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Abstract

Background Few studies have examined the effect of obesity indices on total number of hospitalizations. We
examined the associations between body mass index (BMI) and waist circumference (WC) and rate of all-cause
hospitalizations among Iranian adult participated in the Tehran Lipid and Glucose Study cohort.

Methods This study included 8202 individuals (3727 men) aged > 30 years, who were followed for a median of 18
years. Participants were categorized into three groups according to their baseline BMI: normal weight, overweight
and obese. In addition, they were classified according to WC in two categories: normal WC and high WC. Negative
Binomial regression model was used to estimate the incidence rate ratios (IRRs) and 95% confidence interval (95% Cl)
of all-cause hospitalizations in relation to obesity indices.

Results The overall crude rate of all-cause hospitalizations were 77.6 (95% Cl, 73.9-81.2) and 76.9 (73.4-80.3) per
1000 person-year in men and women, respectively. The covariate adjusted rate of all-cause hospitalizations was 27%
higher in obese men than normal weight men (IRR (95% ClI): 1.27 (1.11-1.42)). Among women, overweight and obese
individuals had 17% (1.17 (1.03-1.31)) and 40% (1.40 (1.23-1.56)) higher rate of hospitalization compared to normal
weight women. Having high WC was associated with 18% (1.18 (1.08-1.29)) and 30% (1.30 (1.18-1.41)) higher rate of
all-cause hospitalization in men and women, respectively.

Conclusions Obesity and high WC were associated with increased hospitalization rates during long-term follow-up.

Our findings suggests that successful obesity prevention programs may decrease the number of hospitalizations,
particularly, in women.
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Background

Obesity is a complex chronic disorder [1] and lead to
poor health and increased risk of numerous chronic dis-
eases, mortality and social costs [2]. According to Global
Burden of Disease (GBD) study in 2017, high body mass
index (BMI) increased by 127% between 1990 and 2017
[3]. Although the prevalence of high BMI has increased
globally, the rise is more profound in the Middle East
and North Africa (MENA) region [4]. In 2016, a national
study in Iran reported that the prevalence of overweight/
obesity was 59.3% among adults aged >18 years [5].

The global increase in BMI has far-reaching implica-
tions for the population health and wellbeing. In 2019,
the GBD study reported that 5.02 million deaths and
160 million disability-adjusted life-years were attribut-
able to high BMI [6]. In 2016, 47% of the total cost of all
chronic diseases was due to high BMI among US adults
[1].

While there is considerable studies supporting the rela-
tion between obesity and the health outcomes, the evi-
dence on the risk of hospitalization in relation to obesity
indices is less clear. Several studies have examined the
impact of BMI on the risk of first hospitalization, with
the mixed results; some studies found positive associa-
tions [7-9] and others found no association or negative
association [10, 11]. Moreover, only two studies have
examined the effect of overweight/obesity on total num-
ber of hospitalizations which better reflects the cumula-
tive burden of increased hospitalization associated with
elevated level of BMI [12, 13].

To date, no such study has been conducted in the
MENA region, despite increasing prevalence of obesity
in this region [14]. Therefore, for the first time, we exam-
ined whether obesity indices including BMI and waist
circumference (WC) were associated with total number
of all-cause hospitalizations over a median of 18 years of
follow-up among Iranian adults using longitudinal data
from the Tehran lipid and glucose study (TLGS) cohort.

Methods

The TLGS is a population-based prospective investiga-
tion of the prevalence and incidence of non-communi-
cable diseases (NCD) and their risk factors conducted
in district 13 of Tehran, capital of Iran. The details of
the study have been explained previously [15]. Briefly,
in Phase 1 (1999-2001), a total of 15,005 individuals
aged >3 years were recruited, and then, 3550 new sub-
jects were included in Phase 2 (2002-2005), bringing
the total study population to 18,555 individuals. Baseline
data were collected using the questionnaire interviews,
clinical examinations, and laboratory assessments. All
participants were followed up triennially since enrolment
[16]. For this study, we included 9558 participants>30
years from phase 1 (n=7927) and phase 2 (n=1631) and
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excluded those without any follow-up data after base-
line recruitment (n=879), those with missing data on
BMI and WC status (n=276), underweight participants
(BMI<18.5 kg/m?) (n=109), and those with missing data
on other covariates (n=92), leaving us 8202 individuals
(3727 men) (more than 85% of eligible participants) who
were followed up until the end of the study (20 march
2018) (Supplementary Fig. 1). Informed consent were
obtained from all participants. This study was approved
by the ethical committee of the Research Institute for
Endocrine Sciences of Shahid Beheshti University of
Medical sciences.

