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Abstract

Metabolic disease is increasing in people with HIV (PWH) in South Africa, but little is

known about self-perceptions of body size, health, and nutritional behavior in this population.

We performed a cross-sectional analysis of individual-level data from the 2016 South Africa
Demographic and Health Survey. This survey measured HIV serostatus and body mass index
(BMI). We categorized participants into six BMI groups: 18.5 — 22 kg/m?2, 22 — 25 kg/m?, 25

- 27.5 kg/m?, 27.5 - 30 kg/m?, 30 — 35 kg/m?2, and = 35 kg/m? and stratified these groups by

HIV serostatus. Our outcomes were self-reported 1) body size and 2) health status among all
participants, and intake of 3) chips and 4) sugar-sweetened beverages in PWH. We described
these metrics and used multivariable regression to evaluate the relationship between the nutritional
behaviors and BMI =25 kg/m?2 in PWH only, adjusting for age, sex, and educational attainment, as
well as household wealth quintile. Of 6,138 participants, 1,163 (19.7%) were PWH. Among PWH,
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<10% with a BMI 25-30 kg/m?, <20% with a BMI 30-35 kg/m? and <50% with a BMI =35 kg/m?
self-reported as overweight or obese. PWH reported being in poor health at higher rates than those
without HIV at each BMI category except =35 kg/m?2. In adjusted models, SSB consumption was
associated with BMI =25 kg/m? (1.13 [1.01 — 1.25], p= 0.033) in PWH. Perceptions of body

size may challenge efforts to prevent weight gain in PWH in South Africa. SSB intake reduction
should be further explored as a modifiable risk factor for obesity.
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South Africa faces a growing epidemic of metabolic disease, as more than two-thirds of
adult women and one-third of adult men, including both people with HIV (PWH) and
those without HIV, were overweight or had obesity in 2016.14 Additionally, in 2018,
diabetes was named the second leading cause of death in the country.*® For people with
HIV (PWH), the risk of metabolic disease is heightened by excess weight gain that may
accompany newer antiretroviral treatment regimens including integrase inhibitors.%:” The
confluence of aging, urbanization and changes in diet and activity that have contributed to
a high prevalence of overweight and obesity in the general population,® compounded by
ART-associated excess weight gain, are expected to place PWH at particularly high risk of
both obesity and downstream type 2 diabetes (hereafter “diabetes”).9-12 This is a pressing
concern for the South African national HIV treatment program which has transitioned
nearly 6 million people with HIV to dolutegravir-based regimens (DTG), the preferred
first-line ART regimen as recommended by the WHO and one that has been associated with
weight gain. Without intervention, excess ART-emergent weight gain in PWH may further
exacerbate an already pressing public health problem.13

Given these trends, there is a pressing need for effective strategies to prevent weight

gain and diabetes in PWH in South Africa and ART programs have shown preliminary
promise as a platform through which delivery of such interventions may be pursued.14-16
However, there are few studies about key themes relevant to intervention development,
including self-perceptions of body habitus and the health threats of obesity particular to
PWH in this context.17-18 Similarly, there is little evidence about potentially modifiable
nutritional behaviors as risk factors for overweight and obesity among PWH. Together, this
understanding is critically important to identify and design interventions that show promise
to prevent metabolic disease in PWH, as the success of any measures relies in part on these
perceptions and possibly also modifiable behaviors that increase risk of weight gain and are
amendable to intervention.

In this study, we assessed self-perceptions of health and body size among people with and
without HIV in South Africa and explored the relationship between nutritional behavior and
risk of overweight or obesity among PWH. To do this, we used nationally representative
population-based data from the South Africa Demographic and Health Survey (SADHS)
conducted in 2016, shortly before the roll-out of integrase inhibitor-based ART. This survey
included measures of both HIV serostatus and anthropometry, along with questions relevant
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to the themes of interest. This analysis offers important data to inform the design of
interventions and policies that may prevent weight gain and diabetes in PWH in South
Africa, with potential implications for PWH in other settings.

