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Abstract

Background: Cardiovascular disease (CVD) is one of the leading causes of death worldwide. Our study aimed to
investigate the prevalence of two conditions, angina and stroke, and relevant risk factors among older adults in six
low- and middle- income countries(LMICs).

Methods: The data was from World Health Organization (WHO) Study on global AGEing and adult Health (SAGE)
Wave 1 in China, Ghana, India, Mexico, Russian Federation and South Africa. Presence of CVD was based on self-report
of angina and stroke. Multivariate logistic regression was performed to examine the relationship between CVD and
selected variables, including age, sex, urban/rural setting, household wealth, and risk factors such as smoking, alcohol
drinking, fruit/vegetable intake, physical activity and BMI.

Results: The age standardized prevalence of angina ranged from 9.5 % (South Africa) to 47.5 % (Russian Federation),
and for stoke from 2.0% (India) to 6.1 % (Russia). Hypertension was associated with angina in China, India and Russian
Federation after adjustment for age, sex, urban/rural setting, education and marital status (OR ranging from 1.3 [1.1-1.6]
in India to 3.8 [2.9-5.0] in Russian Federation), furthermore it was a risk factor of stroke in five countries except Mexico.
Low or moderate physical activity were also associated with angina in China, and were also strongly associated with
stroke in all countries except Ghana and India. Obesity had a stronger association with angina in Russian Federation
and China(ORs were 1.5[1.1-2.0] and 1.2 [1.0-1.5] respectively), and increased the risk of stroke in China. Smoking was
associated with angina in India and South Africa(ORs were 1.6[1.0-2.4] and 2.1 [1.2-3.6] respectively ), and was also a risk
factor of stroke in South Africa. We observed a stronger association between frequent heavy drinking and stroke in
India. Household income was associated with reduced odds of angina in China, India and Russian Federation, however
higher household income was a risk factor of angina in South Africa.

Conclusion: While the specific mix of risk factors contribute to disease prevalence in different ways in these six
countries – they should all be targeted in multi-sectoral efforts to reduce the high burden of CVD in today’s society.
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Background
Cardiovascular diseases (CVDs) are by far the leading
cause of death in the world. An estimated 17.9 million
people died from CVDs in 2015. Ischemic heart disease
(IHD) and stroke were the top two leading causes of CVD
health lost in each world region [1, 2]. By 2030 more than
22.2 million people will die annually from CVDs. Popula-
tions in low and middle income countries (LMICs) now
contribute 75% of the CVD deaths, which leads to 7%
reduction of gross domestic product(GDP) in these coun-
tries [3].
A larger proportion of the global burden of CVDs is

now borne by LMICs than in high income countries,
this is despite a comparatively lower burden from risk
factors in low compared to high income countries [4–6].
Given the high prevalence of CVD among older adults
in LMIC, the projected increases in this population will
be a major challenge for the health care system.
Twenty-three percent of the total global burden of disea-
se(GBD) was attributed to disorders in people aged 60
years and older. The main contributors to disease bur-
den were CVDs, accounting for 30.3% of the total bur-
den in older people in 2010 [7]. Reliable and comparable
analysis of risks to CVD is especially important for pro-
jecting future disease burden and for shaping disease
prevention efforts.
A number of population-based studies from lower in-

come countries have suggested that socio-demographic
characteristics are associated with CVD, with increasing
age, female sex and lower education consistently associ-
ated with higher prevalence of CVD. Some epidemio-
logical evidence also suggests that CVD is associated
with behavioral risk factors such as smoking, alcohol
use, low physical activity levels, and insufficient vege-
table and fruit intake, hypertension is also regarded as a
very important risk factor for CVD. Independently or in
combination, these risk factors present an opportunity
for interventions to reduce future CVD burdens in age-
ing populations in LMIC.A number of large recent stud-
ies have compared CVD risks in higher and lower
income countries, providing valuable and needed infor-
mation about CVD and CVD risks [4–6]. However, the
results of these studies may not be representative of the
older adult population. For example, the Prospective
Urban Rural Epidemiology (PURE) study sampling strat-
egy and distributions provide less reliable estimates at
older ages [8]. The World Health Organization Study on
global AGEing and adult health (SAGE) is focused on
older adults and use similar methodology across coun-
tries to improve comparability of important covariates
and disease prevalence. Three of the countries overlap in
PURE and SAGE (China, India and South Africa) where
SAGE includes three additional middle income countries
(Ghana, Mexico and the Russian Federation).

