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Association Between Body Mass index and Prevalence 
of Multimorbidity in Low-and Middle-income Countries: 
A Cross-Sectional Study

ABSTRACT
Background: Chronic diseases are increasingly becoming a health burden in terms of both 
morbidity and mortality in low and middle-income countries (LMICs). The role of body mass 
index (BMI) especially overweight and obesity in the prevalence of multimorbidity, the 
occurrence of two or more chronic conditions, is understudied in LMICs where two thirds 
of the world’s obese individuals reside. We estimated the association between BMI and 
prevalence of chronic non communicable disease multimorbidity in six LMICs.
Methods: Cross-sectional data of total of 40,166 participants from China (n=13,970), India 
(10,915), Mexico (2,4 26), Russia (3,892), South Africa (4,000) and Ghana (4,971), aged 18 
years and above included in the WHO Study on Global Ageing and adult health (SAGE), 
2007–2010 were analyzed. Multimorbidity was measured as the simultaneous presence 
of two or more of the nine chronic conditions including angina pectoris, arthritis, asthma, 
chronic lung disease, diabetes mellitus, hypertension, stroke, depression, and vision impair-
ment. Multivariable logistic regression models were fitted to test for associations between 
overweight/obesity and prevalence of non communicable multimorbidity after adjusting for 
age, sex, rural/urban residence, education, marital status, occupation, household wealth, 
tobacco smoking, alcohol drinking, fruits and vegetable intake and health insurance status. 
Data were analyzed country wise as well as pooled together to give overall LMIC estimates.
Results: The mean BMI was 24.4 [±7.3SD] in the pooled countries, being as low as 20.8 
[±8.0 SD] in India to 23.4 [±6.3 SD] in Ghana, 23.9 [±4.9 SD] in China, 28.4 [±5.4 SD] in 
Mexico, 28.6 [±6.3 SD] in Russia, to as high as 30.5 [±12.0 SD] in South Africa. The preva-
lence of overweight was 13% and obesity was 24% in the pooled sample. The prevalence 
of non communicable disease multimorbidity was 23% in the pooled sample of six coun-
tries–the highest being in Russia (50%), followed by Mexico (27%), India (24%), Ghana 
(23%), South Africa (32%) and China (22%). The prevalence of multimorbidity was 37% 
among obese population and 27% among overweight population in the pooled sample–
highest prevalence was in Russia (59% among obese; 45% among overweight) and lowest 
in Ghana (28% among obese; 23% among overweight). Being obese (OR:5.78;95%CI:3.55–
9.40;p<0.0001) was associated with significantly higher likelihood of having multimor-
bidity as compared to normal weight category in the pooled sample. The likelihood of 
multimorbidity among obese were almost ten times higher in Russia (OR:9.90;95%CI:3.90–
25.17;p=<0.0001), seven times higher in China (OR:7.06;95%CI:2.47–20.21;p=0.003), six 
times higher in Ghana (OR:5.61;95%CI:1.21–26.02;p= 0.007) and five times higher in South 
Africa (OR:4.66;95%CI:2.16–10.08;p=0.005). Non-significant but positive association were 
also observed in case of India and Mexico. The likelihood of multimorbidity was more than 
two times higher among overweight population in India (OR:2.33;95%CI:1.35–4.02;p=0.003) 
and pooled countries (OR:1.47;95%CI:1.05–2.07;p=0.004) while non-significant but positive 
association were also observed in case of China, Russia, and Ghana.
Conclusions: The prevalence of non communicable disease multimorbidity in the LMICs is 
high, one and half times higher in obese than in normal weight individual. Obesity was inde-
pendently associated with the occurrence of multimorbidity in the six LMICs. These findings 
may be vital for public health surveillance, prevention and management strategies for non 
communicable disease multimorbidity in the LMICs.
Key words: Overweight/obesity, Non communicable disease multimorbidity, Chronic Condi-
tions, Low and middle income countries, WHO-SAGE.
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INTRODUCTION
Chronic or non-communicable diseases (NCD) are increasingly becoming 
a major health burden both in terms of morbidity and mortality 
especially in low and middle-income countries (LMICs). Multimor-
bidity, which is the state of simultaneous occurrence of two or more 
chronic conditions within an individual without any single predomi-
nant condition, is an emerging issue in public health agenda in LMICs 
due to its increasing prevalence, impact on individual health status, and 
the financial impact on the health care system.1–15 People with multi-
morbidity are considered to be at increased risk of receiving low indi-
vidual and medical care,7–9 more frequent and longer hospitalizations,8 
higher health care costs including out of pocket expenditure,7,9,10,16 and 
increased use of polypharmacy,6 with the potential for adverse drug 
effects.8,9 Global estimates of the prevalence of multimorbidity vary 
from 17% to over 90%,2,11,17,18 with the highest prevalence in devel-
oped countries where about 1 in 4 adults experience multimorbidity, 
with half of older adults having 3 or more chronic conditions.2,11 It is 
expected that multimorbidity will soon become a norm rather than the 
exception in both developed as well as developing nations.12 However, 
most public health systems as well as medical treatment strategies, even 
in developed nations are still designed and implemented as if diseases 
occur in isolation.13

