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ABSTRACT

Background As the populations of lower-income
and middle-income countries age, multimorbidity is
increasing, but there is little information on its long-
term consequences. We aimed to show associations
between multimorbidity and outcomes of mortality
and hospitalisation in Iran, a middle-income country
undergoing rapid economic transition.
Methods We conducted a secondary analysis of
Handling editor Seye Abimbola longitudinal data collected in the Golestan Cohort
Study. Data on demographics, morbidities and lifestyle
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on hospitalisations or deaths was captured annually.
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Logistic regression was used to analyse the association
online (http://dx.d oi.org/10.
between baseline multimorbidity and 10-year mortality,
1136/b mjgh-2021-0 07278).
Cox-proportional hazard models to measure lifetime risk
of mortality and zero-inflation models to investigate the
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authors.
Multimorbidity was classified as ≥2 conditions or number
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of conditions. Demographic, lifestyle and socioeconomic
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variables were included as covariables.
Results The study recruited 50 045 participants aged
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40–75 years between 2004 and 2008, 47 883 were
Accepted 19 April 2022
available for analysis, 416 (57.3%) were female and 12
736 (27.94%) were multimorbid. The odds of dying at 10
years for multimorbidity defined as ≥2 conditions was
1.99 (95% CI 1.86 to 2.12, p<0.001), and it increased with
increasing number of conditions (OR of 3.57; 95% CI 3.12
to 4.08, p<0.001 for ≥4 conditions). The survival analysis
showed the hazard of death for those with ≥4 conditions
was 3.06 (95% CI 2.74 to 3.43, p<0.001). The number of
hospital admissions increased with number of conditions
(OR of not being hospitalised of 0.36; 95% CI 0.31 to 0.52,
p<0.001, for ≥4 conditions).
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INTRODUCTION
Multimorbidity is most commonly conceptualised as the presence of two or more conditions in an individual or it can be defined in

WHAT IS ALREADY KNOWN ABOUT THE
SUBJECT?
⇒ In high-
income countries (HICs), multimorbidity is

prevalent and has been associated with serious long-
term consequences such as mortality and increased
hospitalisation.
⇒ As life expectancy increases, multimorbidity is now
increasing in lower-income and middle-income countries (LMICs), but little is known about the long-term
consequences.
⇒ These consequences may not be the same as in HICs,
and given the effects of poverty, preceding undernutrition, and infectious diseases in LMIC settings, there is
a chance the long-term consequences could be even
worse.

WHAT DOES THIS STUDY ADD?
⇒ This is one of the first studies to show the long-term

effects of multimorbidity outside of a HIC setting.
⇒ This study shows that in Iran, a country going through

rapid economic growth and transitioning from a lower-
middle to an upper-middle income country, multimorbidity gives increased risk of mortality and hospitalisation.
⇒ The study quantifies the effects of difference demographic and behavioural factors on long-term outcomes
of multimorbidity.

HOW MIGHT THIS IMPACT ON CLINICAL
PRACTICE?
⇒ This study shows multimorbidity has a detrimental ef-

fect on long-term outcomes in a middle-income country
going through rapid economic growth. Future research
is needed to determine whether low-income countries
will face similar issues as they develop.
⇒ The quantification of the effects of demographic and behavioural factors on long-term outcomes, allows better
planning of health interventions.
⇒ Politicians and policy-
makers in low-
income countries, and global health funding, need to focus on
chronic conditions and multimorbidity in the years
to come in order to avoid the massive burden multimorbidity is likely to place on health systems.
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where the country transitioned from lower-
middle-
income to upper-middle-income status, afford the opportunity to assess the outcomes of multimorbidity in a
middle-income country going through rapid economic
growth. Iran became an upper-middle-income country
(UMIC) in 2009, as a result of a rapid and continued
period of development. This economic transition and
accompanying demographic change is likely reflective
of that which will be experienced by many LMICs in
the near future. Our aim was to show how presence of
multimorbidity is associated with longitudinal outcomes
of mortality and hospitalisation in Iran, and explore how
this relationship is affected by individuals’ demographic
and economic characteristics and behavioural factors.
METHODS
This is a secondary analysis of data from the Golestan
Cohort Study (GCS), a prospective study which was set
up to study risk factors for oesophageal cancer (a highly
prevalent cancer in this region). The extensive data
collection protocol allows comprehensive study of multimorbidity.
Study setting
During the study period, The Islamic Republic of Iran
was a lower-middle-income country in Western Asia with
83 million inhabitants.19 In the last 20 years, it has developed and urbanised, life expectancy has risen and there
is an increased risk of exposure to tobacco, unhealthy
diets and physical inactivity.20 21 Poverty is decreasing,
but poverty headcount rates remain higher in rural areas
(27%) than urban areas (6%).19 The prevalence of NCDs
has increased along with economic growth; multimorbidity is prevalent.20 22
Golestan province is in the north-east of Iran. Urban
participants of GCS were recruited from Gonbad City,
(population 126 797 inhabitants in 2004) and rural participants from villages in Gonbad, Kaleleh and Aq-
Qala
counties. The life expectancy in Golestan (Women
72.36 and Men 67.71) in 2004 was similar to the rest
of the country.23 The majority of the population live in
urban areas and are educated.24 Access to healthcare has
improved after the introduction of the ‘Health transformation plan (HTP)’, an initiative from the government
to increase universal health coverage (UHC).25
Participants and sampling
The GCS recruited participants aged 40–75 years who
were free from any gastrointestinal (GI) cancer between
January 2004 and June 2008. The study aimed to recruit
equal numbers of men and women, with 20% from
urban areas, and 80% from Turkmen ethnicity.21 People
unwilling to participate, temporary residents, or those
with a current or previous diagnosis of any upper GI
cancer were excluded. The sampling strategy has been
described in detail elsewhere.21 26 In brief, in Gonbad city,
participants were selected randomly from the five areas
in Gonbad by systematic clustering based on household
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other ways such as count of conditions.1 2 It encompasses
comorbidity, which refers to two or more chronic conditions that are causally or pathologically linked.1 2 In high-
income countries (HICs)—where most of the research
on multimorbidity has focused1 3 it is increasingly recognised as a major health issue. Several longitudinal studies
have shown strong associations between the presence
of multimorbidity and adverse outcomes such as death
or hospitalisation.4–8 Understanding the relationship
between multimorbidity and outcomes and developing
interventions to improve management of patients with
multimorbidity to moderate outcomes is a major research
focus in HICs.1 3
Multimorbidity has received less attention in lower-
income and middle-
income countries (LMICs).1 3 9–13
During the Millennium Development Goal era, health
research and financial aid in LMICs focused on reducing
communicable diseases, and improving maternal,
neonatal and child health.14 These successful efforts
have combined with increasing country economic development and reductions in poverty resulted in a growing
population of older people, who are more likely to have
multimorbidity, in LMICs.15 In addition, urbanisation,
increasingly sedentary life styles and changes in dietary
habits towards consumption of larger amounts of calorie
dense food have led to a growth in population prevalence
of obesity and associated chronic non-
communicable
diseases (NCDs).11 16 These chronic NCDs often co-occur
in the same individual, but also occur on a background of
a high prevalence of communicable diseases.1 10 Hence,
multimorbidity in LMICs is growing in prevalence.
Nevertheless, outside of the HIC setting, the epidemiology and consequences of multimorbidity is a relatively
unexplored area, and evidence on the health consequences of multimorbidity in LMIC settings is needed
to increase the priority given to this issue. These consequences may not be the same as in HICs, and given the
effects of poverty, preceding undernutrition and infectious diseases in LMIC settings, there is a chance the
long-term consequences could be even worse.1
Cross-sectional analyses have shown a high prevalence
of multimorbidity in a few countries, although most of
these studies defined multimorbidity using only a limited
number of conditions.10 11 Some studies have shown cross
sectional associations of multimorbidity with disability,
low quality of life, poor physical performance, number
of hospitalisations and mortality.11 17 18 We are only aware
of two longitudinal studies on the outcomes of multimorbidity, both of which were done in China, with limited
numbers of participants.12 13 In order to prioritise planning for health systems that can deal adequately with
the increasing burden of multimorbidity in LMICs, it is
important to understand the relationship between multimorbidity and long-term health outcomes.
A lack of longitudinal, routinely collected, data in many
LMICs limits the ability to report long-term outcomes
of multimorbidity. However, data collected as part of a
longitudinal cohort study in Iran over the time period
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Data collection
For the baseline data collection, participants were
contacted by trained healthcare workers and invited
to attend the GCS Centre for completion of a questionnaire and collection of anthropometric and blood
pressure data. The questionnaire collected information including: (1) Demographic characteristics: sex,
age, ethnicity, marital status, educational level, rural or
urban location, and information on 15 household assets;
(2) personal history of all medication use in the last 6
months (participants were asked to bring medications
to the visit); (3) self-
report of the following diseases:
rheumatic heart disease; angina, myocardial infarction,
or heart failure; stroke; hypertension; diabetes; chronic
obstructive pulmonary disease; kidney disease; intestinal
disease; liver disease; serious infectious diseases (mainly
tuberculosis); major disabilities; and history of surgery;
(4) tobacco use; and (5) physical activity.27
Height in centimetres was measured while standing
upright using a stadiometer and weight in kilograms was
measured without shoes and in loose clothing using a
Mechanical Seca 762. Blood pressure was measured using
a Richter mercury sphygmomanometer twice on both
arms while the participant was seated. The average of all
four readings was used to derive blood pressure.
All participants in the study were followed up by
telephone call every 12 months from enrolment to
the present and any hospital admission since the last
follow-up was recorded, and annual follow-up is ongoing.
Participants were also instructed to notify the study team
at the time of hospitalisation to limit issues with recall.
The dataset used in this analysis was locked for analysis
on 29th December 2019, which gave a minimum 10-year
follow-up period for all recruited participants.
Definition of variables
Demographic characteristics and lifestyle factors
Age was described as a categorical variable, in groups
<40, 40–49, 50–59, 60–69 and ≥70 (the age group <40
was created to include people who on attending the
study centre indicated that they were younger than
40—most were people aged 38 and 39). It was used as
a continuous variable in the models. Education level
was dichotomised into no-education (no education) or
education (including one or more years of education).
Marital status was categorised as single (including single,
widowed, divorced or separated) or married. Wealth
quintiles were calculated from data on household assets
ownership using multiple correspondence analysis which
is widely accepted and used method.28 29 Ethnicity was
dichotomised into Turkmen or other. Smoking was categorised as non-
smoker, ex-
smoker or current smoker.
Odland ML, et al. BMJ Global Health 2022;7:e007278. doi:10.1136/bmjgh-2021-007278

