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Abstract

OBJECTIVE: We evaluate the association between BMI, all-cause and cause-specific mortality in
South Africa.

METHODS: We analysed prospective, population-based observational cohort data from rural
South Africa. BMI was measured in 2010. Demographic characteristics were recorded and deaths
were verified with verbal autopsy interview. The InterVVA-5 tool was used to assign causes of
death. HIV testing was conducted annually. Cox proportional hazards models were fit to estimate
the effect of BMI on all-cause and cause-specific mortality, accounting for the competing risk of
death from other causes. Models were adjusted for sociodemographic characteristics and HIV
status and we used inverse probability weighting for survey non-participation.

RESULTS: Our cohort consisted of 9,728 individuals. In adjusted models, those with a BMI of
25.0 — 29.9 kg/m? or 30.0 — 34.9 kg/m? had a lower hazard of death (aHR: 0.80; 95% CI: 0.69 —
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0.92 and aHR: 0.75; 95% CI: 0.60 — 0.93, respectively), compared to those with a BMI of 18.5 —
24.9 kg/mZ.

CONCLUSIONS: Individuals in South Africa who meet clinically-defined criteria for overweight
or obesity had a lower risk of all-cause mortality than those of normal BMI. These findings were
stronger for women and communicable conditions.
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INTRODUCTION

Overweight and obesity are rapidly increasing in low- and middle-income countries
(LMICs).[1, 2] Though the prevalence of clinically-defined obesity has reached epidemic
levels in some LMICs, the mortality risk associated with increased body weight remains
unknown in these settings. Evidence from high-income countries (HICs) has suggested that
mortality risk is increased among those with a BMI 30.0 — 34.9 kg/m? and a BMI =35
kg/m2, respectively.[3-6]

However, the relationship between BMI and mortality for people living in sub-Saharan
Africa remains unclear, due to scarce data on body anthropometry measurements and long-
term survival. There is good reason to suspect that relationships between body habitus,
including both BMI and body composition, and mortality might differ in this setting. For
example, relationships between BMI and mortality appear to be different among people
living with HIV or cancer, and the prevalence of HIV exceeds 20% in some Southern
African countries.[3, 7] Nonetheless, in cross-sectional studies, higher BMI is associated
with increased cardiovascular risk, as well as higher rates of hypertension and diabetes.[8, 9]
While several studies from sub-Saharan Africa suggest an extremely high prevalence
(>67%) of clinically-defined overweight and obesity, [10, 11] particularly in women, there
has not yet been a study from this region quantifying the risk posed by overweight or obesity
for all-cause or cardiovascular disease-related mortality.

Given the dramatic increases in the prevalence of clinically-defined overweight and obesity
in sub-Saharan Africa in recent decades [1, 12, 13], and the lack of evidence about its
relationship with mortality in the region, we sought to measure associations between BMI
and both all-cause and cause-specific mortality in a population-based cohort in South Africa.
To do so, we examined data from a well-characterized, population-based cohort from a
demographic health and surveillance site that included BMI measurement in 2010, followed
by routine prospective data collection on mortality through verbal autopsy procedures.

METHODS

Study Population and Socio-demographic Data

The African Health Research Institution (AHRI) (formerly the Africa Centre for Health and
Population Studies) is a Wellcome Trust-funded research institute in South Africa. Since
2000, AHRI has maintained one of the largest population-based cohorts in the region via
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periodic household-based surveys. These surveys have been used to collect demographic
data from a population of approximately 100,000 individuals living in a rural area of 438
km? in rural uMkhanyakude District, northern KwaZulu-Natal.[14] Households are surveyed
2-3 times per year, to collect information on birth, deaths and migration patterns for all
household members, including non-residents. The participation rate for household
surveillance is >99%.[14] In addition, resident household members who are aged =15 years
are invited to participate in an annual home-based individual survey, which includes an
interview on general health and collection of a dried blood spot (DBS) for anonymised HIV
testing. Approximately 70% of eligible residents participate in the survey at least once after
five rounds, and as of 2017, 80% of individuals had participated in HIV testing at least once.
[15, 16]

