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As the global obesity epidemic continues to affect high-income countries, low-
and middle-income countries have also begun to experience increases in overweight and
obesity prevalence. Both overweight and obesity are major risk factors for many
chronic diseases such as diabetes, cancer, and cardiovascular disease. Body mass index
(BMI) is one common measure used to predict obesity-related health risks. However,
because it estimates general adiposity instead of abdominal obesity, and does not
distinguish between fat and lean mass, BMI is not a completely reliable predictor of
cardiovascular and metabolic risk. Previous studies have generally found that measures
of central obesity, including waist circumference (WC), to be better predictors of
cardiovascular and metabolic risk than BMI, but no conclusion has been reached
regarding the optimal measure of body composition. Furthermore, few studies have
examined how body composition measures differ across various populations in older
adults (=50 years). The current study uses data from the World Health Organization
Study on global AGEing and adult health (SAGE), a longitudinal study of nationally

representative samples trom older adults in six middle income countries (China, Ghana,



India, Mexico, Russian Federation, and South Africa). This study examines associations
among body composition measures (BMI, WC, and body adiposity index [BAI]) across
age category, sex, and country. Furthermore, this study investigates associations
between body composition measures and hypertension. Results indicate variability in
body composition trends across age category, sex, and country. In general, both mean
BMI and overweight and obesity prevalence were greater in 80+ age categories
compared to younger age categories while mean BAI, mean WC, and increased risk (for
obesity-related health diseases) prevalence were relatively similar across age categories.
Logistic regression analyses were used to evaluate BMI, WC, and BAI as predictors of
hypertension while controlling for covariates such as age, sex, smoking, drinking, and
physical activity. All three body composition measures were fairly similar in their
ability to predict hypertension. These findings suggest that BMI could be
underestimating obesity-related health risks in population studies of older adults with

the greatest underestimation in adults 80 years and older.
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Background

Among older adults, obesity increases the risks for cardiovascular and metabolic
diseases such as type 2 diabetes, hypertension, stroke, heart disease, and metabolic
syndrome (Salihu et al., 2009). Because actual measurement of body fat is difficult,
invasive, and expensive, body mass index (BMI) is frequently used in population-based
research as a predictor of obesity-related health risks. However, BMI does not
distinguish between fat and lean mass, and is more strongly associated with
subcutaneous fat than visceral fat (Janssen et al., 2002), the most pathogenic type of fat,
thus reducing its ability to accurately predict health risks (Figure 1). Further, previous
research has found that it is possible for adults to maintain a normal BMI, yet increase
their waist circumference (WC) over time; this makes BMI a less accurate predictor of
cardiovascular and metabolic risk in older adults. While measures of central obesity
have been found to be better indicators of cardiovascular disease than BMI, debate
continues over the optimal measure of central adiposity for use in population studies
such as in the fields of epidemiology and anthropology where expensive lab-based

techniques cannot realistically be used.
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Figure 1: BMI vs. Body Fat.

Two individuals with very different body types and body fat percentages can have the
same BMI because BMI does not distinguish between fat and lean mass. Dual-energy
X-ray absorptiometry images are shown at each end. Reprinted from The Lancet, Vol.
363, Yajnik, Chittaranjan S. and Yudkin, John S., “The Y-Y paradox,” p. 163,
Copyright (2004), with permission from Elsevier.

Many studies have investigated body composition measures by grouping
together adults into one category of subjects 18 years and older. As a result, few studies
have compared the accuracy and usefulness of body composition measures in older
adults (=50 years). In general, older adults are shorter than younger adults due to
shrinkage of the spine, which can lead to overestimation of BMI in older adults (Snijder
et al., 2005). However, this limitation of BMI does not occur in body composition
measures without height, such as WC. Additionally, in a process known as sarcopenia,
the amount of lean body mass decreases with age, contributing to a relatively greater
amount of body fat found in older adults compared to younger adults at equivalent

BMaIs (Snijder et al., 2005). Finally, while obesity increases cardiovascular and
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metabolic risk in older adults, increased adiposity may be protective against death in
individuals over 85 years, particularly in hospitalized patients (Inelmen et al., 2003).
Therefore, it is of particular interest to study various body composition measures in
older adults in order to better assess which measures might be most useful in population
studies that include older adults.

Additionally, few studies have investigated the trends of body composition
measures among older adults in low- and middle-income countries (LMICs). In their
review of global obesity, Malik and colleagues (2012) found a positive correlation
between obesity prevalence and the initial stages of economic growth found in LMICs.
Part of this correlation could stem from nutritional and lifestyle changes during such an
economic transition while continuing to have little access to the health services and
education that wealthy countries can provide. Moreover, urban growth has been
associated with obesity in the US, and 93% of urban growth globally is expected to
occur in LMICs (Malik et al., 2012). Thus, LMICs are particularly important to

investigate in studies of obesity and body composition measures.



Research Questions and Hypotheses

This study examines how body composition measures (BMI, WC, body
adiposity index [BAI]) differ across age categories (50-59, 60-69, 70-79, 80+ years),
sex (male, female), and countries (China, Ghana, India, Mexico, Russian Federation,
South Africa). Furthermore, this study investigates associations between body
composition measures and hypertension (high blood pressure).

I hypothesize that:

1. Weighted prevalence of obese and overweight BMI as well as increased
risk WC will be significantly lower in the 80+ age category compared to
50-59, 60-69, and 70-79 age categories for males and females in all
countries.

2. Average BMI, WC, and BAI values will be significantly lower in the
80+ age category compared to 50-59, 60-69, and 70-79 age categories
for males and females in all countries.