Measurement

Anthropometric measures including weight, height and
WC were recorded using standard protocols [15]. Weight
was measured using digital scales and height was mea-
sured in a standing position. WC was measured at the
umbilical level using a tape meter. Physical activity level
(PAL) was assessed by the Lipid Research Clinics ques-
tionnaire [17] in Phase 1, and Modifiable Activity Ques-
tionnaire in Phase 2 [18]. Marital status was defined as:
single, married, widowed/divorced. Educational level
was categorized as: <6 years, 6—12 years, and >12 years
of schooling. Smoking status was categorized as cur-
rent smoker, past-smoker and never smoker. A current
smoker was a person who smokes cigarettes or other
smoking implements daily or occasionally. Never smok-
ers included people who had never smoked, and past
smokers were defined as having quit smoking for at
least 1 year prior to study enrolment. PAL was catego-
rized as high and low. In Phase 1, high PAL was defined
as doing exercise or labor>3 times/week, and in Phase
2, it was defined as achieving a score>600 MET (meta-
bolic equivalent task minutes)/week [19]. BMI was calcu-
lated as weight in kilograms divided by height in square
meters (kg/m?), and were categorized in three groups:
normal weight (BMI>18.5 to <25.0 kg m?), overweight
(BMI>25.0 to <30.0 kg m?) and obese (BMI>30.0 kg
m?). According to proposed WC cut-offs for the Iranian
adult population at risk of cardiovascular disease (CVD)
events [20] we classified WC in two categories: normal
WC (<95 cm) and high WC (=95 cm) for both sexes.

Assessment of outcome

The main outcome was total number of all-cause hos-
pitalizations per follow-up time. Hospitalization was
defined as admission to a hospital for any reason at
least one night. All cohort members were followed up
annually for any medical event leading to hospitaliza-
tion during the past year, by telephone call to them or
their family [16]. Then, a trained physician collected
related data through hospital records. Data were further
reviewed by an expert committee. In this committee, the
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primary cause for hospitalization was defined using the
first International Classification of Diseases, 10th revi-
sion (ICD-10) code. We excluded the hospitalizations for
the caesarian section, normal vaginal delivery, cosmetic
surgeries, and laser therapy for diabetic retinopathies.
Additionally, we categorized the primary causes into 9
specific diagnosis groups: coronary heart disease (CHD),
stroke, infectious disease, respiratory disease, type 2 dia-
betes mellitus (DM) complications, hypertension compli-
cations, neoplasm, traumas, and others (Supplementary
Table 1). Follow-up time was defined as the interval
(years) between enrollment and end of study (20 March
2018), date of death or date of loss to follow-up, which-
ever came first. Participants who died during the study
period were included in the analyses, as the aim of this
study was to assess the effect of baseline risk factors on
the total number of hospitalizations over observation
period.

Statistical analysis

Baseline characteristics of the study population are
presented for men and women. To compare means or
percentages of variables we used one-way analysis of
variance (ANOVA) and chi-squared tests, respectively. In
addition, we compared baseline characteristics between
participants and non-participants using t-test and chi-
squared tests. Non-participants were those who excluded
from the study due to having missing data on BMI, WC
and other covariates at baseline and people without any
follow-up data after enrolment to study.

We estimated the crude incidence rates of all-cause
and cause specific hospitalization per 1000 person-years
with 95% confidence interval (95% CI) in total popula-
tion, and in men and women, separately. Moreover, crude
incidence rate ratios (IRRs) (95% CI) of all-cause hos-
pitalization were computed by BMI and WC categories
in men and women. To estimate the adjusted IRRs we
used the negative binomial (NB) regression model with
robust standard errors. We selected the NB model over
a Poisson model due to the presence of overdispersion
in the outcome, which was confirmed by the significant
likelihood ratio test (P<0.001) for the null hypothesis
of no overdispersion. Adjustments in NB models were
made for potential confounding variables. In model 1,
we adjusted for age, and model 2 was further adjusted
for education level, smoking status, marital status and
PAL. We did not adjust for comorbidities such as diabe-
tes, hypertension and CVD that potentially mediate the
effects of overweight/obesity on hospitalizations.

In all regression models, follow-up time was included
as an offset variable to account for varying follow-up
times (due to death or lost to follow-up) as well as the
competing risk of death, as used in previous studies
[21-23].
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The coefficients of NB models were then used to calcu-
late adjusted rates of hospitalization in different groups
of BMI and WC. In fact, adjusted rates are predicted out-
come based on the NB models for the specified values of
the predictor variables. We estimated adjusted rates in a
representative value by setting the continuous variables
to the mean and categorical variables to the reference
category. Continuous variable included age and categori-
cal variables included smoking status (never [reference]),
education status (<6 years [reference]), marital status
(married [reference]) and PAL (low [reference]). More-
over, absolute rates based on the age-adjusted NB model
(model 1) were plotted over the age range in men and
women, separately.