Excess weight or overweight and obesity are considered an important 
predecessor to NCD multimorbidity,19 and an important risk factor 
for future morbidity.20 Epidemiological studies conducted in devel-
oped nations have found that multimorbidity was more commonly 
prevailing in ageing and obese patients,9,21,22 and even in the general 
population.20 A cohort study conducted in UK found that 32% of mul-
timorbidity was attributable to overweight and obesity among patients 
registered in a primary care.23 Excess bodyweight was also associ-
ated with increased frequency of many other long-term conditions, 
including type 2 diabetes, cardiovascular diseases and musculoskeletal 
problems.24–27 The association of overweight and obesity with multi-
morbidity thus qualifies for evaluation in LMICs where two thirds of 
the world’s obese individuals reside and an epidemiological transition 
is already underway. An understanding of this association may offer 
insight into the contribution of overweight/obesity to the burden of 
multimorbidity in the general population and the potential for preven-
tion of multimorbidity in LMICs. The aim of this study is to evaluate 
the prevalence of NCD multimorbidity by overweight/obesity status 
based on a list of nine chronic conditions and investigate the association 
between body mass index and prevalence of multimorbidity in the six 
LMICs. We hypothesized that prevalence and risk factors for multimor-
bidity is more common in the overweight/ obese than non-overweight/
obese population in the LMICs.

METHODS
Participants and Data
We used data from the WHO Study on Global AGEing and Adult Health 
(SAGE) wave 1 (2007–2010). SAGE is a longitudinal ageing and health 
study with nationally representative samples of adults (>18 years) in six 
LMICs — China, India, Ghana, Mexico, Russian Federation and South 
Africa.28 The countries were chosen to represent different geographic 
regions of the world, levels of economic development and stages in the 
demographic and health transition and include the two most populous 
countries of the world.29 SAGE is also designed to provide results that 
are comparable to ageing studies in high-income countries, such as the  
US Health and Retirement Study (http://hrsonline.isr.umich.edu/),  
the English Longitudinal Study on Ageing (www.ifs.org.uk/elsa/) and 
the Collaborative Research on Ageing in Europe (COURAGE in Europe) 
Project (www.courageproject.eu/) in three countries.28

The SAGE study sampling plans used multistage clustered design 
samples drawn from an updated frame,28 in all countries, except for 
Mexico. Households were classified into one of two mutually exclusive 
categories: (1) all persons aged 50 years and older were selected from 
households classified as ‘50+households’; and (2) one person aged 18–49 
years was selected from a household classified as an ‘18–49 household’. 
The arrangement in Mexico was similar, but included supplementary 
and replacement samples to account for losses to follow up in selected 
sampling units since Wave 0.28 The sample in India is also representa-
tive at the sub-national and sub-state levels for the selected states. Each 
household and individual is assigned a known non-zero probability of 
being selected.28 Household and individual weights were post-stratified 
to weight up to population distributions by age and sex in each country. 
Detailed description of study and sample design is documented else-
where.28,30

Face-to-face interviews were used to collect household and individual 
level data, by using standardised survey instruments in native language 
of respondents and protocols, covering a broad range of topics, includ-
ing health and its determinants, disability, subjective, emotional and 
financial wellbeing, health care utilisation and health systems respon-
siveness.28 One household questionnaire was completed for each selected 
household in face-to-face interviews and individual questionnaires were 
collected from one randomly selected individual aged 18–49 years and 
all individuals aged over 50 years, including by proxy where an indi-
vidual was unable to complete the questionnaire.28 Individual response 
rates are as follows: 53% Mexico, 68% India, 75% South Africa, 81% in 
Ghana, 83% Russia and 93% in China.28 A physical examination was 
used to collect height, weight, waist circumference and blood pressure. 
The SAGE dataset is described in full elsewhere and the questionnaires 
are available in public domain at http://www.who.int/healthinfo/sage/
cohorts/en/index2.html.

Outcome measures
Chronic conditions and multimorbidity
We defined multimorbidity as concurrent occurrence of two or more 
chronic health conditions in the same individual. For the purpose of 
the study the following nine chronic conditions were analysed:
Angina pectoris, arthritis, asthma, low visual acuity, chronic lung dis-
ease (includes emphysema, bronchitis, chronic obstructive pulmonary 
disease), diabetes (excluding diabetes associated with a pregnancy), 
stroke, hypertension and depression. Of these nine conditions, diabetes 
mellitus and stroke were assessed through a question about ever being 
diagnosed with the disease by a health professional. The specific ques-
tion was, “Have you ever been told by a health professional/doctor that 
you have (disease name)?” The prevalence of angina pectoris, arthritis, 
asthma, and chronic lung disease was derived from a set of symptom 
based questions, combined with a validated diagnostic algorithm as 
described in Arokiasamy et al.31 Additionally, we have used of treat-
ment/medication received in the 12 months prior to interview which 
was indicative of a diagnosis and was included in prevalence estimates 
for the above described chronic conditions. We used a symptom based 
reporting and diagnostic algorithm for the prevalence of angina pec-
toris, arthritis, and asthma. The assessment of hypertension and visual 
acuity was based on direct physical examination undertaken at the time 
of interview.31 The prevalence of hypertension was based blood pressure 
(systolic and diastolic) measured three times on the right arm/wrist of 
the seated respondent using an automated recording device (OMRON 
R6 Wrist Blood Pressure Monitor, HEM-6000-E, Omron Healthcare 
Europe, B.V., Hoofddorp, The Netherlands).32 An average of the second 
and third of three total readings was used as the outcome in this study. 
In accordance with WHO/ISH guidelines for the management of hyper-
tension,33 the limit for high systolic blood pressure was 140 mm/hg  
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‘How many servings of fruit do you eat on a typical day?’ and ‘How many 
servings of vegetables do you eat on a typical day?’ Researchers were 
trained to show all respondents a nutrition risk factor card that indi-
cates both in writing and in pictures general categories, amounts, and 
examples of fruits and vegetables in an attempt to standardise the serv-
ing size and number of servings reported.44 Insufficient fruits and veg-
etable consumption were defined as less than five servings of fruits and/
or vegetables a day.44 Tobacco and alcohol consumption was included as 
a part of lifestyle behaviour. Lifetime tobacco used was assessed with the 
question ‘Have you ever smoked tobacco or used smokeless tobacco?’ 
Lifetime tobacco users were asked ‘Do you currently use (smoke, sniff, 
or chew) any tobacco products such as cigarettes, cigars, pipes, chew-
ing tobacco, or snuff?’ The response options were ‘Yes, daily’, ‘Yes, but 
not daily’, and ‘No, Not at all’.45 These questions are based on the WHO 
Guidelines for Controlling and Monitoring the Tobacco Epidemic.46 
Lifetime alcohol use was assessed with the question ‘Have you ever con-
sumed a drink that contains alcohol (such as beer, wine, spirits, etc.)?’ 
Response options were ‘Yes’ or ‘No, never’.45 Lifetime alcohol users were 
asked about current (past month) alcohol use, and current alcohol users 
were asked ‘During the past 7 days, how many drinks of any alcoholic 
beverage did you have each day?47