3. Average male BMI, WC, and BAI values will significantly differ from
female values for all age categories in all countries.

4. Average BMI, WC, and BAI values will significantly differ across
country for males and females in all age categories.

5. WC and BAI will be stronger predictors than BMI for hypertension.



Methods

The Study on global AGEing and adult health (SAGE)

This study used Wave 1 data (2007-2010) from the World Health Organization
(WHO) Study on global AGEing and adult health (SAGE;
http://www.who.int/healthinfo/sage/en/), a longitudinal epidemiological study of
nationally representative samples from older adults (=50 years old) in six middle
income countries (China, Ghana, Mexico, India, Russian Federation, and South Africa)
with a smaller sample of adults aged 18-49 years in each country for comparison
(Kowal et al., 2012). However, the Russian Federation recently moved up to high-
income classification following changes in the World Bank’s classification of the
world’s economies based on estimates of gross national income (GNI) per capita
(World Bank, 2013). Nonetheless, these six countries provide an economically,
geographically, and culturally diverse group to study the effects of aging on health, and

one that includes the two most populous countries in the world (China and India).



WHO Study on global AGEing and adult health (SAGE) collaborating countries
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Figure 2: SAGE Study Map.

Nationally representative studies are indicated in yellow while local non-nationally
representative studies are indicated by blue and red dots. Reprinted from WHO by
WHO, 2012, Retrieved from http://www.who.int/healthinfo/sage/sage_001.jpg?ua=1.
Copyright [2012] by WHO.

SAGE collected a wide variety of data on participant health through a series of
questions via face-to-face interviews. Multistage cluster sampling strategies were used
to sort individuals into one of two different clusters (“50+ households” or “18-49
households”) based on their age (Kowal et al., 2012). Clusters were then randomly
selected. Sample datasets were weighted by household and individual to provide even
sampling. Additionally, the SAGE dataset is proportional to population size and
contains over 34,000 participants aged 50 years and older, and over 8000 participants

aged 18-49 years (Kowal et al., 2012).



SAGE instruments and methods were adapted from those used by the World
Health Survey, the US Health and Retirement Survey, and the English Longitudinal
Study of Ageing. Because these three surveys take place in high-income countries, this
adaptation of instruments and methods allows researchers to directly compare SAGE
results from middle-income countries to results from high-income countries in the
aforementioned studies.

Height, weight, WC, hip circumference, and blood pressure collected from the
SAGE surveys were used to calculate body composition measures and determine the

presence or absence of hypertension in this study (Appendix Figures 1 and 2).

Body Composition Measures: Body Mass Index (BMI), Waist Circumference
(WC), and Body Adiposity Index (BAI)

Body mass index was defined as the quotient of an individual’s mass in
kilograms and the square of his or her height in meters:

mass (kg)  mass (Ibs)

BMI = (height (m))? ~ (height (in))?

x 703

This study used established WHO cut-off values for BMI categories as follows:
underweight (<18.5 kg/m?), normal (18.5-24.9 kg/m?), overweight (25.0-29.9 kg/m?),
and obese (> 30.0 kg/m?) (WHO, 2000). Modified BMI cut-off values were used for
China and India because the relationships among BMI, body fat percentage, and health
risks are different for Asian populations in comparison to other populations (WHO,

2004). Therefore, the categories for China and India were as follows: underweight
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(<18.5 kg/m?), normal (18.5-22.9 kg/m?), increased risk (23.0-27.5 kg/m?), and higher
high risk (> 27.5 kg/m?) (WHO, 2004). Additionally, BMI was analyzed as a
continuous variable.

Waist circumference was “measured at the midpoint between the lower margin
of the least palpable rib and the top of the iliac crest” with the tape parallel to the floor
(WHO, 2011: 7). This study also used established WHO categories and cut-off values
for WC: normal (<94 cm) and increased risk (> 94 cm) for males, and normal (<80 cm)
and increased risk (> 80 cm) for females (WHO, 2011). Similarly, modified WC cut-off
values were used for China and India, which only altered the cut-off values for males:
normal (<90 cm) and increased risk (> 90 cm) (IDF, 2006). WC was also analyzed as

both a categorical and continuous variable.



Waist Circumference Measurement

To measure waist
circumference, locate
the upper hip bone and
the top of the right iliac
cresl. Place a measur-
ing tape in a horizontal
plane around the abdo-
men at the level of the
iiac cresl. Before read-
ing the tape measure,
ensure that the lape is
snug, but does not
compress the skin, and
is paraliel to the fioor.
lhe measurement is
made al the end of a

normal expiration

Measuring-Tape Position for Waist
{(Abdominal)} Circumference in Adults

Figure 3: Waist Circumference Measurement.

Reprinted from “The Practical Guide: Identification, Evaluation, and Treatment of
Overweight and Obesity in Adults” (NIH Publication No. 00-4084), by U. S.
Department of Health and Human Services, National Institutes of Health, National
Heart, Lung and Blood Institute, 2000, p. 9. Retrieved Feb. 16, 2015, from
http://www.nhlbi.nih.gov/files/docs/guidelines/prctgd_c.pdf

Body Adiposity Index is a relatively new index for body adiposity that strongly
correlates with body fat percentage in both males and females (Chang et al., 2013).
Furthermore, it has been validated as an estimation of body adiposity in older adult
populations (Chang et al., 2013). BAI uses hip circumference and height in its

calculation:

BAI = hip circumference (cm)
B (height (m))15
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Lopez et al. (2012) determined cutoff values of 27 and 32 for classifying obesity
in males and females, respectively, using BAI. However, much is still unknown about
the scope of BAI; there currently are no WHO recommendations or standardized cutoff
points for BAI with regards to ethnicity and levels of obesity. Consequently, BAI was
only analyzed as a continuous variable. Additionally, following the protocol of Chang
and colleagues (2013), a modified equation was used when an individual’s BAI
calculated using the above equation was greater than 31.3:

Modified BAI = 0.4 X hip circumference (cm) o4
odifted BAI = (height (m))'s

Blood Pressure

A series of three measurements of both systolic BP (SBP) and diastolic BP
(DBP) were measured during the interview using a Boso Medistar Wrist Blood Pressure
Monitor Model S. Following the protocol of Lloyd-Sherlock and colleagues (2014),
hypertension was considered to be present if the mean of the last two measurements was
>140 mmHg for SBP or >90 mmHg for DBP and/or if respondents were currently

taking antihypertensive medication.

Statistical Analysis
Only subjects aged 50 and older were used in the present study. Tests of
normality were conducted, and outliers were identified from initial analyses. Extreme

outliers were classified with interquartile ranges (IQRs) for each variable by age
10



category, sex, and country following Larson (2006), and excluded from subsequent
analysis. These outliers were most likely a result of errors in measurement or data entry.
Given the total sample size, the overall impact of removing the outliers is minimal and
provides a more accurate population estimate. All analyses were conducted using SPSS

21.0, and results were considered significant at p < 0.05.

Hypothesis 1

Weighted prevalence values were calculated by age category, sex, and country
for BMI categories (underweight, normal, overweight/increased risk, obese/higher high
risk) and WC categories (normal, increased risk). Weighting the data, which allowed
certain data points to influence the means more than others, was performed in order to
make the samples representative of the actual populations with respect to country, sex,

and age.

Hypotheses 2, 3, and 4

A three-way ANOVA test was used to examine the main effects of age category,
sex, and country as well as their interactions. Simple effects tests were also conducted
to analyze the effect of sex at each level of age category (50-59, 60-69, 70-79, 80+) and
country (China, Ghana, India, Mexico, Russian Federation, and South Africa), the effect
of age category at each level of sex (male and female) and country, and the effect of

country at each level of age category and sex. These tests provide an opportunity to

11



examine the effect of one independent variable at individual levels of the other
independent variable. Due to multiple comparisons, all analyses used a Bonferroni

correction method.

Hypothesis 5

Logistic regressions were used to predict the likelihood of being classified with
hypertension while controlling for covariates typically used in hypertension research
(age, sex, physical activity, smoking, and drinking; Janssen et al., 2004). Each of the
control variables was measured via self-reporting as part of the SAGE individual

questionnaire (Appendix Figures 3, 4, and 5).
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Results

Unweighted samples sizes are displayed in Table 1, separated by country and

Sex.

Participants

Country Male | Female | Total
Mexico 781 1234 | 2015
Ghana 2158 1975 | 4133
India 3188 3116 | 6304
China 5711 6577 | 12288
South Africa 1459 1956 | 3415
Russian Federation | 1015 2042 | 3057
Total 14318 | 16911 | 31229

Table 1: Unweighted Sample Sizes by Country and Sex

Hypothesis One — Weighted Prevalence Values

MALES:

BMI

Overweight prevalence was lower in the 80+ age category compared to the 50-
59, 60-69, and 70-79 age categories in all countries except Russian Federation where

overweight prevalence did not vary throughout the age categories. Obesity prevalence

was lower in the 80+ category for Mexico, South Africa, Russian Federation, and China

13



while it did not differ throughout the age categories in India and Ghana. Overweight
prevalence varied from 10.4% (India 80+) to 64.8% (Mexico 50-59), while obesity

prevalence varied from 2.8% (India 60-69) to 43.5% (South Africa 60-69).

WC
Increased risk prevalence was lowest in the 80+ age category in all countries
except in South Africa (2" lowest to 50-59) and India (2" lowest to 70-79). Increased

risk prevalence varied from 14.2% (India 70-79) to 65.7% (Mexico 60-69).

FEMALES:

BMI

Overweight prevalence was lowest in the 80+ age category for all countries
except in South Africa where it was the second highest prevalence. Obese prevalence
was lowest in the 80+ age category for all countries. Overweight prevalence varied from
2.9% (India 80+) to 46.2% (China 50-59). Obese prevalence varied from 3.1% (India

80+) to 56.7% (South Africa 60-69).

WC
Increased risk prevalence was lowest in the 80+ age category in Mexico, Ghana,
and India. In Russian Federation and China, it was second lowest in the 80+ age

category (50-59 was lowest). In South Africa, increased risk prevalence was greatest in

14



the 80+ age category. Increased risk prevalence varied from 34.5% (India 80+) to

96.7% (Mexico 50-59).