METHODS

Data source

We performed a cross-sectional analysis of individual-level data from the nationally
representative, population-based SADHS 2016.1 The survey was conducted by Statistics
South Africa in partnership with the Demographic and Health Surveys. SADHS 2016’s
objective was to provide recent information on demographic and health indicators for the
South African population that can be used to design effective programs and policies to
improve national public health.! The survey provided valuable information on HIV/AIDS
knowledge and status, non-communicable disease (NCD) prevalence, dietary practices, body
perception, and biological measures such as body mass index (BMI) and HIV antibody
status. All participants in the survey were between the ages of 15 and 49.1 Our study sample
was restricted to all participants who had data on HIV status and measured body mass

index (BMI). Finally, we excluded those who were underweight with a BMI <18.5 kg/m2.
The reasoning for this was that those who are underweight may be more likely to have a
secondary health problem that would influence their reporting of the outcomes of interest in
this study.

HIV testing and anthropometric measures

Individuals who consented to HIV testing had blood specimens collected. These were
assessed using an enzyme-linked immunosorbent assay (ELISA, Genscreen HIV %2 Combi
Assay Bio-Rad) based on a parallel testing algorithm to ensure accuracy. Height was
measured using Seca 213 stadiometers and weight measured using Seca 878 digital scales.
Participant BMI values were calculated by dividing the individual’s weight (measured in kg)
by height (measured in meters) squared, which we then selected as our primary exposure

of interest. To facilitate analysis, we categorized individuals into the following BMI groups:
18.5 — 22 kg/m?2, 22 — 25 kg/m?, 25 — 27.5 kg/m?, 27.5 — 30 kg/m?, 30 — 35 kg/m?, and = 35
kg/mZ2. We chose to use more granular BMI groups as this is frequently done in the obesity-
related literature and because the applicability of traditional, clinical BMI thresholds for
defining obesity in global populations have been questioned.1®-21 Additionally, we defined
a binary variable for whether a participant was overweight or had obesity (=25 kg/m?), as
opposed to normal weight, using widely accepted clinical cut-offs. Finally, we classified
these BMI groups further based on HIV serostatus.

Participant survey responses of self-perception and nutritional behavior

The primary outcomes of interest were 1) self-reported body size and 2) self-reported
overall health status. Participants were asked two questions in this thematic area: 1) “Do
you personally think that you are underweight, normal weight, overweight, or obese?”; and
2) “Would you say your health is poor, average, good, or excellent?” We dichotomized
responses into the following categories: 1) underweight or normal weight v. overweight or
obese and 2) average, good, or excellent health v. poor health.
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Secondary outcomes of interest were two self-reported nutritional behaviors, specifically
intake of potato chips and sugar-sweetened beverages (SSB), among only PWH due to
the interest in identifying potential entry points for behavior modification specific to this
subpopulation. Participants were asked a series of questions about specific nutritional
behaviors that may relate to risk of obesity. The first question centered on intake of

chips and other snack foods that we hypothesized may be associated with obesity in this
group, and read as follows: “How often do you eat chips such as a packet of crispy

chips or similar salty snacks such as Doritos, cheese curls, salted nuts, salty biscuits,
etc.?” with possible responses being “every day,” at least once a week, “occasionally,” and
“never.” We considered responses of “every day” or “at least once a week” to be frequent
chips consumption, while responses of “occasionally” or “never” to be infrequent chips
consumption.

The second question was, “Yesterday, did you drink any sugar-sweetened drinks? Sugar
sweetened drinks include fizzy drinks like Coke or drinks like Squash where water is added,
but not diet or unsweetened cold drinks” and “Yesterday, did you drink any fruit juice?” We
defined a participant as a probable regular consumer of sugar-sweetened beverages if they
responded yes to either question or infrequent if they responded no to both.

Statistical analysis

We summarized and compared individual sociodemographic characteristics by HIV
serostatus, with chi-squared tests of comparison across groups where appropriate. We
performed a descriptive analysis of the percentage of participants in each of the BMI
categories reported self-perception as overweight or obese, overall, and then among PWH
and people without HIV separately. This analysis was then repeated with self-perception
of poor health as the outcome of interest. To assess the relationship between BMI and
self-perception of health and body size, we conducted adjusted Poisson regression models
with a robust error structure stratified by HIV status with our two self-perception variables
as the outcomes and a BMI category in the groups described as the exposure variable of
interest.