Statistical analyses
We calculated the pooled estimate using data from all countries, but also 
ran separate analyses for each country. The prevalence of multimorbid-
ity was estimated in relation to BMI status, age, sex, place of residence, 
marital status, education level, occupation, household wealth, tobacco 
smoking, alcohol intake, fruits or vegetable intake and health insurance 
status, and other factors as discussed above. Categorical variables are 
presented as absolute and relative frequencies. Associations between 
categorical variables were tested by the calculation of the chi-square 
test. Multivariable logistic regression models were then fitted to test 
for associations between overweight/obesity and NCD multimorbidity 
after adjusting for the confounders discussed above. Odds ratios (OR) 
and 95% confidence intervals (CI) were calculated for each risk-factor 
using logistic regression adjusted for survey design. For a simple expla-
nation of odds ratios, see Grimes and Schultz.48 BMI category was the 
principal predictor while the outcome was presence/absence of multi-
morbidity (a dichotomous variable based on the number of conditions). 
For the purpose of the study, we excluded those with missing values 
for outcome and independent variables (9.2% of the sample). We tested 
for possible multicollinearity for covariates adjusted for in our analysis 
through correlation matrix and found the multicollinearity were all less 
than 0.5, indicating that the assumption of reasonable independence 
among predictor variables and the outcome variable was met.49 The 
absence of multicollinearity and plausible interactions among variables 
were tested to ensure the robustness of the regression model.49 In all data 
analysis, sampling weights were used to account for the complex, multi-
stage design of the SAGE survey.28 We performed the statistical analyses 
using STATA 10.1 (StataCorp, College Station, Texas). It is important 
to mention here that, the pooled data have a hierarchical structure 
with individuals nested within regions which are in turn nested within 
countries.50 The pooled analysis combines time series for several cross-
sections.31 However, particular care should be taken when interpreting 
the pooled data since estimates from a model that includes a full set of 
interactions between individual characteristics and the country dum-
mies are not equivalent to the estimates derived from distinct country 
regressions,16,31,50 because the residual error variance is constrained to 
be the same across countries in the former case but not in the latter.51–52

The WHO-SAGE study wave 1 study has a total of 36,354 individual 
respondents aged 50 years and above and 7,961 individuals aged 18–49 
years in a total of six nations. The individual level response rates for each 

or above, and for diastolic blood pressure 90 mm/hg or above.34 An 
individual was considered to be hypertensive if average systolic or dia-
stolic blood pressure readings exceeded either of these thresholds or 
they reported current treatment for hypertension.31 Visual impairment 
is associated with functional limitations and lowered well-being, and 
also affects health related quality of life through its effect on self-care 
and treatment-seeking behaviour.35 We measured visual acuity in this 
study for both near and distance vision in each eye using a tumbling 
“E” logMAR chart.36 Measured near and distance visual acuity was clas-
sified into normal vision (0.32–1.6 decimal) and low vision (0.01–0.25 
decimal).37 We categorised respondent had low vision if they had either 
low near or distance vision in both eyes .31

We used a self-reported symptom-based depression in the past 12 
months for inclusion in the multimorbidity criteria. The symptom-
atic depression items were assessed based on the World Mental Health 
Survey version of the Composite International Diagnostic Interview.38 
The diagnosis of depression was based on the International Classifica-
tion of Diseases, 10th revision (ICD-10), diagnostic criteria for research 
(DCR) for depressive episodes,39 which were derived from an algorithm 
that took into account respondents reporting symptoms of depres-
sion during the past 12 months.40 Participants endorsed at least 4 of 10 
depressive symptoms lasting 2 weeks most of the day or all of the day. 
According to the ICD–10–DCR criterion B, at least two of the following 
three symptoms needed to be present in order to be diagnosed as depres-
sive: depressed mood, loss of interest, and fatigability.40 Additionally, the 
respondents who responded positively to the question, ‘Have you been 
taking any medications or other treatment such as attending therapy or 
counselling sessions for depression during the last 12 months?’ was also 
added to the symptom-based depression.31