Alcohol consumption was low and this variable was not
used in the analysis.
Body mass index (BMI) kg/m2 was calculated from
height and weight and defined as underweight (<18.5
kg/m2), normal (18.5–25 kg/m2) and overweight or
obese (≥25 kg/m2). Physical activity categories were
derived by combining activities during employment,
leisure and transport based on the amount (intensity and
duration) of activity performed during a week based on
metabolic equivalents of task, and categorised as previously described into tertiles: low (1), medium (2) and
high (3).30
Definition of disease states
Hypertension was defined as either self-reported diagnosis, being on treatment or average measured systolic
blood pressure of ≥140 mm/Hg or diastolic blood pressure ≥90 mm/Hg. Liver disease was identified by symptoms (jaundice), self-
reported diagnosis or being on
medication. All other conditions were identified by self-
report or use of medication history as follows. First, medications which were specific to conditions self-reported by
participants were removed from the list of an individual’s
treatment. Then, if the participant was on medications
specific for a condition not captured on self-report, they
were assigned that condition. Remaining medications
that were not used to treat specific diagnoses, but potentially used for a diagnosis that the participant had already
been assigned were assumed to be given for that diagnosis
and removed from the medication list. Finally, patients on
any remaining medications that had not been accounted
for by the above processes were assigned the condition
which the medication is most likely to be used to treat.
This process was conducted using reference to the British
National Formulary and by agreement between authors
(see online supplemental appendix tables 1 and 2 for
assignment of diseases to participants).
Participants were categorised as having any (or no)
conditions in the domains of NCDs (conditions in the
system categories of cancer, cardiovascular disease
(CVD), endocrine, GI, respiratory, renal, neurology,
rheumatology, unspecified conditions needing immunosuppressant or other NCDs (vitamin/mineral deficiency or benign prostatic hyperplasia)); communicable
diseases (tuberculosis, hepatitis or HIV); or any mental
health conditions.
Defining multimorbidity
Multimorbidity was defined using two internationally
accepted definitions: first as the count of conditions,
second as two or more conditions.1
Outcomes
The primary outcome was mortality, defined as death
within 10 years of study entry. Secondary outcomes were
(1) time to death and (2) number of hospitalisations.
We chose to study both odds of death within 10 years of
enrolment and survival (time to death), given different
3
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numbers. For rural areas, all 236 villages contained
within Golestan province were included in the sampling
frame and participants within these villages were selected
by cluster sampling. All consenting adults in each household were invited to participate.
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Statistical analysis
All analyses were done using R Studio software V.1.2.5019
using ‘survival’, ‘pscl’, ‘ggplot2’ and ‘boot’ packages.
Variables were described using mean and SD if normally
distributed and median and IQR if not. Categorical variables are given as numbers (n) and percentages (%). Heat
maps were developed to show multimorbidity pairings
for the most common disease systems. We used complete
cases of independent variables in the analyses. For each
analysis, we used backwards elimination and included
an interaction term for age and sex dependent on the
effect on the model fit, captured by the Akaike information criterion (AIC). In all analyses, multimorbidity was
defined in two ways; as a count of conditions, or binary
outcome (yes or no). For ordinal variables, we selected
the lowest variable category as the reference category,
or for other variables the reference category was chosen
arbitrarily.
Primary outcome
Binary logistic regression models were fitted to explore
the associations between multimorbidity and death
within a 10-year period after study entrance, controlling
for sex, age (as a continuous variable), education level,
marital status, urban or rural location, wealth, ethnicity
and behavioural factors of smoking status BMI, physical
activity status. The best model was chosen, using χ2 tests
and through backward elimination ending when all the
variables in the model were significant. Only participants who were followed up for the full 10-year period or
died within the 10-year period were used in this analysis.
Results are given in odds ratios (ORs) with (95% CIs).
Secondary outcomes
Cox proportional hazards models were fitted to explore
the associations between multimorbidity and survival
during the 10-year study period after checking the plausibility of the proportional hazard assumption. Covariables
entered into the model were sex, age (as a continuous
variable), education level, marital status, urban or rural
location, wealth, ethnicity and behavioural factors of
smoking status, BMI, and physical activity status. The best
model was selected by improving the AIC through backward elimination. Backward elimination ended when all
the variables in the models were significant. An interaction term between age and sex was inserted to improve
the model fit. Participants who were lost to follow-up
were censored at the last date of follow-up. Results are
shown as hazard ratios (HRs) with 95% CI.
Poisson logistic regression models with a zero-inflation
component were used to explore the associations between
multimorbidity as a count of conditions and number of
hospitalisations in a 10-year period. The AIC was used
4

