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between multiple different factors and the risk factors.
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Abstract: Advances in medicine and health policy have resulted in

growing of older population, with a concurrent rise in multimorbidity,

particularly in Iran, as a country transitioning to a western lifestyle, and

in which the percent of the population over the age of 60 years is

increasing. This study aims to assess multimorbidity and the associated

risk factors in Iran.

We used data from 50,045 participants (age 40–75 y) in the

Golestan Cohort Study, including data on demographics, lifestyle

habits, socioeconomic status, and anthropometric indices. Multimor-

bidity was defined as the presence of 2 or more out of 8 self-reported

chronic conditions, including cardiovascular diseases, diabetes, chronic

obstructive pulmonary disease, chronic kidney disease, liver disease,
, Paolo Boffetta, M djadi, MD,
kzadeh, MD

Multimorbidity prevalence was 19.4%, with the most common

chronic diseases being gastroesophageal reflux disease (76.7%), cardi-

ovascular diseases (72.7%), diabetes (25.3%), and chronic obstructive

pulmonary disease (21.9%). The odds of multimorbidity was 2.56-fold

higher at the age of >60 years compared with that at <50 years

(P< 0.001), and 2.11-fold higher in women than in men (P< 0.001).

Other factors associated with higher risk of multimorbidity included

non-Turkmen ethnicity, low education, unemployment, low socioeco-

nomic status, physical inactivity, overweight, obesity, former smoking,

opium and alcohol use, and poor oral health.

Apart from advanced age and female sex, the most important

potentially modifiable lifestyle factors, including excess body weight

and opium use, and opium user, are associated with multimorbidity.

Policies aiming at controlling multimorbidity will require a multi-

dimensional approach to reduce modifiable risk factors in the younger

population in developing countries alongside adopting efficient strat-

egies to improve life quality in the older population.

(Medicine 95(7):e2756)

Abbreviations: BMI = body mass index, CKD = chronic kidney

disease, COPD = chronic obstructive pulmonary disease, CVD =

cardiovascular disease, DMFT index = Decayed Missing Filled

Teeth index, ESCC = esophageal squamous cell carcinoma, GCS =

Golestan Cohort Study, GEE = Generalized Estimating Equations,

GERD = gastroesophageal reflux disease, SES = socioeconomic

status, TB = tuberculosis.

INTRODUCTION

I n most countries throughout the world, particularly in the
developing countries, the proportion of the older people in the

overall population is growing rapidly. This is a result of
advances in medical science, technology, and health policy,
resulting in a longer life expectancy and a decline in fertility
rates.1–3 The senior population is expected to increase 3-fold in
the next few decades in Iran. On the basis of estimates of the
World Health Organization (WHO), by 2050, Iran, as a devel-
oping country, will have a greater proportion of older individ-
uals (8.4%–29.4%) than the United States (20.1%–27%).4–6

In Iran, the aging population may be regarded as an
indicator of successful population, and public health policies
and socioeconomic development.4 The advances in health status
of the Iranian population have transformed the most common
diseases, from fatal acute diseases into survivable chronic
g of the population will increase the
onic conditions, causing people to suffer
efined as the simultaneous occurrence of
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2 or more chronic health disorders in the same person at one
point in time.8–10 A systematic review of 21 studies showed that
the estimated prevalence of multimorbidity varies widely in
developed countries; it has been estimated that 1 in 4 adults in
the developed countries experiences multimorbidity, and 50%
of the older people have 2 or more chronic diseases.11–13 Data
on multimorbidity from low and middle-income countries are
sparse, and information about the health of older individuals in
these regions is greatly needed. Studies predict that in 2050,
21.1% of world residents will be over 60 years old, and 80% of
this group will live in low and middle-income countries.14

Multimorbidity is associated with higher mortality risk,
functional disabilities, deterioration of quality of life, greater
use of multiple medications with associated adverse effects, more
frequent and longer hospitalization, and higher healthcare util-
ization and expenses.9,12,15,16 Because of the increasing import-
ance of multimorbidity, we conducted a cross-sectional analysis
of baseline data from the Golestan Cohort Study (GCS)—a large-
scale study in a high incidence area of esophageal cancer in
northern Iran17—to identify the prevalence and risk factors of
multimorbidity in Iran as a middle-income country that may
differ from those observed in developed countries.

