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Abstract

Background: Behavioral risk factors such as tobacco use, unhealthy diet, insufficient physical activity and the harmful
use of alcohol are known and modifiable contributors to a number of NCDs and health mediators. The purpose of this
paper is to describe the distribution of main risk factors for NCDs by socioeconomic status (SES) among adults aged 50
years and older within a country and compare these risk factors across six lower- and upper-middle income countries.

Methods: The study population in this paper draw from SAGE Wave 1 and consisted of adults aged 50-plus from China
(N=13,157), Ghana (N=4,305), India (N=6,560), Mexico (N=2,318), the Russian Federation (N=3,938) and South Africa
(N=3,836). Seven main common risk factors for NCDs were identified: daily tobacco use, frequent heavy drinking, low
level physical activity, insufficient vegetable and fruit intake, high risk waist-hip ratio, obesity and hypertension. Multiple
risk factors were also calculated by summing all these risk factors.

Results: The prevalence of daily tobacco use ranged from 7.7% (Ghana) to 46.9% (India), frequent heavy drinker was
the highest in China (6.3%) and lowest in India (0.2%), and the highest prevalence of low physical activity was in South
Africa (59.7%). The highest prevalence of respondents with high waist-to-hip ratio risk was 84.5% in Mexico, and the
prevalence of self-reported hypertension ranging from 33% (India) to 78% (South Africa). Obesity was more common in
South Africa, the Russia Federation and Mexico (45.2%, 36% and 28.6%, respectively) compared with China, India and
Ghana (15.3%, 9.7% and 6.4%, respectively). China, Ghana and India had a higher prevalence of respondents with
multiple risk factors than Mexico, the Russia Federation and South Africa. The occurrence of three and four risk
factors was more prevalent in Mexico, the Russia Federation and South Africa.

Conclusion: There were substantial variations across countries and settings, even between upper-middle income
countries and lower-middle income countries. The baseline information on the magnitude of the problem of risk
factors provided by this study can help countries and health policymakers to set up interventions addressing the
global non-communicable disease epidemic.
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Background

Chronic non-communicable diseases (NCDs) are the lead-
ing causes of morbidity and mortality in most low- and
middle-income countries (LMIC) [1]. Recent estimates
demonstrate that nearly 80% of NCDs deaths occur in
LMIC and about three fourth of global NCD-related
deaths take place after the age of 60 [2]. Behavioral risk
factors such as tobacco use, unhealthy diet, insufficient
physical activity and the harmful use of alcohol are known
and modifiable contributors to a number of NCDs and
health mediators [3,4]. Additionally, with over half of the
global population in urban areas, risk factors associated
with urbanization such as diet, obesity, hypertension, and
a decrease in physical activity will all have significant im-
pacts on the health of the population [5]. Self-report activ-
ity data document a pattern of increased inactivity with
advancing age [6,7]. As part of the English Longitudinal
Study on Ageing, Shankar and colleagues found evidence
of clustering of health-related behaviors in older adults
[8]. Some epidemiological evidence also suggests multiple
risk factors were common in rural Africa [9]. Independ-
ently or in combination, these risk factors present an
opportunity for interventions to reduce future health
burdens in ageing populations in LMIC.

The development of a national risk factor profile for
NCDs provides key information required for planning
prevention and control activities and could also help to
predict the future burden of disease. Reliable and com-
parable analysis of risks to health is especially important
for preventing or modifying disease and injury. However,
until recently, analysis of health risks were limited by in-
consistent methodologies, dated assumptions and/or
variations in assessment criteria for evidence on preva-
lence, causality and hazard size - all of which limited the
ability to produce comparable data to estimate popula-
tion health status [10].

This study used data from the six countries that im-
plemented the World Health Organization’s Study on
global AGEing and adult health (SAGE) Wave 1. The
purpose of this paper is to describe the distribution of
main risk factors for NCDs by socioeconomic status
(SES) within and across countries to better understand
the levels of modifiable NCD risk factors for adults
aged 50 years and older, and whether these risk factors
show age, sex, rural/urban, wealth and country-specific
differences.

Methods

Study design

The study population was drawn from the SAGE Wave
1, which is a longitudinal cohort survey of ageing and
older adults from 2007 to 2010 in six low- and middle-
income countries (China, Ghana, India, Mexico, Russian
Federation and South Africa) [11]. Multistage cluster
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sampling strategies were used in all countries where, ex-
cept for Mexico, households were classified into one of
two mutually exclusive categories: (1) all persons aged
50 years and older were selected from households classi-
fied as ‘50-plus 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 simi-
lar, but included supplementary and replacement samples
to account for losses to follow up in selected sampling
units since Wave 0 [12]. The sample in India is also repre-
sentative at the sub-national and sub-state levels for the
selected states. Response rates for SAGE countries ranged
from 51% in Mexico to 93% in China (India 68%, Ghana
80%, Russia 83%, and South Africa 77%).

Measures

SAGE used a standardized instrument for collection of
sociodemographic information and behavioral risk fac-
tors based on the WHO STEPwise approach to Surveil-
lance (WHO STEPS, WHO 2005). This includes alcohol
and tobacco consumption, diet and physical activity. In
addition, a number of more objective risk factors were
assessed, including, waist and hip circumferences, weight,
height, and blood pressure.

In our study, alcohol consumption was categorized
into two broad groups: non-drinkers and drinkers, with
the latter subdivided according to the number of alco-
holic drinks consumed during the week before the inter-
view. Heavy drinkers were defined as consuming five or
more standard drinks per day for men and four or more
standard drinks per day for women.

The Global Physical Activity Questionnaire (GPAQ)
was used to measure the intensity, duration, and fre-
quency of physical activity in three domains: occupa-
tional; transport-related; and, discretionary or leisure
time [13]. The total time spent in physical activity during
a typical week, including the number of days and inten-
sity, were used to generate low, moderate, and high cat-
egories of physical activity levels.

