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Abstract: The aim is to study the association between obesity and asthma among
adults by gender. The prevalences of both asthma and obesity have increased
substantially in recent decades, leading to speculation that obese individuals might
be at risk of asthma. However, the evidence of a relationship between obesity and
asthma i1s not fully conclusive among adults. Hence we investigate the association
between obesity and asthma among men and women using both measured weight
and height and self-reported weight and height while controlling for the effects of
the demographic and environmental factors. This case-control study involves a
total of 159 adults; 53 cases and 106 controls enrolled in the month of July 2009 at
PSG Hospitals. Body Mass Index (BMI) was calculated based on measured weight
and height. The Odds Ratio (OR) with 95% confidence interval for obese
individuals was estimated vsing logistic regression analysis with SPSS 11.5 for
windows software (SPSS Inc., Chicago, Illinois). Multivariate logistic regression
model was used to adjust all risk estimates for covariates. Obese women were
found to have 9.14 times the sk of asthma than non obese women (95% conlidence
interval (CI):1.38, 35.68) after adjusting for covariates, such as age, education,
environmental tobacco smoke and pet keeping. No significant association was
observed among men although the direction of association is positive: adjusted
odds ratio was 1.06 (95% CI: 0.12, 9.70). No significant association was observed
between self-reported prevalence of obesity and asthma; among women, adjusted
odds ratio = 4.33 (95% CI: 0.69, 27.37); and among men, adjusted odds ratio = (.89
(95% CI: 0.11, 7.12). The study indicates a strong positive association between
obesity and asthma among adult Indian women. The causal links between obesity
and asthma by gender need to be further examined using prospective cohort
studies.
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INTRODUCTION

The growing prevalence of obesity has been accompanied by rapidly rising asthma rates
worldwide in both adults and children (Camargo er al., 1999; Ford, 2005; Nystad er al., 2004 ).
A rapid increase in asthma in recent years cannot be ascribed to changes in genetic factors
alone. The focus should be on behavioral and environmental factors. The parallel increase
in the prevalence of obesity and asthma in the past three decades has led some researchers
to postulate a causal relationship between the two conditions (Mathew er al., 2008; Shaheen,
1999; Sekar er al., 2005; Thomas et al., 2007). A number of studies have found a positive
association between obesity and asthma in adults (Celedon er al., 2001 Chen er al., 1999)
and in children (Von Mutius et al., 2001). Obesity has also been linked with impaired
pulmonary function and airway hyper responsiveness (Gibson, 2000; Litonjua er al., 2002),
but not in all studies (Sin et al., 2002). The most convineing evidence of a causal link
between obesity and asthma in adults 15 provided by a large prospective cohort study of
83,911 nurses followed between 1991 and 1995, in which obese women were found to have
a much greater risk of asthma and weight gain was positively associated with the risk of
developing asthma (Camargo er al., 1999). Another recent prospective study of 10,397 adult
twins in Finland followed for 9 years has found obesity to be associated with the risk of
adult-onset asthma (Huovinen er al., 2003},

Convincing evidence of obesity causing asthma onset is also provided by the two
prospective cohort studies of children. The Growing Up Today study of 16,862 children
found that Body Mass Index (BMI) has a positive and independent risk of incident asthma
in both boys and girls, concluding that increasing prevalence of obesity may partly explain
the rising asthma prevalence in children (Camargo er al., 2003). The Children’s Health Study
in Southern California also found that overweight and obesity were associated with
new-onset asthma in both boys and girls (Gilliland er al., 2003). Moreover, several
prospective studies of obese asthmatics have shown that weight reduction leads to
improved pulmonary function and reduced severity and frequency of asthma symptoms
(Hakala er al., 2000; Stenius- Aarniala et al., 2000).

However, the evidence of a relationship between obesity and asthma is not fully
conclusive among adults. Several studies found the relationship between obesity and asthma
only in females, but not in males (Chen er al., 2002; Del-Rio-Navarro er al., 2003). Some found
no relationship (Brenner ef al., 2001) or fail to link increase in obesity to increase in asthma
(Chinn and Rona, 2001). Some have also suggested a reverse relationship between asthma
and obesity (Epstein er al., 2000).