Body Anthropomorphic Data

In one round of the 2010 survey, all individuals who participated in the home-based
individual survey were offered a physical examination in order to determine weight, height
and blood pressure, using the World Health Organization STEP-wise approach to
surveillance (STEPS) protocol.[17, 18] In brief, body weight was measured on a calibrated
scale. Each person was weighed twice with outer clothing removed, and the second
measurement was recorded if it fell within 200g of the first. If there was a difference of more
than 200g between the first and second measurement, a third measurement was taken and
the measurement that was obtained twice within a 200g range was recorded. To measure
height, the participant was asked to stand with both feet stepping on flat foot metal and
straight knees and a measuring tape was used to assess height in centimetres. BMI was then
calculated as weight in kilograms/(height in meters)2.

HIV Infection and Clinical Care Data

In addition to offering annual HIV testing, AHRI has a memorandum of agreement with the
South Africa Department of Health to access clinical care data from the local area primary
health clinics (PHCs). We link surveillance site data with clinical data from the primary care
and HIV care health systems using their surveillance identification numbers which are
recorded by data capturers at each clinic and hospital in the DHS catchment area.

Mortality and Cause of Death Data

During each demographic visit, all deaths since the prior survey are recorded, including
those of non-resident household members. All deaths are verified by a home-based follow-
up verbal autopsy (VA) interview. This interview is conducted by a trained nurse with the
closest available relative or caretaker of the deceased. The VA interview includes a
qualitative narrative of the circumstances leading up to the death, a checklist of signs and
symptoms, and a structured questionnaire, adapted from the World Health Organization
(WHO) Verbal Autopsy Questionnaire.[19] The cause of death is then assigned using the
InterVVA-5 tool, which has been validated in this population previously.[20] Previous
research has described the sensitivity and specificity of this tool for cause of death
assignment.[20] These causes of death were then categorized into infectious and non-
communicable causes using the WHO classification system.
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Smoking Status

Smoking data were not collected as part of the 2010 survey. However, there was a recently
completed community-based assessment of smoking behaviour in 14,509 individuals in the
same population, among which 3,030 had participated in the 2010 survey.[21] In this more
recent study, 91% of individuals reported never smoking (98% of women and 76% of men).
Moreover, 22% of men and only 1% of women reported that they were current smokers in
this same cohort.

Statistical analysis—Individual participants were eligible for inclusion in this analysis if
they had their BMI measured in the home-based 2010 survey. We assessed mortality rates
over the period from 2010 to 2017. Person-time was defined from the date of the 2010
survey, until the earliest date of death or the date that the individual was last recorded as a
member of a household in the surveillance area. Periods of non-residence were included in
the analysis if the individual remained a household member because date and cause of death
data were available for these individuals.

We first compared sociodemographic characteristics by BMI group and separately, for those
who did and did not complete the BMI survey using standard statistical methods. Next, we
estimated crude all-cause mortality by sex and BMI category. We then used Kaplan-Meier
methods to depict all-cause mortality stratified by BMI group, and Cox proportional hazards
regression models to estimate adjusted hazard ratios (aHR) and 95% confidence intervals
(Cls) for the effect of BMI on mortality, in the total population and stratified by sex. BMI
was modelled as a continuous covariate by restricted cubic splines with 4 knots and aHRs
were presented at selected values of BMI, comparing the median value in each BMI group to
a BMI of 22.0 as the reference value. BMI groups were defined using standard cut-offs as
follows: underweight (<18.5 kg/m?), normal weight (18.5 — 24.9 kg/m?2), overweight (25.0 —
29.9 kg/m?), class | obesity (30.0 — 34.9 kg/m?) and class 11 obesity or great (=35.0 kg/m?).
Models were adjusted for age (as the time scale of the analysis), sex, socioeconomic status
(SES) and a composite variable for HIV serostatus, categorized as HIV negative, HIV
positive or HIV unknown status. Socioeconomic status and HIV status were treated as time-
updated exposures. SES was measured via an asset index, which was constructed using
principal component analysis of ownership of common household items, based on
information gathered in the household survey.[22] HIV status was assessed using data from
the HIV serosurvey and TIER.net. Seroconversion dates were imputed using a random time
point along the interval between the last negative test date and the first positive test date (or
date of first record in TIER.net).[23, 24] An additional category of HIV unknown was used
for individuals for the period before their first HIV test date, and 2 years after their last
negative test if they had no record of a positive test, given the high incidence of HIV in this
region.[23]