In our study, about 46% of population was never hos-
pitalized during their follow-up; therefore, in a sensitiv-
ity analyses, we developed multivariate zero-inflated NB
models to calculate adjusted rates of hospitalization in
men and women. Analyses were performed using IBM
SPSS Statistics version 20 (IBM Corp) and R version
4.1.2. In all analyses, a two-sided P-value<0.05 was con-
sidered statistically significant.

Results

The baseline characteristic of participants and non-
participants are shown in Supplementary Table 2. Par-
ticipants were more likely than non-participants to have
high PAL and to be never smoker; whereas, they had
higher levels of BMI and WC than non-participants.

However, in both participant and non-participant
groups, the mean of BMI in people with high PAL were
lower than people with low PAL (data not shown).

Study sample (participants) included 3227 men and
4475 women. The mean age of men and women were
48.1 and 46.3 years, respectively. About 63% of the men
and 77.6% of women were overweight/obese. Further,
38.0% and 38.5% of men and women, respectively, had
high WC. The baseline characteristic of participants are
described in Table 1. In both sexes, the mean of BMI and
WC were higher in obese than normal weight individu-
als, as expected. The proportion of low educational level
increased with increasing BMI in both men and women.
The obese women had lower PAL compared with normal
weight women, and the obese men were less likely to be
current smoker than normal weight men.

Crude estimates

Among 8202 total participants and during 127,431 per-
son-year of follow-up with the median and interquartile
range (IQR) of 18.1 (15.1-18.5) years, 1012 deaths (600
men) were identified. During study period, a total of 9840
all-cause hospitalizations occurred, with an overall crude
rate of 77.2 (74.7-79.7) per 1000 person-year in total
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Table 1 Baseline characteristics of participants by BMI category and sex: the Tehran lipid and glucose study, 1999-2018
Men Women
n=3727 n=4475
Normal Overweight Obese P value Normal Overweight  Obese P value
(n=1389) (n=1737) (n=601) (n=999) (n=1867) (n=1609)
Continuous variables
Age (years) 484 (13.8) 484 (12.7) 47.6(12.5) 0.359 441 (12.7) 46.8 (11.6) 48.0(10.6) <0.001
BMI (kg/mz) 226(1.7) 27.2(1.3) 324(2.5) <0.001 22.8(1.5) 27.5(1.4) 336(3.3) <0.001
Waist circumference (cm) 82.1(6.7) 938 (6.1) 105.0 (7.5) <0.001 784 (7.3) 89.1(7.8) 101.2 (9.1) <0.001
Categorical variables
Smoking (%)
Never 666 (47.9) 936 (53.9) 348 (57.9) <0.001 931(93.2) 1727 (92.5) 1491 (92.7) 0.193
Past 217 (15.6) 302 (17.4) 102 (17.0) 16 (1.6) 56 (3.0) 38(24)
Current 506 (36.5) 499 (28.7) 151 (25.1) 52(5.2) 84 (4.5) 80 (5.0)
Marital status (%)
Single 82(5.9) 49 (2.8 16 (2.7) <0.001 99 (9.9) 41(2.2) 31(1.9) <0.001
Married 1291 (92.9) 1672 (96.3) 580 (96.5) 788 (78.9) 1588 (85.1) 1348 (83.8)
Widowed/divorced 16 (1.2) 16 (0.9) 5(0.8) 12011.2) 238 (12.7) 230(14.3)
Educational level (%)
<6 years 411 (29.6) 520(29.9) 205 (34.1) 0.048 377 (37.7) 868 (46.5) 919 (57.1) <0.001
6-12 718 (51.7) 906 (52.2) 314 (52.2) 500 (50.1) 864 (46.3) 623 (38.7)
>12 260 (18.7) 311(17.9) 82(13.6) 122(12.2) 135(7.2) 67 (4.2)
Physical activity level
High 414 (29.8) 495 (28.5) 168 (28.0) 0.621 316 (31.6) 631(33.8) 475 (29.5) 0.026
Low 975 (70.2) 1242 (71.5) 433 (72.0) 683 (68.4) 1236 (66.2) 1134 (70.5)

BMI: body mass index; Normal weight: BMI>18.5 to <25.0 kg m?% Overweight: BMI>25.0 to <30.0 kg m?; Obese: BMI>30.0 kg m?

participants, 77.6 (73.9-81.2) in men, and 76.9 (73.4—
80.3) in women.