Several studies have shown high correlation between self reported and measured BMI
(Bolton-Smith er al., 2000; Niedhammer et al., 2000). The effect of misclassification of BMI
in the association between gender was also reported in a recent study (Santillan and
Camargo, 2003) and observed that the misclassification of BMI obscured the relationship
between obesity and asthma to a greater extent among men than women, since obesity
prevalence in the general population was higher among men. However, much of the research
linking obesity and asthma to date has been carried out in developed countries. Most
developing countries, with continuing high levels of undernutrition and high prevalence of
communicable diseases, have paid little attention to the rapidly growing problems of obesity
and asthma. This lack of attention is usually coupled with poor guality and availability of
data on the two conditions. Only four studies in developing countries have associated
overweight conditions with wheezing and asthma. One study in a high-altitude area in Korea
linked high BMI to wheezing among the elderly (Jang er al., 2002). A second study in the
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Anhui Province in China linked overweight condition with asthma in adults (Celedon er al.,
2001) and a third study among Mexican adults linked measured obesity to asthma in both
men and women (Santillan and Camargo, 2003). The fourth study by Mishra (2004) reported
the effect of obesity among adult Indian women using data from India’s Second MNational
Family Health Survey (NFHS5-2) conducted in 1998-99 and observed a strong positive
association between obesity and asthma among adult Indian women.

These studies on the effects of obesity on asthma were based on the reported
prevalence of asthma and not based on the physician’s diagnosis and have not accounted
the effect of environmental tobacco smoke at home and work, parental atopy and the effect
of pet keeping which may confound the results. Similarly in many of these earlier studies,
BMI was calculated based on the self reported weight and height and not based on the
measured weight and height. Therefore, there is a further possibility of misclassification.
Though asthma and obesity 15 on the rise in India, there is a paucity of data on the
association between the two. Hence, we proposed to investigate the association between
obesity and asthma among men and women using both measured weight and height and
self-reported weight and height while controlling for the effects of the demographic and
environmental factors,

MATERIALS AND METHODS

This case-control study involves a total of 159 adults, of which there were 53 adults
enrolled from the outpatient clinic of Department of Tuberculosis and Chest Diseases of PSG
Hospitals in the month of July 2009. The controls were 106 outpatients enrolled from the
Department of Ear, Nose and Throat (ENT) and Department of Ophthalmology of PSG
Hospitals who were free of the condition of interest. The Institutional Human Ethics
Committee approved all subject recruitment and data collection procedures. A written
informed consent was obtained from all the subjects.

Inclusion criteria for cases were as follows: (1) patients with documented diagnosis of
persistent asthma (according (o the Global Intiative Tor Asthma (GINA) guidelines) a period
of at least 6 month prior to visit, (2) male and female patients aged greater than or equal to
20 years and ( 3) patients demonstrating an increase in FEV 1 of 12% or = 200 mLs within
30 min after administration of Short-Acting Beta Agonist (SABA). Alternatively, patient may
have documentation of reversibility within the last 12 months. Exclusion criteria were as
follows: (1) pregnant or nursing women, (2) patients who have smoked more than 10 pack
vears (pack year is calculated by multiplving the number of packs of cigarettes (1 pack has
20 cigarettes) smoked per day by the number of years the person has smoked) and (3)
patients with a previous diagnosis of Chronic Obstructive Pulmonary Disease (COPD)
(National Institutes of Health, Heart, Lung and Blood, 2002).

We measured the Socio Economic Status (SES) based on Prasad’s modified
classification based on Consumer Price Index (Industrial Work) (CPI (IW)) for the month of
May 2009 after rounding off to the nearest Rs.1(). For those with per capita income per month
RFs.3330 and above were classified as Class 1 (Kumar, 1993). Physical activity levels were
assessed based on the hours of physical exercise in a week (Bharathi er al., 2000). Height was
measured in meters without shoes and weight was measured in Kilograms with the subject
wearing light clothing. BMI was computed for males and females using the formula: weight
(kg)/height (m)°. Subjects were classified as obese if their BMI was equal to or greater than
30 kg m™ (Nystad er al., 2004), Their perceived weight and height were also collected. We
also elicited whether they have any exposure to cigarette smoking by any member in the
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household and in the work place and thereby exposure to environmental tobacco smoke was
assessed. Parental atopy was defined as a history of maternal or paternal asthma, hay fever,
allergic eczema and allergic conjunctivitis. Exposure to pets and its duration was assessed
based on information on the presence of cats, dogs, birds, or other hairy animals during the
past 12 months as well as more than 12 months (Jaakkola et al., 2002),

Statistical Analysis

The Odds Ratio (OR) with 95% confidence interval for obese individuals was estimated
using logistic regression analysis with SPSS 11.5 for windows software (SPSS Inc., Chicago,
[Minois). Multivariate logistic regression model was vsed to adjust all risk estimates for
covariates. Possible covariates included were age, education, occupation, socioeconomic
status, physical activity, environmental tobacco smoke at home, environmental tobacco
smoke at work, eating patterns, parental atopy and pet Keeping more than 12 months, The
adjusted odds ratio and unadjusted odds ratios were calculated to evaluate the association
of measured as well as self-reported obesity with asthma and analysis were stratified by
gender. A p-value of <0.05 was considered statistically significant, The agreement between
sell reported obesity and measured obesity in men and women were estimated using kKappa
statistics.