Body Mass Index
Apart from the self-reported height and weight data, trained SAGE 
surveyors had obtained participant height (cm) and weight (kg) measure-
ments using standard procedures. Specifically, respondents were asked 
to wear a single layer of clothing and remove their shoes; participant 
height was then measured to the nearest 0.1 cm using a stadiometer and 
weight was recorded to the nearest 0.1 kg using a weighing scale. These 
were then used to calculate individual body mass index (BMI; kg/m2) 
where both values were non-missing. BMI values were classified into cat-
egories for each individual based on established WHO cut-offs for BMI, 
which included four categories: underweight (<18.5 kg/m2), normal 
(18.5–24.9 kg/m2), overweight (25.0–29.9 kg/m2), and obese (≥30 kg/
m2).41 For data presented by obesity status, obesity itself was not included 
as a chronic condition in the definition of multimorbidity.20

Indicators of socioeconomic status and control variables/confounders
Socio-economic and demographic factors included in our analysis were 
age groups (18–29, 30–39, 40–49, 50–59, 60–69, 70+ years); sex; marital 
status (married, not married, others (includes separated, divorced and 
widowed)), education (no education, primary school or less, secondary 
school, tertiary or higher education); place of residence (rural, urban); 
quintiles of household wealth/assets, (Q1 lowest to Q5 highest), occu-
pation (public sector, private sector, self-employment, informal sector),  
tobacco smoking (never, occasionally, daily), ever alcohol intake (no, yes), 
fruits and vegetables intake (no or insufficient (<5servings /day), suf-
ficient (>5 servings/day) and health insurance status (without health 
insurance, with health insurance).
Household wealth status was already provided in dataset,42 derived 
using WHO standard approach to estimating permanent income from 
survey data on household ownership of durable goods, neighbourhood 
and dwelling characteristics, and access to water, sanitation, electricity 
etc.43 Fruit and vegetable consumption was assessed with the questions 
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13% obese, 24% overweight, 49% normal and 13% underweight. 
The distribution of obese individual was highest in South Africa (43%), 
followed by 33% each in Mexico and Russia, while it was lowest in India 
(3%), China (6%) and Ghana (10%). Two-fifth of the sample population 
in Mexico and Russia were overweight, followed by 28% in South Africa 
and 27% in China, 19% in Ghana and 11% in India. The mean BMI was 
24.4[±7.3] in the pooled countries, being as low as 20.8[±8.0SD] in India 
to 23.4[±6.3 SD] in Ghana, 23.9[±4.9 SD] in China, 28.4[±5.4 SD] in 
Mexico, 28.6[±6.3 SD] in Russia, to as high as 30.5[±12.0 SD] in South 
Africa. Women respondents constitutes 56% of the total sample in the 
overall six LMICs, the proportion ranging from almost half in Ghana and 
China to more than 60% in India, Mexico and Russia. The respondents 
were drawn largely from rural areas in India (74%), Ghana (59%) and 
China (51%) while rural respondents consisted of a smaller proportion 
of the sample in Mexico (26%), Russia (25%) and South Africa (33%). 
A majority of the sample population were married at the time of survey 
in China (83%), India (78%), 60% in Ghana, 59% in Mexico and 57% in 
Russia. Half of the sample respondents were not educated in Ghana, more 
than two-fifths in India, one fourth each in China and South Africa while 
it is only 1% in case of Russia. A majority were a public sector employee 
in Russia (86%) whereas 80% were self employed in Ghana. Highest daily 
current tobacco users are in India (86%), followed by 75% in China, 64% 
in South Africa, 56% in Russia, 38% in Ghana and 32% in Mexico. Ever 
alcohol use was highest in Russia (75%), while it was lowest in India 
(13%). Except china (89%), the percentage distribution of respondents 
reporting sufficient intake (>5servings/day) of fruits and vegetable was 
low (ranges from 13% in India to 33% in Ghana). The distribution of nine 
self reported chronic conditions were similar in the six countries with a 
higher number of participants reporting high BP, diabetes and arthri-
tis than other conditions except in Mexico, where other conditions were 
more common than diabetes. In four of the countries low visual acuity 
was more commonly reported than diabetes. In the pooled frequencies, 
the top three most common prevalent chronic conditions were hyper-
tension (34%), arthritis (19%) and low visual acuity (14%) followed by 
chronic lung disease (10%), angina (8%) and depression (7%).

country were as follows: China (93%), Ghana (81%), India (68%), Mexico 
(53%), Russia (83%) and South Africa (75%). This high response rate in 
the SAGE countries were achieved mostly for two reasons: the majority 
of the respondents were participants in the World Health Survey 2002–
2004 and followed up and the local institutions applied concerted efforts 
in collaboration with local partners to improve survey response which 
included conducting a minimum of three revisits to households. We did 
a secondary analysis of nationally representative cross-sectional data 
of 44,715 participants aged 18 years and above included in the WHO 
Study on Global AGEing and adult health (WHO SAGE), 2007–2010. 
The final sample size analysed for the six countries are as follows: China 
(n = 15,048), India (n=12,198), Mexico (n = 2,725), Russian Federation 
(n = 4,946), South Africa (n = 4,227) and Ghana (n = 5,571).

Ethics approval
The WHO-SAGE study received human subjects testing and ethics 
council approval from research review boards local to each partici-
pating country (China: China Centre for disease control and preven-
tion ethical review committee; Ghana: University of Ghana Medical 
School Ethics and Protocol Review Committee; India: Institutional 
Review Board, International Institute for Population Sciences, India; 
Mexico: Comisión de Ética en Investigación, Instituto Nacional de 
Salud Publica; Russia: Department of Prophylactic Medicine, Russian 
Academy of Medical Sciences; South Africa: Human Sciences Research 
Council Ethics Committee, South Africa), and overall from the WHO 
Ethical Review Committee. Written Informed consent was obtained 
from each respondent prior to interview and examination. Our study 
is a secondary analysis of SAGE de-identified data which is available in 
public domain and does not require ethics committee approval.