Tobacco use covered different forms and frequency of
tobacco use—manufactured or hand-rolled cigarettes, ci-
gars, cheroots or whether tobacco is smoked, chewed,
sucked or inhaled, each day over the week prior to the
interview [14].

Information on fruit and vegetable consumption was
based on the number of daily servings typically eaten.
Sufficient intake was determined according to the
number of servings. Five or more servings are consid-
ered sufficient, and fewer than five servings are insuf-
ficient [15].

Waist and hip circumferences were measured to calcu-
late waist-to-hip ratio [16]. Central obesity can be de-
fined using adult waist-hip ratio (WHR), male WHR
more than 0.90 and female WHR more than 0.85.
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Blood pressure was measured three times on the right
arm/wrist of the seated respondent using a wrist blood
pressure monitor. Out of three measurements, an aver-
age of the latter two measurements was used as the
blood pressure value in this analysis. The definition
used to designate hypertension is systolic blood pres-
sure greater than or equal to 140 mmHg and/or dia-
stolic blood pressure greater than or equal to 90
mmHg'® and/or self-reported treatment of hyperten-
sion with antihypertensive medication currently (the
last two weeks before interview) [17].

Weight and height were measured to calculate body
mass index (BMI), calculated as weight/height2 (l<g/m2).
According to the classification criteria proposed by the
WHO [18]. A cut-off point of <185 kg/m” is used to
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define underweight; a BMI of 25-29.9 kg/m” indicates
overweight; and a BMI of >30 kg/m” indicates obesity.
Modified BMI cutoffs for China and India were used to
perform an additional set of analyses that describes
moderate-to-high risk (BMI 23.0-27.5) and high-to-very
high risk (BMI >27.5) in Asian populations [19].

All these seven risk factors were summed, and a
new variable representing the cumulative number of
risk factors reported/measured for each individual
was created, with the range from 0 (no risk factors) to
7 (with all risk factors). SAGE was approved by the
World Health Organization's Ethical Review Board as
well as a national approval in all six countries. In-
formed consent has been obtained from all study
participants.

Table 1 Percent distribution of respondent sociodemographic characteristics, by country and multi-country pooled

data, SAGE Wave 1

China Ghana India Mexico Russia South Africa  Pooled
(n =13,157) (n = 4,305) (n = 6,560) (n =2,318) (n = 3,938) (n =3,836) (n =34,114)
% % % % % % %
Age group
50-59 449 39.7 486 481 441 499 458
60-69 319 27.5 309 256 26.7 30.6 29.7
70-79 186 23.1 16 178 214 14 187
80+ 46 9.7 45 8.6 7.7 55 58
Sex
Men 49.8 524 51 46.8 419 44.1 472
Women 50.2 476 49 532 58.1 559 528
Residence
Urban 473 41.1 289 788 70.1 64.9 504
Rural 52.7 589 71 212 299 35.1 496
Education level
No formal education 23.1 54 51.2 17.2 05 252 238
Less than primary 189 104 10 384 1.2 24 10.1
Primary school completed 21 109 14.8 24 53 224 135
Secondary school completed 19.9 4 10.2 99 179 14.2 16
High school completed 126 17.1 86 24 543 84 26.2
College completed 44 34 34 55 20.7 39 99
Post graduate degree completed 0.1 0.2 1.7 26 0.1 1.8 06
Income quintile*
Lowest 163 182 182 153 133 20.7 159
Second 18.1 19.1 195 24.7 17.1 199 182
Third 20.5 20.5 188 168 196 182 196
Fourth 234 20.7 196 166 22.1 19.8 21.7
Highest 21.8 216 239 26.6 27.8 213 24.5

*Income levels were generated through a multi-step process, where asset ownership was converted to an asset ladder, a Bayesian post-estimation method used
to generate raw continuous income estimates, and then transformed into quintiles. Lowest (Quintile 1) is the quintile with the poorest households and Highest
(Quintile 5) the quintile with the richest households.

Note: Weighted estimates.
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Statistical analysis

SAGE used a stratified multistage-cluster design in each
country. Each household and individual was assigned a
known non-zero probability of being selected. House-
hold and individual weights were post-stratified accord-
ing to country-specific population data. Prevalence rates
for each risk factor were estimated using post-stratified
individual probability weights in each nation to compen-
sate for undercoverage. According to the sampling design
of each country, country-specific cluster and/or strata
were taken into account to estimate the 95% confidence
intervals (CIs). All statistical analyses were conducted
using STATA SE version 11 (STATA Corp, College
Station, TX).

Results

A total of 38,670 individuals aged 50 and older partici-
pated in the SAGE survey. Individuals who couldn’t
completed or partially completed interview or with miss-
ing sociodemographic variables were excluded from the
analyses. Finally, A total of 34,114 individuals aged 50
and older in the six countries were considered in this
analysis. China has the largest sample (N=13,157), and
Mexico (N=2,318) the smallest sample. The socio-
demographic characteristics for each country are shown
in Table 1. The demographic and socioeconomic charac-
teristics of the older population differed widely across
the six countries, the proportion of women is higher
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than men except in the Ghana, which consisted of 52.4%
men and 47.6% women. The 50-59 age groups were the
highest proportion in all countries. India remained
largely a rural society, with more than two-thirds resid-
ing in rural areas; in contrast, the majority of older
Mexicans, Russians, and South Africans lived in urban
areas. Ghana and India had the lowest educational level
among the SAGE countries, with over 54% and 51%, re-
spectively, of the older population having no formal
education. In contrast, only 0.5% of older Russians had
no formal education, and nearly one in five had a col-
lege degree or higher.