MATERIALS AND METHODS

Study Population and Measurements
The study was carried out as a cross-sectional analysis of

baseline information from the GCS. Details of the cohort
enrollment are described elsewhere.18 Baseline data were col-
lected during 2004 to 2008, and total enrollment included
50,045 adults aged 40 to 75 years residing in the Golestan
Province, in northern Iran. Of the total participants, 49,946
(99.8%) were of Turkmen, Persian, Turkish, Sistani, Baluch, or
Kurdish ethnicities; the other 99 enrollees were foreign
nationals, who were excluded from this study.

Trained physician and nonphysician interviewers adminis-
tered different parts of a lifestyle questionnaire to each partici-
pant in face-to-face interviews to collect information on age,
sex, ethnicity, marital status, years of education, employment
status, ownership of several appliances, physical activity, body
mass index (BMI), smoking, opium and hookah (water pipe)
use, alcohol consumption, and Decayed, Missing, Filled Teeth
(DMFT) index. For each interviewee, a short physical exam-
ination was performed, and blood pressure, height, and weight
were measured by trained general physicians.

In this mainly rural population, most of the physical
activities performed by the participants were related to their
jobs. Therefore, the physical activity was defined based on
occupational activity, and coded as yes (heavy and intense
activity) or no (all other participants). BMI was calculated
using the WHO-recommended classification: underweight
(BMI <18.5 kg/m2), normal (BMI 18.5–24.9 kg/m2), over-
weight (BMI 25–29.9 kg/m2), and obese (BMI >30 kg/m2).
In this study, age at the time of interview was clustered as �49,
50 to 60, and >61 years. On the basis of the 2-step cluster
analysis with the use of similarities of family asset, ethnicity,
sex, employment status, age at starting the first job, size (surface
area) and the status of house, age, and the status of house, we
categorized the socioeconomic status (SES) of participants as
low, middle, and high.19,20

Multimorbidity in this study refers to the presence of 2 or
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more chronic diseases.8,10,15 Similar to several comparable
studies, the ascertainment of diseases was based on self-
reports.19,20 The morbidities included cardiovascular diseases
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(CVDs), including hypertension, coronary heart disease and
stroke, diabetes, chronic obstructive pulmonary disease
(COPD), chronic kidney disease (CKD), liver disease, gastro-
esophageal reflux disease (GERD), tuberculosis, and cancers.
We chose these diseases because they are frequently observed
and have a major impact on health status, quality of life, and
mortality in this population.21–30

The study was approved by the ethics committee of the
Digestive Diseases Research Institute, Tehran University of
Medical Sciences (OHRP-IRB-00001641). All participants
signed an informed consent during original cohort study
allowing investigators to use their anonymized data for
further analysis.

Statistical Analysis
We estimated the age and sex-standardized proportion of

multimorbidity among participants by several sociodemo-
graphic and lifestyle factors. To evaluate the differences in
distribution of multimorbidity by continuous or categorical
factors, we used t tests, Mann–Whitney or chi-square tests,
whenever appropriate. To examine the simultaneous effects of
different factors and to calculate adjusted prevalence odds ratios
(ORs) and 95% confidence intervals (CIs), we used multivariate
logistic regression models; cluster effects were evaluated using
the generalized estimating equation (GEE) method. All stat-
istical analyses were performed using SPSS (Version 21.0, IBM
Co. Chicago, IL). Two-sided P values below 0.05 were con-
sidered statistically significant.

RESULTS
The study evaluated 49,946 individuals enrolled in the

GCS. The mean age of participants was 52.1� 9 years, and
the majority were women (57.6%), rural residents (76.8%),
and of Turkmen ethnicity (74.6%). BMI was 25 kg/m2 or
higher in 59.4% of the individuals, and 17% had used opium
(Table 1).