In total participants, the crude rates of all-cause hos-
pitalization were 73.4 (68.5-78.3) in normal weight,
79.7 (75.8—83.7) in over weight and 95.1 (89.5-100.6) per
1000 person-year in obese individuals (supplementary
Table 3). The corresponding values by WC categories
were 64.8 (62.1-67.6) and 97.9 (93.2-102.6) per 1000 per-
son-year in those with normal and high WC, respectively
(Supplementary Table 4).

The crude rates of all-cause and cause-specific hospi-
talization in men and women by BMI and WC categories
are presented in Supplementary Tables 5 and 6, respec-
tively. Overall, in both sexes, among known causes of
hospitalization, CHD was the major cause of hospitaliza-
tion, with the higher rate in men than women. Moreover,
there was evidence that crud rate of all-cause hospitaliza-
tion, CHD- and stroke-related hospitalization and hos-
pitalization attributed to DM complications was greater
in obese women than normal weight women (Supple-
mentary Table 5). Having high WC, was associated with
greater crude rate of all-cause hospitalization and CHD-
and stroke-related hospitalization in men. However, in
women, it was associated with all-cause hospitalization
and all specific causes of hospitalization except for cancer
(Supplementary Table 6).

Adjusted estimates
The crude rate of all-cause hospitalization was 17%
higher (RR (95% CI): 1.17 (1.07-1.27)) in obese men than
normal weight men (Table 2). After adjustments for age,
and other covariates including education level, smok-
ing status, marital status and PAL, obese men had 27%
more hospitalizations rate than normal weight men (1.27;
1.11-1.42). Among women, both overweight and obese
individuals had higher crude rate of hospitalization com-
pared to normal weight women (1.33 (1.22-1.43) and
1.67 (1.55-1.81), respectively). After adjustments for
age and other covariates, overweight and obese women
had a higher risk of hospitalization than normal weight
women (1.17 (1.03-1.31) and 1.40 (1.23-1.56), respec-
tively). Moreover, in multivariate adjusted models, men
and women with high WC had 18% (1.18; 1.08-1.29) and
30% (1.30; 1.18-1.41), respectively, higher rate of hospi-
talization than their normal WC counterparts (Table 3).

Table 4 shows the adjusted rates of all-cause hospital-
izations by BMI and WC categories from NB regression
models. Overall, the adjusted rates of all-cause hospital-
izations were higher among obese men and women than
their normal weight counterparts. Similarly, those with
high WC had higher adjusted rates of all-cause hospital-
izations than those with normal WC.

The pattern of higher adjusted rates of all-cause hospi-
talization in obese individuals and those with high WC,
compared with their normal counterparts, remained
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Table 2 Rate comparison for all-cause hospitalization between BMI categories, by sex

BMI category *Crude rate

Crude rate per 1000 Crude rate ratio **Age adjusted rate

tMultivariable

values person-year (95% Cl) (95% Cl) ratio adjusted rate
(95% CI) ratio (95% Cl)
Men Normal weight 1548/20,758 74.5 (68.3-80.7) Reference Reference Reference
(n=1389)
Overweight 2057/26,839 76.6 (71.5-81.7) 1.02 (0.96-1.09) 1.06 (0.95-1.16) 1.07 (0.97-1.18)
(n=1737)
Obese 803/9207 87.2 (78.1-96.3) 1.17(1.07-1.27) 127 (1.11-142) 127 (1.12-143)
(n=601)
Women Normal 886/15,889 55.7 (50.1-61.3) Reference Reference Reference
(n=999)
Overweight 2192/29,562 74.1 (69.0-79.2) 1.33(1.22-143) 1.19(1.05-1.34) 1.17(1.03-1.31)
(n=1867)
Obese 2354/25,173 93.5(87.0-99.9) 1.67 (1.55-1.81) 144 (1.27-1.61) 140 (1.23-1.56)
(n=1609)

*Total number of hospitalization/number of person-years

** Rate ratio were estimated using negative binomial models adjusted for age

1 Rate ratio were estimated using negative binomial models adjusted for age, education level, smoking status, marital status and physical activity level

BMI: body mass index; Cl: confidence interval

Normal weight: BMI>18.5 to <25.0 kg m?%; Overweight: BMI>25.0 to <30.0 kg m?; Obese: BMI>30.0 kg m?