RESULTS
Participant characteristics
Table 1 shows the characteristics of the study sample of each country. 
The distribution of BMI status in the pooled sample was as follows: 

Table 1: Socioeconomic and demographic characteristics of the respondents (18 years and above) included in WHO-SAGE 2007–2010 by country.

Characteristics China
[n=15048]

India
[n=12198]

Mexico
[n=2725]

Russia
[n=4946]

South Africa
[n=4227]

Ghana
[n=5571]

Pooled countries
[n=44715]

BMI status
Normal (18–24.9kg/m2) 62.6[8744] 51.4[5610] 25.8[626] 25.2[979] 26.0[1039] 56.9[2827] 49.4[19825]

Underweight (<18.5kg/m2) 4.6[638] 34.8[3795] 0.9[21] 1.0[40] 3.9[155] 14.1[698] 13.3[5347]
 Overweight (25.0–29.9kg/m2) 27.4[3823] 10.8[1174] 40.7[986] 41.0[1594] 27.7[1106] 19.0[945] 24.0[9628]

Obese (≥30kg/m2) 5.5[767] 3.1[336] 32.5[787] 32.9[1279] 42.5[1700] 10.0[499] 13.4[5368]
Mean BMI [±SD] 23.9[±4.9] 20.8[±8.0] 28.4[±5.4] 28.6[±6.3] 30.5[±12.0] 23.4[±6.] 24.4[±7.3]
Number of cases 13972 10915 2420 3892 4000 4969 40168

Age
18–29 1.4[217] 15.0[1823] 2.1[57] 2.0[98] 2.4[103] 2.5[139] 5.5[2437]
30–39 3.4[511] 14.3[1745] 6.4[175] 3.0[147] 3.0[127] 5.7[316] 6.8[3021]
40–49 6.1[913] 12.1[1480] 7.1[192] 3.5[172] 3.7[155] 6.9[384] 7.4[3296]
50–59 38.6[5806] 26.1[3179] 15.9[432] 29.8[1473] 40.1[1695] 33.8[1883] 32.4[14468]
60–69 26.4[3968] 20.1[2456] 34.0[927] 21.7[1071] 29.2[1232] 23.4[1305] 24.5[10959]
70+ 24.1[3633] 12.4[1515] 34.6[942] 40.1[1985] 21.7[915] 27.7[1544] 23.6[10534]

Mean age [sd] 60.3[±11.8] 50.0[±16.4] 63.1[±14.0] 62.0[±12.9] 60.3[±12.2] 60.0[±14.0] 57.8[±14.6]
Number of cases 15048 12198 2725 4946 4227 5571 44715

Sex
 Male 48.1[7181] 38.7[4717] 38.2[1041] 37.8[1867] 42.6[1798] 51.3[2851] 44.0[18414

 Female 51.9[7749] 61.3[7481] 61.8[1684] 62.2[3067] 57.4[2427] 48.8[2712] 56.0[23436]
Number of cases 14930 12198 2725 4934 4225 5563 41850
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Characteristics China
[n=15048]

India
[n=12198]

Mexico
[n=2725]

Russia
[n=4946]

South Africa
[n=4227]

Ghana
[n=5571]

Pooled countries
[n=44715]

Place of residence
 Urban 49.0[7376] 25.7[3132] 73.7[2007] 75.0[3709] 66.6[2810] 40.9[2280] 47.7[21314
 Rural 51.0[7672] 74.3[9066] 26.4[718] 25.0[1237] 33.4[1411] 59.1[3289] 52.3[23393]

Number of cases 15048 12198 2725 4946 4221 5569 44707
Marital status

 Married 82.9[12366] 77.5[9456] 58.7[1533] 56.8[2797] 47.4[1965] 59.8[3308] 71.7[29892]
 Not married 2.2[323] 5.7[689] 9.5[249] 4.0[196] 15.7[652] 2.9[159] 4.8[2019]

 Others 39.2[1933] 16.8[2051] 31.8[831] 39.2[1933] 36.9[1531] 37.3[2062] 23.5[9799]
Number of cases 4926 12196 2613 4926 4148 5529 41710

Education
 No education 24.1[3629] 45.2[5080] 17.0[444] 1.0[44] 25.6[904] 51.0[2606] 30.3[12707]

 Primary school or less 35.6[5358] 25.8[2894] 59.5[1555] 9.0[392] 46.5[1642] 22.9[1170] 31.1[13011[
 Secondary school 35.1[5275] 23.1[2592] 14.4[377] 69.9[3042] 22.5[795] 22.4[1145] 31.6[13226]
 Tertiary or higher 5.2[786] 5.9[664] 9.1[237] 20.1[876] 5.5[193] 3.6[185] 7.0[2941]
Number of cases 15048 11230 613 4354 3534 5106 41885

Occupation
 Public sector 41.8[5343] 9.7[714] 14.9[219] 86.2[3636] 16.4[562] 9.4[469] 31.9[10943]
 Private sector 11.5[1466] 12.6[931] 29.8[437] 9.9[416] 55.4[1903] 4.2[207] 15.6[5360]

 Self-employment 43.7[5592] 45.7[3374] 33.6[493] 2.5[106] 4.3[149] 79.5[3966] 40.0[13680]
 Informal sector 3.0[385] 32.1[2372] 21.8[320] 1.5[61] 24.9[823] 7.0[347] 12.6[4308]
Number of cases 12786 7391 1469 4219 3437 4989 34291

Household wealth
 Q1 (Lowest) 19.1[2851] 20.7[563] 17.4[2114] 17.3[856] 19.4[814] 19.5[1081] 18.6[8279]