The aim of the present study was to investigate the
prevalence of two main CVDs (angina, stroke) and be-
havioural risk factors and associated social-economic
status (SES) factors among older adults using a unique
data set with nationally representative samples in six low
and middle income countries.

Methods
Sample and procedure
The data was from World Health Organization (WHO)
Study on Global AGEing and adult health (SAGE) Wave
1, a longitudinal cohort study of ageing and older adults
from 2007 to 2010 in six low- and middle-income coun-
tries (China, Ghana, India, Mexico, Russian Federation
and South Africa) [9]. SAGE Wave 1 used face-to-face
individual interviews to capture data. All six countries
implemented multistage cluster sampling strategies
which resulted in nationally representative cohorts of
older adults (http://www.who.int/healthinfo/sage/SAGE-
WorkingPaper5_Wave1Sampling.pdf?ua=1). Response
rates for SAGE countries were Mexico 51%, India 68%,
Ghana 80%, Russian Federation 83%, South Africa 77%
and China 93%. Examination of non-respondent data
suggested non-significant differences on some covariates
(data not shown). Data were obtained following applica-
tion for access through http://apps.who.int/healthinfo/
systems/surveydata/index.php/catalog.
SAGE has been approved by the World Health Orga-

nization's Ethical Review Board. Additionally, each part-
ner organization obtained ethical clearance through
their respective review bodies. All study participants
signed informed consent.

Measures
CVDs conditions
Two methods of assessing presence or absence of CVD
were used. One was based on self-report of angina or
stroke; and the second used an algorithm based on vali-
dated symptom-reporting methods to estimate and com-
pare prevalence rates.

Sociodemographic variables
Socio-demographic variables contain age, sex, educa-
tion, rural/urban residence, and income quintiles. Age
was categorized into four groups: 50 to 59 years; 60
to 69 years; 70 to 79 years; and 80 years or older.
Education level was classified into seven categories
for analysis using an international classification
scheme [10]. The income quintiles were generated
using an asset-based approach- possession of assets
and dwelling characteristics [11], with quintile 1(Q1)
the quintile of the poorest households and quintile
5(Q5) the quintile of the richest.
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Risk factors

Tobacco use Tobacco use was assessed by self-report
and included different forms (manufactured or
hand-rolled cigarettes, cigars, cheroots or whether to-
bacco is smoked, chewed, sucked or inhaled), and fre-
quency of smoking, snuffing or chewing in each day
over the week before interview[12], classified into four
groups: never smoker, not current smokers, smokers(not
daily) and current daily smokers.

Alcohol consumption Alcohol consumption was cate-
gorized into four groups: life time abstainer, non-heavy
drinkers, infrequent heavy drinkers and frequent heavy
drinkers according to the consumption number of
standard drinks of beer, wine and or spirit, fermented
cider, and other alcoholic drinks during the week before
interview.

Physical activity Physical activity was measured by the
Global Physical Activity Questionnaire (GPAQ) and
assessed intensity, duration, and frequency of physical ac-
tivity in three domains: occupational, transport-related,
and discretionary or leisure time. Based on a standard
classification scheme, three categories were generated:
low, moderate and high levels [13].

Fruit and vegetable consumption Fruit and vegetable
consumption was assessed according to the number of
daily servings eaten – with each serving approximating
80 grams. Five or more servings were defined as suffi-
cient daily intake (at least 400 grams per day), fewer
than five servings were categorized as insufficient [14].