Table 3 Rate comparison for all cause hospitalization between categories of WC, by sex

wcC *Crude rate values Crude rate per 1000 Cruderateratio  **Age adjusted  tMulti-
person-year (95% Cl)  (95% Cl) rate ratio variable
(95% CI) adjusted rate
ratio (95% Cl)
Men Normal WC 2472/35,573 69.4 (65.1-73.8) Reference Reference Reference
(n=2309)
High WC 1936/21,232 91.2 (84.8-97.4) 1.31(1.23-1.39) 1.19(1.08-1.29) 1.18
(n=1418) (1.08-1.29)
Women Normal WC 2709/44,303 61.1 (57.5-64.7) Reference Reference Reference
(n=2751)
High WC 2723/26,321 103.4 (96.7-110.1) 1.69 (1.60-1.78) 1.32(1.20-1.44) 1.30
(n=1724) (1.18-141)

*Total number of hospitalization/number of person-years

** Rate ratio were estimated using negative binomial models adjusted for age

1 Rate ratio were estimated using negative binomial models adjusted for age, education level, smoking status, marital status and physical activity level

Cl: confidence interval; WC: waist circumference
Normal WC: WC<95 cm; High WC: WC>95 cm

present when we developed zero-inflated NB regression
models (Supplementary Table 7).

Figure 1 presents the adjusted rates of all-cause hospi-
talization by age and by baseline BMI and WC categories
in men and women. The plots show that the effect of BMI
and WC on the number of hospitalization is greater at
older age. Adjusted rates among those who were older
at baseline were higher than among those who were
younger at baseline across BMI and WC categories.

Discussion

In this cohort study of Iranian adults>30 years of age at
baseline, we found that overweight in women and obesity
in both sexes was associated with an increased rate of all-
cause hospitalization over a median of 18 years of follow-
up, even after adjustment for important confounders. We

further recognized that central obesity was associated
with higher rate of all-cause hospitalization in both sexes,
independent of all confounders.

Our findings are largely consistent with indirect com-
parison studies, which have shown that obesity was
associated with increased rates/risk of hospitalization,
in either short or long-term [7, 12, 24—26]. One of these
studies [12] examined the association between BMI sta-
tus and number of all-cause and cause-specific hospital-
izations among 15,355 adults from the Atherosclerosis
Risk in Communities Study (ARIC). Other study [24]
investigated the association between BMI and health ser-
vices use and costs among US adults. Two other studies
[25, 26] used data from a large-scale Australian cohort
study to estimate the risk of hospital admission in rela-
tion to self-reported BMI. All the above mentioned
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Table 4 Adjusted rates of all-cause hospitalization per 1000
person-years (95% Cl) by baseline obesity status from negative
binomial models: the TLGS study, 1999-2018

BMI status Men Women
Model 1 Normal 64.9 (604-69.7) 579
(52.9-63.3)
Overweight 688 (64.6-73.2) 694
(65.2-73.8)
Obese 824 (745-912) 836
(78.5-89.1)
Model 2 Normal 63.6(56.6-713) 620
(55.5-69.2)
Overweight 68.1(61.3-756) 728
(66.8-79.4)
Obese 81.2(715-92.1) 868
(80.0-94.3)
Waist
circumference
Model 1 Normal WC 64.9 (61.3-686) 64.1
(60.8-67.5)
High WC 772(722-826) 849
(79.7-90.3)
Model 2 Normal WC 64.2 (579-712) 678
(62.4-73.5)
High WC 76.2 (68.7-84.6) 878
(81.0-95.3)

Model 1 was adjusted for age

Model 2 was adjusted for age, marital status, educational level, smoking status
and physical activity level

Adjusted rates were calculated using coefficients from negative binomial
models for a person with the following characteristics: age=mean age,
education=less than 6 years of schooling, smoking status=never smoker,
marital status=married, PAL=low

BMI: body mass index; PAL: physical activity level; WC: waist circumference

Normal weight: BMI>18.5 to <25.0 kg m%; Overweight: BMI>25.0 to <30.0 kg
m?; Obese: BMI>30.0 kg m?

Normal WC: WC <95 cm; High WC: WC>95 cm

studies found a positive association between obesity and
hospitalization rate/risk.

In a study comparable to ours [13], but where partici-
pants were 65 to 100 years of age, overweight and obe-
sity were associated with higher risk of hospitalizations
in individuals aged 65 to 75 years; however, among peo-
ple older than 75, overweight, and mild obesity were not
associated with higher risk of hospitalizations. We did
not perform analyses for different age groups; instead, we
showed that the effect of high BMI and WC on the hospi-
talization rate was greater at older age.

None of the previous studies investigated the associa-
tion between WC and hospitalization rate; however, we
found a positive association between high WC and rate
of hospitalization in both sexes.

In this study, we did not examine the effects of obesity
indices on each primary causes of hospitalization, due
to small number of cause specific hospitalization in our
study sample.
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However, we found that general adiposity in women
and central adiposity in both sexes was associated with
CHD-associated hospitalizations, with stronger impact
among men than women. Consistent with this finding,
Han et al. [12] found that overweight and obese adults
had more hospitalizations for all of the CVD-related
causes, osteoarthritis and back problems than normal
weight adults. Other study [26] showed a significantly
higher rate of hospitalization for diabetes, ischaemic
heart disease, chest pain, diverticular disease, gallbladder
disease, osteoarthritis, asthma, sleep apnoea and cellulitis
in obese than normal weight adults.