Hypothesis Two — Examining Differences across Age Categories by Sex and

Country

MALES:

Mean BMI, WC, and BAI values for males (by age and country) are presented in
Table 2. India had the lowest mean BMI, WC, and BAI for all age categories except for
80+ BAI (Ghana had the lowest). South Africa had the highest mean BMI for all age
categories. Mexico had the highest mean WC for all age categories. Mexico had the
highest mean BAI for 50-59 and 80+ age categories while South Africa had the highest
mean BAI for 60-69 and 70-79 age categories. Mean BMI varied from 18.94 (India
80+) to 28.09 (South Africa 60-69), mean WC varied from 80.40 (India 80+) to 99.44
(Mexico 70-79), and mean BAI varied from 24.49 (India 60-69 and 70-79) to 34.25

(South Africa 70-79).
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MEXICO GHANA SOUTH AFRICA
Age Mean | Mean | Mean Mean | Mean
Category | BMI wC BAI
50-59 27.60 87.86 32.11
60-69 27.41 88.76
70-79 26.87 88.95
80+ 25.39 89.19 33.77
RUSSIAN
FEDERATION CHINA
Age Mean | Mean | Mean Mean Mean
Category | BMI | WC | BAI wC BAI
50-59 27.21 | 94.37 | 27.16 83.97 27.06
60-69 27.07 | 93.99 | 26.83 84.80 28.12
70-79 27.05 | 93.64 | 29.76 84.81 28.81
80+ 26.69 | 92.85 | 30.04 84.48 29.08

Table 2: Mean Body Composition Measures for Males

Red highlighting indicates the maximum value for a body composition measure within

an age category among all countries. Bold text accompanied by red highlighting

specifies maximum values among all age categories. Blue highlighting indicates the

minimum value for a body composition measure within an age category among all

countries. Bold text accompanied by blue highlighting specifies minimum values

among all age categories.
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BMI
In Mexico, Ghana, and China, the 80+ age category had a significantly lower
BMI than all other age categories except the 70-79 category (Figure 4). For Indian

males, only the 80+ and 50-59 age categories were significantly different. Additionally,

no significant differences were found in South Africa and Russian Federation.

Male Mean BMI
30.0 =0==SOUTH AFRICA
28.0 - e -9
% —&—RUSSIAN
260 \. FEDERATION
=@=—MEXICO
E 24.0

22.0 ‘\%
=0—GHANA
20.0 _k\‘

18.0 . T T ) INDIA

50-59 60-69 70-79 80+
Age Categories

Figure 4: Male mean BMI across age categories by country.
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wWcC

Mexico was the only country whose 80+ age category had a significantly
smaller mean WC than all other age categories (Figure 5). The 80+ age category for
Ghana was only significantly smaller than the 50-59 age category. No significant

differences were found for India, Russian Federation, South Africa, and China.

Male Mean WC
100.0 o2 — \ —e—MEXICO
96.0 N —e—RUSSIAN FEDERATION
g 92.0 - —e—SOUTH AFRICA
88.0 o —a—CHINA
- H .
84.0 + E —e—GHANA
80.0 -+

' ' ' ' —e—[NDIA
50-59 60-69 70-79 80+

Age Categories

Figure 5: Male mean WC across age categories by country.
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BAI

Russian Federation’s 80+ age category was significantly greater than the 60-69
age category, while China's 80+ age category was significantly greater than the 50-59
age category (Figure 6). Mexico, South Africa, Ghana, and India had no significant

differences among each of their age categories.

Male Mean BAI
35.0
=@0--SOUTH AFRICA
=@=—MEXICO
31.0

< 29.0 —o

?7 =0—CHINA
27.0 -

—=0—GHANA
25.0 e ——— )
—=o—INDIA
23.0 . . . .
50-59 60-69 70-79 80+
Age Category

Figure 6: Male mean BAI across age categories by country.
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FEMALES:

Mean BMI, WC, and BAI values for females (by age and country) are presented
in Table 3. India had the lowest mean BMI and WC for all age categories, and Ghana
had the lowest mean BAI for all age categories. South Africa had the highest mean BMI
for all age categories, and Mexico had the highest mean WC for all age categories
except 80+ (Russian Federation had the highest). Finally, Mexico had the highest mean
BAI for all age categories. Mean BMI varied from 19.30 (India 80+) to 31.08 (South
Africa 50-59). Mean WC varied from 77.69 (India 80+) to 97.25 (Mexico 60-69). Mean

BAI varied from 30.65 (Ghana) to 46.34 (Mexico 70-79).

MEXICO GHANA SOUTH AFRICA
Age Mean Mean | Mean | Mean | Mean | Mean | Mean | Mean
Category | BMI BAI BMI | WC | BAI | BMI | WC | BAI
50-59 29.51 25.27 | 88.42 91.16 | 38.76
60-69 29.69 24.09 | 87.55 92.44 | 40.74
70-79 28.58 22.29 | 84.44 92.11 | 40.33
80+ 26.43 21.15 | 80.96 89.17 | 39.99
RUSSIAN
FEDERATION CHINA
Age Mean | Mean | Mean Mean | Mean | Mean | Mean
Category | BMI wWC BAI BAI | BMI | WC | BAI

50-59 29.90 | 93.92 | 39.98

34.70 | 24.27 | 83.42 | 35.90

60-69 30.13 | 9598 | 41.72

34.47 | 24.09 | 84.40 | 37.52

70-79 29.12 | 95.40| 41.30

34.61 | 23.83 | 85.12 | 38.85

80+ 27.95

34.02 | 22.77 | 84.11 | 40.21

Table 3: Mean Body Composition Measures for Females

Red highlighting indicates the maximum value for a body composition measure within
an age category among all countries. Bold text accompanied by red highlighting
specifies maximum values among all age categories. Blue highlighting indicates the
minimum value for a body composition measure within an age category among all
countries. Bold text accompanied by blue highlighting specifies minimum values
among all age categories.
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BMI
The 80+ age categories in Mexico, Ghana, China, and Russian Federation had
significantly smaller mean BMIs than all other age categories (Figure 7). Similarly,

India’s and South Africa's 80+ age category had a significantly smaller mean BMI than

those in the 50-59 and 60-69 age categories but not the 70-79 age category.