RESULTS

Comparisons between cases and controls among males revealed no significant
difference in terms of age, education, occupation, measured BMI, measured weight,
prevalence of obesity based on measured as well as self reported BML, socio economic
status, eating patterns, duration of physical exercise, environmental tobacco smoke exposure,
However, measured height, self-reported weight and self-reported height were significantly
higher among controls. Among females, percentage of those having higher education was
more in controls than in cases (Table 1). Other demographic and clinical characteristics

Table 1:; Demographic and clinical characteristics of adults with and without asthma

Males Females
Variables Cases Controls p-value Cases Controls p-value
Age 40, TE=1RE5 42601350 031 46,00+11.15 42871379 018
Education (college and above) 3313 458 (.35 B 277 (1014
Occupation {professionals, land lord,  16.7 15.6 (.85 74.3 57.4 012

home maker)
Measured body mass index (kg m™) 21654447 23.79+4.01 (.59 2557471 24.3044.32 0.21

Measured weight (kg) B2 ERLI0.TY 67271215 (17 Ol 431238 572941060 022
Measured height (m) 163005 |.68H0.06 (.00 1.53+0.06 1544006 (.93
Prevalence of obesity based 11.1 8.5 0.73 229 6.4 0.03
on measured BMI

Self-reported weight (kg) 6217211534 GEO98£]11.79 003 M TIxI2.6]1 55.77+8.949 (.10
Sell-reported height (m) 161006 | 67006 (.00 1. 54400/ .5440.007 (.93
Prevalence of obesity based 11.1 11.9 (.93 20 6.4 (.05
on self-reported measure BMI

Socio economic status (Class 1) 9.4 93.2 (185 B2.9 76.6 (149
MNon vegetarian 94.4 249 (.94 BE.6 85.1 (.65
Hours of physical exercise in o week  1.89£3.78 2EB1£5.15 .49 1.69+5,37 (0,33+].28 (.09
Environmental tobacco 44.4 47.5 (.82 229 255 0.7%
smoke at work place

Environmental tobacco 333 22 .33 314 29.8 (.87

smoke at home
Some data expressed as Mean+50 and other as percentage
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revealed no significant difference between cases and controls. Briefly, of all the participants,
51.57% were females and 48.43% were males. The average age in years of men was 46,78
(standard deviation (SD), 18.75) and 42.66 (SD, 13.50) in cases and controls, respectively;
among females it was 46.69 (5D, 11.15) and 42.87 (8D, 13.79), respectively. The average
measured BMI (kg m™) among men in cases was 23.65 (SD, 4.47) and 24.20 (SD, 4.32) in
controls; among females it was 25.57 (5D, 4.71) and 24.30 (5D, 4.32) respectively. The
prevalence of obesity in men based on measured BMI was 11.1 and 8.5% in cases and
controls, respectively: among females it was 22.9 and 6.4%, respectively and the prevalence
of obesity in men based on self-reported weight and height was 11.1 and 11.9% in cases and
controls, respectively; among females it was 20 and 6.4%, respectively.

Table 2 shows the effects of demographic and environmental factors on  asthma.
Higher education level was significantly associated to reduce the prevalence of asthma
among females, odds ratio (OR) = 0.25 (95% CI: 0.06, 0.9) but not among males; OR = 0.59
(95% CI: 0.19, 1.79).

Table 3 shows the association between measured and self-reported obesity on asthma
among men and women. Measured obesity was associated a significantly higher risk of
asthma among women but not in men. The complete model adjusted for age, education,
occupation, socio economic status, level of physical activity, environmental tobacco smoke
at work, environmental tobacco smoke at home, eating habits, parental atopy and pet keeping
shows females, who have obesity, had 9.14 times the risk of asthma than those non obese
women (95% CI: 1.38, 35.68). However among men, a non significant association was

observed; odds ratio 15 1.06 (95% CI: 0.12, 9.70).