We also estimated the cumulative incidence of cause-specific mortality (infectious disease
causes and non-communicable disease causes) stratified by BMI, while accounting for the
competing risk of deaths from other causes. We used competing risks proportional hazards
regression to estimate the sub-distribution hazard ratio (SHR) for the effect of BMI on
cause-specific mortality, adjusted for age, sex, SES and HIV status as described above.
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These SHRs can be interpreted as an approximation of HRs estimated in standard Cox
models, but accounting for the hazard of competing events.[25]

All regression models were weighted to account for non-response in the 2010 survey (when
BMI was measured), to augment population representativeness. Response weights were
calculated as the inverse probability of participation in the 2010 survey, in strata defined by
age group, sex, and place of residence (urban/peri-urban/rural).[26] We assessed
assumptions about proportional hazards using scaled Schoenfeld residuals.[27] We
conducted the following additional sensitivity analyses: 1) we began observation time two
years after the BMI measurement, effectively excluding deaths in the first two years of
follow-up; 2) we examined the relationship between BMI and mortality by HIV status (HIV-
negative, HIV-positive; 3) we examined the effect of BMI on mortality, unweighted for non-
response; and 3) we further stratified the aHR for the normal BMI group into three
subgroups (BMI 18.5 — <20.0, 20.0 — <22.5, 22.5 — <25.0), as has been done previously in
this literature.

Ethics—Ethical approval for the demographic surveillance surveys, linkage to the
government ART records (TIER.net), and analyses of these data were granted by the
Biomedical Research Ethics Committee of the University of KwaZulu-Natal, South Africa
(reference BE290/16). Separate written informed consent was obtained for the main
household survey, the individual general health questionnaires and the HIV serosurvey.

Our cohort consisted of 9,728 individuals who had a BMI measured in the 2010 individual
survey. This represents 37.1% of the 26,194 individuals who were eligible for the survey in
that round. The median age of participants was 31 years (IQR 20-51); most (64%) were
female, married (57%), lived in a rural area (63%) and had less than a secondary school
education (54%). These sociodemographic characteristics are provided in Table 1 overall
and by BMI group. Additionally, 16,431 (62.7%) of individuals were not available for the
survey or declined participation, and another 35 (0.1%) individuals consented but their BMI
measurements were not available. The differences in demographic characteristics among
those who had their BMI measured and those who did not are provided in the
Supplementary Appendix Table 1. In brief, the group that did not participate in BMI
measurement included more men, more peri-urban dwellers and more people who were
employed than those who did participate.

In adjusted and weighted Cox proportional hazards models, those with a BMI of 25.0 — 29.9
kg/m?2 and those with a BMI of 30.0 — 34.9 kg/m? had a lower hazard of death (aHR 0.80;
95% CI: 0.69 — 0.92 and aHR 0.75; 95% CI: 0.60 — 0.93, respectively), compared to those
with a BMI of 18.5 — 24.9 kg/m? (Figure 1 and Table 2). Individuals with a BMI >35.0
kg/m? also had a lower hazard ratio of death than those who had a BMI of 18.5 — 24.9 kg/m?
in this context (0.80, 95% CI: 0.64 —1.02). The full unadjusted and adjusted model results
including AHRs for all covariates are provided in Supplementary Appendix Table 2. In sex-
stratified models, these findings were consistent in women, with an aHR of 0.79 (95% ClI:
0.66 — 0.94) for those with a BMI of 25.0 — 29.9 kg/m?, 0.76 (95% CI: 0.58 — 0.94) for those
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with a BMI of 30.0 — 34.9 kg/m? and 0.84 (95% CI: 0.64 — 1.10) for those with a BMI >35.0
kg/m2, as compared to those with a BMI of 18.5 — 24.9 kg/m2. We found similar effect sizes
in men.