The ranking of all seven NCD risk factors for each
country is shown in Figure 1: central obesity, inadequate
vegetable fruit intake and hypertension are the three
most common risk factors across all six countries, ex-
cept in India where current daily tobacco use pushed
hypertension to fourth among all seven NCD risk fac-
tors. In India, the prevalence of inadequate vegetable
fruit intake and current daily smoker are the highest
among all the six countries. In contrast, the rate of
hypertension (33%) in India is the lowest. The preva-
lence of obesity in Mexico, Russia and South Africa are
markedly higher than that in China, India and Ghana.

Tobacco abuse
The prevalence of daily tobacco use ranged from 7.7%
(Ghana) to 46.9% (India). Men were much more likely
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Figure 1 Ranking of selected risk factors among adults aged 50 years and older across six countries.
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than women to smoke in all six countries. With increas-
ing age, prevalence of current daily smoker among men
decreased in China, and the Russian Federation; how-
ever, only minor age differences were seen in Ghana and
Mexico. Tobacco use among women declined with age
in Mexico and Russia Federation. Older urban residents
in China, Ghana, and India were less likely to use to-
bacco than their rural counterparts, while it was the op-
posite in Mexico (Table 2).

Alcohol consumption

Heavy alcohol consumption was highest in China, where
6.3% of older Chinese were frequent heavy drinkers,
compared to just 0.2% of older Indians, the lowest
among all six countries. Men were much more likely to
drink than women in all countries. For men, the preva-
lence of heavy alcohol consumption decreased with in-
creasing age in China, Ghana and India. Older rural
residents were more likely to drink than their urban
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dwelling counterparts in all countries, except South
Africa (Table 3).

Low level physical activity

Prevalence of low level physical activity was highest in
South Africa, at 59.7%. A significant age-gradient was
seen in all countries, where prevalence consistently in-
creased with increasing age. Older urban residents were
more likely to engage in low level physical activity in all
countries (Table 4).

Inadequate fruit and vegetable consumption

Prevalence of inadequate fruit and vegetable intake
among India’s older population were relatively higher
than any other SAGE country; while China had the low-
est prevalence at 35.6%. In China and South Africa, re-
spondents with the highest household income had the
lowest prevalence (Table 5).

Table 2 Prevalence of current daily tobacco use by age, sex, rural/urban area and income quintiles among persons

aged 50 years and older across six countries

China Ghana India Mexico Russian Federation South Africa

% 95% Cl % 95% Cl % 95% Cl % 95% CI % 95% ClI % 95% Cl
Men
50-59 588 [55.3,62.3] 1.1 [9.0,13.6] 63.8 [58.6,68.7] 184 [7.2,39.6] 50.7 [392,62.1] 258 [19.9327]
60-69 50.1 [465536] 112 [88143] 643 [595688] 194 [13.7266] 433 [304,57.2] 214 [214214]
70-79 35.1 [31.2,393] 107  [7.7,14.6] 60.0 [51.3,68.0] 211 [12.5,33.5] 14.0 [82,23.0] 159 [106,23.2]
80+ 29.8 [23.2,37.3] 138 [89,206] 54.7 [43.6,654] 14.6 [7.5,26.5] 57 [1.9,15.9] 18.1 [5.7,44.5]
Women
50-59 14 [1.0,2.0] 20 [1.1,3.5] 269 [23.7,30.3] 11.0 [3.6,289] 79 [5.3,11.6] 17.3 [136,21.6]
60-69 3.1 [224.2] 37 [24,5.8] 335  [288386] 89 [4517.1] 38 [2.1,69] 149 [11.2,196]
70-79 6.1 [4.58.2] 64 [4.29.5] 332 [255418] 36 [206.7] 20 [0.7,5.8] 174 [115255]
80+ 3.7 [1.8,7.5] 36 [1.6,7.7] 31.8 [23.341.8] 33 [1.57.1] 0.9 [0.1,5.6] 185 [9.7,325]
Residence
Urban 194 [17921.1] 44 [3.055] 371 [31.0436] 152 [9.5,234] 17.3 [14.4,20.5] 192 [16.1,229]
Rural 334 [31.0,359] 102 [8.7,11.9] 509 [484,534] 63 [3.9,10.2] 244 [16.5,34.6] 19.7 [15.7,24.3]
Income quintile*
Lowest 29.1 [256328] 160 [129197] 571  [519622] 93 [56,153] 179 [11.027.6] 208  [15627.2]
Second 309 [27.5,34.5] 9.1 [7.3,114] 54.7 [51.2,58.1] 129 [5.8,264] 17.1 [11.5,24.7] 17.7 [13.023.7]
Middle 26.2 [24.4,28.2] 80 [6.0,10.5] 49.8 [45.0,54.7] 1.1 [54,214] 18.1 [10.9,28.7] 223 [174,28.1]
Fourth 268  [251285] 48 [356.5] 430 [38947.1] 135 [82,214] 223 [14.8,32.1] 181 [134,240]
Highest 219 [194,24.7] 1.8 [1.034] 335 [29.3,38.1] 17.2 [7.3,354] 20.1 [14.4,27 4] 18.2 [13.1,24.7]
Total 26.7 [25.3,28.2] 7.7 [6.6,8.8] 46.9 [44.4,493] 133 [86,19.9] 194 [16.1,23.3] 194 [16.8,22.2]

*Income levels were generated through a multi-step process, where asset ownership was converted to an asset ladder, a Bayesian post-estimation method used
to generate raw continuous income estimates, and then transformed into quintiles. Lowest (Quintile 1) is the quintile with the poorest households and Highest
(Quintile 5) the quintile with the richest households.
Note: Weighted estimates.
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Table 3 Prevalence of frequent heavy drinker by age, sex, rural/urban area and income quintiles among persons aged