to justify the addition of the zero-inflation component
to this model. Backwards elimination was done for both
the binary model and the count model ending when all
the variables in the models were significant. Results were
generated using bootstrapping and are given as ORs with
95% CI for the zero-inflation component of the model,
and incidence rates with 95% CI for the hospitalisation
count part of the model. Only participants who were
followed up for the full 10-year period or died within
the 10-year period were used in this analysis. Covariates
entered into the model were sex, age, education level,
marital status, urban or rural location, wealth, ethnicity
and NCD risk factors of smoking status, BMI and physical
activity status.
Patient and public involvement statement
Participants were not directly involved in planning the
study.
RESULTS
Out of the 50 045 individuals in the original sample, 2162
participants were removed before analysis; 8 were missing
BMI data, 2096 were missing physical activity data, and
58 had incorrect follow-up data (follow-up date entered
incorrectly) leaving 47 883 cases for the analysis. 2297
participants were lost to follow-
up during the 10-
year
period and were excluded from the binary logistic regression for 10-
year mortality and analysis of numbers of
hospitalisations within 10 years of follow-up (leaving n=45
586 complete cases for these analyses). These individuals
were, however, included in the survival analysis (n=47
883) (figure 1). The demographic, lifestyle and disease
characteristics of participants are shown in table 1.
Among the 45 586 individuals included in the complete
case analysis, most were female (57.04%) and the mean
age was 51.93 (SD 8.85) years. The majority of the participants had no schooling (69.88%), and most were married
(88.09%). Eighty per cent of the sample lived in rural
areas, and 75.53% were of Turkmen ethnicity. 14.08%
were current smokers with a mean of 16.90 (18.25) pack
years. 59.28% of people were overweight or obese with a
BMI ≥25 kg/m2.
The average number of morbidities per participant was
1.05 (SD 1.19) and 59.45% had a least one morbidity.
When categorising multimorbidity as two or more conditions 12 736 (27.94%) of the participants had multimorbidity (table 1). The most common disease domain
was NCDs (56.65%) with CVD (37.15%) being the
most common NCD system affected and hypertension
(27.90%) the most common condition (online supplemental appendix table 3 shows conditions within disease
domains). Having at least one condition in the GI system
was also common (22.13%). At least one mental health
condition was present in 8.62% of the population, but the
condition was not possible to ascertain from the survey
or medication information. The percentage of communicable diseases in the study population was 3.22% and
Odland ML, et al. BMJ Global Health 2022;7:e007278. doi:10.1136/bmjgh-2021-007278
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likely uses of this information. While odds of death may
be useful to clinicians when discussing future outcomes
with patients, survival analyses may provide information
that is more useful for healthcare planners.
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Removed before analysis due to
missing data (n = 2162)
• BMI data (n = 8)
• Physical activity data (n = 2096)
• Incorrect follow up (n = 58)

Participants lost to
follow up
(n = 2297)
Participants included
in the survival
analysis
(n = 47 883)

Participants included
in the complete case
analysis
(n = 45 586)

Figure 1 Study flow diagram showing the numbers of people who were included in the survival analyses and the complete
case analysis. BMI, body mass index.

tuberculosis constituted the majority (99.59%) of these.
No medications were taken by 41.29% of the population,
while 9.76% were on ≥4 medications. The most common
combination of diseases systems was mental health and
CVD (figure 2).
When considering complete cases, during the 10 years
of follow-up, 5 411 participants died, 17 855 had one or
more hospitalisations and the mean time to death was
5.52 years for those that died. The demographic information of the participants who died during the study
period and occurrence of outcomes by demographics,
lifestyle factors, condition and multimorbidity are shown
in online supplemental appendix table 4. The characteristics of multimorbid versus not multimorbid participants
in complete cases are found in online supplemental
appendix table 5.
In multivariable analysis (table 2), the odds of being
dead within 10 years after study entry increased significantly with increasing number of conditions, after
controlling for age, sex, education, wealth, physical
activity, smoking history and BMI. The OR was 3.57 (95%
CI 3.12 to 4.08, p<0.001) for participants with four or
more conditions compared with those with no conditions
at baseline. Being male, older, unmarried, poorer, ever
having smoked, less physically active and having a lower
BMI were all significantly associated with greater odds of
death within 10 years compared with their referent categories; area of living and ethnicity were not significantly
associated with the outcome and was therefore excluded
from the model. When categorising multimorbidity as a
Odland ML, et al. BMJ Global Health 2022;7:e007278. doi:10.1136/bmjgh-2021-007278

dichotomous variable (two or more conditions vs fewer
than two conditions), multimorbidity was again significantly associated with increased odds of being dead
within 10 years (OR 1.99, 95% CI 1.86 to 2.12, p<0.001)
when controlling for other variables (online supplemental appendix table 6).
Results from the Cox regression analysis to explore association between multimorbidity and survival, including a
term capturing the extra risk each year experienced by
males to optimise model fit, are shown in table 3. Area of
living was again excluded from the model due to lack of
significance. The factors associated with the highest HR
were multimorbidity with four or more conditions (HR
3.06, 95% CI 2.74 to 3.43), male (HR 3.17 95% CI 2.22
to 4.53), ever having smoked (HR 1.37, 95% CI 1.28 to
1.47) and older age (HR 1.08, 95% CI 1.07 to 1.08). The
Kaplan-Meier plot for participants with 0, 1, 2, 3 or 4+
conditions is shown in figure 3. When categorising multimorbidity as a dichotomous variable (two or more conditions vs fewer than two conditions), multimorbidity was
again significantly associated with an increased hazard of
dying when controlling for other variables (HR 1.81, 95%
CI 1.71 to 1.91, p<0.001) (online supplemental appendix
table 7 and figure 1).
The binary component of the zero inflation model
(table 4) showed that the OR for being in the group
who were not hospitalised decreased with number of
conditions and also decreased with age, wealth, being
non-Turkman ethnicity and ever having smoked. Having
education, having a BMI between 18.5–25 kg/m2, and
5
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Original sample in the
Golestan Cohort
(n = 50 045)
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Individuals used in survival analysis
(including 2297 lost to follow-up)

Lost to follow-up*

Complete cases

n

%

n

%

n

%

47 883

100

2297

4.80%

45 586

95.20

Demographic variables
Males

20 467

42.74

884

38.48

19 583

42.96

Females

27 416

57.26

1413

61.52

26 003

57.04

Age, mean (SD)

51.86 (8.83)

 <40

785

50.48 (8.48)
1.64

63

51.93 (8.85)
2.74

722

1.58

 40–49

23 196

48.44

1258

54.77

21 938

48.12

 50–59

14 848

31.01

621

27.04

14 227

31.21

 60–69

6797

14.20

281

12.23

6516

14.29

 ≥70

2257

4.71

74

3.22

2183

4.79

 No-education

33 313

69.57

1457

63.43

31 856

69.88

 Education

14 570

30.43

840

36.57

13 730

30.12

5687

11.88

258

11.23

5429

11.91

42 196

88.12

2039

88.77

40 157

88.09

Education level†

Marital status
 Single
 Married
Geography
 Urban
 Rural

9718

20.30

257

11.19

9461

20.75

38 165

79.70

2040

88.81

36 125

79.25

10 095

21.08

348

15.15

9747

21.38

Wealth
 1
 2

8866

18.52

358

15.59

8508

18.66

 3

10 440

21.80

531

23.12

9909

21.74

 4

9132

19.07

477

20.77

8655

18.99

 5

9350

19.53

583

25.38

8767

19.23

 Torkman

35 570

74.29

1139

49.59

34 431

75.53

 Other

12 313

25.71

1158

50.41

11 155

24.47

39 574

82.65

1975

85.98

37 599

82.48

Ethnicity

NCD risk factors
Smoking
 Non-smoker
 Ex-smoker

1637

3.42

70

3.05

1567

3.44

 Current smoker

6672

13.93

252

10.97

6420

14.08

Pack years for smokers, mean (SD)