Previous studies in our country have shown that the
average BMI of Iranian adults has increased over the past
two decades [27], and that about 60% of Iranian adults
are overweight or obese [5]. On the other hand, in 2014,
CHD contributed more than 16% of whole healthcare
financial costs in Iran [28]. Moreover, healthcare costs
has increased substantially in recent years [29], hence, it
is expected that the economic cost of CHD to be much
higher now, and will continue to rise for decades. There-
fore, our findings suggest that overweight, not just obe-
sity is also a substantial contributor to health service
use and health care costs in the population, particularly
among women, and the effective strategies for prevention
and control of both general and central obesity is essen-
tial in order to improve population health and reduce
healthcare costs.

This large prospective study provides the evidence to
date for an association between obesity measures and the
risk of all-cause hospitalization among population from
MENA region. As epidemiologic studies have shown that
BMI alone may not be a good measure of adiposity, we
additionally used the WC as a simple measure of abdomi-
nal obesity in our analysis, hence, our results extend the
literature by showing not only general obesity, but also
central obesity is associated with a higher risk of hospital-
ization with a significant excess rates later in life. It is also
a strength that height and weight were objectively mea-
sured rather than from self-report. Some previous stud-
ies have examined the association between self-reported
body weight and hospital admission [25, 26, 30]. It is
well established that self-reports tend to bias reports of
weight and height [25, 31]. Several previous studies have
estimated the effect of BMI on the first hospital admis-
sion [25, 26, 32]. In this study, the effect of obesity on the
total number of hospitalizations was examined; thus, we
were able to quantify the cumulative burden of increased
hospitalization associated with obesity indices.

There may be several limitations to our study. First, we
did not have data about insurance status, a factor that
strongly affect the hospitalization rate among partici-
pants [33]. However, a study in Iran showed that health
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Fig. 1 Adjusted rates of all-cause hospitalization per 1000 person-years by age and by baseline BMI and WC categories: the TLGS study, 1999-2018
BMI: body mass index; WC: waist circumference; TLGS: Tehran Lipid and Glucose Study

insurance coverage was extended to all rural residents
during 2004—2013 [34].

Second, we did not stratify analysis for each specific
cause of hospitalization, due to the small number of cases
for several causes. However, the high crude rate of hos-
pitalization due to CHD, cancer, and DM complications

among obese and those with high WC is concerning and
suggests that increased efforts are needed to reduce the
burden of preventable hospitalization among persons
with general and central obesity. Third, our study sample
was selected from the metropolitan of Tehran which may
limit the generalizability of the findings to the country’s
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rural areas. Finally, we did not account for the change in
risk factors during follow-up period.

Conclusion

This study showed considerable excess hospitalization
rate associated with general and central obesity in both
sexes. Our findings suggest that among the study popu-
lation, the impact of successful weight management on
the hospitalization is likely to be larger in women, and
also in older than younger individuals. Our findings have
implications for obese and overweight individuals as well
as for policy-makers which aims to improve population
health and to manage direct medical cost and resource
use burden imposed on the health care system in our
country.

List of Abbreviations

BMI Body mass index

WC Waist circumference

IRRs Incidence rate ratios

GBD Global Burden of Disease

MENA Middle East and North Africa

TLGS Tehran lipid and glucose study
NCD Non-communicable diseases

PAL Physical activity level

MET Metabolic equivalent task minutes
CVD Cardiovascular disease

ICD-10 International Classification of Diseases, 10th revision
CHD Coronary heart disease

DM Diabetes mellitus

ANOVA  Analysis of variance

NB Negative binomial

IQR Interquartile range

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512889-023-15851-0.

[ Supplementary Material 1 ]

Acknowledgements
This study was conducted in the framework of the TLGS. We express our
appreciation to all participants and staff members of the TLGS unit.

Author Contribution

FH.and FA. conceived and designed the study; M.H. contributed to data
extraction and preparation; A.R. was responsible for analyzing data; A.R. and
FH. wrote and revised with important intellectual content the manuscript. All
authors read and approved the final version of manuscript.

Funding
This study was supported by Grant No.121 from the National Research Council
of the Islamic Republic of Iran.

Data Availability

The datasets analysed during the current study are available from the
corresponding author on reasonable request.

Declarations

Competing interests
The authors declare no competing interests.

Page 8 of 9

Ethics approval and consent to participate

This study was approved by the ethical committee of the Research Institute
for Endocrine Sciences (RIES) of Shahid Beheshti University of Medical
Sciences, Tehran, Iran, and written informed consent was obtained from the
study participants. All methods were carried out in accordance with relevant
guidelines and regulations.

