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Abstract

Objective: Adipose tissue is a central regulator of metabolic health and a contrib-

utor to systemic inflammation. Patterns of adiposity deposition are important to

understand for optimizing health. This study aimed to asses relationships between

adiposity deposition and metabolic and inflammatory biomarkers in South African

women prior to conception.

Methods: Non‐pregnant, healthy women (n = 298) were recruited for this cross‐
sectional study via home visits. Body composition was measured by Dual X‐ray
Absorptiometry. Inflammation markers C‐reactive protein (CRP), alpha1‐acid
glycoprotein (AGP), hemoglobin A1c (HbA1c), and blood pressure were scored ac-

cording to risk. A summative metabolic health risk score was created for women

with obesity. Generalized regression models assessed relationships between

adiposity deposition and outcomes with adjustment for potential confounders.

Results: Obesity was present in 22% of women (mean age = 20.93 years). Fat mass

index was associated with inflammation and metabolic health risk (β = 0.58;

p < 0.01). Visceral fat, trunk:limb ratio, android:gynoid ratio, body mass index,

weight, and waist circumference were positively associated with CRP, AGP, and

metabolic health risk (p < 0.01). Weight was associated with Hba1c (β < 0.01;

p < 0.05). Participants with obesity and low metabolic health risk had lower fat mass

index and visceral fat than participants with obesity and higher metabolic health

risk.

Conclusions: Black South African women accumulated excess adipose tissue in

abdominal regions. While fat mass and body mass were associated with inflamma-

tion and metabolic health risk, women with obesity and with lower fat mass index

and lower visceral adipose tissue were metabolically protected. Identification of

women at risk for metabolic disease preconception could help ensure future healthy

pregnancies and prevent transference of risk to offspring.

K E YWORD S

DXA, obesity, preconception, women's health

This is an open access article under the terms of the Creative Commons Attribution‐NonCommercial‐NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non‐commercial and no modifications or adaptations are made.

© 2021 The Authors. Obesity Science & Practice published by World Obesity and The Obesity Society and John Wiley & Sons Ltd.

500 - Obes Sci Pract. 2022;8:500–509. wileyonlinelibrary.com/journal/osp4

https://doi.org/10.1002/osp4.570
https://orcid.org/0000-0002-6913-0706
mailto:alessandra.prioreschi@wits.ac.za
https://orcid.org/0000-0002-6913-0706
http://wileyonlinelibrary.com/journal/osp4


1 | INTRODUCTION

Young South African women are at increased risk of developing

obesity and related comorbidities, largely due to rapid urbanization

resulting in physical inactivity1 and consumption of energy‐dense
convenient foods and beverages.2 Most of the current data exam-

ining obesity and adiposity distribution patterns are from white

populations, yet there is evidence that Black women are more

affected by obesity than their white counterparts.3,4 When women

with overweight or obesity become pregnant, they are at increased

risk of developing gestational diabetes (GDM) and of having poorer

pregnancy and delivery outcomes such as fetal defects and

congenital anomalies, newborn macrosomia, neonatal hypo-

glycaemia, and/or stillbirth5; and they may not revert back to

normal glucose tolerance postpartum.6 Furthermore, the offspring

of women with GDM are metabolically programmed towards

developing insulin resistance themselves.6 In addition, continued

obesity and excessive gestational weight gain (GWG) during preg-

nancy are strongly predictive of fetal growth, birth weight and

obesity risk in the offspring.7‐9

Adipose tissue is a metabolically active organ—it is a major

source of inflammatory cytokines and can interfere with insulin

signaling by causing defects in insulin cascade, eventually resulting in

insulin sensitivity or resistance.10 Furthermore, the location of adi-

pose tissue deposition may determine metabolic activity and related

effects, and risk for metabolic disease.11 Pregnancy itself is associ-

ated with changes in adiposity—resulting in temporarily reduced in-

sulin sensitivity and low‐grade inflammation.9,10,12 Thus, there is a
dynamic interrelationship between adipose tissue deposition, insulin

resistance, and inflammation—all three of which, when present dur-

ing pregnancy, predict adverse outcomes for mother and infant.9,10,12

It is therefore essential to understand the interplay of these risk

factors in younger women before they become pregnant to assist

with developing interventions to minimize the transference of risk to

the next generation.