16.89 (18.37)

16.65 (21.06)

16.90 (18.25)

BMI (kg/m2)
 Underweight (<18.5)

2267

4.73

98

4.27

2169

4.76

 Normal weight (18.5≤weight<25)

17 155

35.83

760

33.09

16 395

35.96

 Overweight (≥25)

28 461

59.44

1439

62.65

27 022

59.28

Physical activity status*
 1

16 552

34.57

664

28.91

15 888

34.85

 2

15 416

32.20

809

35.22

14 607

32.04

 3

15 915

33.24

824

35.87

15 091

33.10

Morbidity

Continued

6
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Table 1 Demographic characteristics, NCD risk factors and morbidity categories of the participants included in the study
(n=47 883)

BMJ Global Health

No of diseases, mean (SD)

Individuals used in survival analysis
(including 2297 lost to follow-up)

Lost to follow-up*

n

%

n

%

n

%

47 883

100

2297

4.80%

45 586

95.20

1.06 (1.19)

1.18 (1.28)

Complete cases

1.05 (1.19)

Count of morbidities
 0

19 344

40.40

861

37.48

18 483

40.55

 1

15 069

31.47

702

30.56

14 367

31.52

 2

7873

16.44

395

17.20

7478

16.40

 3

3534

7.38

215

9.36

3319

7.28

 4+

2063

4.31

124

5.40

1939

4.25

Multimorbidity (defined as 2+ morbidities in any domain or system)
 Not multimorbid

34 413

71.87%

1563

68.05%

32 850

72.06%

 Multimorbid

13 470

28.13%

734

31.95%

12 736

27.94%

At least one disease (N)

28 539

59.60%

1436

62.52%

27 103

59.45%

 Non-communicable diseases (at least
one)

27 198

56.80%

1373

59.77%

25 825

56.65%

 Cancer
 Cardiovascular disease (at least one
condition)
 Endocrine (at least one condition)

160

0.33%

4

0.17%

156

0.34%

17 815

37.21%

881

38.35%

16 934

37.15%

885

1.85%

55

2.39%

830

1.82%

10 698

22.34%

610

26.56%

10 088

22.13%

2948

6.16%

114

4.96%

2834

6.22%

90

0.19%

4

0.17%

86

0.19%

 Neurology (at least one condition)

965

2.02%

51

2.22%

914

2.01%

 Rheumatology (at least one condition)

127

0.27%

8

0.35%

119

0.26%

 Unspecified conditions needing
Immunosuppressants

3691

7.71%

208

9.06%

3483

7.64%

 Other*‡

1290

2.69%

86

3.74%

1204

2.64%

 Mental health (any)

4188

8.75%

258

11.23%

3930

8.62%

 Communicable diseases (at least one)

1534

3.20%

64

2.79%

1470

3.22%

 Gastrointestinal (at least one condition)
 Respiratory (at least one condition)
 Renal - chronic kidney disease

Medications
 0

19 567

40.86%

743

32.35%

18 824

41.29%

 1

12 705

26.53%

620

26.99%

12 085

26.51%

 2

7073

14.77%

351

15.28%

6722

14.75%

 3

3780

7.89%

274

11.93%

3506

7.69%

 4+

4758

9.94%

309

13.45%

4449

9.76%

*Physical activity tertiles have been calculated based on the intensity of physical activity, based on METs.
†Education includes 1 or more years of education.
‡Vitamin or mineral deficiency or benign prostate hyperplasia.
BMI, body mass index; METs, metabolic equivalents of task; NCD, non-communicable disease.

having a higher level of physical activity were protective
against being hospitalised. Backwards elimination of the
binary component of the zero-inflation model removed
gender, marital and area of living. Also BMI categories
were changed to BMI 18.5–25 kg/m2 vs not to improve
model fit. The count component of the zero inflation
model (table 4) showed that the number of hospital
admissions an individual had significantly increased with
Odland ML, et al. BMJ Global Health 2022;7:e007278. doi:10.1136/bmjgh-2021-007278

the number of conditions when controlling for demographic and behavioural factors. The number of hospitalisations also increased with male sex, age and having
education, being non-Turkman, smoker and BMI ≥25.
The number of hospitalisations decreased with increased
physical activity. Backwards elimination for the count
part removed marital status, area of living and wealth.
Also BMI was changed to BMI 0–25 kg/m2 vs 25+, and
7
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physical activity was changed to 1–2 vs 3 to improve the
fit.
DISCUSSION
We found that multimorbidity was common in this large
population of older adults from Iran. It was strongly
associated with a greater chance of death within 10 years
of follow-up, a lower hazard of survival, and a greater
chance of hospitalisation and number of hospitalisations within the study period. The lack of access to good
quality data from electronic health records in most
LMICs means that most studies of multimorbidity use

survey data—as we have done—which limits the ability
to include severity of conditions in any analyses. Nevertheless, the definition of multimorbidity of the presence
of two or more chronic conditions in an individual is
internationally accepted.1 2 We chose to additionally
categorise multimorbidity as a count of conditions.
There was a strong dose response relationship between
adverse outcomes and increasing number of conditions,
with odds of death for those with four or more conditions being almost double that for those categorised as
having multimorbidity based on having two or more
conditions. Hence, this demonstrates that the impact of

Table 2 The OR of dying within 10 years, by demographic characteristics, NCD risk factors and number of conditions
Variable

OR

Count of morbidities

0 diseases

Referent

95% CI

P value

 
 

1 disease
2 diseases

1.62
2.31

(1.50 to 1.76)
(2.11 to 2.53)

<0.001
<0.001

 

3 diseases

2.72

(2.42 to 3.04)

<0.001

 

4+diseases

3.57

(3.12 to 4.08)

<0.001

Sex

Females

Referent

 

Males

2.16

(1.98 to 2.36)

<0.001

Age

Age at entrance

1.08

(1.08 to 1.09)

<0.001

Education

No-education

Referent

 

Education

0.79

(0.72 to 0.86)

<0.001

Marital status

Not married

Referent

 

Married

0.84

(0.77 to 0.92)

<0.001

Wealth quintiles

Wealth quintile 1

Referent

 

Wealth quintile 2

0.90

(0.82 to 0.98)

0.02

 

Wealth quintile 3

0.68

(0.62 to 0.74)

<0.001

 

Wealth quintile 4

0.69

(0.62 to 0.76)

<0.001

 

Wealth quintile 5

0.58

(0.52 to 0.64)

<0.001

Smoking status

Never smoked

Referent

 

Current/ex-smoker

1.46

(1.35 to 1.59)

<0.001

BMI

BMI <18.5

Referent

 

BMI: 18.5≤x<25

0.66

(0.58 to 0.74)

<0.001

 

BMI: ≥25

0.58

(0.51 to 0.65)

<0.001

Physical activity

Physical activity 1

Referent

 
 

Physical activity 2
Physical activity 3

0.77
0.71

(0.71 to 0.84)
(0.65 to 0.77)

<0.001
<0.001

BMI, body mass index; NCD, non-communicable disease.
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Figure 2 Multimordibity pairings for the most common disease systems (complete cases only n=45 586). The most common
disease systems and their pairings are shown. Red indicates common pairings and blue, less common.
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Variable

HR

Count of morbidities

0 diseases

Referent

95% CI

P value

 
 