Those with a BMI <18.5 kg/m? had the highest mortality rate in the total population as
compared to those with a BMI of 18.5 — 24.9 kg/m? overall and when stratified by sex (aHR
Overall: 1.37, 95% CI: 1.12 — 1.69; aHR Women: 1.64, 95% CI: 1.25 - 2.13; aHR Men:
1.27, 95% ClI: 0.95 — 1.69). The relationship between continuous BMI and the aHRs and
95% confidence intervals for mortality in this cohort are depicted in Figure 2.

In sensitivity analyses, we found that excluding deaths within the first two years of follow-
up resulted in similar effect sizes for the mortality risk associated with each BMI category
(@aHR: 1.34; 95% CI: 1.04 — 1.71, Table 2). Second, when examining these relationships by
HIV status, we found that those with a BMI 25.0 — 29.9 kg/m? had a lower risk of death than
those with a BMI of 18.5 — 24.9 kg/m? in both the HIV-positive (aHR 0.73, 95% ClI: 0.57 —
0.94) and HIV-negative groups (aHR 0.76, 95% CI: 0.52 — 0.94) but this relationship was not
the case for the HIV unknown group. Those with a BMI of 30.0 — 34.9 kg/m? (aHR 0.67,
95% CI: 0.48 — 0.91) and =35.0 kg/m? (aHR 0.65, 95% CI: 0.46 — 0.92) also had a lower
mortality risk in the HIV-negative group only. The confidence intervals of the HR for these
relationships overlapped with 1.0 in the HIV-positive and HIV unknown groups. In a
sensitivity analysis that was performed without weights for non-response, we found no
differences in the mortality risk by BMI group. Finally, when we stratified the mortality risk
for the normal BMI group into three subgroups, and used 20.0 — <22.5 kg/m? as a referent
group, we found that individuals with a BMI of 18.5 — <20.0 kg/m? had increased mortality
(aHR 1.20; 95% Cl: 1.08 — 1.33), and that those with a BMI of 22.5 — <25.0 kg/m? had
decreased mortality (aHR 0.91; 95% CI: 0.88 — 0.95). The point estimate and confidence
intervals of the lower mortality risk associated with a BMI of 25.0 — 29.9 kg/m2 compared to
20.0 — <22.5 kg/m? as a referent group were similar to our primary model in this sensitivity
analysis. (Table 2)

The sub-distributional hazard ratios describing the relationship between BMI and death from
both infectious diseases and non-communicable causes are shown in the Supplementary
Appendix Figure 1. In brief, individuals who had a BMI >25 kg/m? had a lower hazard of
infectious causes of mortality across all higher BMI strata. In contrast, relationships between
BMI and non-communicable diseases were muted, such that there was no difference in the
hazard of mortality between those with BMI 30.0 — 34.9 kg/m?2, or 235.0 kg/m? and those
with a BMI 18.0 — 24.9 kg/m?. Supplementary Appendix Table 3 provides a detailed list of
causes of death by BMI category.

DISCUSSION

In one of the largest population-based cohorts in sub-Saharan Africa, with near complete
mortality estimation, we found that all-cause mortality over seven years of observation was
lower in those who had a BMI of 25.0 — 29.9 kg/m? or 30.0 — 34.9 kg/m?2, compared to those
who had a BMI 18.0 — 24.9 kg/m?, according to standard, clinically-defined BMI
definitions. This is consistent with the known J-shaped curve that links BMI and mortality.

Obesity (Silver Spring). Author manuscript; available in PMC 2021 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Manne-Goehler et al.