50 years and older across six countries

China Ghana India Mexico Russian Federation South Africa

% 95% Cl % 95% ClI % 95% Cl % 95% ClI % 95% ClI % 95% ClI
Men
50-59 153 [12.7,183] 32 [2.1,5.0] 0.6 [02,14] 0 39 [1.88.5] 1.3 [0.7,23]
60-69 125 [104,15.1] 27 [1.64.5] 04 [0.1,1.0] 0.8 [0.1,5.2] 80 [1.7,304] 2.1 [1.04.5]
70-79 85 [6.8,10.6] 1.6 [04,5.7] 0 0 0.7 [0.143] 0 [0.0,0.1]
80+ 33 [1.66.7] 04 [0.1,2.8] 0 1.7 [0.311.1] 0 0
Women
50-59 05 [0.3,1.1] 0.1 [0.0,0.8] 0.1 [0.0,0.6] 0 - 0 [0.00.1] 05 [02,1.6]
60-69 05 [02,1.2] 12 [0.3,4.5] 0 0 - 22 [0.5,9.6] 1.1 [0.2,56]
70-79 0.6 [0.3,14] 0.2 [0.0,1.7] 0 0 - 0 0.5 [0.2,14]
80+ 16 [0.6/4.6] 0 0 0 - 0 26 [06,114]
Residence
Urban 1.8 [1.3,24] 12 [0.7,2.1] 0.1 [0.0,0.6] 0.1 [0.0,0.6] 2.2 [06,7.3] 1.0 [06,1.9]
Rural 104 [9.1,11.9] 1.7 [1.1,2.6] 03 [0.1,0.7] 02 (0.0,14] 32 [0.8,11.6] 10 [04.23]
Income quintile*
Lowest 7.0 [549.1] 1.7 [0.8,3.6] 04 [0.1,1.3] 0 20 [0.84.9] 1.0 [04,2.2]
Second 6.9 [5979] 10 [04,2.2] 03 [0.1,2.3] 03 (00,2.0] 83 [1.930.2] 18 [181.8]
Middle 76 [5.7,10.1] 22 [1.1,43] 0 [0.0,0.2] 0 03 [0.1,1.0] 1.1 [1.1,1.1]
Fourth 6.6 [52,8.3] 1.6 [0.8,3.2] 0.1 [0.0,0.2] 03 [00,1.9] 12 [0.5,2.8] 03 [0.1,1.0]
Highest 4.0 [2.85.7] 10 [05.2.1] 02 [0.1,0.7] 0 19 [05,7.0] 10 [0244]
Total 6.3 [5.6,7.2] 1.5 [1.1,2.1] 0.2 [0.1,0.5] 0.1 [0.0,0.5] 2.5 [1.06.1] 1.0 [06,1.7]

*Income levels were generated through a multi-step process, where asset ownership was converted to an asset ladder, a Bayesian post-estimation method used
to generate raw continuous income estimates, and then transformed into quintiles. Lowest (Quintile 1) is the quintile with the poorest households and Highest

(Quintile 5) the quintile with the richest households.
Note: Weighted estimates.

Central obesity

Central obesity was found in 84.5% of older Mexicans,
the highest of all SAGE countries. In China and
Ghana, prevalence tended to increase with age, and
was higher in urban than in rural areas. The most eye-
catching difference is the much higher implied risk
among women compared to men in China, Ghana,
India and South Africa. Patterns by level of household
income were mixed (Table 6).

Hypertension

Prevalence of hypertension in six countries ranged from
33% (India) to 78% (South Africa). For both men and
women in China, India and Russia, prevalence of hyper-
tension increased with age. Prevalence were higher in
urban than in rural areas in Ghana, India and Mexico.
In China, prevalence decreased with increasing house-
hold income. But in Ghana and India, respondents with
higher household income were more likely to have
higher prevalence of self-report hypertension (Table 7).

Obesity

Obesity was more common in South Africa, the Russia
Federation and Mexico (45.2%, 36%, and 28.6%, re-
spectively) compared with China, Ghana and India
(15.3%, 9.7%, and 6.4%, respectively). Obesity tended to
rise with household income in all six countries, but a
slight drop can be seen for the highest income quintile
in China, Mexico, Russia Federation and South Africa
(Table 8).

Multiple risk factors

Different combinations of risk factors were found.
China, Ghana and India had a higher prevalence of re-
spondents with one risk factor than Mexico, Russia
Federation and South Africa. Analysis of combinations
of two risk factors indicated a less marked difference
between the two groups of countries. The occurrence
of three and four risk factors was more prevalent in
Mexico, Russia Federation and South Africa (see Figure 2).
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Table 4 Prevalence of low level of physical activity* by age, sex, rural/urban area and income quintiles among persons