1 disease
2 diseases

1.54
2.08

(1.43 to 1.65)
(1.92 to 2.26)

<0.001
<0.001

 

3 diseases

2.36

(2.14 to 2.60)

<0.001

(2.74 to 3.43)

<0.001

 

4+diseases

3.06

Sex

Females

Referent

 

Males

3.17

(2.22 to 4.53)

<0.001

Age

Age at entrance

1.08

(1.07 to 1.08)

<0.001

Education

No-education

Referent
(0.75 to 0.87)

<0.001

(0.80 to 0.94)

<0.001

(0.84 to 0.98)

0.02

 

Education

0.81

Marital status

Not married

Referent

 

Married

0.87

Wealth quintiles

Wealth quintile 1

Referent

 

Wealth quintile 2

0.91

 

Wealth quintile 3

0.71

(0.65 to 0.77)

<0.001

 

Wealth quintile 4

0.72

(0.66 to 0.78)

<0.001

(0.56 to 0.68)

<0.001

(0.83 to 0.94)

<0.001

(1.28 to 1.47)

<0.001

 

Wealth quintile 5

0.62

Ethnicity

Turkmen

Referent

 

Not Turkmen

0.88

Smoking status

Never smoked

Referent

 

Current/ex-smoker

1.37

BMI

BMI <18.5

Referent

 

BMI: 18.5≤x<25

0.70

(0.63 to 0.77)

<0.001

 

BMI: ≥25

0.62

(0.56 to 0.69)

<0.001

Physical activity

Physical activity 1

Referent

 

Physical activity 2

0.79

(0.74 to 0.85)

<0.001

 

Physical activity 3

0.74

(0.69 to 0.79)

<0.001

Interaction between sex and age
 

Extra risk for each age year for females
Extra risk for each age year for males

Referent
0.99

(0.99 to 1.00)

0.01

BMI, body mass index; NCD, non-communicable disease.

multimorbidity risks being under-estimated if the count
of conditions is not used.
Many countries are attempting to achieve the Sustainable Development Goals (SDGs) by 2030, and in the last
few decades Iran has implemented various reforms in
order to achieve UHC, which is a key component of the
health-related SDGs.31 The HTP which was initiated in
2014 has contributed by expanding insurance coverage,
and enhancing financial protection.31 In fact, the out-of-
pocket (OOP) expenditure on health in Iran was halved
from 1995 to 2018, although it remained high at 35.83%
in 2018 (the most recent year for which there are data).19 32
The Iranian healthcare system has a well-defined three-
tier structure of primary, secondary and tertiary facilities,
and even though the HTP was initially only implemented
in hospital-
based settings, it was later expanded to
primary healthcare, which is where most patients with
Odland ML, et al. BMJ Global Health 2022;7:e007278. doi:10.1136/bmjgh-2021-007278

multimorbidity receive routine care. Thus health services
development in Iran has accompanied economic growth.
Although, some issues more familiar to countries that
have less developed health services or economies remain,
for example, there are no mechanisms to collect health
insurance contributions from people without consistent
income, thus compulsory health insurance coverage is not
fully implemented.31 Moreover, many diagnostic services
are only offered by the private healthcare sector which is
not supported by the HTP, leading to high OOP for some
people, and more mechanisms are needed to extend free
health insurance coverage to the ones in need.31 Multimorbidity has been shown to be associated with greater
mortality, hospitalisations, disability and low quality of
life in HICs,1 5 17 33–35 but has been a neglected area in
health research in LMICs with little evidence available on
long-term outcomes of multimorbidity in these settings.
9
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Although it is likely that the long-term consequences of
multimorbidity will be at least as hazardous in LMICs as
in HICs, it is important to show this to raise the priority
of managing multimorbidity in health system planning.
Iran, being a rapidly developing country which has transitioned from being a lower-middle-income country to an
UMIC during the study period may be an exemplar of the
situation in other developing LMICs. Additionally, given
the double burden of prevalent infectious diseases and
rapidly rising prevalence of NCDs on a background of
poverty, it is possible that the outcomes of multimorbidity
will be worse in LMICs than HICs. Indeed, although the
HRs found in our study were within the range of what
was found in the previous studies from China,12 13 the
association between number of conditions and mortality
was stronger in our study than seen in studies done in
HICs.36–38
As far as we are aware, our study is the first to look
at hospitalisation as a long-term consequence of multimorbidity outside of an HIC setting. Our results from
Iran are similar to what has been found in HICs, with
10

increased number of conditions being associated with
greater chance of hospitalisation per se and increased
number of hospitalisations.35 39 These findings may well
be an indication of what will be experienced in many
other rapidly developing LMICs in the near future, and
our evidence of the high proportion of multimorbidity
and its strong association with serious long-term consequences, is therefore troubling.
The baseline proportion of multimorbidity (defined as
two or more conditions) in our study is similar to previously estimated in Iran and other LMICs in similar age
groups.9 11 40 41 Our finding that NCDs, especially CVDs,
were the most common is to be expected, given global
disease patterns.42 We have also shown that diseases in
different domains (non-
communicable, mental health
or communicable) or disease system categories (eg,
cardiovascular, GI, neurological) often co-
occur. This
lends weight to calls to develop health system-platforms
of care, requiring a shift in emphasis from providing
care for single diseases to an array of diseases.43 It is also
important that UHC is broad in its coverage of conditions
Odland ML, et al. BMJ Global Health 2022;7:e007278. doi:10.1136/bmjgh-2021-007278
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Figure 3 Survival of participants by number of conditions (n=47 883). Plots are shown controlling for demographic
characteristics and behavioural factors.
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Zero inflation model
Binary part*
Variable

Count part†

OR

95% CI

P value

Risk ratio

95% CI

P value

Count of morbidities

0 diseases (ref)

 
 

1 disease
2 diseases

0.73
0.57

(0.67 to 0.80)
(0.52 to 0.63)

<0.001
<0.001

1.24
1.53

(1.18 to 1.31)
(1.45 to 1.62)

<0.001
<0.001

 

3 diseases

0.51

(0.45 to 0.58)

<0.001

1.70

(1.59 to 1.80)

<0.001

0.36

(0.31 to 0.42)

<0.001

2.01

(1.88 to 2.17)

<0.001

 

4+ diseases

Sex

Females (ref)

 

Males

–

–

–

1.03

(0.99 to 1.07)

0.05

Age

Age at entrance

0.96

(0.95 to 0.96)

<0.001

1.01

(1.01 to 1.01)

<0.001

Education

No-education (ref)
1.22

(1.13 to 1.31)

<0.001

0.95

(0.91 to 0.99)

0.01

0.89

(0.82 to 0.97)

0.007

–

–

 

Education

Wealth quintiles

Wealth quintile 1 (ref)

 

Wealth quintile 2

–

 

Wealth quintile 3

0.89

(0.82 to 0.96)

0.003

–

–

–

 

Wealth quintile 4

0.86

(0.80 to 0.94)

<0.001

–

–

–

0.86

(0.79 to 0.95)

<0.001

–

–

–

0.76

(0.70 to 0.81)

<0.001

1.15

(1.11 to 1.20)

<0.001

0.86

(0.79 to 0.94)

<0.001

1.07

(1.02 to 1.12)

0.001

1.16

(1.08 to 1.24)

<0.001

–

–

–

–

–

–

1.11

(1.07 to 1.16)

<0.001

 

Wealth quintile 5

Ethnicity

Turkmen (ref)

 

Not Turkmen

Smoking status

Never smoked (ref)

 

Current/ex-smoker

BMI

BMI <18.5 or ≥25 (ref)

 