Studies have shown that body composition differs between white

and Black women in South Africa and elsewhere.3,13 Specifically,

Black women have less visceral adipose tissue (VAT), and more

subcutaneous adipose tissue (SAT) when matched for body mass in-

dex (BMI).3,13,14 In addition, it appears that relationships between

adipose tissue deposition and insulin sensitivity also differ between

these races.3,13‐15 Typically, increased VAT is more strongly associ-

ated with insulin resistance compared to SAT; yet Black women are

known to be more insulin resistant than white women at the same

level of adiposity.3 There is evidence that lifestyle factors such as diet

and physical activity may further impact these relationships, as may

sociodemographic factors,3 all of which are impacted by impov-

erished communities becoming rapidly urbanized combined with

poor healthcare systems.16 Social determinants of health combined

with structural and institutional racial discrimination in South Africa

are likely involved in these discrepancies; for example, prior to 1994,

South Africa's healthcare system was racially divided into a highly

resourced system for white individuals, and a systemically under

resourced system for Black individuals.17 Post 1994, South African

has a more coordinated system including public and private (paid)

health care. Public healthcare provides most services for free, yet is

plagued by problems such as “long waiting times, rushed appoint-

ments, old facilities, poor disease control and prevention practices,

and poor quality of care, when compared to private health care,” and

the healthcare systems in general are overburdened by both

communicable and non‐communicable diseases.17 Socioeconomic
inequalities in health, as well as racial differences in health care, have

been identified as key challenges to public health success in South

Africa.17

Due to the lack of data on adiposity distribution in Black

women, and specifically those in rapidly urbanizing countries such

as South Africa; this study aimed to characterize a sample of young,

Black South African women in the preconception period according

to obesity, adipose tissue distribution, insulin sensitivity, and

inflammation, as well as to determine the relationship between

adiposity deposition and metabolic and inflammatory risk factors in

this sample, while considering lifestyle and sociodemographic con-

founders. It was hypothesized that adiposity distribution patterns

would differ in this sample in comparison to white women and that

associations with metabolic risk factors may be weaker in these

Black women.

2 | METHODS

2.1 | Study setting

The Healthy Life Trajectories Initiative (HeLTI) is an ongoing collab-

oration between South Africa, Canada, China, and India that was

initiated in 2016 in response to the need for preconception in-

terventions focused on optimizing growth and development trajec-

tories in the next generation.18 The South African HeLTI site is in

Soweto, Johannesburg. Soweto is a large urban area consisting of

both formal and informal housing (shacks). In the most recent census

from 2011, the population of Soweto was 1.27 million, with a pop-

ulation density of 6357 people per km.2,19

2.2 | Participants

The present study uses data from a subsample of participants in the

Bukhali Young Women's Health Survey, which was the baseline data

collection tool for the HeLTI trial study in Soweto. The subsample

was part of a sub study examining iron deficiency in South African

women and, thus, had additional biomarker analyses done.20 Non‐
pregnant, healthy self‐identified Black women aged 18–25 years
were recruited between June 2018 and June 2019 from randomly

selected community clusters in Soweto via home visits conducted by

trained fieldwork teams. Women with a medical history of type 1

diabetes, cancer, or epilepsy were not eligible. Participants self‐
reported their HIV status, and since the percentage who reported
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they were HIV+ was so small (5%), these women were excluded from
the current analysis. All data collection was conducted at the

SAMRC/Wits Developmental Pathways for Health Research Unit

(DPHRU) at Chris Hani Baragwanath Academic Hospital in Soweto.

Each participant completed an interviewer‐administered survey and
physical measurements. This study was approved by the Human

Research Ethics Committee (Medical) at the University of the Wit-

watersrand (M171137, M1811111), and all participants provided

written informed consent to participate.

2.3 | Socio‐demographics

An estimate of socioeconomic status (SES) was generated by sum-

ming the number of assets owned in the household from the

following options: TV, car, washing machine, refrigerator, phone,

radio, microwave, cell phone, DVD/Video, DSTV (cable channel),

computer, Internet access, and medical aid to create a score out of

13.21 This was based on standard measures used in the De-

mographic and Health Surveys household questionnaire (available

at: www.dhsprogram.com) and has been extensively utilized in this

setting.22,23

2.4 | Body size and adiposity distribution

All measurements were made by trained research staff. Height was

measured to the nearest 0.1 cm using a Holtain wall‐mounted
stadiometer and weight to the nearest 100 g using an SECA