 Q2 19.8[2960] 20.3[553] 19.1[2317] 19.2[946] 19.6[824] 19.8[1100] 19.6[8700]
 Q3 20.1[2992] 18.8[511] 19.2[2323] 20.1[992] 19.0[798] 19.9[1104] 19.6[8720]
 Q4 20.7[3088] 20.5[559] 21.1[2551] 20.7[1024] 20.7[871] 20.3[1126] 20.7[9219]

 Q5 (Highest) 20.5[3058] 19.7[535] 23.2[2815] 22.7[1122] 21.3[896] 20.7[1148] 21.5[9574]
Number of cases 14949 2721 12120 4940 4203 5559 44492

Current tobacco smoking
 Never 17.4[837] 8.3[391] 50.2[492] 37.8[507] 24.0[339] 50.6[11.3] 22.0[3189]

 Occasionally 7.7[368] 6.1[286] 18.3[179] 6.1[82] 11.8[167] 11.3[139] 8.4[1221]
 Daily 74.9[3594] 85.6[4038] 31.5[309] 56.1[753] 64.1[905] 38.2[470] 69.5[10069]

Number of cases 4799 4715 980 1342 1411 1232 14479
Ever alcohol intake

 No 69.0[10062] 87.0[9767] 51.3[1341] 25.3[1092] 72.8[2929] 41.3[2102] 65.2[27293]
 Yes 31.0[4513] 13.0[1457] 48.7[1272] 74.7[3217] 27.2[1096] 58.7[2987] 34.8[14542]

Number of cases 14575 11224 2613 4309 4025 5089 41835
Fruits or vegetable intake

 No or insufficient (<5 servings/day) 11.2[1581] 87.5[9816] 76.2[1969] 72.0[2688] 71.7[2874] 67.0[3385] 54.7[22313
 Sufficient (>5 servings/day) 88.8[12585] 12.5[1406] 23.8[615] 28.1[1048] 28.3[1135] 33.0[1664] 45.3[18453]

14160 11222 2584 3736 4009 5049 40766
Chronic conditions

 Hypertension (BP≥140/90mm/Hg) 28.6[4297] 17.0[2069] 33.4[873] 40.3[1993] 46.2[1951] 37.4[2081] 33.8[15116]
 Diabetes 6.0[869] 4.9[550] 18.1[474] 8.3[357] 9.2[370] 3.5[177] 6.7[2797]

 Stroke 3.1[456] 1.5[171] 4.3[112] 5.6[239] 3.6[144] 2.4[120] 3.0[1242]
 Angina pectoris 6.7[1001] 5.5[667] 2.6[72] 25.8[1277] 4.9[205] 3.2[176] 7.6[3398]

 Arthritis 17.9[2693] 16.7[2033] 13.5[367] 30.4[1505] 23.1[975] 19.3[1075] 19.3[8648]
 Asthma 4.1[613] 7.5[910] 4.0[110] 6.2[308] 5.8[246] 3.2[178] 5.3[2365]

 Chronic lung disease 8.7[1314] 11.0[1336] 12.4[337] 17.6[872] 6.1[256] 2.8[158] 9.6[4273]
 Depression 2.0[299] 13.0[1570] 12.8[349] 6.4[316] 4.7[197] 7.7[428] 7.1[3159]

 Low visual acuity 12.6[1896] 14.1[1715] 20.3[553] 15.8[783] 16.8[711] 13.9[776] 14.4[6434]
Health insurance status

 Without insurance 13.0[1935] 95.9[11697] – 0.5[24] 81.4[3410] 63.5[3533] 49.3[20599]
 With insurance 87.0[12987] 4.1[501] – 99.5[4898] 18.6[780] 36.5[2029] 50.7[21195]
Number of cases 14922 12198 4922 4190 5562 41794

Table 1: Continued
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It is important to note that the inclusion of obesity in multimorbidity 
indices has been debated in the western literature.54–55 Nevertheless, 
given that fact the prevalence of obesity is increasing and that it is asso-
ciated with increased risk of adverse health states, including all-cause 
mortality,56 there is a need for its inclusion in multimorbidity indices. In 
a world where obesity is rapidly on the rise, it’s inclusion also makes more 
sense in terms of health system planning and when view in the prism of 
different metabolic of many pharmacological products in the obese. Our 
study showed that obesity prevalence positively associated with multi-
morbidity, with obesity being more common in individual with higher 
number of chronic conditions in all the six countries we considered.

Policy Implications of findings
This is a study of data from six populous LMICs currently undergoing 
nutrition and epidemiological transition characterised by rapid increases 
in obesity and non-communicable disease.26 Our analyses, provide 
national estimates of the prevalence of multimorbidity amongst adults 
according to their BMI status and the association of BMI with preva-
lence of non communicable disease multimorbidity. Indeed China, 
Russia, India and Mexico are four of the countries with the highest num-
ber of obese individuals in the world, with China and India estimated to 
contain 15% of the world’s obese population.57 Our study is the first to 
quantify the relationship between excess weight and non-communicable 
disease multimorbidity in six LMICs. Our study shows that, health 
care providers should be aware of the likelihood of multiple diseases 
in overweight and obese patients and measurement of BMI and formal 
recognition of obesity should be used to identify patients at high risk 
of multimorbidity by policy makers and programme managers. Weight 
loss can lead to reductions in the incidence of diabetes and remission of 
symptoms in obese patients.58 Given that both obesity and diabetes are 
risk factors for the onset of cardiovascular disease,23 it is possible that 
weight reduction could also impact on the incidence of other conditions 
such as stroke or myocardial infarction in these patients.59 The inclu-
sion of BMI to identify and monitor obesity should thus be a priority for 
health care, along with weight management intention and behaviour and 
targeted control of other risk factors such as hypertension and diabetes.23 
Such changes in medical practice in LMICs could potentially reduce the 
onset and burden of multimorbidity and should be effectively prioritise 
in the background of a growing epidemic of obesity.