Hypertension The definition of hypertension used was
systolic blood pressure ≥140mmHg and/or diastolic
blood pressure ≥ 90mmHg and/or self-reported treat-
ment with antihypertensive medication during the two
weeks before interview. Blood pressure measurements
were conducted three times on the right arm of the
seated respondent with an automated recording device
(OMRON R6 Wrist Blood Pressure Monitor,
HEM-6000-E, Omron Healthcare Europe), and calcu-
lated as an average of the latter two measurements.

Obesity According to the classification criteria proposed
by the WHO [15], body mass index (BMI) of <18.5 kg/
m2, 25–29.9 kg/m2 and ≥30 kg/m2 are used to define
underweight, overweight and obesity, respectively. Modi-
fied BMI cutoffs for China and India were used to per-
form an additional set of analyses that describes
overweight (BMI 23.0-27.5) and obesity (BMI >27.5) in
Asian populations [16].

Statistical methods
Statistic analyse were conducted using STATA SE version
11 (Stata Corp, College Station, TX). The prevalence of
angina and stroke were calculated by using normalized
weights in each country. Weights were based on selection
probability, non-response, and post-stratification adjust-
ments. To improve comparability across countries, the
prevalence rates were age-standardized using the WHO
World Standard Population Distribution based on world
average population 2000-2025 [17]. Multivariate logistic
regression was performed to examine the relationship be-
tween CVD and selected variables, including the
socio-demographics such as age, sex, urban/rural setting,
education, household wealth, and health risk factors such
as smoking, alcohol drinking, fruit/vegetable intake, phys-
ical activity, hypertension and obesity. P < 0.05 from
two-sided statistical tests was considered statistically
significant.

Results
A total of 34,114 individuals were included in the final
analyses. Table 1 shows the sample distribution and
demographic, socioeconomic and lifestyle characteristics
by countries. The proportions of women are higher than
men in four countries, except Ghana and India. The ma-
jority of older Indian lived in rural locations, while com-
pared to urban areas in the other countries. The 50-59
age groups had the largest proportions in all countries,
but the SAGE sample population distributions match
those of the United Nations and US Census Bureau’s
International Data Base estimates [18]. The percentage
of respondents with no formal education were higher in
Ghana (54.0%) and India (51.2%). In contrast, Russian
Federation had the highest educational level with only
0.5% with no formal education and over 20% with a col-
lege degree or higher.
The rate of daily smoking ranged from 7.6% (Ghana)

to 46.9% (India), frequent heavy drinker was the highest
in China (6.4%) and lowest in Mexico (0.1%), and the
highest rate of low physical activity was in South Africa
(59.5%). Insufficient fruit and vegetable intake was more
common in India, the Russian Federation and Mexico
(90.6, 81.0 and 81.4%, respectively) compared with
China, South Africa and Ghana (35.7, 68.5 and 68.9%,
respectively).
The age standardized prevalence of angina ranged

from 9.5 % (South Africa) to 47.5 % (Russian Feder-
ation). It was higher in women than in men in all six
countries. The rates were higher in rural than in urban
locations other than in China. Angina rose with age in
each country except Mexico, and a slight drop was seen
in the highest age group in Ghana, India, Russian Feder-
ation and South Africa. The lowest prevalence of angina
was found in individuals with the highest household
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Table 1 Sociodemographic characteristics of the study samples, by country (SAGE Wave 1)