aged 50 years and older across six countries

China Ghana India Mexico Russian Federation South Africa

% 95% ClI % 95% ClI % 95% ClI % 95% ClI % 95% ClI % 95% ClI
Men
50-59 214 [19.1,23.8] 159 [12.8,19.5] 144 [11.4,18.1] 193 [11.2313] 14.6 [9.2,223] 496 [41.5574]
60-69 26.1 [23.6,28.7] 18.6 [15.0,229] 250 [21.0,29.6] 329 [25.0419] 213 [12.7,335] 60.7 [534,68.8]
70-79 358  [31.7400] 299  [247358] 419  [341501] 480 @ [365598] 333 [20.1,49.8] 670  [57.2,755]
80+ 50.2 [43.8,56.6] 375 [29.8,46.0] 51.0 [39.962.0] 66.8 [55.5,76.5] 50.2 [20.6,79.7] 64.7 [47.0,79.6]
Women
50-59 237 [214260] 213 [174.258] 179  [150213] 362  [20.7553] 1.1 (6.7,17.8] 56.5 [49.862.3]
60-69 286 [26.1,31.2] 288 [23.5,34.9] 26.8 [224,31.6] 46.0 [34.9,57.5] 20.0 [14.4,27.2] 64.9 [57.0,71.2]
70-79 384 [34.342.7] 394 [344,44.7] 40.2 [32.7,48.1] 529 [37.1,68.1] 327 [23643.3] 699 [62.3,764]
80+ 65.1 [584,71.3] 434 [36.1,51.0] 604 [49.4,70.5] 593 [42.7,74.1] 664 [49.6,79.9] 81.5 [70.9,88.5]
Residence
Urban 288 [254,32.5] 380 [33.542.7] 29.8 [24.9,35.2] 39.0 [30.1,48.7] 23.2 [18.8,283] 612 [55.6,664]
Rural 278  [26.1,29.7] 17.1 [142203] 230 [21.1249] 330  [225455] 220 (134339 56.7  [489,63.6]
Income quintile**
Lowest 290 [25.8,32.5] 16.9 [14.0,20.1] 23.1 [19.6,27.0] 46.0 [38.7,534] 424 [29.6,56.3] 60.0 [50.7,68.2]
Second 257 [229286] 210  [173253] 245 [209285] 382  [220576] @ 325 [25.2,40.8] 592 [49.8,67.0]
Middle 264 [237293] 211 [178249] 253  [203312] 274 [160428] 19.7 [13.6,27.8] 580  [509643]
Fourth 29.6 [26.7,32.8] 31.2 [26.1,36.7] 27.1 [23.1,314] 47.0 [36.3,57.9] 135 [9.7,184] 63.2 [57.0,69.2]
Highest 300  [259346] 363  [31.1419] 247  [215281] 331 [23.0/45.0] 172 [11.1,25.7] 58.1 [50.365.9]
Total 283 [26.4,30.2] 256 [23.1,283] 249 [22.7,27.3] 37.7 [30.3,45.7] 22.8 [18.6,27.7] 59.7 [55.1,63.9]

*High = Vigorous-intensity activity on at least 3 days achieving a minimum of at least 1,500 MET-minutes/week OR 7 or more days of any combination of walking,
moderate- or vigorous intensity activities achieving a minimum of at least 3,000 MET-minutes per week;

Moderate = A person not meeting the criteria for the “high” category and: 3 or more days of vigorous-intensity activity of at least 20 minutes per day OR 5 or more days
of moderate-intensity activity or walking of at least 30 minutes per day OR 5 or more days of any combination of walking, moderate- or vigorous intensity activities

achieving a minimum of at least 600 MET-minutes per week; and,

Low = A person not meeting any of the above mentioned criteria falls in this category.
**Income levels were generated through a multi-step process, where asset ownership was converted to an asset ladder, a Bayesian post-estimation method used
to generate raw continuous income estimates, and then transformed into quintiles. Lowest (Quintile 1) is the quintile with the poorest households and Highest

(Quintile 5) the quintile with the richest households.
Note: Weighted estimates.

Discussion

This is, to our knowledge, the first population-based
comparative paper of NCD risk factors specifically de-
signed for older adults residing in LMIC. Participating
SAGE countries, China, India, the Russian Federation
and South Africa are part of the BRICS countries. Being
the biggest countries in the world, China and India to-
gether constitute about 38% of the world’s population
aged 50 years and older [20]. According to the World Bank,
GDP per capita was highest in the Russian Federation,
Mexico and South Africa, followed by China, India and
Ghana was lowest among all the six countries in 2010.
This study reports the prevalence of seven common
risk factors for NCDs and demonstrated differences in
prevalence across six countries as well as variations
within countries. The data were collected using a

standard protocol to ensure the comparability of data,
the same equipment were used to measure weight,
height, waist and hip circumferences, and blood pres-
sure to minimize a possible bias in the measurements.
We found that central obesity, inadequate vegetable
fruit intake and hypertension are the most common risk
factors for NCDs across all six countries except India,
where current daily tobacco use replaced hypertension.
The highest burden of hypertension was found in South
Africa and the Russian Federation, with 78% and 69%,
respectively, followed by China, Ghana and Mexico, all
over 50%. These figures seem to be higher than previ-
ously found among older adult populations in Africa
(rural Malawi, Rwanda and Tanzania (36.6—41.0%) [9],
42.4% of women in Accra, Ghana [21] and East Asia,
China (24.2-64.9%) [22,23], and Taiwan (31.1-38.0%)
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Table 5 Prevalence of insufficient vegetable and fruit intake* by age, sex, rural/urban area and income quintiles

among persons aged 50 years and older across six countries

China Ghana India Mexico Russian Federation South Africa

% 95% Cl % 95% Cl % 95% Cl % 95% Cl % 95% ClI % 95% ClI
Men
50-59 320 [277367] 673 [622720] 875 [84490.1] 764 [48591.8] 801 [70.0,87.4] 679 [618735]
60-69 359  [31.041.1] 723 [678764] 866 [822900] 685 [569782] 832 [70.791.1] 60.1 [51.967.8]
70-79 418 [359479] 685 [627738] 909 [872937] 794 [698866] 828 [67.4,91.9] 603  [49.1,70.6]
80+ 495 [421569] 776 [687845] 895 [822940] 862 [759925] 825 [54.4,94.9] 70.1 [53.2,829]
Women
50-59 294 [257334] 651  [605695] 914 [89.1932] 885 [804935] 770 [70.2,82.7] 710 [65975.6)
60-69 358 [31.3405] 674 [62871.7] 950 [93.1964] 833 [759888] 837 [75.4,89.5] 734 [66.5,79.3]
70-79 419  [364475] 720 [673763] 964 [932981] 841 [76289.7] 813 [68.8,89.6] 672  [588,74.7]
80+ 645 [5767101 678 [604,745] 953 [914975] 900 [83694.1] 862 [74.6,93.1] 779 [65586.8]
Residence
Urban 347 [31.0387] 67.1 [63.1,709] 832 [840915] 842 [792883] 797 [70.6,86.6] 650 [60.7,69.1]
Rural 366 [299438] 7001 [665734] 916 [903928] 709 [456876] 840 [77.4,88.9] 751 [68.081.1]
Income quintile**
Lowest 466  [37456.1] 751 [705793] 957 [940969] 89.1 [835930] 843 [72391.7] 753  [66.7,82.2]
Second 420 [348495] 704 [662743] 953 [932968] 798 [524935] 726 [574,83.9] 737 [66.2,79.9]
Middle 367 [321415] 688 [644,729] 924 [89.2948] 822 [699902] 78.1 [67.6,85.9] 69.5  [63.5749]
Fourth 302  [263345] 675 [625721] 881 [854904] 767 [69.1829] 824 [74.9,88.0] 696  [62975.5]
Highest 268  [227314] 637 [592679] 835 [796868 807 [689888] 855 [783,90.7] 549  [47961.7]
Total 356  [316398] 689 [662714] 906 [89.1919] 814 [741870] 810 [74.5,86.2] 684  [64.6,72.0]