Female Mean BMI
32.0
—o—SOUTH AFRICA
30.0 -
28.0 —e—RUSSIAN FEDERATION
— 26.0 \' —o— MEXICO
=
2407 —o—CHINA
22.0
i —o—GHANA
20.0
—o—INDIA
18.0 : , , .
50-59  60-69  70-79 80+
Age Category

Figure 7: Female mean BMI across age categories by country.
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WC

Ghana had a significantly smaller mean WC in its 80+ age category compared to
its other age categories (Figure 8). Mexico and India also had significantly smaller
mean WCs in their 80+ age categories compared to their 50-59 and 60-69 age
categories, while South Africa's 80+ category was significantly smaller than the 60-69

category. No significant differences were found for China and Russian Federation.

Female Mean WC

100.0

=@=—RUSSIAN FEDERATION

95.0 i A —e—MEXICO

90.0 + '/‘-§\ —o—SOUTH AFRICA

wC

=0—CHINA

.\’\s —o—GHANA
80.0 -+
\ —e—INDIA

75-0 I T T T 1
50-59  60-69  70-79 80+

Age Category

Figure 8: Female mean WC across age categories by country.
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BAI

The mean BAI for Ghana’s 80+ age category was significantly lower than the
mean BAls in the 50-59 and 60-69 age categories (Figure 9). Conversely, China’s 80+
mean BAI was significantly greater than the mean BAIs of the 50-59 and 60-69
categories. No significant differences were found between the 80+ and the other three

age categories in Mexico, Russian Federation, South Africa, and India.

Female Mean BAI
48.0
=@=MEXICO
46.0 __?.A_._
44.0 =@=RUSSIAN FEDERATION

BAI

42.0
40.0 /0// 7' ~o—CHINA
38.0
/ —e—SOUTH AFRICA
36.0

H
34.0 . — —e—INDIA

32.0 ~.
\ —e—GHANA

30.0 T T T )
50-59 60-69 70-79 80+

Age Category

Figure 9: Female mean BAI across age categories by country.
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Hypothesis Three — Examining Differences across Sex by Age Category and

Country

BMI

Females had greater mean BMI values compared to males in all age categories
and countries. Furthermore, China, Mexico, and South Africa had significant
differences between male and female mean BMIs for all age categories except the 80+
age category. India and Ghana only had significant differences for the 50-59 and 60-69

age categories, while Russian Federation had significant differences between males and

females in the 80+ age category.

wWC

Mexico’s 50-59, 60-69, and 70-79 age categories had significantly greater mean
male WCs than mean female WCs. Conversely, South Africa’s and Ghana’s 50-59, 60-
69, and 70-79 age categories; and Russia’s 60-69 age category had significantly lower
mean male WCs than mean female WCs. Sex differences in WC were non-significant in

India and China.

BAIl

For all countries and age categories, male and female mean BAIs significantly

differed, wherein females had higher mean BAIs.
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Hypothesis Four — Examining Differences across Country by Age Category and

Sex

MALES:

BMI

For mean BMI, almost all countries were significantly different from each other
in each age category (Figure 4). However, South Africa’s and Mexico’s 50-59, 60-69,
and 70-79 age categories, and Russian Federation’s and Mexico’s 50-59, 60-69, 70-79,
and 80+ age categories did not significantly differ from each other. South Africa and
Russian Federation were not significantly different in the 70-79 and 80+ age categories.

From largest to smallest male mean BMI, the countries generally followed the resulting

order: South Africa, Russian Federation/Mexico, China, Ghana, India.

wcC

Similar to BMI, almost all countries were significantly different from each other
in each age category for WC (Figure 5). However, Ghana and India (all age categories),
Ghana and China (50-59), Mexico and Russian Federation (80+), and South Africa and
Russian Federation (80+) did not significantly differ from each other. From largest to
smallest male mean WC, the countries resulted in the following order: Mexico, Russian

Federation, South Africa, China, Ghana, India.
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BAI

Most countries were significantly different from each other in each age category
for BAI (Figure 6). However, Mexico and South Africa (all age categories), Ghana and
India (all age categories), and China and Russian Federation (all age categories) were
not significantly different from each other. Because of the similarities in BAl among
these three pairs, the following order from largest to smallest male mean BAI resulted

in three groupings: South Africa/Mexico, China/Russian Federation, Ghana/India.

FEMALES:

BMI

For female mean BMI, most countries were significantly different from each
other in each age category (Figure 7). However, Mexico and Russian Federation (50-59,
60-69, 70-79), Ghana and China (60-69), and South Africa and Russian Federation (70-
79, 80+) were not significantly different from each other. From largest to smallest
female mean BMI, the resulting order of countries went as follows: South Africa,

Russian Federation, Mexico, China/Ghana, India.

WC
Similarly, for female mean WC, all countries were significantly different from
each other in each age category (Figure 8). However, Mexico and Russian Federation

(all age categories), Ghana and India (80+), and Ghana and China (70-79, 80+) were not

significantly different from each other. From largest to smallest female mean WC, the
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countries resulted in the following order: Russian Federation/Mexico, South Africa,

Ghana/China, India.

BAI

Finally, for female mean BAI, the majority of countries significantly differed
from one another across age categories (Figure 9). However, Ghana and India (50-59,
60-69), South Africa and Russian Federation (all age categories), China and South
Africa (70-79, 80+), and China and Russian Federation (80+) did not significantly differ
from each other. From largest to smallest female mean BALI, the countries resulted in the

following order: Mexico, Russian Federation, South Africa/China, India, Ghana.

Hypothesis Five -BMI, WC, and BAI as Predictors of Hypertension

Across all countries, BMI was a significant predictor of being classified with
hypertension after controlling for key variables. Specifically, as BMI increased, the
likelihood of being classified with hypertension increased. As shown in Table 4, similar

patterns occurred for WC and BAI but were slightly weaker.