China Ghana India Mexico Russian Federation South Africa Total

Sample size 13,157 4,305 6,560 2,318 3,938 3,836 34,114

Gender

Male 49.8 52.4 51.0 46.8 41.9 44.1 47.2

Female 50.2 47.6 49.0 53.2 58.1 55.9 52.8

Residence

Urban 47.3 41.1 28.9 78.8 70.1 64.9 50.4

Rural 52.7 58.9 71.1 21.2 29.9 35.1 49.6

Age Group

50-59 44.9 39.7 48.6 48.1 44.1 49.9 45.8

60-69 31.9 27.5 30.9 25.6 26.7 30.6 29.7

70-79 18.6 23.1 16.0 17.8 21.4 14.0 18.7

80+ 4.6 9.7 4.5 8.6 7.7 5.5 5.8

Education Level

No formal education 23.1 54.0 51.2 17.2 0.5 25.2 23.8

Less than primary 18.9 10.4 10.0 38.4 1.2 24.0 10.1

Primary school completed 21.0 10.9 14.8 24.0 5.3 22.4 13.5

Secondary school completed 19.9 4.0 10.2 9.9 17.9 14.2 16.0

High school completed 12.6 17.1 8.6 2.4 54.3 8.4 26.2

College completed 4.4 3.4 3.4 5.5 20.7 3.9 9.9

Post graduate degree completed 0.1 0.2 1.7 2.6 0.1 1.8 0.6

Income Quintile

Lowest 16.3 18.2 18.2 15.3 13.3 20.7 15.9

Second 18.1 19.1 19.5 24.7 17.1 19.9 18.2

Third 20.5 20.5 18.8 16.8 19.6 18.2 19.6

Fourth 23.4 20.7 19.6 16.6 22.1 19.8 21.7

Highest 21.8 21.6 23.9 26.6 27.8 21.3 24.5

Tobacco use

Never smoker 64.2 75.5 45.5 60.7 65.4 67.7 59.4

Not current smokers 6.6 14.2 4.7 19.1 13.2 9.5 8.5

Current smokers, not daily 2.5 2.6 2.9 6.9 2.0 3.4 2.5

Current smokers, daily 26.7 7.6 46.9 13.3 19.4 19.4 29.6

Alcohol

Life time abstainer 74.2 57.8 92.5 64.3 33.7 84.5 69.8

Non-heavy drinkers 18.2 39.5 6.9 29.3 55.4 11.5 24.3

Infrequent heavy drinkers 1.2 1.2 0.4 6.2 8.5 3.0 2.9

Frequent heavy drinkers 6.4 1.5 0.2 0.1 2.5 1.0 3.0

Fruit and vegetable intake

Sufficient 64.3 31.1 9.4 18.6 19.0 31.5 38.1

Insufficient 35.7 68.9 90.6 81.4 81.0 68.5 61.9

Physical activity levels

High 44.4 61.7 52.3 39.6 61.7 28.2 52.5

Moderate 27.3 12.5 22.8 22.4 15.4 12.3 21.2

Low 28.3 25.8 25.0 38.0 22.9 59.5 26.3
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income in China, Ghana, India and Russian Federation,
respectively (see Table 2).
The prevalence of stroke was 6.1% in Russian Feder-

ation, which was higher than the other SAGE countries,
while India had the lowest prevalence of 2.0%. In Rus-
sian Federation, the prevalence of stroke in men was al-
most twice that of women. Stroke was higher in urban
than in rural locations in all six countries. Stroke preva-
lence tended to increase with age in all SAGE countries,
but a slight drop in 80+ age group in Mexico and Rus-
sian Federation. In China, the wealthiest older adults
had the lowest stroke prevalence (see Table 3).
Table 4 shows the Odds ratios for likelihood of angina

by risk factors. Hypertension was associated with angina
in China, India and Russian Federation after adjustment
for age, sex, urban/rural setting and education (OR ran-
ging from 1.32 [1.13-1.55] in India to 3.80 [2.91-4.96] in
Russian Federation). Low and moderate physical activity
was also associated with angina in China (ORs were 1.46
[1.22-1.76] and 1.66[1.39-1.99], respectively). Obesity had
a stronger association with angina in Russian Federation
and China (ORs were 1.48[1.08-2.02] and 1.24[1.01-1.53],
respectively). Smoking was associated with angina in India
and South Africa (ORs were 1.56[1.02-2.36] and 2.11
[1.23-3.61], respectively). Non-heavy drinking was a pro-
tective factor for angina in China (OR was
0.67[0.51-0.87]). The OR (1.56[1.19-2.05]) for insufficient