Consent for publication
Not applicable.

Received: 21 November 2022 / Accepted: 9 May 2023
Published online: 18 May 2023

References

1. Garvey WT, Mechanick JI. Proposal for a scientifically correct and medi-
cally actionable disease classification system (ICD) for obesity. Obesity.
2020;28(3):484-92.

2. Gadde KM, Martin CK, Berthoud H-R, Heymsfield SB. Obesity: pathophysiol-
ogy and management. J Am Coll Cardiol. 2018;71(1):69-84.

3. Stanaway JD, Afshin A, Gakidou E, Lim SS, Abate D, Abate KH, et al. Global,
regional, and national comparative risk assessment of 84 behavioural,
environmental and occupational, and metabolic risks or clusters of risks for
195 countries and territories, 1990-2017: a systematic analysis for the global
burden of Disease Study 2017. The Lancet. 2018;392(10159):1923-94.

4. Shiha G, Alswat K, Al Khatry M, Sharara Al, Ormeci N, Waked |, et al. Nomencla-
ture and definition of metabolic-associated fatty liver disease: a consensus
from the Middle East and north Africa. lancet Gastroenterol Hepatol.
2021,6(1):57-64.

5. Djalalinia S, Saeedi Moghaddam S, Sheidaei A, Rezaei N, Naghibi Iravani SS,
Modirian M, et al. Patterns of obesity and overweight in the iranian popula-
tion: findings of STEPs 2016. Front Endocrinol. 2020;11:42.

6. Murray CJ, Aravkin AY, Zheng P, Abbafati C, Abbas KM, Abbasi-Kangevari M, et
al. Global burden of 87 risk factors in 204 countries and territories, 1990-2019:
a systematic analysis for the global burden of Disease Study 2019. The Lancet.
2020;396(10258):1223-49.

7. Hossain MA, Amin A, Paul A, Qaisar H, Akula M, Amirpour A, et al. Recognizing
obesity in adult hospitalized patients: a retrospective cohort study assessing
rates of documentation and prevalence of obesity. J Clin Med. 2018;7(8):203.

8. Larg A Moss JR, Spurrier N. Relative contribution of overweight and obesity
to rising public hospital in-patient expenditure in South Australia. Aust Health
Rev. 2018;43(2):148-56.

9. Khan SS, Krefman AE, Zhao L, Liu L, Chorniy A, Daviglus ML, et al. Association
of body mass index in midlife with morbidity burden in older adulthood and
longevity. JAMA Netw open. 2022;5(3):222318-e.

10.  Gupta N, Sheng Z. Beyond weight: examining the association of obesity with
cardiometabolic related inpatient costs among canadian adults using linked
population based survey and hospital administrative data. BMC Health Serv
Res. 2021;21(1):1-9.

11. Tadic M, Cuspidi C. Obesity and heart failure with preserved ejection fraction:
a paradox or something else? Heart Fail Rev. 2019;24(3):379-85.

12. Han E, Truesdale K, Taber D, Cai J, Juhaeri J, Stevens J. Impact of overweight
and obesity on hospitalization: race and gender differences. Int J Obes.
2009;33(2):249-56.

13. Luchsinger JA, Lee Wn, Carrasquillo O, Rabinowitz D, Shea S. Body mass index
and hospitalization in the elderly. J Am Geriatr Soc. 2003;51(11):1615-20.

14.  Okati-Aliabad H, Ansari-Moghaddam A, Kargar S, Jabbari N. Prevalence of
Obesity and Overweight among Adults in the Middle East Countries from
2000 to 2020: A Systematic Review and Meta-Analysis. Journal of Obesity.
2022,2022.

15.  Azizi F, Ghanbarian A, Momenan AA, Hadaegh F, Mirmiran P, Hedayati M, et al.
Prevention of non-communicable disease in a population in nutrition transi-
tion: Tehran lipid and glucose study phase II. Trials. 2009;10(1):1-15.

16. Khalili D, Azizi F, Asgari S, Zadeh-Vakili A, Momenan AA, Ghanbarian A et al.
Outcomes of a longitudinal population-based cohort study and pragmatic
community trial: findings from 20 years of the Tehran Lipid and Glucose
Study. Int J Endocrinol metabolism. 2018;16(4 Suppl).


http://dx.doi.org/10.1186/s12889-023-15851-0
http://dx.doi.org/10.1186/s12889-023-15851-0

Ramezankhani et al. BMC Public Health

20.

21.

22.

23.

24.

25.

26.