BMI: 18.5≤x<25

BMI

BMI <25(ref)

 

BMI: ≥25

Physical activity

Physical activity 1 (ref)

 

Physical activity 2

1.20

(1.13 to 1.28)

<0.001

–

–

–

 

Physical activity 3

1.24

(1.15 to 1.35)

<0.001

–

–

–

Physical activity
 

Physical activity 1–2 (ref)
Physical activity 3

–

–

–

0.93

(0.89 to 0.97)

<0.001

The following changes were made through backwards elimination.
Area of living and marital status were excluded from both models due to insignificance.
Sex was not a significant predictor of the outcome in the binary part of the model and was therefore excluded.
Wealth was not a significant predictor of the outcome in the count part of the model and was therefore excluded; BMI categories were
changed to BMI 18.5–25 vs not for the binary part and <25 vs not for the count part.
Physical activity categories were changed to 1–2 vs 3 for the count part.
The zero inflation (binary) part shows ORs of how variables affect a participant being in the inflated zero-hospitalisations group, then a count
model is fitted to show risk ratios for the number of hospitalisations which occur if a participant could have more than 0 hospitalisations.
*Predicting if a participant had certainly 0 hospitalisations in study period.
†Number of times of hospitalisations, if participant did not have certainly 0 hospitalisations.
BMI, body mass index.

to address the issue of multimorbidity.44 However, caring
for patients with multimorbidity is challenging, putting a
burden on the health services and patients—who often
are required to attend for multiple medical follow-up
appointments. Delivering patient centred care—with
fewer healthcare visits—needs to be balanced with the
financial reality that many developing health systems face.
Odland ML, et al. BMJ Global Health 2022;7:e007278. doi:10.1136/bmjgh-2021-007278

As explained previously, Iran is still struggling to achieve
UHC even after implementation of the HTP, and some
of the poorest or more fragile people in the community
might not be accessing healthcare due to lack of insurance and high OOP. To achieve UHC and deal with the
burden of multimorbidity and its consequences which we
have found will require continued political and financial
11
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cross-
sectional study from Burkina Faso.11 However,
information on numbers of conditions in the communicable or mental health domains was not sufficient to
enable such an analysis in this study. A major limitation
is that we only had access to data on multimorbidity and
physical measurements at baseline, and were not able
to determine the effects of changes in multimorbidity
status over the course of follow-up on outcomes. Another
major limitation is that the study was set in the Golestan
province which is largely populated by Turkmen, especially in the rural areas. Turkmen is a minor ethnic group
in Iran forming around 2% of the total population.
Turkmen may have a different diet, lifestyle and socioeconomic status to that of ethnic Persians which means
our results may not be generalisable to the rest of Iran.
Indeed, although ethnicity did not influence the odds of
being dead in 10 years, there were—contrasting—effects
of ethnicity on the hazard of death and hospitalisations.
Nevertheless, removing ethnicity from our models did
not substantially alter the relationship between our main
independent variable of interest, multimorbidity and the
outcomes (data not shown). Other limitations from our
study include that the competing risk of death could have
reduced the association between multimorbidity and
hospitalisations, meaning that our estimates on hospitalisation are conservative. The prevalence of mental
health conditions was surprisingly low, which could be
due to under-reporting and stigma, meaning that the
reported prevalence of mental health conditions (and
hence multimorbidity) could be an underestimate. An
additional reason for underestimation of multimorbidity
is that the sample in the cohort was collected to study the
incidence of oesophageal cancer, hence patients with GI
cancers were excluded from the baseline sample. Upper
GI cancer is a common cause of cancer related death in
Iran, with gastric cancers being the most prevalent (0.2
and 100 per 100 000).58
That most of the conditions in this cohort were self-
reported could introduce a risk of recall bias. However,
the questionnaire was validated in a pilot and there was
good correlation between self-reported food intake or
opium use and biomarker measurements.26 59 Additionally, medications—which were recorded by data collectors—provided additional objective evidence of disease;
although medications were assigned to diseases informed
by the British National Formulary and clinical expert
opinion, these assignments may not have been accurate
in all cases. We could not ascertain reason for hospitalisation and specific cause of death using our data. Finally,
to provide data in an important area where data are
currently lacking, our study used a convenience cohort
which was not nationally representative.
Conclusions
This is one of the first studies to report on longitudinal
effects of multimorbidity in a middle-income country.
Our study shows that the long-terms effects of multimorbidity on outcomes, such as mortality and hospitalisation,
Odland ML, et al. BMJ Global Health 2022;7:e007278. doi:10.1136/bmjgh-2021-007278
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commitment. The drive to ensure that care for chronic
conditions is focused in primary healthcare settings
will help achieve this balance, indeed, other middle
income countries, such as South Africa, have embraced
this approach with their Ideal Clinic programme.45 The
Ideal Clinic programme was initiated in 2013 to improve
the quality of primary healthcare facilities, even though
the programme is new, and has to be strengthened, the
preliminary results are promising.46 Moreover, stakeholders and policy-makers in LMICs can learn from some
of the triumphs and errors of HICs.47
Although our main aim was to explore associations
between multimorbidity and outcomes, there are other
findings worthy of note. In particular odds of death were
three times as high for men as for women when defining
multimorbidity as count of conditions. Sex did not influence the risk of being hospitalised in our study, but did
have an effect on the number of hospitalisations, with
men having more hospitalisations. Our results are thus
similar to findings in other studies.4 12 13 48 Even though
women are generally more likely to have multimorbidity than men,11 35 49 differences in healthcare utilisation between women and men may be the reason for
worse outcomes in men compared with women.50 51 We
also found that wealth was associated with a lower risk
of adverse outcomes—as have other studies using cross
sectional data from LMICs.11 52 Low socioeconomic status
is a well-known risk factor for CVD, multimorbidity and
mortality in HICs.2 13 52 53 Hence ignoring the increasing
burden of multimorbidity may increase inequalities in
Iran and other LMICs.19
Although studies in HICs have found a U-shaped relationship between BMI and outcomes,54 we found that low
BMI was associated with the highest risk of death within 10
years, reduced survival and increased number of hospitalisations. Being overweight had the lowest risk of adverse
outcomes. Our findings are in thus line with studies
which have demonstrated the ‘obesity paradox’, that is,
being overweight is associated with improved survival
in older age groups.54 Also the finding that low BMI is
associated with a higher odds of death in our study may
be due to reverse causality, with lower BMI occurring in
people who are more severely ill. Being in a higher tertile
of physical activity was associated with better outcomes, a
finding which is in line with others who have shown that
exercise, even when ageing, improves outcomes.55 56
Our study has several limitations. Polypharmacy has
been associated with an increased risk of death in other
studies.57 However, given that we defined the presence
of conditions based on the use of medications it was not
possible to reliably disentangle the contributions of polypharmacy or multimorbidity to outcomes in this study.
Unfortunately, our study did not investigate the association with concordant (two or more conditions in one
disease domain) or discordant (two or more conditions
in a different disease domain) multimorbidity. Discordant
multimorbidity has been found to have adverse outcomes
on frailty, disability, and quality of life in a previous