fruits and vegetables intake was highest in Ghana. House-
hold income was associated with reduced odds ratios of
angina in China, India and Russian Federation, however
higher household income was a risk factor of angina in
South Africa (see Table 4).
In all six LIMCs except Mexico, hypertension was as-

sociated with stroke (OR ranging from 1.98[1.04-3.80] in
Ghana to 3.16[1.72-5.83] in Russian Federation). Low,
moderate physical activity were also strongly associated
with stroke in four LMICs apart from Ghana and India.
In China, Obesity increased the risk of stroke (OR was
1.66[1.20-2.28]). Smoking was also a risk factor of stroke
in South Africa. We observed a stronger association be-
tween frequent heavy drinking and stroke in India (OR
6.64[1.39 – 31.82]). Insufficient fruit and vegetable in-
take and household income were not significantly associ-
ated with stroke in any of the countries (see Table 5).

Discussion
This study reports the prevalence of two common car-
diovascular diseases, angina and stroke, and the relevant
risk factors among older adults in six LIMCs. Globally,
the age-adjusted CVDs mortality continues to be un-
evenly distributed: where it has decreased in high in-
come countries(HICs) by 43% in recent decades [19],
while LIMCs are drowning in a rising tide of CVD.
Although age-standardized rates of death attributable to

Table 2 Prevalence of angina by age, sex, residence and income quintiles among adults aged 50 years and older, by country (SAGE
Wave 1)

China Ghana India Mexico Russian Federation South Africa

% 95%CI % 95%CI % 95%CI % 95%CI % 95%CI % 95%CI

Total 9.9 [8.7,11.2] 13.1 [11.5,14.9] 19.6 [16.5,23.0] 13.9 [8.6,21.6] 47.5 [42.3,52.8] 9.5 [8.5,10.5]

Age group

50-59 5.6 [4.7,6.6] 11.1 [9.1,13.4] 16.1 [13.7,18.7] 17.9 [8.9,32.8] 37.2 [29.5,45.7] 9.1 [7.7,10.6]

60-69 10.9 [9.4,12.6] 14.2 [11.9,17.0] 21.3 [16.7,26.7] 9.1 [6.6,12.3] 46.2 [39.2,53.3] 9.8 [8.2,11.7]

70-79 17.5 [14.7,20.6] 15.2 [12.5,18.4] 26.3 [20.8,32.6] 8.7 [5.6,13.3] 66.1 [57.5,73.8] 10.1 [7.9,12.8]

80+ 23.1 [18.5,28.4] 12.9 [9.6,17.1] 22.3 [16.3,29.7] 16.1 [8.0,29.5] 56.1 [33.5,76.4] 8.0 [5.1,12.3]

Sex

Men 6.9 [6.0,7.9] 9.8 [8.3,11.6] 16.1 [13.0,19.8] 7.5 [4.9,11.5] 44.6 [36.8,52.6] 7.9 [6.6,9.4]

Women 13.1 [11.5,14.9] 16.8 [14.4,19.4] 23.3 [19.7,27.4] 19.5 [10.4,33.7] 49.6 [42.9,56.4] 10.5 [9.3,12.0]

Residence

Urban 12.3 [10.0,14.9] 9.7 [7.7,12.1] 19.5 [11.8,30.5] 13.8 [7.7,23.7] 47.4 [41.8,53.0] 9.0 [7.9,10.2]

Rural 8.0 [6.9,9.3] 15.3 [13.1,17.9] 19.6 [17.5,21.9] 14.1 [7.9,23.9] 48.0 [37.0,59.2] 10.3 [8.6,12.2]