Page 7

This pattern was preserved in a sub-analysis of women, though our ability to describe these
relationships in men was limited by smaller sample size. The protective effect of overweight
and mild obesity was also best demonstrated for infectious causes of death; whereas we
found neither a strong protective or harmful effect of higher BMI when restricted to non-
communicable causes of death.

The current understanding of relationships between BMI and mortality is primarily based on
evidence from HICs. [3, 6] However, this literature has had important clinical implications in
terms of recommendations about ideal weight and healthy lifestyle, which have largely been
incorporated into global primary and clinical care guidelines around weight loss and obesity
prevention. Our study demonstrates that in this South African setting, the relationship
between BMI and mortality also conforms to a J-shaped curve in which overweight is not
associated with an increased risk of mortality. This was particularly the case for women,
such that the lowest risk of short-term mortality might be afforded by a higher BMI, which is
clinically defined as overweight or obesity in current guidelines. This was also true in those
who were confirmed to be HIV-uninfected in this analysis. One potential hypothesis to
explain these findings is that the determinants of higher BMI might be associated with
improved access to healthcare, which in turn may be protective against many causes of
premature mortality. Alternatively, this finding could be driven by differences in diet quality,
or differences in the risk of cardiovascular disease associated with different BMI thresholds,
among other factors.

Finally, we observed a lower risk of mortality due to infectious disease causes for those who
were overweight versus those of normal weight. This finding was expected given that these
deaths are likely driven in part by HIV and tuberculosis, both of which are highly prevalent
and associated with wasting in their more advanced stages. In contrast, we were unable to
draw definitive conclusions about the relationship between BMI and mortality due to non-
communicable diseases, but our preliminary data do not show a strong protective or harmful
effect of relatively higher weight in this population.

While data from LMICs are scarce, our findings are consistent with another recent
population-based study of the relationship between BMI and cardiovascular outcomes from
Chennai, India.[28] In that study, investigators enrolled over 400,000 participants between
the ages of 35 and 69 years between 2002 and 2005 and then visited them biennially through
2015. While they uncovered a strong relationship between BMI and systolic blood pressure,
they also found a weak relationship between BMI and cardiovascular mortality.[28] After
adjusting for systolic blood pressure, BMI was inversely related to cardiac and stroke
mortality, with underweight participants having a greater relative risk of cardiac and stroke,
when compared with overweight participants.[28] Furthermore, among all participants in
that study, as well as in a subset of lifelong non-smoking individuals, those who were
overweight had a similarly low risk of mortality to those who were normal weight. This risk
of mortality did not increase substantially until a threshold of BMI =30.0 kg/m? was
reached.

Efforts to confidently identify the causal framework and quantify the direction of the
association between overweight or obesity and mortality have been subject to several
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theoretical methodological concerns, all of which were carefully considered in the design
and execution of this study. We attempted to assess each of these challenges through close
attention to methodological details and various sensitivity analyses. First, in a sensitivity
analysis, we excluded deaths within the first two years of observation to reduce reverse
causation bias. We found the magnitude and direction of relationships were stable, but the
confidence intervals around our HR estimates for those with a BMI 18.0 — 24.9 kg/m2, 25.0
—29.9 kg/m? or 30.0 — 34.9 kg/m? all increased, due to reduced power with a smaller
number of outcomes in this sub-analysis. Further, we performed a sensitivity analysis in
which we stratified the normal BMI group into a low-normal and high-normal BMI and
found that those with a low-normal BMI (18.5 — <20.0 kg/m?2) had a greater aHR of death,
while those who had a high-normal BMI (22.5 — <25.0 kg/m?2) had a lower aHR of death,
both as compared to those with a BMI of 20 — <22.5 kg/m2. This reinforced our findings
from the primary analysis. Finally, while there were no data collected on the smoking status
of the participants in this survey, we believe that its influence on these results is likely
modest at best, particularly among women, because recent studies have shown extremely
low smoking rates. In a survey of smoking that was conducted in this population in 2012,
only 4.1% (95% ClI: 2.3 — 7.4%) of women in KwaZulu-Natal reported that they smoked and
in a recent population-based survey in this area, only 1% of women self-reported that they
were current smokers.[29]