Strengths and Limitations
This study uses large, nationally representative data from six populous 
low- and middle-income countries experiencing rapid economic growth, 
urbanisation and increasing NCD risk,49–50 and the distribution pro-
vides robust cross-national level estimates of our key variables (50). The 
SAGE survey data were collected using consistent tools and measures 
(31), including objective measures of anthropometry and blood pres-
sure, allowing robust cross country comparisons.28 Taking into account 
the possible bias introduced by disease prevalence derived from self-
reported physician diagnosis,60–63 WHO-SAGE incorporated a number 
of alternate methods of estimating disease – using a mixture of self-
reported diagnosis cum validated symptom reporting-based diagnostic 
algorithms, and objective health measurements criterias.28–31 This makes 
the findings that obesity is strongly associated with multimorbidity all 
the more remarkable and of major importance in public health and 
policy terms in LMICs.
The findings from this study should also be viewed in light of important 
limitations. First, the use of survey data and self-reported measures of 
NCDs (for e.g., diabetes and stroke) are a potential source of bias includ-
ing social desirability bias, the potential for greater under-reporting of 
NCDs in persons from lower socioeconomic backgrounds,64–66 as well 
as error or over-reporting of conditions. Self-reported chronic disease 

Prevalence of multimorbidity by BMI categories 
and other characteristics
Table 2 shows the mean number of chronic conditions and prevalence 
of multimorbidity by body mass index and other characteristics. The 
mean number of chronic conditions ranged from 3.0 in Russia to 2.4 
in Ghana and it was 2.6 in the pooled sample. The prevalence of mul-
timorbidity was 23% in the pooled sample of six countries–the highest 
being in Mexico (56%), followed by Russia (46%) South Africa (32%), 
India (24%), Ghana (23%) and China (21%). The prevalence of non com-
municable disease multimorbidity was 23% in the pooled sample of six 
countries–the highest being in Russia (50%), followed by Mexico (27%), 
India (24%), Ghana (23%), South Africa (32%) and China (22%). The 
prevalence of multimorbidity was 37% among obese population and 27% 
among overweight population in the pooled sample–highest prevalence 
was in Russia (59% among obese; 45% among overweight) and lowest in 
Ghana (28% among obese; 23% among overweight).

Association between BMI status and multimorbidity
Table 3 gives the adjusted odds ratios showing the association between 
BMI status and non communicable disease multimorbidity in the six 
countries as well as in the pooled sample. Obese were significantly higher 
likelihood of having multimorbidity as compared to normal weight 
category in the pooled sample (OR:5.78; 95%CI:3.55–9.40; p<0.0001). 
The likelihood of multimorbidity among obese were almost ten times 
higher in Russia (OR:9.90;95%CI:3.90–25.17;p=<0.0001), seven times 
higher in China (OR:7.06;95%CI:2.47–20.21;p=0.003), six times higher 
in Ghana (OR:5.61;95%CI:1.21–26.02;p=0.007) and five times higher in 
South Africa (OR:4.66;95%CI:2.16–10.08;p=0.005). Non-significant but 
positive association were also observed in case of India and Mexico. The 
likelihood of multimorbidity was more than two times higher among 
overweight population in India (OR:2.33;95%CI:1.35–4.02;p=0.003) and 
pooled countries (OR:1.47;95%CI:1.05–2.07;p=0.004) while non-signifi-
cant but positive association were also observed in case of China, Russia, 
and Ghana.

Discussion
Main findings
In this study we evaluated the association of overweight and obesity 
with the prevalence of non communicable disease multimorbidity (nine 
chronic conditions encompassing angina pectoris, arthritis, asthma, 
chronic lung disease, diabetes mellitus, hypertension, stroke, low visual 
acuity and depression) by using nationally representative data from the 
WHO SAGE in six low and middle-income countries. Multimorbidity 
was found to be strongly associated with obesity which is consistent with 
our hypothesis as well as findings from previous studies from devel-
oped countries data.19,23,53 The significant positive association between 
overweight/obesity and NCD multimorbidity in the LMICs was robust 
after controlling for age, sex, rural/urban residence, education, occupa-
tion, marital status, household wealth, tobacco smoking, current alco-
hol intake, fruits and vegetable intake and health insurance status. The 
prevalence of multimorbidity in the adult population was quite high 
(28%) in the pooled sample of six countries and varied markedly, from 
21% in China to 56% in Mexico. The mean number of chronic conditions 
was 1.7 in the pooled sample of six countries and ranged from 1.4 in 
China to 2.3 in Mexico. Prevalence of multimorbidity was twice among 
obese than in overall population (44% vs 23%) in the pooled sample of 
six countries. The prevalence of multimorbidity in obese population was 
two times higher than among normal weight population and nearly one 
and half times higher among overweight population. Women had con-
sistently higher rates of multimorbidity than men in all the six SAGE 
countries we studied.
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country. Another major limitation of the data is that we were not been 
able to take into account the potential side effect of weight gain due to 
medication use, which might be crucial. Also, many chronic conditions 
will reduce mobility and ability to exercise, which in turn may lead to 
increased weight which we could not confirm from the data. Finally, 
the cross-sectional study design limits causal interpretation of our find-
ings and uncontrolled confounding such as genetic and environmental 
factors, family history of diseases, physical activity and other lifestyle 
factors cannot be excluded as an explanation for the association we stud-
ied. There is an urgent need to examine the association between over-
weight/obesity and multimorbidity in depth using prospective cohort 
study designs in a developing country setting.

