 2.2% of children
and 3.9% of adolescents reported never being free of symptoms
in the past 12 months, indicating high morbidity.
Associations
Significant associations with any coexisting atopic conditions,

parental history of atopy, and environmental factors for AR and
eczema with adjusted OR are given in Figs 3 (A and B), 4 (A and
B), and 5 (A and B) for children, adolescents, and adults, respec-
tively. Complete analysis of the associations with unadjusted and
adjusted OR and factors that were protective is given in Online
Repository data available at www.jaci-global.org. Fig 6 depicts
the Venn diagram of the overlapping conditions in all the 3 age
groups.

Associations for AR. Among 6-7-year-olds, risk of AR
significantly increased with presence of coexisting asthma and
eczema. Risk of AR was significantly high if either parent had
asthma or AR or eczema. Among adolescents, AR was associated
significantly with coexisting asthma and skin problems ever but
not with eczema. Parental AR was positively associated with AR
in adolescents. Among adults, AR significantly increased with
coexisting asthma and eczema. Nongenetic risk factors for AR

http://www.jaci-global.org


years years years years years years

FIG 1. Center-specific and total prevalence of AR, ARC, and eczema among school children aged 6 to 7

years, 13 to 14 years, and their parents.

A B

FIG 2. Time trends in prevalence of AR, ARC, and eczema in the 6-7-year-olds (A) and 13-14-year-olds (B)

across ISAAC phase I, ISAAC phase III, and GAN phase I. *P < .05, **P < .01, ***P < .001 when ISAAC phase

I compared with ISAAC phase Ill. �P < .05, ��P < .01, ���P < .001 when ISAAC phase Ill compared with GAN

phase I.
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among 6-7-year-olds were premature birth, laying on sheepskin
during infancy, consumption of medicines, paracetamol, or
antibiotics during infancy, ever had pneumonia, and presence of
moisture or damp spots in house. Among adolescents, AR was
associated with increase in symptoms after consumption of
banana, watching television for more than 1 hour per day, and
use of paracetamol during the past 12 months.

Among adults, AR was significantly associated with use of
nebulized medications in the past 12 months, presence of
moisture or molds in the house, use of air-conditioner at home,
use of mosquito coils/repellants, smoking tobacco ever, and fast-
food consumption in the past 12 months.

Associations for eczema. Frequent nasal symptoms,
presence of parental AR, or eczema in either parent was
significantly associated with eczema among 6-7-year-olds.
Among 13-14-year-olds, eczema was significantly associated
both with coexisting asthma and with AR. Presence of parental
eczema was significantly associated with the 13-14-year-olds
having eczema. Among adults, eczema was associated with
presence of coexisting asthma and AR. Environmental associa-
tions for eczema among 6-7-year-olds were use of antibiotics
during infancy, intrauterine exposure to farm animals, use of air-
conditioner at home, and meat consumption during the past 12
months. Among adolescents, eczema was significantly associated
with more than 1 hour of watching television per day, presence of
cat in the home during the past 12 months, more than 1 hour spent
on computer per day, consumption of soft drinks in last 12
months, passage of heavy trucks through the street, and current
use of paracetamol. Environmental factors for eczema among
adults included presence of moisture and dampwalls in the house,
current use of tobacco, smoking water pipe at home, and use of
mosquito coils and repellants or incense sticks at home.



TABLE II. Prevalence of self-reported, labeled and doctor diagnosed condition, prevalence of ARC, moderately severe and severe

AR

Symptoms

6-7 y (N 5 20,084) 13-14 y (N 5 25,925) Adults (N 5 81,297)*

Male

(N 5 10,441)

Female

(N 5 9,643) P value Total

Male

(N 5 12,671)

Female

(N 5 13,216) P value Total

Male

(N 5 40,468)

Female

(N 5 40,815) P value Total

Presence of nasal

symptoms ever

1,453 (13.92) 1,057 (10.96) <.0001 2,510 (12.5) 4,212 (32.79) 4,155 (31.44) .02 8,367 (32.30) NA NA NA NA

Nasal symptoms in

past 12 mo

961 (9.20) 593 (6.10) <.0001 1,554 (7.70) 3,025 (23.87) 3,071 (23.24) .232 6,096 (23.50) NA NA NA NA

Labeled AR 847 (8.11) 611 (6.15) <.0001 1,458 (7.30) 1,722 (13.59) 1,772 (13.41) .672 3,494 (13.50) 3,912 (9.69) 4,018 (9.89) .562 7,930 (9.80)