For our secondary analysis of nutritional behavior among PWH, we restricted our sample

to PWH. We performed two separate descriptive analyses of what percentage of participants
in each of the previously defined BMI categories reported frequent chips and regular SSB
intake, respectively. Finally, we conducted adjusted Poisson regression models with our
two nutritional behaviors serving each service as an exposure variable (in separate models)
and a binary variable for whether the participant has a BMI =25 kg/m? as the outcome of
interest. All analyses were estimated with a robust error structure that made use of sampling
weights rescaled to account for missing responses and measures. All Poisson regressions
were adjusted for age in years, sex, and educational attainment categorized as no education,
primary schooling, secondary schooling, and greater than secondary education. All data
analyses were conducted using Stata 16.1 (StataCorp, College Station, TX).
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Sensitivity analyses

Results

We tested the robustness of our result through several sensitivity analyses. First, we
recategorized the BMI groups as follows, 18.5 — 25 kg/m?, 25 — 30 kg/m?, and = 35

kg/m?2 and explored the proportion of each group that reported each of the possible

options for self-perception of health and self-perception of body size, without dichotomizing
these responses. Second, we re-estimated the adjusted Poisson regression models for

the dichotomized self-perception using the categorization of BMI in three groups as

the exposure variable of interest. Third, we modelled the adjusted relationships between
BMI and self-perception and nutritional behavior and being overweight or obese using
multivariable logistic regressions. Fourth, we included wealth quintile as an additional
covariate in our models.

Our analytical sample included 1,163 PWH (19.7%) and 4,975 people without HIV
(80.3%). Comparisons of individual sociodemographic characteristics by HIV serostatus
are presented in Table 1. When compared to those without HIV, PWH were younger (mean
age 38.5 years vs 40.1 years, t-statistic = 2.66, p=0.008) and a greater percentage of

them were female (74.4% vs 60.3%, corrected F -statistic = 41.12, p< 0.001), had at least
a secondary-level education (corrected F-statistic = 6.81, p < 0.001), and were of lower
socio-economic status (corrected F-statistic = 8.30, £ < 0.001).

Self-perception of body size and health

Overall, 12.5% [11.3 — 13.8] of individuals reported being overweight or obese at any BMI
category. When stratified by HIV serostatus, PWH self-reported being overweight or having
obesity at lower rates when compared to those without HIV at each BMI category except

for the = 35 kg/m? group, though not all these comparisons were statistically significant.
(Figure 1). For example, among those with a BMI of 25 — 27.5 kg/m?2,1.9% of PWH and
7.8% of people without HIV reported being overweight or obese (corrected F-statistic =
6.45, p=0.011); among those with a BMI of 30 — 35 kg/m? 17.1% (10.9 - 25.8) and 23.9%
(19.9 - 28.4) reported being overweight or obese (corrected F-statistic = 2.06, p=0.152),
respectively. Conversely, compared to those without HIV, PWH reported being in poor
health at higher rates at each BMI category except for the = 35 kg/m?2 group. Several but

not all of these group comparisons were statistically significant (Figure 1, Appendix eTable
1 and eTable 2). Table 2 and Table 3 show adjusted Poisson regression models, performed
separately for PWH and people without HIV, that estimate the relationship between actual
BMI and self-perception as overweight or obese and self-perceived poor health, respectively.
When comparing risk ratios (RR) associated with each BMI category relative to the 18.5 -
22 kg/m? group, we observed a statistically significant positive association between actual
BMI and self-perception as overweight or obese beginning at the 27.5 kg/m? group for PWH
(RR 8.07 [1.94 — 33.55]), but a similar, positive association beginning at the 22 — 25 kg/m?
group for those without HIV (RR 1.79 [1.02 — 3.15]). There were no differences in the
association between actual BMI and self-perceived poor health across the two groups.
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In sensitivity analyses where BMI was recategorized into three groups, we identified very
similar associations between actual BMI and self-perception as overweight or having obesity
between the two groups (Appendix eFigure 1 and eFigure 2). In the models of self-perceived
poor health, both the 25 — 30 kg/m? and = 30 kg/m? categories were associated with
statistically significant RRs (0.61 [0.40 — 0.92] and 0.61 [0.41 — 0.90], respectively) among
PWH. When the sample was restricted to those without HIV, only the 25 — 30 kg/m?
category was associated with a statistically significant RR (0.75 [0.59 — 0.95]) (Appendix
eTable 3).