In this study, the age and sex-standardized prevalence of
multimorbidity was 19.4% (95% CI 19.1%–19.8%). The most
common chronic diseases reported by those with multimorbid-
ity were GERD (76.7%), CVD (72.7%), diabetes mellitus
(25.3%), and COPD (21.9%). In multivariate models, older
people, women, non-Turkmens, unemployed people, opium
users, alcohol users, and those with low education, low physical
activity, low SES, high BMI, and high DMFT (an indicator of
poorer oral hygiene) were at a higher risk of multimorbidity (all
P< 0.05) (Table 2).

Table 3 represent the prevalence of comorbidity in cases
With multimorbidity. On the basis of these results, the most
prevalent co-morbidity happened for CVDs and GERD (52%).
The comorbidity of CVDs and diabetes was 18%.

Figure 1 shows the prevalence of multimorbidity by age
and sex. In both sexes, multimorbidity increased with advancing
age. In all age groups, the proportion of those with multi-
morbidity was higher in women than in men, and this difference
increased with age.

The multivariate logistic regression models also showed
that older age groups and women were at a higher risk of
multimorbidity. The odds of multimorbidity was 2.56-fold
higher in age groups above 60 years compared with those
below 50 years (P< 0.001) and 2.11-fold higher in women

Medicine � Volume 95, Number 7, February 2016
than in men (P< 0.001). The odds of multimorbidity also
increased significantly with higher BMI. For obese participants,
the odds was 2.33-fold higher than those in the normal BMI

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 1. Distribution of Risk Factors in Patients With and Without Multimorbidity

Multimorbidity

Total
(N¼ 49,946), N (%)

No
(n¼ 39,911), n (%)

Yes
(n¼ 10,035), n (%) P

Age Mean�SD 52.1� 9 51.4� 8.8 55.1� 9.2 <0.001y

<¼49 23074 (46.2) 19859 (86.1) 3215 (13.9)
50–60 17512 (35.1) 13533 (77.3) 3979 (22.7)
61þ 9360 (18.7) 6519 (69.6) 2841 (30.4)

Sex Male 21198 (42.4) 18362 (86.6) 2836 (13.4) <0.001§

Female 28748 (57.6) 21549 (75.0) 7199 (25.0)
Area Rural 38354 (76.8) 30614 (79.8) 7740 (20.2) 0.368§

Urban 11592 (23.2) 9297 (80.2) 2295 (19.8)
Ethnicity Turkmen 37253 (74.6) 29945 (80.4) 7308 (19.6) <0.001§

Other
�

12693 (25.4) 9966 (25.0) 2727 (27.2)
Marital status Married 43873 (87.8) 35698 (81.4) 8175 (18.6) <0.001§

Unmarried 6073 (12.2) 4213 (69.4) 1860 (30.6)
Education Illiterate 35060 (70.2) 26866 (76.6) 8194 (23.4) <0.001z

5 years or less 8449 (16.9) 7298 (86.4) 1151 (13.6)
6–12 years 50376 (10.8) 4791 (89.1) 585 (10.9)
University education 1061 (2.1) 956 (90.1) 105 (9.9)

Works currently Yes 43415 (86.9) 35387 (81.5) 8028 (18.5) <0.001§

No 6530 (13.1) 4523 (69.3) 2007 (30.7)
SES High 18831 (37.7) 15428 (81.9) 3403 (18.1) <0.001z

Medium 24001 (48.1) 19080 (79.5) 4921 (20.5)
Low 7105 (14.2) 5396 (75.9) 1709 (24.1)

Physical activity Yes 15838 (31.8) 13738 (86.7) 2100 (13.3) <0.001§

No 33947 (68.2) 26060 (76.8) 7887 (23.2)
BMI Mean�SD 26.7� 5.5 26.3� 5.3 28� 5.8 <0.001y