Diagnosis

confirmed by

doctor

521 (4.99) 370 (3.84) <.0001 891 (4.40) 798 (6.30) 801 (6.06) .423 1,599 (6.20) 2,212 (5.70) 2,340 (5.50) .315 4,552 (5.60)

ARC 257 (2.46) 145 (1.50) <.0001 402 (2.00) 1,057 (8.33) 1,128 (8.52) .582 2,185 (8.43) NA NA NA NA

Nose problem

accompanied by

itchy nose

348 (3.33) 192 (1.99) <.0001 540 (2.70) 804 (6.34) 853 (6.45) .718 1,667 (6.40) NA NA NA NA

Moderately severe

AR

119 (1.14) 64 (0.66) .0003 183 (0.90) 156 (1.23) 183 (1.38) .288 339 (1.30) NA NA NA NA

Severe AR 19 (0.18) 37 (0.38) .007 56 (0.30) 73 (0.58) 88 (0.66) .413 161 (0.60) NA NA NA NA

NA, Questions not included in adult questionnaire.

Values are n (%).

AR, Presence of nasal symptoms in the past 12 mo.

ARC, (Presence of nasal symptoms in the past 12 mo 1 nose problem been accompanied by itchy watery eyes in past 12 mo)/Total number of completed questionnaires.

Moderately severe ARC, condition interfering with daily activities a moderate amount.

Severe ARC, condition interfering with daily activities a lot.

*Sex is not defined for 13 adults.
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DISCUSSION
The GAN phase I study explored the prevalence of AR and

eczema among 127,309 children, adolescents, and their parents/
guardians among 9 geographically spread cities and is one of the
largest studies reported in India during the last 2 decades.

The prevalence of AR in India among 6-7-year-olds and 13-14-
year-olds was 7.7% and 23.5%, respectively. The findings from the
GAN study for the Bangkok region have shown a prevalence of
38.2%and 48.8%, respectively, for these age groups.12GAN results
from theYazd province report a prevalence of 36.3%among 13-14-
year-olds.13 GAN results from other Asian countries are awaited.

The ISAAC phase III conducted in 2002-2003 had shown a
significant increase in prevalence of AR and ARC among the
6-7-year-olds and the 13-14-year-olds (P < .001) in comparison
to ISAAC phase I. GAN phase I done almost 2 decades after
ISAAC phase III has shown a significant decline in comparison
to the ISAAC phase III. These time trends are consistent with
the findings from global data and that from Asian countries as
per findings of GAN phase I for AR for both children and ado-
lescents reported recently.14 Despite the decrease, we observe
that nearly a quarter of the adolescent school children in India
suffer from AR and 8.5% have ARC. This calls for urgent atten-
tion. A significant proportion of those who had allergic rhinitis
(74%) did not even receive a diagnosis of AR by their doctor.
We therefore believe that there is an urgent need to create
awareness about this huge problem in the community, reduce
the level of nondiagnosis and underdiagnosis through appro-
priate health care capacity building and infrastructure, and treat
them effectively because this disease has a huge impact on the
quality of life. Susceptible individuals with a strong family his-
tory could be advised preventive methods such as environment
control and trigger avoidance. Compared with ISAAC phase III
results, our results show a significant reduction in the prevalence
of eczema among the 6-7-year-olds. The slight decrease in
eczema in adolescents, though not statistically significant, is
consistent with findings of GAN phase I studies in Iran13 and
Ecquador.15 However, global trends are awaited.