*Insufficient intake is equivalent to less than 5 servings of fruit and vegetables on average per day.
**Income levels were generated through a multi-step process, where asset ownership was converted to an asset ladder, a Bayesian post-estimation method used
to generate raw continuous income estimates, and then transformed into quintiles. Lowest (Quintile 1) is the quintile with the poorest households and Highest

(Quintile 5) the quintile with the richest households.
Note: Weighted estimates.

[24]. In addition, the prevalence and awareness of hyper-
tension in urban and rural dwellers in SAGE Wave 1
show marked differences, especially those on treatment
and with adequate control by age and urban or rural
residence. Individuals not diagnosed but with high blood
pressure on measurement (higher in rural settings) are
as much of a concern as those who know they have
hypertension and are still hypertensive on measurement
(much higher in urban settings). In these six countries,
only 4—14% were receiving effective treatment [25].

The results of this study also show that older adults
from upper-middle income countries such as Mexico,
Russian Federation and South Africa are more likely
than those from low or lower-middle income countries
such like China, India and Ghana to be obese. South
Africa has the highest prevalence of obesity (45.2%), even
higher than Europeans aged 50 years and older [26], espe-
cially among those aged 60—69 years (50%) and among
urban dwellers (47%). Over nutrition play an important
role and determinants include female gender, low physical

activity and chronic conditions [27]. Obesity seems less of
a concern for old adults in China and India for now com-
pared to other four countries, although obesity has in-
creased 4-fold in the last 2 decades in china [28]. Like the
pattern of prevalence of obesity, the prevalence of low
physical activity was also highest in South Africa and
Mexico. As the association between physical inactivity
and obesity is well recognized [29,30], low physical ac-
tivity was a very important factor contributing to obes-
ity in these two countries, but was not found in the
Russian Federation in this study, where it has lower
prevalence of low physical activity compared to Mexico
but has higher prevalence of obesity, thus indicating
that other health behavior such as alcohol consumption
and/or socioeconomic factors related to nationality are
influencing obesity [31].

Tobacco use is serious health-damaging behavior in
China [32,33], this study seems to have again confirmed.
We also found prevalence of current daily tobacco use
among older Chinese men was close to the GATS with
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Table 6 Prevalence of central obesity * by age, sex, rural/urban area and income quintiles among persons aged 50

years and older across six countries

China Ghana India Mexico Russian Federation South Africa

% 95% ClI % 95% ClI % 95% Cl % 95% Cl % 95% Cl % 95% ClI
Men
50-59 414 [38.6,44.3] 61.8 [57.4,66.0] 741 [70.6,77.2] 96.3 [92.3,98.3] 69 [53.581.2] 54.2 [48.5,59.7]
60-69 483 [45.0,51.6] 68 [63.7,72.0] 76.2 [72.3,79.8] 85.9 [68.7,94.4] 69.2 [47.0,85.1] 614 [53.7,68.6]
70-79 51.2 [468557] 722  [669770] 664  [582737] 908 [844948] 74 [55.9,86.5] 535  [42963.8]
80+ 56.2 [48.3,63.9] 74 [65.8,80.8] 83.2 [73.7,89.8] 84.6 [743,91.3] 423 [15.5,74.6] 49.7 [31.7,67.7]
Women
50-59 63.7 [606667] 839 [86391.1] 814 [78.1842] 843 [725916] 488 [40.5,57.2] 678  [624,72.7]
60-69 709 [67.5,74.1] 89.3 [86.3,91.7] 86.7 [83.5,89.3] 814 [74.5,86.8] 65.7 [56.9,73.6] 70.8 [63.7,76.9]
70-79 749 [70.7,78.7] 90.2 [86.6,93.0] 86.3 [81.3,90.1] 61.1 [40.9,78.1] 614 [47.1,73.9] 76.1 [69.0,82.0]
80+ 754 [689809] 906  [859938] 846  [758905] 729  [568846] 752 [61.6,85.1] 749 [61.884.6]
Residence
Urban 614 [58.1,64.6] 78.2 [75.3,80.8] 829 [78.9,86.2] 84.3 [78.6,88.7] 62.9 [56.4,68.9] 64.7 [60.7,684]
Rural 54.1 [5135700 772 [752792] 771 [752,7900 852  [723927] 602 [46.7,72.3] 629  [57.867.7]
Income quintile**
Lowest 595 [56.3,62.6] 756 [72.3,78.7] 74.8 [704,78.7] 84.2 [75.3,90.4] 65.2 [53.9,75.0] 594 [52.3,66.1]
Second 53.6 [498573] 785 [747818] 757  [71.7,792] 811 [675899] 612 [51.7,69.9] 598  [53.565.8]
Middle 56.1 [5245971 778 [7398121 766  [730,799] 888  [806938] 566 [46.4,66.2] 678  [61.6,735]
Fourth 56.7 [54.0,59.2] 774 [732,81.1] 79.5 [75.6,82.9] 87 [80.7,91.5] 66 [57.3,73.6] 67.5 [60.6,73.7]
Highest 614 [572655] 786  [753815] 852 [821879] 837 [719911] 619 [49.3,73.1] 656  [580,724]
Total 574 [55.2,59.6] 776 [75.9,79.2] 787 [77.0,804] 84.5 [79.5,88.5] 62.1 [56.1,67.7] 63.9 [60.7,67.0]

*High-risk waist to hip ratio: men more than 0.90 and women more than 0.85.