Median (range) 26.3 (11.8–62.2) 25.9 (13–62.2) 27.7 (11.8–60.2)
Underweight 2380 (4.8) 1967 (82.6) 413 (17.4)
Normal 17871 (35.8) 15202 (85.1) 2669 (14.9)
Overweight 16993 (34.0) 13525 (79.6) 3468 (20.4)
Obese 12694 (25.4) 9212 (72.6) 3482 (27.4)

Smoking Never 41323 (82.7) 32610 (78.9) 8713 (21.1) <0.001z

Former smoker 3189 (6.4) 2513 (78.8) 676 (21.2)
Light smoker 3272 (6.6) 2908 (88.9) 364 (11.1)
Heavy smoker 2161 (4.3) 1880 (87.0) 281 (13.0)

Other tobacco use Yes 4427 (8.9) 3555 (80.3) 872 (19.7) 0.493§

No 45519 (91.1) 36356 (79.9) 9163 (20.1)
Opium Ever 8489 (17.0) 6566 (77.3) 1923 (22.7) <0.001§

Never 41457 (83.0) 33345 (80.4) 8112 (19.6)
Alcohol Ever 1721 (3.4) 1407 (81.8) 314 (18.2) 0.052§

Never 48225 (96.6) 38504 (79.8) 9721 (20.2)
DMFT� Mean�SD 23.4� 8.7 23.1� 8.8 24.9� 8.2 <0.001y

�
Other included Persian, Turk, Sistani, Baluch, and Kurdish.
yBased on t test.
zBased on Mann–Whitney test.
§ Based on chi-square test.
� The number of DMFT reported for every person.
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group. Also, the risk of multimorbidity was 1.73-fold higher in
opium users than in nonusers (P< 0.001).

Figure 2 shows the adjusted ORs (95% CIs) for the
association between a number of the above factors and multi-

morbidity in the multiple logistic regression models. The most
important risk factors for multimorbidity were age above fifty
years, obesity, female gender, opium use, and being overweight.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
DISCUSSION
In this large and unique population-based cohort study in

Iran, a developing country in West Asia, the prevalence of self-
reported multimorbidity was 19.4%. The most common self-

reported chronic diseases in people with multimorbidity were
GERD, CVD, diabetes, and COPD. Among the factors eval-
uated, age above fifty years, obesity, female gender, opium use,

www.md-journal.com | 3



TABLE 2. The Association Between Sociodemographic, Lifestyle Factors and Risk of Multimorbidity

95% CI

Adjusted ORy Lower Upper P

Age group <¼49 1.00 – –
50–60 1.69 1.60 1.79 <0.001
61þ 2.56 2.39 2.75 <0.001

Sex Male 1.00 – –
Female 2.11 1.96 2.27 <0.001

Area Urban 1.00 – –
Rural 1.03 0.97 1.10 0.316

Ethnicity Turkmen 1.00 – –
Other

�
1.16 1.10 1.22 <0.001

Marital status Unmarried 1.00 – –
Married 1.06 0.99 1.13 0.106

Education Illiterate 1.00 – –
5 y or less 0.83 0.76 0.89 <0.001
6–12 y 0.79 0.71 0.87 <0.001
University education 0.80 0.65 0.99 0.048

Works currently Yes 1.00 – –
No 1.46 1.37 1.56 <0.001

SES High 1.00 – –
Medium 1.05 0.99 1.11 0.088
Low 1.12 1.04 1.21 0.004

Physical activity Yes 1.00 – –
No 1.21 1.14 1.29 <0.001

BMI Normal 1.00 – –
Underweight 0.94 0.84 1.07 0.326
Overweight 1.62 1.53 1.72 <0.001
Obese 2.33 2.19 2.48 <0.001

Smoking Never 1.00 – –
Former smoker 1.36 1.22 1.52 <0.001
Light smoker 0.77 0.68 0.88 <0.001
Heavy smoker 0.89 0.77 1.03 0.107

Other tobacco use No 1.00 – –
Yes 0.90 0.82 0.99 0.037

Opium Never 1.00 – –
Ever 1.73 1.61 1.86 <0.001

Alcohol Never 1.00 – –
Ever 1.44 1.25 1.66 <0.001

BMI¼ body mass index, CI¼ confidence interval, OR¼ odds ratio.

fac

Ahmadi et al Medicine � Volume 95, Number 7, February 2016
and being overweight were the most important risk factors
for multimorbidity.