The prevalence of AR among 81,297 adults in India from across
9 different cities was 9.5%. To our knowledge, this is the largest
study for AR prevalence among Indian adults. A previous
large-scale study for asthma prevalence among 73,605 adults in 4
cities in India had reported a prevalence of recurrent coryza
between 1.4% and 7.6%, and recurrent skin rashes between 0.3%
and 3.9%.16 A smaller yet significant community-based study of
1203 adults in Delhi in 2012 showed 11% prevalence for AR,17

and our study substantiates this finding. There is dearth of data
on community prevalence of eczema among adults in India,18

and ours is the first study to report a high prevalence of 9.9%.
Among the Asian countries, a study conducted between 2012
and 2013 among 2482 adults reports that prevalence of
self-reported AR was 4.5%, 9.7%, and 8.6% in Ukraine,
Kazakhstan, and Azerbaijan, respectively.19 Studies from the last
couple of decades have found varied prevalence in the Asian
countries from 6.1% in China,20 20.4% in Kuwait,21 25% in
UAE,22 34% in Thailand,23 and 53% in Malaysia.24 Prevalence
of eczema in various Asian countries shows a prevalence of 9.2%
in Kuwait.21 Earlier studies have shown prevalence of 9.4% in
Bangkok in 200225 and 15% in 2007.26

Wide heterogeneity prevails in the prevalence of AR between
different centers among children (0.9%-14.9%), adolescents
(12.5%-38.4%), and adults (5.1%-14.9%) across India. Eczema
also varied between 0.8% and 6% for children, 1.4% and 5.4% for
adolescents, and 4.5% and 14.9% for adults. This heterogeneity
among the centers is expected because India is a very large country
with wide variation in geography, climate, genetics, and sociocul-
tural and dietary practices, which may influence the prevalence.

Strongest risk factors for AR among 6-7-year-olds were
coexisting asthma and eczema with a 5.7-fold and 2.6-fold
increased risk, respectively, reiterating that asthma, AR, and
eczema are part of a single disease complex and often coexist.27-29



TABLE III. Prevalence of eczema, labeled ever and doctor-confirmed eczema and severity in children and adults

Symptoms

6-7 y (N 5 20,084) 13-14 y (N 5 25,887) Adults (N 5 81,296)*

M

(N 5 10,441)

F

(N 5 9,643) P value Total

M

(N 5 12,671)

F

(N 5 13,216) P value Total

M

(N 5 40,468)

F

(N 5 40,815) P value Total

Prevalence of

symptoms

ever

605 (5.79) 403 (4.18) <.0001 1,008 (5.01) 1,309 (10.33) 1,080 (8.17) <.0001 2,469 (9.50) NA NA NA NA

Prevalence of

current

symptoms

298 (2.85) 202 (2.09) <.0001 498 (2.47) 532 (4.17) 376 (2.83) <.0001 902 (3.48) NA NA NA NA

Labeled

disease

condition

558 (5.34) 563 (5.84) .038 1,121 (5.60) 1,390 (10.97) 996 (7.54) <.0001 2,386 (9.20) 4,121 (10.20) 3,963 (9.70) .191 8,084 (9.90)

Diagnosis

confirmed

by doctor

351 (3.36) 324 (3.36) .01 675 (3.40) 570 (4.50) 394 (2.98) <.0001 964 (3.70) 2,375 (5.90) 2,381 (5.80) .025 4,757 (5.90)

Moderately

severe

eczema

131 (1.25) 91 (0.94) .035 222 (1.10) 553 (4.36) 449 (3.40) .0001 1,002 (3.90) NA NA NA NA

Severe

eczema

47 (0.45) 20 (0.21) .003 67 (0.30) 366 (2.89) 280 (2.12) .0001 646 (2.50) NA NA NA NA

NA, Questions not included in adult questionnaire.

Values are n (%).

Eczema, Itchy rash at any time in the past 12 mo 1 rash on flexural surfaces.

Moderately severe eczema, condition interfering with daily activities a moderate amount.

Severe eczema, condition interfering with daily activities a lot.

High morbidity due to eczema, rash not cleared at any time in the past 12 mo.

*Sex is not defined for 13 adults.
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This strong association of asthma but not eczema persists during
adolescence though adolescents with AR did report a 2.2-fold
higher prevalence of skin problems ever. Coexisting conditions
were a strong predictor for AR in adults, with a 4.5-fold increase
with asthma and a 5.7-fold increase with eczema. This is consis-
tent with existing literature.27,29,30 Our study also showed that AR
was associated with a 2.4-fold higher use of nebulized medica-
tions in the past 12 months among adults, indicating poor asthma
control, probably attributable to the AR. Inadequately managed
AR leads to recurrent asthma exacerbations, increasing health
care burden and costs.