**Income levels were generated through a multi-step process, where asset ownership was converted to an asset ladder, a Bayesian post-estimation method used
to generate raw continuous income estimates, and then transformed into quintiles. Lowest (Quintile 1) is the quintile with the poorest households and Highest

(Quintile 5) the quintile with the richest households.
Note: Weighted estimates.

self-reported prevalence of 58.9% and 40.2% among
adults aged 55-64 years and 65 years plus, respectively
[34]. Tobacco use is also very prevalent in India, with al-
most half of Indian are current daily smoker in this
study, It is worth noting that smokeless tobacco use is
particularly prevalent in India, which is different from
other five countries. However, there is evidence that
smokeless tobacco use plays a role in oral cancer in
south-central Asia [35]. About 52% of oral cancers in
India are attributable to the use of smokeless tobacco
products [36]. No evidence show rates of smoking are
decreasing in LMIC. Suggesting health policy, planning
and programmes of tobacco control should promote im-
plementation of effective strategies [37].

Analysis of the simultaneous occurrence of more than
one risk factor indicates that people aged 50 years and
older across six countries engage in a number of risk
factors that put them at high risk of NCDs, however,
we found that these selected risk factors occurred
much more frequently in upper-middle income countries

than in low-middle income countries. This difference may
reflect the fact that compared with older adults in upper
middle-income countries, older adults in lower middle-
income countries are more likely to have had lower levels
of exposure to NCD-risk factors associated with urban liv-
ing (such as smoking, sedentary lifestyles and processed
foods) [38].

We also found the pattern of associations between in-
come and risk factors for NCDs vary among countries.
The association of income with smoking has been re-
ported before in other studies on Western societies
[39-41]. We found that the pattern of tobacco use asso-
ciation with household wealth differed between low-
middle income countries and upper-middle income
countries in this study. Wealth showed a strong relation-
ship with current daily smoking in low-middle income
countries such as Ghana and India, but it does not show
any specific trend with income in upper-middle income
countries such as Mexico, the Russian Federation and
South Africa. Previous studies have shown that education
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Table 7 Prevalence of hypertension* by age, sex, rural/urban area and income quintiles among persons aged 50 years

and older across six countries

China Ghana India Mexico Russian Federation South Africa

% 95% ClI % 95% ClI % 95% Cl % 95% Cl % 95% Cl % 95% ClI
Men
50-59 538 [51.0,56.5] 56.9 [52.3,61.3] 29.3 [26.2,32.6] 49.1 [32.5,66.0] 61.5 [49.6,72.1] 70.5 [65.1,75.5]
60-69 64 [60.6,67.3] 58.2 [52.8,634] 29.7 [25.2,34.6] 67.1 [57.7,75.2] 689 [59.9,76.7] 796 [73.2,84.8]
70-79 69.5 [655732] 592  [533648] 359 [283443] 707  [599796] 72 [55.9,83.9] 80 [70.6,87.0]
80+ 781 [724,829] 51.7 [43.9,59.5] 40.1 [30.0,51.3] 70.6 [58.2,80.6] 87.9 [74.4,94.8] 74 [57.585.7]
Women
50-59 53 [496,563] 61 [566652] 308 [269351] 48 [296669] 57 [49.2,64.5] 789  [743,829]
60-69 65.8 [62.0,69.3] 62.1 [57.2,66.7] 37.2 [32.542.1] 65.3 [52.0,76.6] 77.7 [69.6,84.2] 81.3 [75.3,86.1]
70-79 724 [68.7,75.8] 619 [56.5,67.0] 432 [37.2494] 84.8 [77.7,89.9] 82.1 [71.5894] 84.5 [78.2,89.2]
80+ 74 [66.5804] 605  [53.1674] 403  [303512] 759  [621858 889 [80.7,93.8] 839  [752899]
Residence
Urban 588 [56.3,61.3] 67.1 [63.8,70.2] 36.8 [30.8434] 59.5 [51.8,66.8] 70.1 [64.7,75.0] 77.7 [74.6,80.5]
Rural 63.6 [602669] 537  [504570] 315 [298333] 635 [468775] 669 [60.7,72.5] 788  [74.5,826]
Income quintile**
Lowest 64.6 [60.4,68.7] 50.7 [45.7,55.6] 274 [233,31.9] 65.2 [58.1,71.7] 724 [61.7,81.1] 756 [69.4,80.9]
Second 60.3 [566639] 567  [523609] 309 [273348] 706 [514845] 748 [67.5,80.9] 774 [712,826]
Middle 60.7 [58363.1] 58 [540620] 303 [262347] 485 [278696] 716 [61.3,80.0] 802  [75.2845]
Fourth 62.1 [594,64.8] 626 [58.5,66.6] 34.2 [30.5,38.1] 54 [42.3,65.3] 706 [624,77.7] 778 [71.9,82.8]
Highest 59.3 [553632] 665 [624,703] 402  [363442] 593  [449723] 608 [50.2,70.5] 792  [74983.0]
Total 61.3 [59.0,63.6] 59.2 [56.8,61.5] 33 [31.0,35.1] 60.3 [534,66.9] 69.2 [64.9,73.2] 78 [75.6,80.3]

*Hypertension defined as systolic blood pressure greater than or equal to 140 mmHg and/or diastolic blood pressure greater than or equal to 90 mmHg19 and/or
self-reported current treatment (in previous two weeks) of hypertension with antihypertensive treatments.