BMI WC BAI
Exp(B) | Sig. Exp(B) | Sig. Exp(B) | Sig.
Mexico 1.082 | <0.001 1.029 | <0.001 1.041 | <0.001
Ghana 1.087 | <0.001 1.023 | <0.001 1.030 | <0.001
South Africa 1.032 | <0.001 1.008 | <0.001 1.011 | 0.001
Russian Federation | 1.104 | <0.001 1.032 | <0.001 1.038 | <0.001
India 1.102 | <0.001 1.035 | <0.001 1.042 | <0.001
China 1.151 | <0.001 1.039 | <0.001 1.039 | <0.001

Table 4: Odds Ratios and Significance Values indicating the Likelihood of

Hypertension Classification based on Body Composition Measures
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Discussion

Hypothesis One

For most countries, the hypothesized lower prevalence of overweight and obese
BMI categories as well as the increased risk WC category in the 80+ age category
compared to younger age categories was confirmed in both males and females.
However, increased risk prevalence based on WC was only lowest in 80+ females for
half of the countries (Mexico, Ghana, and India). Interestingly, 80+ South African
females had the highest prevalence of increased risk based on WC, even though they

had the lowest mean WC for South African females.

Hypothesis Two

The hypothesized lower mean WC and BAI values in 80+ age categories
compared to younger age categories for males and females in all countries was largely
unsupported. However, the hypothesized lower mean BMI values in 80+ age categories
was supported for females and somewhat supported for males. Mean BMI for females
was significantly lower in the 80+ age category for all countries except India and South
Africa where female 70-79 and 80+ populations were not considered significantly
different. Mean BMI for males was lower in the 80+ age category for half of the
countries (Mexico, Ghana, and China). WC tended to be similar across age categories
for males while slightly lower in older age categories or similar across age categories
for females. BAI tended to be similar across age categories or greater in older age

categories for males, while it tended to be similar across age categories for females but
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demonstrated instances of both greater and lower means in the 80+ category compared

to younger age categories.

Hypothesis Three

The hypothesized differences between males and females varied by body
composition measure. Females had a significantly greater BMI than males for all age
categories except 80+ for all countries (and except for 70-79 in Ghana). This
convergence of 80+ male and female BMI on a common value in each country is
particularly interesting.

Male and female mean WC also were not significantly different in the 80+ age
category for all countries. Two of the six countries (India and China) did not have any
significant differences between male and female mean WC in any of the four age
categories. Varying cultural ideas of health and beauty in regards to body shape could
have influenced this result. However, other influences such as diet and population
density could have been involved as well.

Finally, male and female BAI were significantly different with females having
higher BAIs in all age categories and countries. Interestingly, BAI was the only
measure with significant sex differences in the 80+ category. While certain aspects of
male and female body shapes in these populations may have been more similar in the
80+ category, hip circumference may have driven the greater number of sex differences

observed in BALI. This is due to the relatively wider pelves in females for childbirth.
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Hypothesis Four

In general, each body composition measure varied by country for each age
category for both males and females, lending support to the fourth hypothesis. For each
body composition measure for both males and females, there was at least one pair of
countries that had similarities. For example, Ghana and India were not significantly
different for male WC and BAI. Additionally, Ghana and India had the two lowest
mean BMIs, WCs, and BAIs for each body composition measure for both males and
females. For mean male BAI, the three groupings that occurred also makes BAI an

interesting candidate for further research as a body composition measure in older adults.

Hypothesis Five

The hypothesis that WC and BAI are stronger than BMI as predictors of
hypertension was unsupported by the data. While all three body composition measures
had odds-ratios greater than one (denoting that as the value of each body composition
measure increases, the likelihood of being classified with hypertension also increases),
the odds-ratios for each body composition measure in each country were relatively
similar to each other. Thus, BMI may indeed possess more utility in assessing obesity-
related diseases than initially expected.

Still, the limitations of BMI in estimating abdominal adiposity remain apparent
when comparing its patterns across age categories to those of WC and BAL. In terms of

prevalence, overweight and obese BMI were less prevalent in older age categories with
30



both males and females aged 80+ years generally having the lowest prevalence,
suggesting that fewer adults in this age category are at risk for hypertension and other
obesity-related diseases. However, only half of the countries had 80+ females as the
lowest increased risk prevalence for WC, suggesting that more 80+ females have
obesity-related health risks than BMI suggests. A side-by-side comparison of BMI and
WC prevalence values for the female 80+ age category for each country further

illustrates this discrepancy (see Table 5).

% within Female 80+ Age Category

Combined Overweight | Increased

+ Obese BMI Risk WC
Mexico 60.0% 80.7%
Ghana 18.3% 51.1%
South Africa 59.9% 84.1%
Russian Federation 66.2% 75.5%
India 6.0% 34.5%
China 42.2% 68.8%

Table 5: BMI vs. WC prevalence values for 80+ females by country

Overweight and obese prevalence were added together to form a total percentage of
80+ females with obesity-related health risks by country as determined by BMI.
Increased Risk WC prevalence was greater than overweight + obese BMI prevalence

for all countries.

Additionally, in terms of continuous variables, BMI was lower in older age
categories while WC and BAI tended to stay at similar levels across age categories.