Nutritional Behavior

Rates of frequent chips and SSB consumption by BMI category among PWH are shown in
Figure 2. The percentages of PWH who reported frequent chips consumption in ascending
order of BMI group were as follows: 41.4% [33.0 — 50.4], 36.1% [28.0 — 45.0], 46.2%
[37.3 - 55.3], 43.9% [33.8 — 54.6], 37.6% [29.8 — 46.1], and 35.9% [26.7 — 46.2]. The
percentages of PWH who reported SSB consumption did not vary across ascending BMI
groups, as follows: 41.2% [33.7 — 49.1], 37.1% [29.3 — 45.7], 44.4% [35.0 — 54.2], 43.2%
[33.0 —53.9], 44.4% [36.5 — 52.7], and 52.8% [43.2 — 62.2]. In adjusted Poisson regression
models, we found a significant, positive relationship between frequent SSB consumption and
risk of overweight or obesity among PWH (1.13 [1.01 — 1.25], t-statistic = 2.14, p=0.033).
(Table 4) There was no statistically significant association with frequent chips consumption
(Appendix eTable 8). In sensitivity analyses, the use of logistic regression and addition of
wealth to these models did not alter these findings (Appendix eTables 4-7).

DISCUSSION

This study identified important and distinct patterns of self-perception in both overall health
status and body size among PWH, with <10% with a BMI 25-30 kg/m?2, <20% with a

BMI 30-35 kg/m? and <50% with a BMI =35 kg/m? self-reporting as overweight or obese.
Moreover, a substantially greater proportion of PWH perceived themselves as being in poor
health at every BMI category in the traditionally defined “normal,” “overweight,” or “obese”
categories except >35 kg/m2. Furthermore, PWH with overweight or obesity were more
likely to report sugar-sweetened beverage intake. This finding suggests that SSB intake

may be a nutritional behavior associated with obesity in this population that could also be
modified through public health interventions.

These results are important for several reasons. First, with the transition of all PWH to
dolutegravir-based ART regimens in South Africa and beyond, there is a growing concern
that the treatment of HIV may itself exacerbate obesity and increase the risk of downstream
cardiovascular and metabolic disease.® This is particularly important given the movement
toward initiating ART early in the disease process and the fact that studies increasingly
demonstrate risk of weight gain beyond the “return to health” phenomena that is expected
with treatment initiation in later-stage disease. A deeper understanding of the perceptions
of actual and desired body size for PWH in this setting, as well as possible modifiable
behavioral risk factors for obesity specific to this group, are useful to inform the design of
policies, programs, and interventions to prevent weight gain and diabetes in this population.
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Furthermore, an understanding of the health threat of obesity may be an important element
in efforts to prevent weight gain in this population. Additionally, these insights may also
offer valuable context for providers who wish to counsel patients in clinical settings about
the possible health complications of obesity.

The results also revealed that SSB intake may be associated with overweight or obesity

in PWH. This is important because decreasing the intake of sugary beverages has been a
focal point of intervention studies to prevent weight gain across numerous contexts and

an important South African national policy via taxes on these items.22:23 Qur findings
reinforce the possibility that this specific behavior to serve as an effective focal point for
future individual-based interventions to prevent obesity in this population. However, this
behavior should first be studied in greater detail using stronger causal inference approaches.
Additionally, women and PWH with higher educational attainment were also more likely
be to be overweight or obese based on these traditional BMI thresholds. These findings are
important given the well-described risk of ART-associated weight gain in women with HIV
as compared to men with HIV, as interventions centered on these groups may also be a
priority in the effort to limit risk of excess weight gain and diabetes.

These results are consistent with several important prior studies from South Africa that

have described the perceived health threat of obesity in the general population. The first

was conducted in 2014-2015.17 This study consisted of a series of focus group discussions
with a total of 78 participants from a township outside of Cape Town.1’ The participants
were sampled from among those who took part in the Prospective Urban and Rural
Epidemiology (PURE) cohort study of cardiovascular health in adults and included men and
women across a wide range of BMIs. This study revealed several important findings. First,
most participants expressed that being overweight was more desirable while underweight
was associated with stigmatized diseases such as HIV, TB, and cancer.}” These findings
were similar to a second study of body perceptions among university-employed South
African women and a more recent one of adults living in Soweto.18:24 In addition, women
and especially overweight women, tended to underestimate their body size and had low
perceptions of the threat of obesity. Additionally, a community-based survey of 1,050 people
in three provinces (Gauteng, North West, and Mpumalanga) showed that >90% of those who
were overweight according to their calculated BMI did not perceive any risk of developing
obesity-related diseases.?> These findings are generally concordant with the low proportion
of self-reported overweight or obesity in our analysis and the much larger proportion of
PWH who self-reported being in poor health at what is considered by traditional clinical
standards to be a normal or overweight BMI, as compared to people without HIV at this
same BMI in this context. Though these findings cannot establish a causal link between
body weight and either actual or perceived health status, they do reinforce to the hypothesis
that thinness may be viewed by some as a sign of illness, and specifically advanced HIV, and
that higher body weight signifies one is healthy.