BMJ Global Health

Author affiliations
1
Institute of Applied Health Research, University of Birmingham, Birmingham, UK
2
Department of Obstetrics and Gynecology, St. Olavs University Hospital, Trondheim,
Norway
3
Malawi-Liverpool-Wellcome Trust Research Institute, Blantyre, Malawi
4
Digestive Diseases Research Center, Digestive Diseases Research Institute, Tehran
University of Medical Sciences, Tehran, Iran
5
Liver and Pancreatobiliary Diseases Research Center, Digestive Diseases Research
Institute, Tehran University of Medical Sciences, Tehran, Iran
6
AGE Research Group, NIHR Newcastle Biomedical Research Centre, Newcastle
University, Newcastle upon Tyne, UK
7
Newcastle Upon Tyne Hospitals NHS Foundation Trust, Newcastle upon Tyne, UK
8
Medical Research Council/Wits University Rural Public Health and Health
Transitions Research Unit, School of Public Health, University of the Witwatersrand,
Johannesburg-B
 raamfontein, South Africa
Twitter Justine I Davies @drjackoids
Acknowledgements MDW acknowledges support from the NIHR Newcastle
Biomedical Research Centre. TM is supported by the National Institute for Health
Research (NIHR) Applied Research Collaboration (ARC) West Midlands.
Contributors SI statistically analysed the data. MLO and JID accessed and verified
the data. MLO wrote the first draft of the manuscript with input from SI and JID. All
authors contributed to the conception and design of the study, data interpretation
and manuscript revision. All authors read and approved the submitted manuscript
and had final responsibility for the decision to submit for publication. JD was the
overall guarantor of the content.
Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.
Disclaimer The views expressed are those of the author(s) and not necessarily
those of the NIHR or the Department of Health and Social Care. This report presents
independent research funded by the National Institute for Health Research (NIHR).
The views expressed are those of the authors and not necessarily those of the NHS,
the NIHR or the Department of Health.
Competing interests None declared.
Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.
Patient consent for publication Consent obtained directly from patient(s)
Ethics approval This was a secondary analysis of deidentified participant
data. The initial study was approved by the ethics committee of the Digestive
Diseases Research Institute, Tehran, University of Medical Sciences (OHRP-
IRB-00001641). Before participation, a written informed consent was obtained
from each participant, allowing investigators to use anonymised data for future
analysis. Participants gave informed consent to participate in the study before
taking part.
Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available on reasonable request.
Information about the study design, updated interim analyses, ongoing substudies
and relevant publications are available at www.ddrc.ac.ir. Specific proposals for
national and international collaborations are welcomed. Initial proposals, which
include the aim of the proposed study, the required data and a time-table, should
be submitted to RM (ri.ca.sma@kelam) or PB (rf.crai@atteffob). The proposals
will be discussed within the steering committee, which includes the principal
Odland ML, et al. BMJ Global Health 2022;7:e007278. doi:10.1136/bmjgh-2021-007278

investigators of the study and, if necessary, other experts according to the
proposal’s theme.
Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.
Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.
Author note RK and JID are joint last authors.
ORCID iD
Maria Lisa Odland http://orcid.org/0000-0003-4340-7145

REFERENCES

1 Academy of Medical Sciences. Multimorbidity: a priority for global
health research, 2018.
2 Barnett K, Mercer SW, Norbury M, et al. Epidemiology of
multimorbidity and implications for health care, research, and
medical education: a cross-sectional study. Lancet 2012;380:37–43.
3 Xu X, Mishra GD, Jones M. Mapping the global research landscape
and knowledge gaps on multimorbidity: a bibliometric study. J Glob
Health 2017;7:010414.
4 Wolff JL, Starfield B, Anderson G. Prevalence, expenditures, and
complications of multiple chronic conditions in the elderly. Arch
Intern Med 2002;162:2269–76.
5 Willadsen TG, Siersma V, Nicolaisdóttir DR, et al. Multimorbidity and
mortality: a 15-year longitudinal registry-based nationwide Danish
population study. J Comorb 2018;8:2235042X18804063.
6 Nunes BP, Flores TR, Mielke GI, et al. Multimorbidity and mortality in
older adults: a systematic review and meta-analysis. Arch Gerontol
Geriatr 2016;67:130–8.
7 Ryan A, Wallace E, O'Hara P, et al. Multimorbidity and functional
decline in community-dwelling adults: a systematic review. Health
Qual Life Outcomes 2015;13:168.
8 Buja A, Rivera M, De Battisti E, et al. Multimorbidity and hospital
admissions in high-need, high-cost elderly patients. J Aging Health
2020;32:259–68.
9 Nunes BP, Camargo-Figuera FA, Guttier M, et al. Multimorbidity in
adults from a southern Brazilian city: occurrence and patterns. Int J
Public Health 2016;61:1013–20.
10 Chang AY, Gómez-Olivé FX, Payne C, et al. Chronic multimorbidity
among older adults in rural South Africa. BMJ Glob Health
2019;4:e001386.
11 Odland ML, Payne C, Witham MD, et al. Epidemiology of
multimorbidity in conditions of extreme poverty: a population-
based study of older adults in rural Burkina Faso. BMJ Glob Health
2020;5:e002096.
12 Zhang Y, Zhou L, Liu S, et al. Prevalence, correlates and outcomes
of multimorbidity among the middle-aged and elderly: findings from
the China health and retirement longitudinal study. Arch Gerontol
Geriatr 2020;90:104135.
13 Woo J, Leung J. Multi-morbidity, dependency, and frailty singly
or in combination have different impact on health outcomes. Age
2014;36:923–31.
14 Lozano R, Wang H, Foreman KJ, et al. Progress towards millennium
development goals 4 and 5 on maternal and child mortality: an
updated systematic analysis. Lancet 2011;378:1139–65.
15 World Health Organisation. World population ageing 2019, 2020.
16 Nyberg ST, Batty GD, Pentti J, et al. Obesity and loss of disease-free
years owing to major non-communicable diseases: a multicohort
study. Lancet Public Health 2018;3:e490–7.
17 Sum G, Salisbury C, Koh GC-H, et al. Implications of multimorbidity
patterns on health care utilisation and quality of life in middle-income
countries: cross-sectional analysis. J Glob Health 2019;9:020413.

13

BMJ Glob Health: first published as 10.1136/bmjgh-2021-007278 on 12 May 2022. Downloaded from http://gh.bmj.com/ on June 28, 2022 by guest. Protected by copyright.

are just as hazardous, and potentially worse, in Iran as
in HICs. Our results are relevant for future health policy
and planning as there is a growing body of evidence on
the increasing burden of NCDs and multimorbidity in
LMICs, and given similar socioeconomic trajectories,
low-income countries may face the similar issues of deleterious consequences of multimorbidity to Iran in the
future. We recommend focusing more resources and
global health funds around improving health system
preparedness in LMIC settings to treat patients with
multimorbidity in the years to come.