CONCLUSIONS
With the study samples drawn from six LMICs with different levels of 
development and healthcare system largely built on a social medical 
insurance system, we evaluated the prevalence of multimorbidity and 
provided an in-depth analysis of obesity and its association with non 
communicable disease multimorbidity and other factors, which are, in 
general, similar to other developed countries. Obesity was an important 
independent predictor of the occurrence of multimorbidity in this popu-
lation. The findings are important for public health and policy makers 
who wish to monitor the obesity epidemic in LMICs. This is particularly 
relevant in light of the WHO 25x25 monitoring framework in which 
the prevalence of obesity is one indicator. Our study provides further 
evidence for policies and targeted interventions to tackle the growing 
burden of obesity along with non communicable disease multimorbidity. 
These findings highlight the importance of recognising the issue of obe-
sity to tackle non communicable disease multimorbidity. Further, strate-
gies to manage obesity may be relevant for prevention and management 
of multimorbidity in LMICs.
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status is subject to self-declaration bias also due to under-reporting of 
diagnosis or forgetfulness.67–69 Studies found that lower socioeconomic 
groups had less screening and knowledge of cardiovascular risk factors, 
whereas those with the knowledge were more likely to make healthy 
behavioural changes,70 and educational attainment and health literacy 
can modify the NCDs and risk factors in LMICs.71–72 A recent study using 
the same data base indicated that socioeconomic gradients in NCD 
prevalence qualitatively differed within and between countries by type of 
prevalence measurement, specific NCDs and socioeconomic indicators, 
and thus NCDs as a category cannot be considered as diseases of afflu-
ence or of poverty.73 Some individuals who report having multimorbidity 
may essentially be reporting a single chronic condition and its symp-
tom, e.g. arthritis and chronic pain.31 This may lead to over estimation 
of the true prevalence of multimorbidity.10 We however, used validated 
diagnostic algorithms to neutralise this bias for all chronic conditions 
wherever possible in the data set. Another limitation of this study is the 
absence of an indicator of disease severity as we assessed multimorbid-
ity by counting the number of NCDs without applying any weights to 
account for severity of conditions.2,31 We have used a count of chronic 
conditions as a measure of multimorbidity, which implies that each of 
the diseases has equivalent impact on an individual.16,31 The allocation 
of an equal weight to all chronic conditions fundamentally assumes that 
the listed chronic conditions are the same though in reality, the effects 
of multimorbidity on various domains of health are likely to depend 
on disease severity, the unique combination of diseases, and access to 
treatment and support.31 A further step may be to incorporate a severity 
weight to the chronic conditions as suggested in by various studies using 
this data base.10,16,31,50 Although SAGE asked about nine common NCDs, 
the list is not exhaustive and some common NCDs were not included.72 
For e.g., among all other heart conditions/diseases only angina alone was 
included in the survey but others were not included. We may be missing 
some higher burden conditions, such as dementia and cancers, which 
could have resulted in an underestimation of the prevalence and impacts 
of multimorbidity.73 However, a number of studies have analyzed multi-
morbidity using a smaller number of diseases, usually less than 10, due 
to data limitations in LMICs.3,10,50 Nevertheless, the prevalence found in 
our study is remarkable and actually might be more alluring if all health 
conditions were captured in a developing country setting. Additionally, 
the WHO-SAGE questionnaire did not include detailed information on 
diet composition; these analyses therefore did not control for individual 
dietary factors. However, we could use the portions of fruit and vegetable 
consumption which was provided in the dataset, which is the proxy for 
dietary intake. Ethnicity and religious affiliation were also not included 
in the study due to the large number of missing values generated for each 

Table 3: Adjusted odds ratios showing the association between BMI status and non communicable disease multimorbidity by countries 

Characteristics China India Mexico Russia South Africa Ghana Pooled 
countries

Adjusted
OR[95%CI]

Adjusted
OR[95%CI]

Adjusted
OR[95%CI]

Adjusted
OR[95%CI]

Adjusted
OR[95%CI]

Adjusted
OR[95%CI]

Adjusted
OR[95%CI]

BMI status 
Normal 1[ref] 1[ref] 1[ref] 1[ref] 1[ref] 1[ref] 1[ref]

Underweight 0.57[0.32–1.01] 1.01[0.74–1.39] 0.08[0.01–0.90] 0.42[0.06–2.72] 2.31[0.76–7.05] 1.07[0.56–2.05] 1.23[0.93–1.63]

Overweight 1.81[0.92–3.53] 2.33[1.35–4.02] 0.39[0.16–0.97] 1.13[0.51–2.50] 0.69[0.26–1.83] 1.43[0.71–2.88] 1.47[1.05–2.07]
Obese 7.06[2.47–20.21] 1.99[0.79–5.03] 1.97[0.69–5.64] 9.90[3.90–25.17] 4.66[2.16–10.08] 5.61[1.21–26.02] 5.78[3.55–9.40]

Models are adjusted for age, sex, place of residence, marital status, education, occupation, household wealth, tobacco smoking, alcohol drinking, and fruits and 
vegetable intake. Multimorbidity is defined as the presence of two or more chronic conditions [angina pectoris, arthritis, asthma, low visual acuity, diabetes (excluding 
diabetes associated with a pregnancy), stroke, chronic lung disease, hypertension and depression].
ref- indicate reference category.
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