scale. Waist circumference was measured at the umbilical level

using a soft tape measure, and a high waist circumference was

defined as >89.45 cm. All measures were taken three times and the
average was used, and all equipment was calibrated daily. Whole

body composition was measured using a Hologic QDR 4500A DXA

machine and analyzed using Apex software version 4.0.2 (Hologic

Inc.). All scans were performed according to standard procedures by

a trained technician. The machine was calibrated daily using a

phantom spine. All standard DXA measurements were analyzed

using Hologic APEX 3.1 software (Hologic). Whole body (excluding

head) lean body mass (which includes muscle mass, skin, viscera,

and salts and provides an estimate of lean muscle mass) and fat

mass as estimated by the Hologic software were recorded. Fat mass

index (FMI) was calculated as total fat mass (kg) divided by height

(m) squared (kg/m2). FMI categories were determined using DXA

reference values from NHANES.24 Abdominal VAT, SAT, and total

adipose tissue estimates were calculated according to previously

described methodology using Hologic software,25 and a ratio of

VAT:SAT was determined. Other regions of interest were android

fat (the area of the abdomen from the superior iliac crest and

extended cranially for 20% of the distance to the base of the skull),

gynoid fat (the legs from the greater femoral trochanter to mid‐
thigh), leg fat (the area of the entire leg), and trunk fat (includes the

neck, chest, abdominal and pelvic areas), and trunk:limb ratio and

android:gynoid ratio were calculated.

2.5 | Biomarkers

The analysis of biomarkers used was previously described.20 Briefly,

hemoglobin (Hb) concentrations were measured using a calibrated Hb

201+HemoCue® system (HemoCue Johannesburg, South Africa). Hb
data were adjusted for altitude according to WHO recommenda-

tions.26 The South African point‐of‐care cut‐off to diagnose anemia
was used, which is a finger‐prick Hb <12 g/dl. Venous blood samples
were drawn into lithium heparin tubes (BD, Plymouth, UK). Plasma

was separated within 1 h. On a subset of participants, inflammation/

infection markers C‐reactive protein (CRP) and alpha‐1‐acid glyco-
protein (AGP) were analyzed using the Q‐Plex™HumanMicronutrient
Array (7‐plex; Quansys Bioscience, Logan, UT, USA).27 The presence of
inflammation was defined by CRP > 5 mg/dl and/or AGP > 1 mg/ml.
hemoglobin A1c (HbA1c) was tested and cut‐offs of 6% and 6.4%were
used to diagnose normal blood glucose control, prediabetes and dia-

betes, respectively.28 Blood pressure was measured on the left arm

after the participant had been sitting for 10 min, and measures were

repeated three times. The average value was recorded, and hyper-

tension was defined as systolic blood pressure > 130 mmHg and/or
diastolic blood pressure > 85 mmHg. Waist circumference was
measured using a soft tape measured at the midpoint between the

anterior superior iliac spine and the lower edge of the ribcage, and a

cut‐off of >89 cm was used to indicate high waist circumference for
South African females.29 BMI was calculated by dividing weight by

height squared. Participants were classified as having obesity

(BMI ≥ 30 kg/m2) or not having obesity (BMI < 25 kg/m2).

2.6 | Metabolic health

Metabolic health risk was estimated by creating a summative “meta-

bolic health risk score” using the biomarkers that were available in this

study. To create this summative score individuals with obesity in-

dividuals scored a “1” and individuals without obesity were scored “0.”

Thereafter, individuals with obesity obtained an additional “1” for each

of the following: Hb < 12 g/dl, CRP > 5 mg/dl, and/or AGP > 1 mg/ml;
HbA1c > 6%; systolic blood pressure > 130 mmHg and/or diastolic
blood pressure > 85 mmHg; and waist circumference > 89 cm. This
score was based on traditional Metabolic Syndrome criteria,30 how-

ever, was adapted to focus on obesity, and excluded triglycerides and

cholesterol markers while including additional metabolic‐related
markers (inflammation and anemia). Overall metabolic health scores

could therefore range from 0 to 6, with higher scores indicating higher

metabolic health risk. Metabolic health risk was then categorized for

individuals with obesity as low if two or fewer risk factors were pre-

sent, and high if more than two risk factors were present in addition to

obesity.
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2.7 | Physical activity

Physical activity was assessed using the Global Physical Activity

Questionnaire. Minutes per week spent in moderate‐to‐vigorous
physical activity (MVPA) in various domains (work, transport, lei-

sure) were calculated and summed. Compliance with WHO physical

activity guidelines31 was assessed by classifying participants who met

150 min of moderate or vigorous activity per week and/or 75 min of

vigorous activity per week as “Active,” and those who did not meet

these guidelines as “Inactive.” Total time spent sitting was also

assessed and summed from three domains (work, transport, leisure).