**Income levels were generated through a multi-step process, where asset ownership was converted to an asset ladder, a Bayesian post-estimation method used
to generate raw continuous income estimates, and then transformed into quintiles. Lowest (Quintile 1) is the quintile with the poorest households and Highest

(Quintile 5) the quintile with the richest households.
Note: Weighted estimates.

is more strongly related to smoking than income is in
most countries within the European Union [42], consider-
ing education and economic status are closely related in
developing countries, so this may in part explain this
difference between upper-middle income countries and
low-middle income countries. There is a lot of contro-
versy on association between income and obesity, nu-
merous studies show that low-income and obesity are
linked in many high income nations [43]. But results of
this study show inverse pattern of association between
income and obesity, that increasing income increased
the risk of obesity. There is also still little difference be-
tween upper-middle income countries and low-middle
income countries. The prevalence of obesity reach their
peak among older adults in the fourth income quintile
in South Africa, Mexico, Russia Federal and China, but
occurred in the highest income quintile in Ghana and
India. This implies that the burden of obesity is shifting
toward the low SES and can no longer be considered a

disease of the socioeconomic elite in LMIC [44]. We
observe what appears to be the first inkling of the tran-
sition in South Africa, Mexico, the Russian Federation
and China. It implies policymakers in developing coun-
tries and even low-income countries should prepare in
advance to address this transition over the next several
decades [45-48]

Some limitation must be taken into account in this
study. First, there are different response rate across six
countries,from 51% in Mexico to 93% in China. The low
response rate was potential selection bias to this study.
The main reason for household non-response was in-
ability to locate the selected household, or the house-
hold refusing to participate even before a roster could
be obtained. Second, a limitation to this study is the
use of self-report for part of risk factors for NCDs.
It can lead to recall bias, although self-reported method
widely applied in population study and other studies
have illustrated the reliability and validity of self-report
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Table 8 Prevalence of obesity* by age, sex, rural/urban area and income quintiles among persons aged 50 years and
older across six countries

China Ghana India Mexico Russian Federation South Africa

% 95% Cl % 95% Cl % 95% Cl % 95% Cl % 95% Cl % 95% Cl
Man
50-59 1.8 [10.1,1371 71 [54,9.3] 53 [3.5.80] 228  [128374] 344 [21.2,50.6] 365 [30.8425]
60-69 12.6 [10.6,14.9] 6.5 [469.1] 2.8 [16,5.1] 234 [16.8314] 185 [96,32.8] 432 [35.0,51.7]
70-79 106 [8.3,13.5] 48 [2.883] 33 [195.7] 173 [112257] 332 [20.1,49.7] 374 [273487]
80+ 99 [6.4,15.1] 55 [23,12.7] 4.0 [1.1,13.8] 167 [79318] 7.7 [26,20.7] 307 [18346.7]
Woman
50-59 19.7 [178216] 195 [156241] 103  [84,124] 404 [239594] 466 [40.0,53.4] 532  [482583]
60-69 195 [17.1,22.2] 12.3 [9.8,15.5] 8.1 [59,109] 36 [27.2,45.8] 44.0 [34.7,53.8] 55.2 [49.061.3]
70-79 18.2 [15.0,21.9] 82 [5.8,11.4] 6.0 [3.211.2] 239 [15.3,35.3] 341 [24.82,44.9] 40.0 [31.4,49.4]
80+ 105 [6.8,15.8] 64 [33,12.1] 35 [1.7,7.0] 196  [120303] 289 [18342.5] 335 [23.0460]
Residence
urban 174 [15.7,19.3] 176 [14.8,20.9] 12.1 [9.3,15.6] 30.5 [23.3,389] 359 [30.3,42.0] 47.2 [42.851.7]
rural 137 [118159] 43 [34,54] 4.1 [344.9] 218 [158293] 36 [25.947.5] 412 [35.1476]
Income quintile™
Lowest 9.0 [6.8,11.9] 27 [1.64.3] 14 [0.8,24] 21.0 [14.6,29.1] 31.7 [23.940.8] 36.1 [28.1,44.9]
Second 12.8 [11.0,148] 40 [2.7,6.0] 49 [1.4159] 279 1484611 318 [22.8/423] 405  [34646.7]
Middle 16.3 [149179] 70 [53,9.3] 4.0 [26,6.0] 288  [159464] 297 [224,383] 486  [423,55.0]
Fourth 18.1 [16.5,19.8] 10.7 [86,13.3] 46 [34,64] 343 [24.4,45.7] 433 [32.0,55.3] 556 [493,61.8]
Highest 184 [164206] 223  [184269] 145 [11.7179] 301 [198429] 388 [29.1,49.6] 462  [389537]
Total 153 [139,168] 97 [84,11.2] 64 (52,7.7] 286 [228353] 360 [30.941.3] 452 [416489]

* BMI >30 kg/m? or BMI >27.5 kg/m? in China and India.
** Income levels were generated through a multi-step process, where asset ownership was converted to an asset ladder, a Bayesian post-estimation method used
to generate raw continuous income estimates, and then transformed into quintiles. Lowest (Quintile 1) is the quintile with the poorest households and Highest

(Quintile 5) the quintile with the richest households.

Note: Weighted estimates.
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Figure 2 Percentage of cumulative risk factors among persons aged 50 years and older across six countries.
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for behaviors such as cigarette smoking, alcohol con-
sumption, and physical activity [49,50]. Finally, SAGE
wave 1 is a cross-sectional study, which determines that
we could not examined the changes in prevalence of
these risk factors for NCDs over time, fortunately,
SAGE Second and third waves of data collection will be
2013 and 2015. It will provide an opportunity to track
these changes.

Conclusions

In conclusion, this study estimated the prevalence rates
of common risk factors for NCDs and showed the pat-
tern of these risk factors in six main LMIC. The baseline
information on the magnitude of the problem of risk
factors provided by this study can help countries and
health policymakers to set up interventions addressing
the global non communicable disease epidemic. Under-
standing the relationship of risk factors pattern and bur-
den of NCDs in LMIC presents an important challenge
for further research.
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