There were several additional limitations to this study. First, while the sample size is large at
over 9,000 individuals and the data comes from one of the largest population-based cohorts
in southern Africa, the rate of participation in the one-time collection of BMI in 2010 was
only 37%. Furthermore, participation was greater in women, who represented 62.0% of
individuals who were eligible to participate in the study but 69.5% of those who consented
to have their BMI measured. The cohort that took part in the data collection was also slightly
more likely to be rural (61.6% overall v. 63.8% in participants) and somewhat less likely to
be employed (22.7% overall v. 15.3% in participants), than the total eligible sample
population. Otherwise, we did not observe major differences between those who did and did
not participate in the survey, which somewhat mitigates the risk of selection bias. Moreover,
we attempted to address any such differences by weighting all regression models for non-
response in the 2010 survey, with weights calculated as the inverse probability of
participation in the 2010 survey, in strata defined by age group, sex, and place of residence.
We had a single BMI measurement followed by a relatively short follow-up time in this
study of 7 years. While the measurement of both height and weight in the survey was a
particular strength of the study, it is possible that non-communicable causes of death
associated with higher BMI would require a longer period of follow-up to observe, or that
these relationships may differ when considering the maximum lifetime or change in BMI.
[30] Third, verbal autopsy is imperfect as an assessment of cause of death and thus our death
assignment may be subject to misclassification, but this would not affect estimates of all-
cause mortality in our primary analyses. Finally, we did not have data on specific chronic
diseases co-morbidities. We also did not have data on waist-to-hip ratio and thus were
unable to explore this alternative measure of body composition in these analyses; however,
this is a potentially important consideration for future investigation.
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In summary, we found that those with a BMI 25 — 29.9 kg/m? or a BMI 30.0 — 34.9 kg/m?
had a lower overall risk of all-cause 7-year mortality in this large prospective cohort in rural
South Africa. These findings were strongest for women, and for infectious causes of death,
but were consistent in the overall cohort and robust to key sensitivity analyses.[5] In light of
the widespread increases in the prevalence of higher BMI in these settings [2], future
research should seek to corroborate our findings, while extrapolating the mechanisms by
which body weight impacts morbidity and mortality.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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STUDY IMPORTANCE
What is already known about this subject?

1. Previous research regarding the relationship between body mass index (BMI)
and mortality has been conducted in high-income settings but there are few
studies of this relationship in sub-Saharan Africa.

2. The implications of clinically-defined BMI thresholds for overweight and
obesity are poorly characterized in low-income settings such as South Africa.

What are the new findings in your manuscript?

1. This study describes the relationship between empirically measured BMI and
all-cause mortality over 7 years of follow-up in a large cohort of adults in
rural South Africa.

2. In this setting, the lowest risk of short-term mortality might be afforded by a
BMI that has been clinically defined as overweight or Class | obesity in
higher income settings. These findings were strongest in women and
individuals dying from communicable conditions.

How might your results change the direction of research or the focus of clinical
practice?

1. In light of the widespread increases in the prevalence of higher BMI in sub-
Saharan Africa, these findings provide important insight about risk associated
with high BMI in this region and specifically suggest that clinically-defined
overweight may not confer an increased risk of mortality in this context.

2. Future research should focus on corroborating these findings, while
extrapolating the mechanisms by which body weight impacts morbidity and
mortality in sub-Saharan Africa.
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Figure 1.
Kaplan-Meier estimates of survival, by BMI group
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Figure 2.
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Association of BMI with all-cause mortality (hazard ratios and 95 % confidence intervals),

modelled using restricted cubic splines with 4 knots in a Cox regression model, adjusted for
age, sex, HIV status and socioeconomic status, in all individuals (2A) and stratified by sex
(2B). A BMI of 22 was used as the reference to display the hazard ratios.
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