While there is no current consensus on sedentary time guidelines for

adults, with most countries advising minimizing sitting time,32 par-

ticipants were classified as meeting sedentary guidelines or

exceeding sedentary guidelines based on evidence for increased risk

of all‐cause mortality when exceeding 8 h per day.33 Participants
were also asked about their daily TV time and screen time.

2.8 | Diet diversity and diet quality

Diet diversity was assessed as described previously34 by asking

whether the participants consumed foods from the following 14

groups on the day before the interview (grains, orange vegetables,

white roots and tubers, dark green leafy vegetables, orange fruit,

other fruit, other vegetables, organ meat, other meat or poultry, eggs,

fish or seafood, beans or peas, nuts or seeds, milk or milk products). If

the woman did not consume any items from each food group the day

before, the response was coded “0” and if she did consume an item

from the food group it was coded “1.” A diet diversity score was

created by summing the responses, so a maximum score of 14 was

possible indicating maximum diet diversity.

Diet quality was assessed by asking participants about their fre-

quency of consumption per month of the 14 foods above, and addi-

tionally about processed meat, fried snacks, savory snacks, bakery

items, sweets, and fizzy drinks using a food frequency questionnaire.

The possible responses if women reported they did consume these

items were “every day,” “2–4 times per week,” “5–6 times per week,”

“once per week,” “less than once per week,” and “never.” A diet quality

score was created based on these responses using a method adapted

from that published by Imamura et al.35 For “healthy” foods, more

frequent intakes scored more highly, while for “unhealthy” foods,

more frequent intakes scored low. The maximum diet quality score of

126 would be achieved if a woman consumed all of the “healthy” foods

on a daily basis and none of the “unhealthy” foods. If a woman

consumed all of the “unhealthy” foods on a daily basis and consumed

the healthy foods less than once per week, she would have a score of 0.

2.9 | Data analysis

All data were analyzed in STATA/SE V16.1. Initially, data were sum-

marized and presented as median (range) for continuous data, or n (%)

for categorical data. Most of the variables were not normally distrib-

uted, and even after transformation model residuals were not linear.

Therefore, generalized models were utilized for the analyses. Histo-

grams were plotted for each outcome variable to determine the family

and link to be used in these models. Thereafter, a series of multiple

generalized regressions were run with each adiposity indicator as the

exposure and each individual metabolic health variable and then

overallmetabolic health score as the outcomes. A final series ofmodels

were run with FMI, VAT:SAT ratio, android:gynoid ratio, and waist

circumference all in the same model with each metabolic health indi-

cator as the outcomes. In all cases, the models accounted for age, SES,

physical activity and dietary scores. In all cases, predictors were

entered into the model simultaneously and left in regardless of

p‐value. Students t‐test was used to compare differences between
higher and lower metabolic health risk in individuals with obesity.

Statistical significance was established at p < 0.05.

3 | RESULTS

3.1 | Cohort demographic and clinical
characteristics

While 503 women initially took part in the iron deficiency sub study,

the current sample includes only those who were HIV negative and

that had all key metabolic health variables of interest (CRP, AGP,

HbA1c, hemoglobin, blood pressure, waist circumference, BMI),

resulting in 298 women being included in the analysis (see Figure 1).

F I GUR E 1 Flow diagram of participant data availability for

inclusion in this analysis. Participants were excluded as per the order
of variables presented above, and so each consequent n is of those
who were included at that point, rather than from the total sample
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Women were on average 20.93 years old (SD = 2.11 years) and spent
on average (median (range)) 7.00 (0.00; 69.00) min in moderate‐to‐
vigorous activity per day and 7.00 (0.33; 84.00) min per day sitting.