Once again, this suggests that BMI may underestimate older adults’ obesity-related
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health risks. Furthermore, the larger BAI in the 80+ category for males and females in
China as well as males in Russia further suggests that BAI could be a better candidate
for measuring body composition and estimating obesity-related health risks in older
adults. However, further research on BAI and its relations to cardiovascular and
metabolic diseases must be conducted. Additionally, investigating why the three
groupings of countries for BAI were established (Figure 6) could be interesting for

future research.
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Conclusion

Differences in body composition across countries, age categories, and sex were
apparent to varying degrees in this set of populations. While the 80+ age categories for
males and females in each country had the lowest values for each body composition
measure (except male BAI) compared to the other age categories, the three body
composition measures indicated different levels of obesity-related health risk for these
populations. WC and BAI tended to estimate greater levels of health risk than BMI,
especially for the 80+ age category. However, all three body composition measures
were relatively similar predictors of hypertension in older adults. All three measures
offer some degree of utility in estimating obesity-related health risks in large population
studies, but which measure offers the most accurate and reliable results is yet to be
conclusively determined. The results from this study tend to support the use of measures
of abdominal adiposity (WC, BAI) over measures of general adiposity (BMI).

However, there were limitations to this study that are important to address. First,
while the differences among body composition measures were outlined in many ways
throughout this study, there was not a method included to determine any overlap
between individuals classified as increased risk for WC and individuals classified as
overweight or obese for BMI. When the two do not completely overlap (e.g., BMI
classifies individuals with normal WC as obese instead of normal), there exist even
greater differences among the body composition measures that are not made as clear in
this study. Second, this study only used Wave 1 SAGE data collected from 2007-2010.
Therefore, the patterns and trends observed across age categories are observations of

different groups of people, not the same individuals aging over the years. Future studies
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could observe these same populations as the individuals age using similar methods
when Wave 2 (2013-2014) and Wave 3 (2015-2016) data become available. With these
data, even more direct and stronger relationships between body composition measures

and aging in older adults could be revealed.
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Appendix

ANTHROPOMETRIC MEASUREMENTS

| would now ke to measure how fall you are. To measura your height | meed you to please take off your
shoes. Put your feet and heels close togather, stand straight and look forward standing with your back,
head and heels touching the wall. Look straight ahoad.

Measured height
Q2506  in centimaires _—
997 Rafused
093 MNot able

cantimatras

Mow we want to measure your waight - could you pleasa keap your shoes off and step on this scala. We
will also msasura your waist and hips using a tape maasura.

Measured woight LIl I 1. kilograms

Q2507 In kilograms 997 Rafused
093 MNot able

Waist crcumference ]
Q2508 INTERVIEWER: ideniiy the top of the hip bone - N | cantimatres

and make sure the tape measwe is paralid 10 the go- Rofused

floor &l the way arcund the body g0g Mot abla

Hip circumfarence -

INTERVIEWER: maasure at the maximum cantimatras
Q2509  orcumference of the Wps - and make sure the —

tape measure is parallal to the floor all the way 987 Refused

around the body 998 Mot able

Appendix Figure 1: Tables of height, weight, waist circumference, and hip

circumference measurement techniques used by SAGE surveyors.
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Blood Pressure

First | would like to measure your blood pressure and pulse rate. Stay seated, and once | put this om your
wrist keep it steady and at the level of your hear. We will need to take the blood pressure reading three
timas. It will squesze your wrist a bit, but won't hurt. Relsx.

INTERVIEWER: respondent should remain seafed. Demonsdrale fo the respondant how to hoid their arm whie the
machine is measuring Face the monfonng device on the wrisf and have the respondent had it at heart lewel against
Fis'her cheat. When the dewice is in the comect poaifion and respondent is relaxed, press the bufion fo sfart Chedh fo
make sure if 5 working  Coflect the Blood presaure and puise 3 fimes with one minute bewsen each measuremant.
You dio nof need fo remove the device hetwesan measursments.

Q2501 Time 1 Systolic L 1
Diastolic 1L/l
Q25018 10 Pulserate ___IL_| / minute

INTERVIEWER: Ask the respondent fo refease the arm and redax. Wait for one minute before §me 2 Do not aak the
respondent quesions. Use this §me for quality control checks,

Okay, now we can gat your sacond measurement for your blood pressurg.

Q2502

Tima 2 Systolic L
Diastolic L1
025023 fie s Pulserate L_|__IL_| /minute

INTERVIEWER: Again, remind the respondent o refax. Meanwhile, when wailing Io fake the third measurement, you
can locate and measure ouf 8 4 mefre length to prepare for the wsion fest and fimed wailk.

Okay, now we can gat yvour third measurament for your blood pressura.

12503 Tima 3 Systolic L 1
Diastolic L1
025033 qime g Pulserate ___IL_| / minute

Appendix Figure 2: Tables of blood pressure measurement techniques used by SAGE

surveyors.
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TOBACCO AND OTHER SMOKING (SEE APPENDIX AS0004)

00~ for months.

Q3001 Have you ever smoked tobacco or used 1 Yes
smokaless tobacco? 2 No.... L 23007
Do you currently use {smoke. sniff or chow) any 1 Yes, ALy
Q3o02  fobacco products such as cigaretios, cigars, pipes, 2 YES,BUTROTDAILY ........o.ooooo......™¥ Q3005
chewing tobacco or snuff? 3 MO,MOTATALL oo Q3005
For how long have you been smoking or using - o
fobacco daily?
Q3003 TERVIEWER: ifless than one month— enter ~ — — YEARS L—L— MONTHS
00" for years and "00" for months. -8 Daow'T Ko
03004 On average, how many of the following products
do you smoka or use sach day? Include number below:
Q2004a. Manufactured cigarattes 1
J3004b. Hand-rolled cigareties T
J3004c. Pipefuls of tobacco 17 1
J30044d. Cigars, cheroots, cigarillos, bidis 17 1
Q3004a. Smokeless tob TN
g. Smokeless tobacco L L crAMSDAY
Q3004f. Other, specify: 17 1
¥ LIl b e - Q3007
In the past, did you evar smoke tobacco or use ! Yes
Q3003 sr-clkalessliobaccndaihr? 2 ND R Q2007
How old ware you whan you stopped smoking or _ L YEARS OFAGE ..oocoveerne™®
Ca008 usimg tobacoo daily? Q2007
-8 Do THENOW o™ Q30068
Q3006a. How long ago did you stop smoking or i i
using fobacco daily? L L Years ago L MoNTHS AGO
INTERVIEWER: If less than one manth — enter & Don'THNGW
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ALcoHoL (show Alcohol card to respondant - see Appendix A30008)