Table 2: Association of varous risk factors on asthma by gender

Male Female
Yariable OR Q5% Cl OR 95% Cl
Age p=10.35 p=10.13
20-2% 1 1
30-39 0.41 (0.08-2.79 0,95 0.18-5.08
4-49 1.22 (1.24-6.32 311 .67-14.44
a0-59 0.46 0.07-3.02 3.33 0.89-31.92
ol 1.96 (1.39-9.93 1.45 0.27-8.27
Education p=0235 p=10.04
Up to secondary” 1 1
College and above 0.39 0.19-1.79 0.25 0.06-0.9
Occupation p =062 p=0.231
Skilled labors® 1 1
Clerk, teacher 0.39 (p=0.19) (.09-1.58 0.67 (p = 0.66) 0.11-4.19
Professionals, land lord 0.74 (p = (L68) (L17-3.19 0.67 (p=0.74) 0.06-7.63
Home maker 208 (P =0LI8K 0.72-6103
Socio economic status p = (.55 p =049
Class I1 00, TV | I
Class | 1.24 ip = (LB5) (L13-11.82 1458 (p = (.49} 0.43-4.48
Higher physical activity 0.96 (P = (1.49) (L84- 104 1L16ip=017) 0.93-1.45
Eating hahits p =094 p=1.65
Vegetarian® 1 1
Mon vegetaran 0.91 0.08-9.33 1.36 0,.36-5.05
Environmental tobacco p =052 p=10.78
smoke exposure at work
MNo® 1 1
Yes (.89 (1L31-2.56 (.86 0.31-2.4
Environmental tobacco p=10.33 p =087
smoke exposure at home
Mo 1 1
Yes 1.77 [L.56-5.63 1.05 0.42-2.71

‘Reference category
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Table 3: Effects of obesity on asthima among men and women

Measured obesity Sell-reported obesily

Males Females Males Females
Model ] £ 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl
Muodel I: Unadjusted 1.35 (.24, 4.35 106, 0.93 .18, 367 (.89,

ip=073 7.63 (p=0.04) 1781 (p=093) 492 (p=0.07) 1537
Model 11: Adjusted for age [.24 .22, 468 1.12, o2 (.17, 366 (.57,

(p=080) 9.64 ip=0.03) 1952 (p=0291) 4589 (p=0.07) 1549
Model 1T Adjusted for age,  1.54 .24, 571 1.19, 1.34 .23, 4.25 (.58,
education, occupation ip=0.64) 9.64 (p=0.03y 27351 (p=0.74) 7T.E3 (p=007) 2064
Model IV" (Full model): .06 0.12, 9.14 1.34. (.59 0n1l, 4.33 (.69,

(p=096 970  (p=0.02) 3568  (p=091) T.12  (p=0.11) 27.37

"Adjusted for age, education, occupation, socio economic status, physical activity, eating habit, exposure 0 pets,
environmental tobacco smoke at work and home, and parental atopy

Since mnvestigations of the association between obesity and asthma used both self-
reported and measured weight and height, we conducted analyses between self-reported and
measured weight and height. We also found a strong association between reported obesity
and measured obesity among men and women. Among males, the reported prevalence of
obesity was 11.7% and in females it was 12.2%, while the measured prevalence of obesity
among males was 9.1% and in females 13.4%. The Kappa value among women was 61.8 and
among men 72.2, which indicating a good level of agreement between self-reported and
measured obesity. However, comparing the odds ratios, we found that the self-reported
obesity underestimates the associations between obesity and asthma among men and
women,

DISCUSSION

The study supports the hypothesis that obese women in India have substantially higher
risk of asthma independent of their occupational status, level of physical activity, family
history of asthma, environmental exposure to tobacco smoke at work place or inside the
house, socioeconomic status, education levels, age, parental atopy and exposure to pet
keeping inside and outside the house. These findings are consistent with growing evidence,
from prospective cohort studies and provide further evidence from developing country
settings that obesity may increase the risk of asthma in adult women (Camargo er al., 1999),
The diagnosis of asthma was based on the diagnosis of physician which was clearly an
added strength of our study compared to the selfl reported information in the previous
studies (Mishra, 2004).