Women scored on average 47.58/128 (SD = 6.15) on the diet quality
score, where a higher score indicates a higher‐quality diet, and
scored on average 5.63/14 (SD = 2.49) for dietary diversity where a
higher score indicates greater diversity in their diet. Access to

household assets ranged between 1 and 13 out of a possible 13, with

an average of 8.52 (SD = 1.90).
Participants metabolic health data are presented in Table 1.

Most participants had a normal BMI, while 21% presented with

overweight and 22% with obesity. Of those who presented with

obesity, 3% had morbid obesity. Inflammation was present in 25% of

the sample, and 37% of women were anemic. Most women had a

normal HbA1c, with only 8% presenting with prediabetes, and 4%

presenting with diabetes first detected through the study. Overall,

the metabolic health scores showed that only five women had obesity

with no other metabolic complications. 13 percent (n = 39) of women
had obesity and had three or more metabolic complications.

Table 2 shows participant adiposity distribution. In all cases, the

range of values was large. The average VAT:SAT ratio was low

(median; range) (0.19; 0.04–0.43), indicating increased SAT deposi-

tion relative to VAT deposition. Data from the android:gynoid ratio

and trunk:limb ratio showed a higher average distribution of

adiposity in the android and trunk areas, indicating preferential

adiposity storage in the abdominal region, which is also evident from

the fact that nearly 50% of women had a high waist circumference

(76.89 cm; 41.90–129.23 cm).

3.2 | Regression results

Table 3 shows the relationships between each adiposity distribution

variable with each metabolic health risk indicator, adjusted for

covariates. Higher FMI was associated with higher CRP (β = 0.39)
and AGP (β = 0.02), and with increased metabolic health risk score
(β = 0.58; p < 0.01 in all cases). Similarly, visceral fat, trunk:limb ratio,
android:gynoid ratio, BMI, weight, and waist circumference were all

TAB L E 1 Metabolic health risk
Median (range) N (%)

CRP (mg/dl) 1.27 (0.04; 128.78) ‐

AGP (mg/ml) 0.86 (0.01; 2.20) ‐

Inflammation (yes) ‐ 151 (35)

Hemoglobin (g/dl) 12.78 (7.70; 17.05) ‐

Anemia (yes) ‐ 161 (39)

Systolic blood pressure (mmHg) 107.00 (83.50; 174.00) ‐

Diastolic blood pressure (mmHg) 75.50 (58.00; 115.30) ‐

Hypertension (yes) ‐ 45 (11)

HbA1c (%) 5.30 (4.00; 8.00) ‐

Normal HbA1c ‐ 272 (87)

Prediabetes ‐ 2 (7)

Diabetes ‐ 12 (4)

BMI (kg/m2) 25.57 (15.17; 52.30) ‐

Underweight ‐ 27 (9)

Normal weight ‐ 144 (48)

Overweight ‐ 63 (21)

Obese ‐ 64 (22)

Waist circumference (cm) 74.63 (41.90; 129.23) ‐

High waist circumference (yes) ‐ 75 (18)

Metabolic health risk score (score/6) 0.61 (0.00; 5.00) ‐

Obesity with low metabolic health risk ‐ 5 (2)

Obesity with high metabolic health risk ‐ 56 (19)

No obesity ‐ 234 (79)

Abbreviations: AGP, alpha1‐acid glycoprotein; BMI, body mass index; CRP, C‐reactive protein;
HbA1c, hemoglobin A1c.
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positively associated with CRP, AGP, and metabolic health risk score

(all p < 0.01). Only weight was positively associated with Hba1c
(β < 0.01; p < 0.05). Trunk:limb ratio showed a trend towards being
associated with Hb, yet this did not reach significance (β = 1.49,
p < 0.10). VAT:SAT ratio was only associated with metabolic health
risk score (p < 0.01). None of the adiposity indicators were associ-
ated with hypertension in this sample. When examining the stan-

dardized coefficients for these regressions (Table S1), VAT:SAT ratio

was the strongest predictor of CRP and of metabolic health risk

score, while android:gynoid ratio was the strongest predictor of AGP.

To determine the independent effect of adiposity distribution,

the final regression models included FMI, VAT:SAT ratio, android:

gynoid ratio, and waist circumference in the same models with each

metabolic health outcome variable (data not shown). When

combining these adiposity distribution variables, only FMI remained

positively associated with CRP (β = 0.47, p < 0.01) and with overall
metabolic health risk score (β = 0.45, p < 0.01).