Income Quintile

Q1 (Lowest) 11.3 [9.0,14.0] 15.7 [12.4,19.6] 24.9 [19.6,31.1] 19.8 [11.7,31.7] 43.5 [29.9,58.1] 7.6 [5.8,9.8]

Q2 11.3 [9.4,13.5] 14.5 [11.6,18.1] 17.2 [14.0,20.9] 5.6 [3.2,9.8] 58.2 [48.0,67.7] 8.2 [6.4,10.5]

Q3 11.1 [9.3,13.0] 16.0 [12.9,19.6] 23.4 [16.4,32.2] 29.7 [8.3,66.4] 57.3 [42.6,70.8] 11.1 [9.0,13.7]

Q4 8.7 [7.2,10.6] 12.5 [10.0,15.6] 19.1 [14.4,24.7] 11.1 [6.6,17.9] 47.4 [34.6,60.6] 11.5 [9.4,14.1]

Q5 (Highest) 8.2 [6.2,10.8] 7.3 [5.5,9.6] 14.8 [12.3,17.8] 10.5 [5.2,20.3] 37.4 [29.8,45.6] 8.8 [6.9,11.0]
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CVD declined 13% in LMICs from 381 per 100000 in
1990 to 332 per 100000 in 2013, the number of deaths
increased 66% from 7.21 million to 12 million in 2013
with ageing and population growth ascribed as the main
drivers [19]. Ischaemic heart disease and cerebrovascular
disease (stroke) combined accounted for more than
85.1% of all cardiovascular disease deaths in 2016[20].
Our study indicated that CVDs(angina, stroke) were
prevalent and variable among older adults in six coun-
tries. Angina and stroke were both highest in Russian
Federation(47.5%, 6.1% respectively). Women were more
likely to have angina than men in all six countries.
Stroke was more prevalent in urban than in rural. An-
gina and stroke both tended to increase with age in
China.
Prevalence of CVDs generally appeared to be most

closely linked to a country’s stage of epidemiological
transition [21], especially when high disease rates in
middle age carry through into older ages. Underlying so-
cial, environmental, and economic shifts in many coun-
tries have led to increasing levels of predominant causes
such as tobacco and alcohol use, sedentary lifestyle, un-
healthy diets, and suboptimum levels of weight, blood
pressure, cholesterol, and plasma glucose. The high and
growing prevalence of CVD in LIMCs largely reflects
the burden of these key risk factors. Our study revealed
that hypertension, high BMI, decreased physical activity,

frequent heavy drinking and lower household health
were key risk factors of angina and stroke. However, the
distribution of risk factors in six counties was unequal,
for example, the factor with highest OR of angina in
China and Russian Federation was hypertension,
whereas it was smoking in India and South Africa.
Hypertension has been shown to be an independent

risk factor for acute myocardial infarction and stroke in
older people [22, 23]. We found that hypertension was
associated with angina in China, India and Russian Fed-
eration, in addition it was a risk factor of stroke in five
of the six countries in this study (not Mexico). Between
1980 and 2008, blood pressure decreased by 2.0mmHg
or more (for men) and 3.5 mmHg or more (for women)
per decade in western Europe and Australia but in-
creased by up to 2.7 mmHg over this same period in
Oceania, East and West Africa and South and Southeast
Asia [24]. Systematic review revealed that blood pressure
lowering greatly reduced the major cardiovascular dis-
ease events and all-cause mortality, irrespective of start-
ing blood pressure [25].However among these six
LIMCs 66% hypertensives were undiagnosed before the
survey, 73% untreated and 90% uncontrolled. Although
the proportions of undiagnosed and untreated were low-
est in Russia (30% and 35%), the uncontrolled rate was
higher (83%) [26], low level of health care (primary and
secondary prevention) and irregular treatment continued

Table 3 Prevalence of stroke by age, sex, residence and income quintiles among adults aged 50 years and older, by country (SAGE
Wave 1)