(2023) 23:903

Ainsworth BE, Jacobs DR Jr, Leon AS. Validity and reliability of self-reported
physical activity status: the lipid Research Clinics questionnaire. Med Sci
Sports Exerc. 1993;25(1):92-8.

Momenan AA, Delshad M, Sarbazi N, Rezaei_Ghaleh N, Ghanbarian A, Azizi
F. Reliability and validity of the modifiable activity questionnaire (MAQ) in an
iranian urban adult population. Arch Iran Med. 2012;15(5):279-82.

Jeon CY, Lokken RP, Hu FB, Van Dam RM. Physical activity of moderate
intensity and risk of type 2 diabetes: a systematic review. Diabetes Care.
2007,30(3):744-52.

AZIZI F, Khalili D, Aghajani H, ESTEGHAMATI A, Hosseinpanah F, DELAVARI A,
et al. Appropriate waist circumference cut-off points among iranian adults:
the first report of the iranian National Committee of obesity. Arch Iran Med.
2010;13(3):243-4.

Schneider AL, Kalyani RR, Golden S, Stearns SC, Wruck L, Yeh HC, et al. Dia-
betes and prediabetes and risk of hospitalization: the atherosclerosis risk in
Communities (ARIC) Study. Diabetes Care. 2016;39(5):772-9.

Mahar AL, Cyr KS, Enns JE, Aiken AB, Whitehead M, Cramm H, et al. Canadian
veteran chronic disease prevalence and health services use in the five years
following release: a matched retrospective cohort study using routinely col-
lected data. BMC Public Health. 2022,22(1):1-12.

Huang BZ, Creekmur B, Yoo MS, Broder B, Sharp AL. Healthcare utilization
among patients diagnosed with COVID-19in a large integrated health
system. J Gen Intern Med. 2022;37(4):830-7.

Cawley J, Biener A, Meyerhoefer C, Ding Y, Zvenyach T, Smolarz BG, et al.
Direct medical costs of obesity in the United States and the most populous
states. J managed care specialty Pharm. 2021;27(3):354-66.

Joshy G, Korda R, Attia J, Liu B, Bauman A, Banks E. Body mass index and inci-
dent hospitalisation for cardiovascular disease in 158 546 participants from
the 45 and up study. Int J Obes. 2014;38(6):848-56.

Korda RJ, Liu B, Clements MS, Bauman AE, Jorm LR, Bambrick HJ, et al.
Prospective cohort study of body mass index and the risk of hospitalisa-
tion: findings from 246 361 participants in the 45 and up study. Int J Obes.
2013;37(6):790-9.

27.

28.

29.

30.

31

32,

33.

34.

Page 9 of 9

Pourfarzi F, Sadjadi A, Poustchi H, Amani F. Prevalence of overweight and
obesity in Iranian population: A population-based study in northwestern of
Iran. J Public Health Res. 2022;11(1).

Raghfar H, Sargazi N, Mehraban S, Akbarzadeh MA, Vaez Mahdavi MR, Vahdati
Manesh Z.The economic burden of coronary heart disease in Iran: a bottom-
up approach in 2014. J Ardabil Univ Med Sci. 2018;18(3):341-56.

Jahanmehr N, Noferesti M, Damiri S, Abdi Z, Goudarzi R. The projection of
Iran’s healthcare expenditures by 2030: evidence of a time-series analysis. Int
J Health Policy Manage. 2022.

Quesenberry CP, Caan B, Jacobson A. Obesity, health services use, and health
care costs among members of a health maintenance organization. Arch
Intern Med. 1998;158(5):466—72.

Gorber SC, Tremblay M, Moher D, Gorber B. A comparison of direct vs.
self-report measures for assessing height, weight and body mass index: a
systematic review. Obes Rev. 2007,8(4):307-26.

Schafer MH, Ferraro KF. Long-term obesity and avoidable hospitaliza-

tion among younger, middle-aged, and older adults. Arch Intern Med.
2007;167(20):2220-5.

Soltani S, Takian A, Sari AA, Majdzadeh R, Kamali M. Financial barriers to
access to health services for adult people with disability in Iran: the chal-
lenges for universal health coverage. Iran J Public Health. 2019;48(3):508.
Doshmangir L, Bazyar M, Rashidian A, Gordeev VS. Iran health insurance
system in transition: equity concerns and steps to achieve universal health
coverage. Int J Equity Health. 2021;20(1):1-14.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿The impact of general and central obesity for all-cause hospitalization among Iranian adults: a 20 year follow-up-results from the TLGS cohort
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Measurement
	﻿Assessment of outcome
	﻿Statistical analysis

	﻿Results
	﻿Crude estimates
	﻿Adjusted estimates

	﻿Discussion
	﻿Conclusion
	﻿References