The interrelation between obesity and asthma may be bidirectional. Asthma may
increase the risk of obesity due to a sedentary life style and obesity may increase the risk of
asthma. The question deserves to be asked whether and how a person’s asthma might be
affected by excess weight. Some evidence suggests that obesity indeed affects the
respiratory health status of patients with asthma (Wheeldon er al., 1994). The role of
progesterone in the etiology of asthma also has been reported. In an earlier study, it was
found that progesterone up-regulates beta-2 receptors. Also, the luteal phase increase in
progesterone and estadiol 1s associated with an increased density of beta-2 adrenoreceptors
on lymphocytes (Wheeldon et al., 1994). Similarly in another study, it was found that, a total
of 40 mg of exogenously administrated progesterone caused an eightfold increase in the
bronchorelaxant effect of the catecholamine isoprenaline (Foster et al., 1983). During the
menstrual cvele, a time when asthma symptoms may worsen, Juniper et al. (1987) found no
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change in nonspecific airway responsiveness. This suggests that airway inflammation is not
changed but rather that adrenoreceptor regulation may be involved in asthma. In women,
obesity influences hypothalamic-pituitary-ovarian  function with increased androgen
availability for peripheral aromatization to estrone. Obesity may also be associated with
reduced levels of progesterone production (Deslypre, 1995). Leptin, a hormone related to the
obesity gene, inhibits insulin-induced progesterone production (Spicer and Francisco, 1997).
These facts lead one to speculate on a biologically plausible explanation for the association
between obesity and asthma in women. Obesity reduces the levels of progesterone. causing
down regulation of adrenoreceptors, thereby aggravating asthma control. In the US Nurses’
Health Study, however, Troisi et al. (1995) found that the incidence of asthma was higher in
postmenopausal women taking estrogens. In a longitudinal analvsis based on the 89,061
women aged 27-44 yvears from the Nurses™ Health Study, Camargo er al. (1999) found that the
incidence of asthma was increased with increased baseline value of BMI during the
1991-1995 study period, which adds weight 1o the hypothesis that obesity causes asthma.

Similarly asthma can also cause obesity. Exercise and cold induced aggravation of
asthma commonly occurs and may reduce the duration and intensity of physical activity,
which is also a risk factor for obesity. None of the postulated rationales for an association
between asthma and obesity can easily account for the observed gender difference in the
obesity-asthma relationship, except the theory that obesity influences female sex hormones,
which in turn, influences asthma control. Apart from the biochemical evidence, this theory
15 also supported by three clinical observations. Pregnancy and menstruation influence
asthma control (McDonald and Burdon, 1996). It is also well documented that obesity
influences sex hormones. Finally exogenous progesterone administration may play a role in
asthma control in the premenstrual period (Dodge and Burrows, 1990).

There are some common risk factors for both asthma and obesity. Dietary risk factors
for obesity are well known and have been postulated for asthma, including a relative excess
of sodium and omega-6 fauty acids and a relative deficiency of antioxidant vitamins
(Peat, 1996). A sedentary life-style may predispose to both obesity and increased indoor
times, with a latter increased exposure to environmental tobacco smoke, pet and dust mite
antigens, which are important risk factors for asthma.

Prospective studies conducted among adults are fairly consistent in finding that excess
weight is associated with asthma. Of the eight prospective studies (Beckett er al., 2001;
Camargo et al., 1999; Chen er al., 1999; Ford er al., 2004; Guerra et al., 2002; Huovinen er al.,
2003; Shaheen er al., 1999; Xu et al., 2002), all but one have reported a positive association
in either men, women, or both. Furthermore, weight gain is associated with an increased risk
of asthma. The majority of large cross-sectional studies show that measures of excess weight
(usually on the basis of BMI) are positively associated with the likelihood of having asthma,
although in some studies the risk appears to be stronger among women than men
(Chen er al., 2002).

Present findings contradicts with the earlier findings of Santillan and Camargo (2003)
that misclassification of BMI may lead to underestimate the association of asthma and
obesity among men than women instead we observed that the self-reported measurements
underestimate the associations in both men and women despite being found a fairly strong
association between self-reported obesity and measured obesity among men and women.

Present study has several limitations. First, the period of the study was only one month
and we could study only 53 cases and 106 controls and issues of sample size and power are
important in generalizing our findings. Second, we studied only hospital outpatient asthma
cases which do not represent those in the general population. Selection factors relating to
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the study protocol could have created a fairly homogenous study group and for these
reasons our findings may not be generalized to other socioeconomic strata and to other
cultural and ethnic groups. Third, we could not measure the physical activity based on any
validated physical activity questionnaire. Finally, in our study, obesity was calculated based
on BMI. There are many other ways to measure excess weight. However, most studies in
adults have used BMI, which is based on measurements of weight and height. Use of BMI
to establish obesity has been endorsed by the World Health Organization (1998) and the
National Institutes of Health (2002). Clearly, numerous other measures could also be used,
such as waist circumference, waist/hip ratio, relative weight, skin folds, percentage of body
fat calculated from dual-energy x-ray absorptiometry, bioelectrical impedance, underwater
welghing and abdominal fat from computed tomographic scans. Though many of these
measures show a high degree of correlation especially in increasingly obese societies
(Deurenberg et al., 2002; Jackson et al., 2002), however it is unclear whether results from the
existing studies on the basis of BMI would have produced findings that differed in important
ways if other anthropometric measures other than BMI had been used (Snijder et al., 2006).