China Ghana India Mexico Russian Federation Federation South Africa

% 95%CI % 95%CI % 95%CI % 95%CI % 95%CI % 95%CI

Total 3.0 [2.6,3.5] 2.8 [2.3,3.4] 2.0 [1.6,2.5] 4.3 [2.9,6.4] 6.1 [4.5,8.2] 3.8 [3.2,4.4]

Age group

50-59 1.5 [1.2,1.9] 1.5 [0.9,2.3] 1.5 [1.0,2.1] 2.2 [0.9,5.5] 4.9 [2.6,9.1] 3.5 [2.7,4.6]

60-69 3.4 [2.7,4.3] 3.2 [2.2,4.6] 2.3 [1.5,3.4] 4.9 [3.1,7.7] 4.1 [2.3,7.2] 3.4 [2.5,4.6]

70-79 5.3 [4.4,6.3] 4.0 [2.9,5.6] 2.5 [1.5,4.2] 8.4 [3.8,17.5] 10.7 [6.1,18.0] 4.6 [3.2,6.5]

80+ 7.1 [4.7,10.7] 4.0 [2.1,7.4] 3.5 [1.0,11.0] 6.4 [3.3,11.9] 6.8 [3.6,12.6] 5.4 [3.2,9.1]

Sex

Men 3.5 [3.0,4.2] 2.7 [2.0,3.6] 2.2 [1.6,3.1] 4.5 [2.8,7.3] 8.5 [5.4,12.9] 3.9 [3.1,5.0]

Women 2.6 [2.1,3.1] 2.9 [2.2,3.8] 1.7 [1.2,2.5] 4.1 [2.2,7.5] 4.3 [2.7,6.8] 3.7 [3.0,4.6]

Residence

Urban 3.7 [3.0,4.6] 4.3 [3.4,5.5] 2.6 [1.8,3.7] 4.8 [3.0,7.4] 6.7 [5.2,8.6] 4.1 [3.4,4.9]

Rural 2.4 [2.1,2.9] 1.7 [1.2,2.4] 1.8 [1.4,2.3] 2.7 [1.4,5.0] 4.6 [1.7,11.7] 3.1 [2.3,4.3]

Income Quintile

Q1 (Lowest) 3.2 [2.5,4.1] 1.8 [1.0,3.2] 1.2 [0.5,2.9] 2.7 [1.4,5.4] 5.3 [2.1,12.6] 4.1 [2.9,5.9]

Q2 3.1 [2.3,4.2] 1.9 [1.2,3.0] 2.0 [1.3,3.1] 4.3 [1.5,11.7] 4.8 [2.7,8.3] 2.6 [1.7,4.1]

Q3 3.2 [2.5,4.0] 2.8 [1.8,4.4] 2.6 [1.5,4.5] 6.7 [3.2,13.5] 6.9 [3.4,13.4] 4.3 [3.0,6.1]

Q4 3.5 [2.8,4.4] 2.9 [1.8,4.7] 1.5 [0.9,2.4] 5.0 [2.5,9.8] 5.5 [2.6,11.3] 4.1 [2.9,5.7]

Q5 (Highest) 2.3 [1.6,3.2] 4.2 [2.9,5.9] 2.5 [1.7,3.8] 3.2 [1.3,7.7] 7.1 [3.4,14.4] 3.7 [2.5,5.3]
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to be a major problem [27]. Hence, further research on
early screening strategies, available health care and ef-
fective treatment of hypertension may be critical for im-
proving outcomes.
Our study also showed that low physical activity and