The prevalence of multimorbidity varies greatly across
studies, largely because of differences in study populations and
study methodologies. In particular, differences in the compo-
sition of studies in terms of age and other sociodemographic
factors, definition of multimorbidity (including the number and
types of diseases), and the applied statistics procedures seem to
be responsible for the majority of this variation.11,16,31-33

The prevalence and risk factors of multimorbidity have
usually been studied in high-income countries. To our knowl-
edge, this is the first study of this subject conducted in Iran as a
developing country. Our findings reveal that multimorbidity is a

�
Other included: Persian, Turkish, Sistani, Baluch or Kurdish.
y From multivariate logistic regression models; adjusted for all other
common phenomenon, with a prevalence of 19.4%. Similar to
our study, Agborsangaya et al (2012) showed that the preva-
lence of multimorbidity was 19.0% among adults in the general
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population in Canada,32 and Phaswana-Mafuya et al (2008)
reported a prevalence of 22.5% in individuals aged 50 years or
above in South Africa.34 On the other hand, prevalence of
multimorbidity in the general adult population reported by Loza
et al (30%),35 Agborsangaya et al (31%)36 and Foguet-Boreu
et al (46.8%)8 in developed countries were considerably higher
than the prevalence that we found. Also, in a study by Nagel et al
(2008), the prevalence of multimorbidity was 67.3% in the
50–75-year-old population in a prospective cohort study in
Germany,37 which is considerably higher than our findings.

GERD is a common upper gastrointestinal disorder world-
wide.38 The prevalence of GERD has been increasing in Iran in
recent years.39 Our study showed that GERD as a possible risk

tors listed in this table.
factor of esophageal carcinoma was common in Golestan
province, a high incidence area of esophageal carcinoma, which
is in line with significant correlations of multimorbidity with

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



mon in individuals of lower SES.12,16 The result in our study can
be explained by the fact that the majority of the study partici-
pants were rural residents with relatively comparable SES. In

TABLE 3. The Prevalence
�

of Comorbidity in Cases With Multimorbidity

CVD Diabetes COPD CKD Liver Disease TB GERD Cancer

CVD
Diabetes 17.67%
COPD 10.40% 2.83%
CKD 0.46% 0.11% 0.13%
Liver disease 3.81% 1.18% 1.40% 0.03%
TB 4.58% 1.21% 1.96% 0.06% 0.79%
GERD 52.22% 14.91% 16.61% 0.43% 6.36% 7.27%
Cancer 0.42% 0.20% 0.09% 0.02% 0.04% 0.05% 0.70%

CKD¼ chronic kidney disease, COPD¼ chronic obstructive pulmonary disease, CVD¼ cardiovascular disease, GERD¼ gastroesophageal reflux
disease, TB¼ tuberculosis.
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lifestyle factors and SES. Lifestyle and sociodemographic
factors such as BMI, intensity of physical activity, smoking,
opium use, irregular dietary habits and low SES are all associ-
ated with GERD.26,38 CVD, diabetes mellitus, and COPD were
also common among participants in the GCS. Many of the
above lifestyle and sociodemographic factors are associated
with these conditions. To some extent the coincidence of GERD
and CVD may be due to the high frequency of both of these
conditions in the area. Also, some evidences indicate that
common inflammation pathway may be involved in the patho-
genesis of GERD and following cardiovascular events.40–42

Our findings are consistent with previous studies, which
have indicated that older age, obesity and female gender are
associated with a higher prevalence of multimorbidity. The
association between mulimorbidity and age is an expected
finding, as most biological pathways leading to chronic diseases
need a long time to affect individuals.16,31,32,43,44 Some studies
showed that obesity was associated with at least a two-fold
increased likelihood of having multimorbidity.36 This associ-
ation may be explained by the fact that obese and overweight
individuals are at increased risk of health problems and diseases
such as coronary heart disease, certain cancers, diabetes, and

�
Presented in percent.
pulmonary diseases.44

In our study population, opium consumption was commo
(17%) and significantly increased the risk of multimorbidit

FIGURE 1. Prevalence of multimorbidity by age and sex.