Choosing an appropriate set of confounding variables is not easy in a study on the
association between obesity and asthma. To be a confounder, a variable has to be related to
both the outcome and exposure variable and it is not clear what should constitute a minimal
set of such variables, In our study, we have included age, sex, education, occupation, socio
economic status, eating habit, physical activity, parental atopy, exposure to pets,
environmental tobacco smoke at home and work place as potential confounders based on the
previous literature (Ford, 2005),

Despite these limitations, the consistency in the size of crude and adjusted effects of
obesity on asthma among women suggests a possible causal relationship. Moreover, in
developing countries such as India, where data on BMI and clinical data on asthma are
usually not available, data that we have collected provided a unique opportunity to study
the relation between self reported and measured obesity with asthma. In addition, our study
has several other strengths., First, the diagnosis of asthma was based on the standard
guidelines by the physician and not based on the reported information. Second, information
we have collected on parental atopy, exposure to pets, environmental tobacco smoke at work
place and home and physical activity allowed us to examine the effects of obesity on asthma
while controlling the effects of these variables. Finally, we have both measured and self-
reported weight and height and investigated the effect of using both measures on the
association between obesity and asthma.

CONCLUSION

In summary, we have found a significant positive association between obesity and
asthma among females but not among males. The causal links between asthma and obesity
by gender need to be further examined using prospective cohort studies as well as through
large randomized clinical trials of weight loss, including bariatric studies, which may yield
valuable insights into the obesity-asthma relationship, especially if rigorous definitions of
asthma are used. Such research is especially important in the light of both the prevalence of
obesity and asthma are nsing rapidly in the developing countries. However, whether weight
loss programs need to be tailored to patients with asthma deserves further consideration,
Because the combination of energy restriction and increased energy output produces the
most consistent long-term weight loss, good control of asthma is a necessity to allow many
patients with this disorder to increase their level of physical activity, Health care
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professionals can help o dispel any lingering doubts among most asthmatic patients about
their ability to engage in adequate physical activity. Clearly, many aspects of obesity and
asthma deserve further research.

REFERENCES

Beckeu, W.S., D.R. Jacobs, X. Yu. C. Iribarren and O.D. Williams, 2001. Asthma 15 associated
with weight gain in females but not males, independent of physical activity. Am. J.
Respir Crit Care Med., 164: 2045-2050.

Bharathi, A.V., O.D. Sandhva and M. Vaz, 2000. The development and characteristics of a
physical activity questionnaire for epidemiologic studies in urban middle class Indians.
Indian J. Med. Res., 111: 95-102.

Bolton-Smith, C.. M. Woodward, H. Tunstall-Pedoe and C. Morrison, 2000, Accuracy of the
estimated prevalence of obesity of self-reported height and weight in adult Scottish
population. J. Epidemiol. Community Health, 54: 143-148,

Brenner, 1.5., C.5. Kelly, A.D. Wenger, S.M. Brich and A.L. Morrow, 2001. Asthma and
obesity in adolescents: Is there an association. J. Asthma., 38: 509-515.

Camargo, Jr. C.A., 5. T. Weiss, 5. Zhang, W.C. Willet and F.E. Speizer, 1999, Prospective
study of body mass index, weight change and risk of adult-onset asthma in women.
Arch. Int. Med.. 159: 2582-2588.

Camargo, C.A., C.C. Wentowski, AE. Field, M.W. Gillman, A.L. Frazier and A.L. Colditz, 2003,
Prospective cohort study of body mass index and risk of asthma in children. Ann.
Epidemiol.. 13: 565-565.

Celedon, J.C., L.J. Palmer, A A, Litonjua, S.T. Weiss, B. Wang, B. Fang and X. Xu, 2001,
Body mass index and asthma in adults in families of subjects with asthma in Anging,
China. Am. J. Respir Crit. Care Med., 164: 1835-1840.

Chen, Y., R. Dales, D. Krewski and K. Breithaupt, 1999, Increased effects of smoking and
obesity on asthma among female Canadians: The national population health survey,
1994-1995. Am. J. Epidemiol., 150: 255-262.

Chen, Y., R. Dales, M. Tang and D. Krewski, 2002, Obesity may increase the incidence of
asthma in women but not in men: Longitudinal observations from the Canadian national
population health surveys. Am. J. Epidemiol., 155: 191-197.