BMJ Global Health

14

40 Ebrahimoghli R, Janati A, Sadeghi-Bazargani H, et al. Epidemiology
of multimorbidity in Iran: an investigation of a large pharmacy claims
database. Pharmacoepidemiol Drug Saf 2020;29:39–47.
41 Nguyen H, Manolova G, Daskalopoulou C, et al. Prevalence
of multimorbidity in community settings: a systematic review
and meta-analysis of observational studies. J Comorb
2019;9:2235042X19870934
42 NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends
in blood pressure from 1975 to 2015: a pooled analysis of
1479 population-based measurement studies with 19·1 million
participants. Lancet 2017;389:37–55.
43 World Health Organisation. Universal health coverage: primary health
care towards universal health coverage 2019. Available: https://
apps.who.int/gb/ebwha/pdf_files/WHA72/A72_12-en.pdf [Accessed
26 Jan 2021].
44 World Health Organisation. Universal health coverage. Available:
https://www.who.int/news-room/fact-sheets/detail/universal-health-
coverage-(uhc) [Accessed 26 Jan 2021].
45 Ministry of Health Republic of South Africa. Ideal clinic South Africa.
Available: https://www.idealhealthfacility.org.za/ [Accessed 26 Jan
2021].
46 Muthelo L, Moradi F, Phukubye TA, et al. Implementing the
ideal clinic program at selected primary healthcare facilities in
South Africa. Int J Environ Res Public Health 2021;18:18157762.
doi:10.3390/ijerph18157762
47 Whitty CJ. Harveian oration 2017: triumphs and challenges in a
world shaped by medicine. Clin Med 2017;17:537–44.
48 Gruneir A, Bronskill SE, Maxwell CJ, et al. The association between
multimorbidity and hospitalization is modified by individual
demographics and physician continuity of care: a retrospective
cohort study. BMC Health Serv Res 2016;16:154.
49 Abebe F, Schneider M, Asrat B, et al. Multimorbidity of chronic
non-communicable diseases in low- and middle-income countries: a
scoping review. J Comorb 2020;10:2235042X20961919
50 Odland ML, Bockarie T, Wurie H, et al. Prevalence and access to
care for cardiovascular risk factors in older people in Sierra Leone: a
cross-sectional survey. BMJ Open 2020;10:e038520.
51 Geldsetzer P, Manne-Goehler J, Marcus M-E, et al. The state of
hypertension care in 44 low-income and middle-income countries:
a cross-sectional study of nationally representative individual-level
data from 1·1 million adults. Lancet 2019;394:652–62.
52 Rosengren A, Smyth A, Rangarajan S, et al. Socioeconomic status
and risk of cardiovascular disease in 20 low-income, middle-
income, and high-income countries: the prospective urban rural
epidemiologic (PURE) study. Lancet Glob Health 2019;7:e748–60.
53 Lund Jensen N, Pedersen HS, Vestergaard M, et al. The impact of
socioeconomic status and multimorbidity on mortality: a population-
based cohort study. Clin Epidemiol 2017;9:279–89.
54 Flegal KM, Kit BK, Orpana H, et al. Association of all-cause
mortality with overweight and obesity using standard body mass
index categories: a systematic review and meta-analysis. JAMA
2013;309:71–82.
55 Roh KH, Park HA. [A meta-analysis of the effect of walking exercise
on lower limb muscle endurance, whole body endurance and upper
body flexibility in elders]. J Korean Acad Nurs 2013;43:536–46.
56 Rubenstein LZ, Josephson KR, Trueblood PR, et al. Effects
of a group exercise program on strength, mobility, and falls
among fall-prone elderly men. J Gerontol A Biol Sci Med Sci
2000;55:M317–21.
57 Leelakanok N, Holcombe AL, Lund BC, et al. Association between
polypharmacy and death: a systematic review and meta-analysis.
J Am Pharm Assoc 2017;57:e10:729–38.
58 Kalan Farmanfarma K, Mahdavifar N, Hassanipour S, et al.
Epidemiologic study of gastric cancer in Iran: a systematic review.
Clin Exp Gastroenterol 2020;13:511–42.
59 Malekshah AF, Kimiagar M, Saadatian-Elahi M, et al. Validity and
reliability of a new food frequency questionnaire compared to 24
H recalls and biochemical measurements: pilot phase of Golestan
cohort study of esophageal cancer. Eur J Clin Nutr 2006;60:971–7.

Odland ML, et al. BMJ Global Health 2022;7:e007278. doi:10.1136/bmjgh-2021-007278

BMJ Glob Health: first published as 10.1136/bmjgh-2021-007278 on 12 May 2022. Downloaded from http://gh.bmj.com/ on June 28, 2022 by guest. Protected by copyright.

18 Pati S, Swain S, Knottnerus JA, et al. Health related quality of life
in multimorbidity: a primary-care based study from Odisha, India.
Health Qual Life Outcomes 2019;17:116.
19 World Bank. Islamic Republic of Iran 2020. Available: https://www.
worldbank.org/en/country/iran
20 World Health Organisation. Islamic Republic of Iran on a fast-track
to beating noncommunicable diseases 2017. Available: https://www.
who.int/news-room/feature-stories/detail/islamic-republic-of-iran-
on-a-fast-track-to-beating-noncommunicable-diseases
21 Ahmadi B, Alimohammadian M, Yaseri M, et al. Multimorbidity:
epidemiology and risk factors in the Golestan cohort study, Iran: a
cross-sectional analysis. Medicine 2016;95:e2756.
22 Boutayeb A, Boutayeb S, Boutayeb W. Multi-morbidity of non
communicable diseases and equity in WHO eastern Mediterranean
countries. Int J Equity Health 2013;12:60.
23 Khosravi A, Taylor R, Naghavi M, et al. Differential mortality in Iran.
Popul Health Metr 2007;5:7.
24 Enayatrad M, Yavari P, Etemad K, et al. Determining the levels of
urbanization in Iran using hierarchical clustering. Iran J Public Health
2019;48:1082–90.
25 Behzadifar M, Saran M, Behzadifar M, et al. The 'Health
Transformation Plan' in Iran: A policy to achieve universal health
coverage in slums and informal settlement areas. Int J Health Plann
Manage 2021;36:267–72.
26 Pourshams A, Khademi H, Malekshah AF, et al. Cohort Profile: the
Golestan cohort study-a prospective study of oesophageal cancer in
northern Iran. Int J Epidemiol 2010;39:52–9.
27 Gemini study health and lifestyle questionnaire.
28 MaB G. Multiple correspondence analysis and related method.
London: Chapman & Hall/CRC, 2006.
29 Kabudula CW, Houle B, Collinson MA, et al. Assessing changes in
household socioeconomic status in rural South Africa, 2001-2013:
a distributional analysis using household asset indicators. Soc Indic
Res 2017;133:1047–73.
30 Haskell WL, Lee I-M, Pate RR, et al. Physical activity and public
health: updated recommendation for adults from the American
College of Sports Medicine and the American Heart Association.
Med Sci Sports Exerc 2007;39:1423–34.
31 Doshmangir L, Bazyar M, Rashidian A, et al. Iran health insurance
system in transition: equity concerns and steps to achieve universal
health coverage. Int J Equity Health 2021;20:37.
32 Doshmangir L, Bazyar M, Najafi B, et al. Health financing
consequences of implementing health transformation plan in
Iran: achievements and challenges. Int J Health Policy Manag
2019;8:384–6.
33 Fabbri E, An Y, Zoli M, et al. Association between accelerated
multimorbidity and age-related cognitive decline in older Baltimore
longitudinal study of aging participants without dementia. J Am
Geriatr Soc 2016;64:965–72.
34 Aarts S, den Akker Mvan, Bosma H, et al. The effect of
multimorbidity on health related functioning: temporary or
persistent? results from a longitudinal cohort study. J Psychosom
Res 2012;73:211–7.
35 Cassell A, Edwards D, Harshfield A, et al. The epidemiology of
multimorbidity in primary care: a retrospective cohort study. Br J
Gen Pract 2018;68:e245–51.
36 St John PD, Tyas SL, Menec V, et al. Multimorbidity, disability, and
mortality in community-dwelling older adults. Can Fam Physician
2014;60:e272–80.
37 Schäfer I, Kaduszkiewicz H, Nguyen TS, et al. Multimorbidity
patterns and 5-year overall mortality: results from a claims data-
based observational study. J Comorb 2018;8:2235042X18816588
38 Nguyen H, Wu Y-T, Dregan A, et al. Multimorbidity patterns, all-
cause mortality and healthy aging in older English adults: results
from the English longitudinal study of aging. Geriatr Gerontol Int
2020;20:1126–32.
39 Storeng SH, Vinjerui KH, Sund ER, et al. Associations between
complex multimorbidity, activities of daily living and mortality among
older Norwegians. A prospective cohort study: the HUNT study,
Norway. BMC Geriatr 2020;20:21.