Among children, AR was strongly associated with all 3
atopic conditions in parents but among adolescents, only
parental AR increased the risk by 50%. For eczema in
children, parental eczema and parental AR were a risk
factor but among adolescents, it was only parental eczema
but not asthma or AR that shared an increased association with
eczema by 94%. This indicates that parental AR or eczema is a
strong predictor of whether their adolescent children will
develop AR or eczema, and ours is probably the first study to
show this.

Previous studies have reported premature births as a
protective factor for AR,31-33 but our study found that
premature birth increased the risk for AR by 96% in
concordance with the findings of Mitselou et al34 who reported
a hazard ratio of 1.12 (95% CI, 1.04-1.20) for AR in preterm
children.34 Association of premature birth with asthma is
known,35,36 but our study establishes high risk for AR as well.
Laying on sheep skin in infancy, a significant high-risk factor
for AR, probably indicates use of sheep-wool blankets in urban
population. As compared with ISAAC phase III, use of
paracetamol and antibiotics in infancy retained their
association in our study but exposure to maternal smoking, air
pollution, and sedentary lifestyle were not found significant
when adjusted for parental history and coexisting atopy,
indicating that genetic predisposition and early-life exposures
are more significant predictors of AR in children.

Among adolescents, consumption of banana was the most
significant nongenetic association for AR. This was an India-
specific question that substantiates practicing clinicians’ ob-
servations of the role of banana, as a common trigger in India.
Another India-specific question about the presence of water-
coolers in the house showed increased association with AR
among adolescents. This may possibly be due to fungus
growing in the improperly maintained water-cooler. Use of
paracetamol in the past 12 months and watching television
were risk factors consistent with the ISAAC phase III
observations.

Among adults, India-specific questions added on indoor air
pollutants such as mosquito coils, incense sticks, and mosquito
repellants yielded significant association and are modifiable
factors providing scope for intervention.

Increased risk of eczema among 6-7-year-olds associated with
use of antibiotics during infancy is consistent with existing
literature37,38 and ISAAC phase III data from India. Intrauterine
exposure to farm animals showed greater odds (OR, 2.24) than
global findings from ISAAC phase III (OR, 1.38).39 Association
with air-conditioner in the house may either be a risk factor or a
preference by the parents for the child’s skin condition as reported
earlier.40 Meat consumption was a risk factor consistent with
earlier findings.41 Among adolescents, sedentary lifestyle spent
indoors, heavy truck-traffic passage through the street, and con-
sumption of paracetamol in the past year were risk factors consis-
tent with ISAAC phase III for eczema. Cats in the housewere also
found significantly associated for eczema. Among adults, risk
factors for eczemawere like those for ARwith dampwalls, smok-
ing tobacco, and exposure to indoor air pollutants and are largely
preventable.



FIG 3. Risk factors associated with AR and eczema among 6-7-year-olds showing adjusted OR and 95% CI.

AC, Air-conditioner.
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Strengths of our study
The use of a standardized protocol and questionnaire, 3

different age groups, large sample size spatially distributed across
the geography, and addition of India-specific questions are some
of the key strengths. Availability of parent and child data allowed
us newer insights into the role of genetics and predictors of AR
and eczema, which was not possible in the studies that were part
of ISAAC.

Limitations
The study was limited to urban cities only. This was a self-

reported, questionnaire-based study and lack of standard



FIG 4. Risk factors for AR and eczema for 13-14-year-olds showing adjusted ORs and 95% CI.
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terminology in colloquial languages for terms such as ‘‘hay fever’’
and ‘‘eczema’’ may possibly be a limitation despite our best ef-
forts to validate the translations.
Conclusions
The prevalence of AR and eczema in India has declined

among the 6-7-year-olds and 13-14-year-olds over the past 2
decades. Yet, about a quarter of the adolescent population in
India suffers from AR. This is indeed alarming and needs
attention. Adolescence is a vulnerable age, and presence of an
adverse health condition can significantly affect overall
development. Parental AR or eczema is a strong predictor of
AR or eczema, respectively, among adolescents. India has a
very large population of adults who suffer from AR and
eczema, which needs to be diagnosed and managed appropri-
ately. Family history and early-life exposures are strong risk
factors for AR and eczema in children.