Chinn, §. and R.J. Rona, 2001. Can the increase in body mass index explain the rising trend
in asthma in children? Thorax, 56: 845-850.

Del-Rio-Navarro, B.E., G. Fanghanel, A. Berber, L. S5anchez-Reyes, E. Estrada-Reves and
1), Sienra-Monge, 2003, The relationship between asthma symptoms and
anthropometric markers of overweight in a Hispanic population. . Investig. Allergol.
Clin. Immunol., 13: 118-123.

Deslypre, 1.P., 1995, Obesity and cancer. Metabolism, 44 24-27,

Deurenberg-Yap, M., 5.K. Chew and P. Deurenberg, 2002. Elevated body fat percentage and
cardiovascular risks at low body mass index levels among Singaporean Chinese, Malays
and Indians. Obesity Rev., 3: 209-215.

Dodge, R.R. and B. Burrows, 1990, The prevalence and incidence of asthma and asthma-like
symploms in a general population sample. Am. Rev. Respir Dis., 122: 567-575.

Epstein, L.H., Y.W. Wu, R.A. Paluch, F.J. Cerny and I.P. Dorn, 2000. Asthma and maternal
body mass index are related to pediatric body mass index and obesity: Results from the
third national health and nutrition examination survey. Obesity Res., 8: 5375-5381.

41



Asian J. Epidemiol., 2 (2): 33-43, 2009

Ford, E.5.. D.M. Mannino, 5.C. Redd, A.H. Mokdad and J.A. Mout, 2004. Body mass index
and asthma incidence among USA adults. Eur. Respir J., 24, 74(0-744,

Ford, E.S., 2005. The epidemiology of obesity and asthma. J. Allergy Clin. Immunol.,
I 15: 897-909,

Foster, P.S., R.G. Goldie and J.W. Peterson, 1983. Effects of steroids on i-adrenoceptor-
mediated relaxation of pig bronchus. Br. J. pharmacol., 78: 441-445.

Gibson, G.J., 2000. Obesity, respiratory function and breathlessness. Thorax, 55: 541-544,

Gilliland, F.D., K. Berhane, T. Islam, R. McConnell and W J. Gauderman er al., 2003. Obesity
and the risk of newly diagnosed asthma in school-age children. Am. I. Epidemiol.,
I 38: 406-413,

Guerra, 5., D.L. Sherrill, A. Bobadilla, F.D. Martinez and R.A. Barbee, 2002, The relation of
body mass index to asthma, chronic bronchitis and emphysema. Chest, 122: 1256-1263.

Hakala, K., B. Stenius-Aarniala and A. Sovijarvi, 2000. Effects of weight loss on peak flow
variability, airways obstruction and lung volumes in obese patients with asthma. Chest,
118: 1315-1321.

Huovinen, E., J. Kaprio and M. Koskenvuo, 2003, Factors associated to lifestyle and risk of
adult onset asthma. Respir Med., 97: 273-25().

Jaakkola, J.J., N. Jaakkola, R. Piipari and M.S. Jaakkola, 2002. Pets, parental atopy and asthma
in adults, J. Allergy Clin, Immunaol., 109: 784-78E.

Jackson, A.S., P.R. Stanforth, J. Gagnon, T. Rankinen and A.S. Leon et al., 2002, The effect
of sex, age and race on estimating percentage body fat from body mass index: The
heritage family study. Int. J. Obesity Relat, Metabolism Disord., 26: 789-796,

Jang, A.S., M.H. Son, L.S. Choi and Y.1. Koh, 2002. High body mass index is associated with
wheezing among older adults living in highaltitude area in Korea. J. Korean Med. Sci.,
17: 479-482,

Juniper, EF., R.S. Kline, F.E. Hargreave, R.5. Robert and E.E. Ddniel, 1987. Airway
responsiveness to methacholine during the natural menstrual cycle and the effect of oral
contraceptives. Am. Rev. Respir Dis., 135: 1039-1042.

Kumar, P., 1993, Social classification-need for constant updating. Indian J. Community Med.,
68 60-61.

Litonjua, A.A., D. Sparrow, J.C. Celedon, D. DeMolles and S.T. Weiss, 2002, Association of
body mass index with the development of methacholine airway hyper responsiveness
in men: The normative aging study. Thorax, 57: 581-585.

Mathew, A.C., T.B. Soubhya, A. Jose, S.L.K. Shankar and M.A. Yunsheng, 2008, Familial
aggregation of hypertension, obesity and diabetes among adult women in India. South
Asian J. Preventive Cardiol., 12: 37-47.