There are several limitations to this study. First, there were no additional HIV-related
parameters available to further characterize ART treatment history, viral load, or nadir
CD4 count. In addition, while sampling weights have been created to account for non-
participation in the HIV biomarker; these weights assume that non-response to the HIV test
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is missing at random. If this assumption is violated, the survey results may not be fully
generalizable. Second, in this sample and minimal information about comorbid medical
conditions. This lack of information could confound the findings, as it is possible that
people who self-rate their health as poor may in fact be suffering from untreated HIV,

an opportunistic infection, or another unmeasured health complication. Third, the survey
primarily sampled women ages 15 to 49 and men ages 15-59. Given this, the analysis is
unable to address well how these perceptions and behaviors may differ in older adults.
Fourth, given the cross-sectional nature of these data, we were unable to establish a
definitive causal relationship between the exposures and outcomes of interest. However,
there is a strong and well-accepted biological basis for these dietary behaviors to increase
risk of obesity. Additionally, the reporting of dietary behavior such as SSB intake may not be
perfectly accurate due to recall or social desirability biases in this population. In particular,
the questions about SSB intake focus on the 24-hour period prior to the survey and this may
not fully capture general dietary trends. However, there are also several important strengths
of the study. First, this is a nationally representative survey that should offer a generalizable
assessment of this theme in the South African context. In addition, both BMI and HIV
serostatus are biologically measured and thus analyses do not rely on self-reported data,
which may be less accurate than what is presented here.

In summary, in this study we found that PWH reported important differences in the self-
perception of their health at traditionally defined normal or overweight BMI compared to
people without HIV in South Africa. Furthermore, SSB intake was associated with being
overweight or having obesity in South African PWH. These findings offer important insight
to inform future policies and interventions to prevent obesity and diabetes in PWH, currently
a pressing public health concern in the context of the growing rates of obesity and diabetes
in this region.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Participant self-perception of body size and health by actual BMI, stratified by HIV

® HIV+
@ HIV -

0 T T T T T
18.5-22 22-25 25-27.5 27.5-30 30-35
Fokk kK

w
w4
[

T T T T
185-22 22-25 25-275 275-30 30-35
*

Measured Body Mass Index (kg/m?) Measured Body Mass Index (kglmz)

serostatus
Figure shows the weighted proportion of participants in each BMI group that reported

self-perception as overweight or obese and the weighted proportion of participants in each
BMI group that reported self-perceived poor health. Error bars represent 95% confidence

intervals. * indicates p-value <0.05, ** indicates p-value < 0.01, *** indicates p-value
<0.001. P-values calculated through chi-squared tests by BMI group, accounting for
sampling weights.
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Figure 2. Nutritional risk factors by actual BMI among people with HIV
Figure shows the weighted proportion of participants in each BMI group that reported

frequent chips intake and the proportion of participants in each BMI group that reported
sugar-sweetened beverages. Error bars represent 95% confidence intervals.
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Table 1.
Cohort demographics by HIV serostatus

Characteristics (NT}./,;ESS) (NH=I>1/9;5) sta-:—teizii . P-value
Age, years 38.5[37.6-39.5] 40.1[39.3-41.0]  2.66 0.008
Female 888 (74.4) 3,038 (60.3) 4112 <0.001
Education 6.81 <0.001

No education 91 (6.5) 514 (8.8)

Primary 280 (19.9) 1,089 (19)

Secondary 801 (68.8) 3,243 (62.3)

Higher 49 (4.8) 436 (9.8)
Wealth 8.30 <0.001

Poorest 322 (25.4) 1,156 (21.1)

Poorer 327 (23.4) 1,101 (18.9)

Middle 310 (24.5) 1,241 (21.1)

Richer 201 (17.1) 1,084 (19.8)

Richest 75(9.7) 751 (19.1)

Page 13

Results presented as either mean [95% confidence interval] or unweighted n (weighted %). P-values estimated using linear regression models
(along with the absolute value of the t-statistic) for continuous variables and Chi squared tests (along with corrected Pearson’s F statistic) for

categorical variables. Estimates calculated using survey design weights.
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Table 2.