02007 Have you ever consumed a drink that contains 1 Yes
alcohol (such as beer, wine, spirits, efc.)? 2 Mo, MEVER o > Q3012
} 1 £S
23008  Have you consumed alcohol in the last 20 days?
Y B B MO 2> |asow0

— Dwring the past 7 days, how many drinks of any NTERMEWER: Wasd cdert o dl i
alcoholic beverage did you have sach day? - Want respondent ta tell you the
USESHQWGA}%A,DELH&K A30008 numbar of “standard” drinks. By standard diink - refar

to Appendx. Indude number bedow:

J300%a. Monday

3008k, Tuesday

J3009c. Wednasday

(03009d. Thursday

(3009e. Friday

J3009f, Saturday

J3009g. Sunday

0 MNODAYS .o -+ Qaoi2
In the last 12 months, how frequently [on how 1 LESS THAN ONGE A MONTH
23010  many days] on average haveyou had atleastone 2 (ONE TO THAEE DAYS PER MOKTH
alcohaolic drink? 3 (ONETO FOUA DAYS PER WEEK
4 FWEOR MORE DAYS PER WEE
In the last 12 months, on the days you drank 11
23011 alcoholic beverages, how many drinks did you _ L Drmks
have on average?
g -8 DoN'T KNOW

Appendix Figure 4: Alcohol survey questions.
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Doas your work involve vigorous-intensity activity that
a causes large increases in breathing or haart rate, ke 1 yes
3016  heavy lifting, digging or chopping wood] for at least 10
minutes continuously? 2 NC e > Q3019
INSERTEXAMPLES & USE SHOWCARD

03017 In a typical waek, on how many days do you do
vigorous-intensity activities as part of your work? L_| DAYS

fagrg  How much time do you spand doing vigorous-intensity
activities at work on a typical day?

HoursMinUTES

Doas your work involve moderate-intensity activity that

causes small increases in breathing or heart rate [such ;1 ygg
Q30ig  As briskwalking, carmying light loads, claaning,

cooking, or washing clothes] for at least 10 minutes 2OND e Qz022

continuously?

INSERT EXAMPLES & USE SHOWCARD

g3gzo  Ina typical week, on how many days do you do
moderate-intensity activities as part of your work? | DAYS

Q3gzi  How much ime do you spend doing moderate-
intensity activities at work on a ftypical day?

Hours:MinuTES

The next questions exclude the physical activities at work that you've already mentioned.
MNow | would like to ask you about the usual way you travel to and from places. For example, getting to
work, to shopping, to the market, to place of worship. [Insart other examples if needed]

Do you walk or use a bicycle (pedal cycle) for at least 1 Yes

Qa2s 10 minutes continucusly to get to and from placas? 2 MO o - Q3025

In a typical week, on how many days do you walk or
23023  bicycle for at least 10 minutes continuously to get fo
and from places? DAYS

Qapze  How much time would you spand walking or bicycling [ [ [_
for travel on a typical day? a1

Hours:MinuTES

The next questions exclude the work and transport activitios that you have already mentioned. Mow | would
like to ask you about sports, fitness, leisure and recreational activitios [insert relevant tarms].

Do you do any vigorous intensity spors, fitness or

recteational (leisure) activities that causa large 1 Yes
Q3025 increases in breathing or heart rate [like running or

football], for at least 10 minutes confinuously® & T T

INSEART EXAMPLES & USE SHOWCARD

- Qzo0z8

In a typical week, on how many days do you do
23026  vigorous intensity sports, fitness or racraational [
(leisure) activities? DAYS

How much time do you spend doing vigorous intensity [ [~ [_
Q3027 gporis, fitness or recreational activities on a typical —_—

day? Hours:MinuTES

Da you do any moderate-intensity sports, fitness or
racreational (leisure) activities that causes a small

Qan2s increase in breathing or haart rate [such as bisk 1 Yes
walking, cycling or swimming] for at least 10mINUIBS 2 No oo - Q3031
at a tima?
INSERT EXAMPLES & USE SHOWCARD

In a typical woek, on how many days do you do
03029 moderate-intensity sports, fitness or racreational [ oavs
(lgisura) activities?

How much time do you spend doing modarate [ T e [_
Q3030  intensity sports, fitness or recroational (leisura) .
activitios on a fypical day?

Hours:MinuTES

The following guestion is about sitting or reclining at work, at home, getting to and from places, or with
friends including time spent [sitfing at a desk, sitting with friends, travelling in car, bus, train, reading,
playing cards or watching television], but do not include time spent sleaping.

INSERT EXAMPLES & USE SHOWCARD

Qa031 How much time do you usually spend sitting or [ [ [_
raclining on a typical day ? —_—
Hours:MinuTES

Appendix Figure 5: Physical activity survey questions.
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