McDonald, C.F. and 1.G.W. Burdon, 1996, Asthma in pregnancy and lactation, Med. 1. Aust.,
165: 485-488.

Mishra, V., 2004. Effect of obesity on asthma among adult Indian women. Int. J. Obesity
Relat, Metabolism Disord., 28: 1048-1058,

MNational Institutes of Health, Heart, Lung and Blood, 2002. Asthma management and
prevention. Global initiative for asthma. A practical guide for public health officials and
health care professionals. The global strategy for asthma management and prevention
NHLBLI'WHO workshop report. Updated report 2002, Bethesda, MD: National Institutes
of Health.

Niedhammer, L., . Bugel, S. Bonenfant, M. Goldberg and M. Leclere, 2000. Validity of self
reported weight and height in the French GAZEL cohort. Int. J. Obesity Relat.
Metabolism Disord., 24: 1111-1118,

42



Asian J. Epidemiol., 2 (2): 33-43, 2009

Nystad, W., HEE. Meyer, P. Nafstad, A. Tverdal and A. Engeland, 2004. Body mass index in
relation to adult asthma among 135,000 Norwegian men and women. Am. J. Epidemiol.,
160): 969-976.

Peat, 1.K., 1996, Prevention of asthma. Eur, Respir 1., 9: 1545-1553.

Santillan, A.A. and C.A. Camargo, 2003. Body mass index among Mexican adults: The effect
of using self-reported Vs measured weight and height. Int. J. Obesity Relat. Metabolism
Disord., 27: 1430-1433,

Sekar, S.V., A.C. Mathew, V.C. Thomas , R. Meera and S. Krishnamoorthy, 2005. Prevalence
of overweight in women and its association with eating patterns. South Asian I.
Preventive Cardiol., 9 15-235,

Shaheen, 5.0., 1999, Obesity and asthma: Cause for concern, Clin. Exp. Allergy, 29: 291-293,

Shaheen, 5.0., 1A, Sterne, S.M. Montgomery and H. Azima, 1999, Birth weight, body mass
index and asthma in young adults. Thorax, 54: 396-402.

sin, D.D., R.L. Jones and S.F. Man, 2002, Obesity is a risk factor for dvspnea but not for
airflow obstruction. Arch. Intern. Med., 162: 1477-1481.

Snijder, M.B., RM. Van-Dam, M. Visser and J.C. Seidell, 2006. What aspects of body fat are
particularly hazardous and how do we measure them. Int. J. Epidemiol., 35: 83-92,
Spicer, L.J. and C.C. Francisco, 1997, The adipose obese gene product, Leptin: Evidence of

a direct inhibitory role in ovarian function. Endocrinology, 138; 3374-3379,

Stenius-Aarniala, B., T. Poussa, J. Kvarnstrom, E.L.. Gronlund, M. Ylikahri and P. Mustajoki,
2000. Immediate and long term effects of weight reduction in obese people with asthma:
Randomized controlled study. Biol. Med. 1., 320: 827-832,

Thomas, G., A.C. Mathew, 5.L. Ravi-Shankar and M.A. Yunsheng, 20007. Body mass index
cut-off values for identifying cardiovascular disease risk factors among adult women in
India. South Asian J. Preventive Cardiol., 11: 100-114,

Troisi, R, F.E. Seizer, W.C. Willett, D. Trichopoulos and B. Rosner, 1995, Menopause, post
menopausal estrogen preparations and the risk of adult-onset asthma. A prospective
cohort study. Am. J. Respir Crit. Care Med., 152: 1183-1188,

Von Mutius, E., J. Schwartz, L.M. Neas, D. Dockery and 5.T. Weiss, 2001, Relation of body
mass index to asthma and atopy in children: The national health and nutrition
examination study L Thorax, 56: 835-838.

Wheeldon, N.M., D.M. Newnham, W.J. Coutie, I.A. Peters, D.G. McDevitt and B.J. Lipwprth,
1994, Influence of sex-steroid hormones on the regulation of lymphocyte -2
adrenoceptors during the menstrual cycle. Br. J. Clin. Pharmacol., 37: 583-388.

World Health Organization, 1998, Report of a WHO consultation on obesity., Obesity:
Preventing and managing the global epidemic. World Health Organization, Geneva.

xu, B., 1. Pekkanen, J. Laitinen and M.R. Jarvelin, 2002, Body build from birth to adulthood
and risk of asthma. Eur. J. Public Health, 12: 166-170.

43



	Association Between Obesity and Asthma among Adults: A Hospital Based Case-Control Study
	Repository Citation

	tmp.1279558597.pdf.MZU9D