FIG 5. Risk factors for AR and eczema in adults showing adjusted ORs and 95% CI.

FIG 6. Overlap of asthma, AR, and eczema in the 3 age groups.
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Clinical implications: In India, high prevalence of AR among
adolescents and high prevalence of AR and eczema among
adults with strong familial associations need due consideration
for early diagnosis and proper management.
REFERENCES

1. Skoner DP. Allergic rhinitis: definition, epidemiology, pathophysiology, detection,

and diagnosis. J Allergy Clin Immunol 2001;108:2-8.

2. Schuler IV CF, Montejo JM. Allergic rhinitis in children and adolescents. Pediatr

Clin North Am 2019;66:981-93.

3. A€ıt-Khaled N, Pearce N, Anderson HR, Ellwood P, Montefort S, Shah J, et al.

Global map of the prevalence of symptoms of rhinoconjunctivitis in children:

the International Study of Asthma and Allergies in Childhood (ISAAC) phase

three. Allergy 2009;64:123-48.

4. Ekb€ack M, Tedner M, Devenney I, Oldaeus G, Norrman G, Str€omberg L, et al. Se-

vere eczema in infancy can predict asthma development. A prospective study to the

age of 10 years. PLoS One 2014;9:10-3.

5. von Kobyletzki LB, Bornehag CG, Hasselgren M, Larsson M, Lindstr€om CB,

Svensson �A. Eczema in early childhood is strongly associated with the develop-

ment of asthma and rhinitis in a prospective cohort. BMC Dermatol 2012;12:11.

6. Callahan KA, Matsui EC, Curtin-Brosnan J, Eggleston PA, Diette GB. Infantile

eczema as a predictor of asthma and asthma severity in preschool children.

J Allergy Clin Immunol 2006;117:304.

7. Bousquet J, Van Cauwenberge P, Khaltaev N. Allergic rhinitis and its impact on

asthma. J Allergy Clin Immunol 2001;108:S147-336.

8. Odhiambo JA, Williams HC, Clayton TO, Robertson CF, Asher MI. A~At-Khaled

N; The ISAAC Phase Three Study Group. Global variations in prevalence of

eczema symptoms in children from ISAAC phase three. J Allergy Clin Immunol

2009;124:1251-8.

9. Asher MI, Keil U, Anderson HR, Beasley R, Crane J, Martinez F, et al. Interna-

tional study of asthma and allergies in childhood (ISAAC): rationale and methods.

Eur Respir J 1995;8:483-91.

10. Ellwood P, Asher MI, Billo NE, Bissell K, Chiang CY, Ellwood EM, et al. The

Global Asthma Network rationale and methods for phase I global surveillance:

prevalence, severity, management and risk factors. Eur Respir J 2017;49:1601605.

11. Singh S, Sharma BB, Salvi S, Chhatwal J, Jain KC, Kumar L, et al. Allergic

rhinitis, rhinoconjunctivitis, and eczema: prevalence and associated factors in chil-

dren. Clin Respir J 2018;12:547-56.

12. Chinratanapisit S, Suratannon N, Pacharn P, Sritipsukho P, Vichyanond P. Preva-

lence and risk factors of allergic rhinitis in children in Bangkok area. Asian Pac

J Allergy Immunol 2019;37:232-9.

13. Nafei Z, Behniafard N, Mirzaei M, Karimi M, Akbarian E. Prevalence of allergic

rhinitis and eczema in adolescents living in Yazd City: part of Global Asthma

Network Survey. Iran. J Allergy Asthma Immunol 2021;20:271-8.

14. Strachan DP, Rutter CE, Asher MI, Bissell K, Chiang CY, El Sony A, et al. World-

wide time trends in prevalence of symptoms of rhinoconjunctivitis in children:

Global Asthma Network Phase I. Pediatr Allergy Immunol 2022;33:e13656.