obesity besides hypertension were both associated with
angina and stroke in China, and insufficient fruit and
vegetable intake was risk factor of angina in Ghana.
Compared with data from 1997, total physical activity in
2009 has decreased by 29% in males and by 38% in fe-
males in China [28], and physical inactivity was esti-
mated the third leading risk factor for coronary heart
disease [29]. As the relation between physical and obes-
ity well recognized, obesity was an important risk factor
of CVD. People are becoming more and more obese.
Global age-standardised mean BMI increased from 21.7
kg/m2 in 1975 to 24.2 kg/m2 in 2014 in men, and from
22.1 kg/m2 in 1975 to 24.4 kg/m2 in 2014 in women.
Over this period, age-standardised prevalence of obesity
increased from 3.2% in 1975 to 10.8% in 2014 in men,
and from 6·4 to 14.9% in women [30]. More than 50% of
the obese individuals in the world lived in just 10 coun-
tries (listed in order of number of obese individuals):
USA, China, India, Russia, Brazil, Mexico, Egypt,
Pakistan, Indonesia, and Germany, and China and India
jointly accounting for 15% in 2013[31]. China has moved
from 60th place for men and 41st place for women in
1975 to second for both men and women in 2014 in the
worldwide ranking of the number of severely obese indi-
viduals [30]. Unfortunately, the prevalence of obesity
among children and adolescents are both on the rise. In
comparison with obesity rate in 1985, it increased by 8.7
times for children and 38.1 times for adolescents [32]. In
the World Health Survey 2002-2003, prevalence of low
fruits and vegetable consumption among individuals
aged 18-99 years in Ghana was the lowest among 52
countries [33]. However, the prevalence was higher
(68.9%) among persons aged 50 years and older [34]. We
also found that insufficient fruits and vegetables intake
was associated with angina in Ghana. All of these con-
tribute to the increasing burden of CVD.
We observed a relationship between smoking and an-

gina, frequent heavy drinking and stroke in India. The
prevalence of angina was 19.6% (95%CI:16.5-23.0) in
India, the second highest for these six countries.
CVD-related conditions contributed nearly two-thirds of
the burden of NCD mortality in India [35], with ische-
mic heart disease(IHD) and stroke contributing substan-
tially to CVD mortality in India (83%) [36].Up to 35% of
adults in India consume tobacco [37], with the rate of
daily tobacco use was highest(46.9%) among the six
LIMCs in this study, highest in younger individuals (20–
35 years) [38].The relation between alcohol consumption
and CVD has been widely studied. Several analyses

showed that low-moderate levels of alcohol consumption
had cardio protective effects, while heavy drinking is
harmful, usually described as “U-shaped” or “J-shaped”
relationship [39, 40]. Aside from alcohol consumption,
drinking pattern (binge-pattern drinking) played an im-
portant role in elevating the risk of CVD [41, 42]. An-
other cohort study showed that heterogeneous
associations exist between level of alcohol consumption
and CVD: compared with moderate drinking, heavy
drinking raised risk of coronary death, heart failure, car-
diac arrest, ischaemic stroke but a lower risk of myocar-
dial infarction or stable angina [43]. We found that in
China non-heavy drinking was a protective factor for an-
gina and stroke, and frequent heavy drinking showed a
dangerous effect for stroke in India.
There were a few limitations in our study. Firstly, al-

though SAGE assembled nationally representative co-
horts from six countries, the response rates were
different across the countries, ranging from 51% in
Mexico to 93% in China. The low response rate in
Mexico was for specific reasons related to timing of the
survey and inability to engage in repeat visits to house-
holds to maintain the sample and we note this intro-
duces the potential for selection bias into the results for
Mexico. Secondly, the data for stroke and some risk fac-
tors were based on self-reports, which may lead to recall
bias. However, validated symptom-reporting methods
were also used in these analyses to estimate and com-
pare prevalence rates for angina to improve prevalence
estimates. Thirdly, the question on stroke in SAGE did
not distinguish between ischemic stroke and
hemorrhagic stroke. Last, these results are based on
cross-sectional data and as such, cannot be sure of the
direction of the associations we identified.

Conclusions
In conclusion, our study provided representative preva-
lence of angina and stroke and relevant risk factors in el-
ders in six LIMCs. Due to the variation pattern of
prevalence and risk factors distribution, policies and
health interventions will need to be targeted and tailored
for a broad range of local conditions to achieve the
health goals set by the United Nations for 2025.
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