Multivariable Poisson regression models of the relationship between BMI and self-perception of being
overweight or obese, stratified by HIV status

HIV positive HIV negative
RR (95% ClI) t-statistic RR (95% ClI) t-statistic

BMI

18.5-22 REF - REF -

22-25 2.55 (0.55 - 11.85) 1.20 1.79 (1.02 - 3.15) 2.02

25-275 2.96 (0.55 - 15.96) 1.26 5.58 (3.26 - 9.54) 6.29

27.5-30 8.07 (1.94 - 33.55) 2.88 7.85 (4.60 - 13.40) 7.57

30-35 30.73 (8.68 - 108.78) 5.32 19.94 (12.56 - 31.64) 12.73

>35 68.54 (20.21 - 232.4) 6.80 35.68 (22.68 - 56.14)  15.49
Age 0.97 (0.95 - 0.99) 2.97 0.99 (0.99 — 1.00) 1.89
Sex

Male REF - REF -

Female 0.81 (0.42 - 1.59) 0.60 0.69 (0.56 - 0.86) 3.41
Education

No education REF - REF -

Primary 0.77 (0.15 - 4.07) 0.30 1.09 (0.70 - 1.70) 0.38

Secondary 1.12 (0.23 - 5.45) 0.14 1.93 (1.24 - 3.01) 2.92

Higher 0.58 (0.08 - 4.01) 0.55 3.17 (2.03 - 4.93) 5.11

Multivariable Poisson regressions estimated with sampling weights. Results presented as risk ratios (95% confidence intervals). t-statistics

presented as absolute values.
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Table 3.

Page 15

Multivariable Poisson regression models of the relationship between BMI and self-perception of poor health,
stratified by HIV status

HIV positive HIV negative
Self-perceived Self-perceived Self-perceived Self-perceived
overweight/obese poor health overweight/obese poor health

BMI

18.5-22 REF - REF -

22-25 0.89 (0.57 - 1.38) 0.54 0.80 (0.58 - 1.09) 1.41

25-275 0.66 (0.40 - 1.09) 1.62 0.73 (0.53 - 1.02) 1.87

27.5-30 0.45 (0.23 - 0.88) 2.35 0.60 (0.42 - 0.85) 2.89

30-35 0.67 (0.41 - 1.08) 1.64 0.67 (0.49 - 0.90) 2.62

235 0.46 (0.28 - 0.76) 3.02 1.01(0.76 - 1.33) 0.04
Age 1.03 (1.02 - 1.05) 5.78 1.04 (1.03 - 1.04) 12.47
Sex

Male REF - REF -

Female 1.52 (1.03 - 2.23) 2.12 1.21 (.96 - 1.52) 1.61
Education

No education REF - REF -

Primary 0.65 (0.45 - 0.94) 2.28 1.04 (0.82 - 1.31) 0.34

Secondary 0.47 (0.31-0.71) 3.54 0.78 (0.59 - 1.03) 1.77

Higher 0.10 (0.01 - 0.69) 2.35 0.19 (0.10 - 0.39) 468

Multivariable Poisson regressions estimated with sampling weights. Results presented as risk ratios (95% confidence intervals). t-statistics

presented as absolute values.
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Table 4.

Multivariable Poisson regression models of the relationship between sugar-sweetened beverage intake and
being overweight or obese among people living with HIV

BMI >25 kg/m? RR (95% CI)  t-statistic p-value

Nutritional risk factor

Infrequent intake REF

Frequent intake 1.13(1.01 - 1.25) 2.14 0.033
Age 1.02 (1.01 - 1.02) 5.78 <0.001
Sex

Male REF

Female 2.33(1.87-2.91) 7.48 <0.001
Education

No education REF

Primary 1.11 (0.90 - 1.37) 1.01 0.315

Secondary 1.30 (1.06 - 1.59) 251 0.012

Higher 1.70 (1.33 - 2.18) 4.26 <0.001

Multivariable Poisson regressions estimated with sampling weights. Results presented as risk ratios (95% confidence intervals). t-statistics
presented as absolute values. Abbreviations: BMI = body mass index, Cl = confidence interval, RR = risk ratio, and SSB = sugar-sweetened
beverages.
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