15. Cabrera A, Picado C, Rodriguez A, Garcia-Marcos L. Asthma, rhinitis and eczema

symptoms in Quito, Ecuador: a comparative cross-sectional study 16 years after

ISAAC. BMJ Open Respir Res 2021;8:e001004.

16. Aggarwal AN, Chaudhry K, Chhabra SK, D’Souza GA, Gupta D, Jindal SK, et al.

Prevalence and risk factors for bronchial asthma in Indian adults: a multicentre

study. Indian J Chest Dis Allied Sci 2006;48:13-22.
17. Sinha B, Vibha Singla R, Chowdhury R. Allergic rhinitis: a neglected disease—a

community based assessment among adults in Delhi. J Postgrad Med 2015;61:

169-75.

18. Kanwar A, De D. Epidemiology and clinical features of atopic dermatitis in India.

Indian J Dermatol 2011;56:471-5.

19. Nugmanovaa D, Feshchenkob Y, Khegaya Y, Lashynab L, Gyrinac O, Vasylyevd

A, et al. The prevalence of allergic rhinitis, its triggers, and associated factors in

Commonwealth of Independent States Countries (Ukraine, Kazakhstan, and

Azerbaijan): results of the CORE study. Dubai Med J 2021;4:81-92.

20. Chen DH, Li CW, Zhong JT, Lin ZB, Peng H, Lu HG, et al. Epidemiological char-

acterization and risk factors of allergic rhinitis in the general population in Guangz-

hou City in China. PLoS One 2014;9:e114950.

21. Ziyab AH. Prevalence and risk factors of asthma, rhinitis, and eczema and their

multimorbidity among young adults in Kuwait: a cross-sectional study. Biomed

Res Int 2017;2017:2184193.

22. Alsowaidi S, Abdulle A, Shehab A, Zuberbier T, Bernsen R. Allergic rhinitis: prev-

alence and possible risk factors in a gulf Arab population. Allergy 2010;65:208-12.

23. Bunnag C, Jareoncharsri P, Voraprayoon S, Kongpatanakul S. Epidemiology of

rhinitis in Thais: characteristics and risk factors. Asian Pacific J Allergy Immunol

2000;18:1.

24. Lim FL, Hashim Z, Than LTL, Md Said S, Hisham Hashim J, Norb€ack D. Asthma,

airway symptoms and rhinitis in office workers in Malaysia: associations with

house dust mite (HDM) allergy, cat allergy and levels of house dust mite allergens

in office dust. PLoS One 2015;10:e0124905.

25. Vichyanond P, Sunthornchart S, Singhirannusorn V, Ruangrat S, Kaewsomboon S,

Visitsunthorn N. Prevalence of asthma, allergic rhinitis and eczema among univer-

sity students in Bangkok. Rep Med 2002;96:34-8.

26. Uthaisangsook S. Prevalence of asthma, rhinitis, and eczema in the university pop-

ulation of Phitsanulok, Thailand. Asian Pac J Allergy Immunol 2007;25:127-32.

27. Bousquet J, Anto JM, Bachert C, Baiardini I, Bosnic-Anticevich S, Walter Canon-

ica G, et al. Allergic rhinitis. Nat Rev Dis Prim 2020;6:95.

28. Pinart M, Benet M, Annesi-Maesano I, von Berg A, Berdel D, Carlsen KCL, et al.

Comorbidity of eczema, rhinitis, and asthma in IgE-sensitised and non-IgE-

sensitised children in MeDALL: a population-based cohort study. Lancet Respir

Med 2014;2:131-40.

29. Shah A, Pawankar R. Allergic rhinitis and co-morbid asthma: perspective from India

—ARIA Asia-Pacific workshop report. Asian Pac J Allergy Immunol 2009;27:71-7.

30. Jaggi V, Dalal A, Ramesh BR, Tikkiwal S, Chaudhry A, Kothari N, et al. Coexis-

tence of allergic rhinitis and asthma in Indian patients: the CARAS survey. Lung

India 2019;36:411-6.

31. Sch€afer S, Liu A, Campbell D, Nanan R. Analysis of maternal and perinatal deter-

minants of allergic sensitization in childhood. Allergy Asthma Clin Immunol 2020;

16:1-8.
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