FIGURE 2. Odds ratios and 95% confidence intervals for the
association between sociodemographic and lifestyle risk factors
and multimorbidity

�
(
�
in this graph, age <50 y, male sex, urban

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
n
y.
Other studies showed that opium users had an increased risk of
death from multiple causes, including circulatory diseases,
cancer, asthma, tuberculosis, and COPD.45,46

Former smoking was a risk factor for multimorbidity in
this study (OR of 1.36 compared with never smokers), while
heavy smokers had a lower relative odd (0.89) for multimor-
bidity. Similar to our study, Chung et al (2015) showed that
being past daily smoker was a significant risk factor for multi-
morbidity.47 This may be because people stop smoking after the
symptoms of the related diseases appear.48

Regarding the indicators of SES in this study, after adjust-
ing for other lifestyle and socio-demographic factors, the odds
of multimorbidity was only 12% higher in the low SES group
compared with the high SES group. This is contrary to some
studies which found that multimorbidity was much more com-
resident, Turkmen ethnicity, being unmarried, illiteracy, currently
employment, high SES, physical activity, normal weight, never
smoking, no other tobacco use, no opium use, and no alcohol use
are considered as the reference group).

www.md-journal.com | 5



addition, the number of people with a lower SES who knew
about their nonsymptomatic medical conditions might be lower
than those with a higher SES who might have a higher access
to care.

During recent years, the population of Iranian adults above
60 years of age has increased to approximately 8%, similar to
many developing countries.49 Demographic studies indicate
that this population will rise to over 14% in the near future.50

A similar pattern is observed in other developing countries.51

Women have a longer life expectancy than men,52 and preva-
lence of multimorbidity increases with advancing age, especi-
ally in women, so the effects of population aging on
multimorbidity should be more pronounced in women living
in developing countries. GERD, CVD, diabetes and COPD are
the most common diseases in this region, so it is important to
plan for high burden of these diseases, which will be soon
imposed on the healthcare system.

As a limitation, in interpreting our results, the differences in
the quality of disease and death registration systems between
developed and developing countries (i.e. Iran) should be taken
into consideration. The lower rates of mortality and DALY
(disability-adjusted life years) related to diabetes in eastern
Mediterranean countries including Iran may be related to the
lower quality of death and disease registration. Despite the almost
similar diabetes mellitus prevalence in developing and western
countries, the complications like renal disease were lower.53 This
may be related to some extent to diabetes care in these countries.
For instance Glycated hemoglobin testing as an index for diabetes
surveillance was 72% in USA in comparison to 6.3% in Iran.53

The major strengths of this study are the use of data from a
large, population-based cohort study running in a developing
country including different races. As other strengths are the high
participation rate and the availability of detailed data on socio-
demographic and lifestyle factors. Also, biomarker studies,
including comparison of opium intake data against codeine
and morphine levels in urine samples, had shown the validity of
the questionnaire for measuring exposure to some major risk
factors.54,55 This study also has certain limitations, including its
cross-sectional design and the potential for residual confound-
ing and validation of self-report of diseases.

CONCLUSION
Our study highlights the importance of multimorbidity in

the Iranian population who experience an epidemiologic tran-
sition similar to many developing countries, and the importance
of recognizing its risk and protective factors, especially in adults
and the elderly. The findings of this study indicate that in
addition to advanced age and female gender, some lifestyle
factors, including being overweight, physical inactivity, and
opium and tobacco use, are associated with multimorbidity.
Policies aiming to control multimorbidity will require a multi-
dimensional approach, especially in developing countries, to
reduce modifiable risk factors in the younger population and
adopt efficient strategies to improve quality of life in the adult
and elderly population.
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