3.3 | Metabolic health risk categories

Figure 2 shows obesity phenotypes presented according to meta-

bolic health risk categories in individuals with obesity. Significant

differences existed for FMI, and VAT, whereby participants with

obesity and lower metabolic health risk had lower FMI and lower

VAT. The distributions of data between the two groups are also

visible in Figure 2, largely showing less variance in adiposity depo-

sition in individuals with obesity and higher metabolic health risk.

4 | DISCUSSION

Within the context of rising obesity prevalence in most low‐ and
middle‐income countries, young, Black South African women in the
preconception or peri‐conception period are at risk for poor preg-
nancy and offspring outcomes due to metabolic disease. Since there

are limited data in Black South African women in comparison to T
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TAB L E 2 Adiposity distribution

Median (range)

Android fat (g) 1503 (929; 2340)

Gynoid fat (g) 4691 (3612; 6209)

Android:gynoid ratio 0.84 (0.53; 1.26)

Trunk:limb ratio 0.68 (0.43; 1.48)

VAT (cm2) 57 (37; 91)

SAT (cm2) 295 (195; 439)

VAT:SAT ratio 0.19 (0.04; 0.43)

FMI (kg/m2) 9 (7; 13)

Abbreviations: FMI, fat mass index; SAT, subcutaneous adipose tissue;

VAT, visceral adipose tissue.
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white women, and women from higher‐income countries, this study
aimed to characterize adiposity distribution and to determine the

relationship between adipose tissue deposition and metabolic and

inflammatory risk factors in a sample of healthy Black South African

women preconception. Women in this study preferentially stored

adiposity in the abdominal region and had increased SAT deposition

relative to VAT deposition. All adiposity indicators were positively

associated with inflammation and with overall metabolic health risk;

F I GUR E 2 Adipose tissue deposition between metabolically healthy versus metabolically unhealthy individuals with obesity. *p < 0.05
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however, only body mass was associated with HbA1c and none of the

adiposity indicators were related to hypertension or hemoglobin

levels.

The VAT:SAT ratio and android:gynoid ratio were the strongest

correlates of inflammation and metabolic health risk, indicating that

fat accumulated in the abdominal region, and a higher ratio of

visceral fat to subcutaneous fat was the most strongly associated

with poor health indicators. Adipose tissue distribution is a well‐
known predictor of metabolic health risk, and adipose tissue accu-

mulation in the abdominal region has been associated with obesity

related comorbidities.11 Conversely, lower body adipose tissue

accumulation has been shown to be protective against metabolic

disease, in part due to the lower lipid turnover rate of lower‐body
fat.11 While most studies have found VAT accumulation key in

metabolic disease, and SAT accumulation to be protective,11,36 most

of the data informing those studies are from white women. Our study

confirmed the positive association between VAT and overall meta-

bolic health risk in young Black women, yet higher SAT in relation to

VAT did not seem to have any protective effect in this population.

There is evidence that VAT versus SAT deposition and contri-

bution to metabolic health risk may differ in Black women.3,13,14

Typically, increased VAT has been more strongly associated with

insulin resistance compared to SAT, yet in this study neither VAT nor

SAT was associated with surrogate markers of insulin resistance. This

is similar to findings from a previous study in South Africa, which

showed that in Black women there was no relationship between VAT

and insulin sensitivity, whereas in white women this relationship

existed.3 Previous studies have shown that Black women are more

insulin resistant than white women, and that they generally have less

VAT and more SAT than white women.3 While women in the present

study were generally accumulating more SAT in relation to VAT;

further analyses showed that VAT:SAT ratio increased with body

mass, which indicates that as body mass increased toward obesity,

more adipose tissue was deposited in visceral compartments rather

than subcutaneous compartments. Since body mass trended towards

being associated with insulin resistance, it may be that in this pop-

ulation, increased body size and absolute mass (resulting in prefer-

ential VAT deposition), rather than location of adipose tissue is

related to glucose metabolism. It may also be that in this relatively

young population, with mostly normal HbA1c values, the differential

effects of adiposity distribution on insulin sensitivity are not yet

evident.

Body mass, BMI, and waist circumference, which are commonly

used to estimate body composition, were significantly predictive of

metabolic health risk outcomes; but associations were not as strong

as with adipose tissue location. When considering all adiposity in-

dicators in the same model, FMI was the only indicator that remained

associated with inflammation and metabolic health risk. Therefore, as

expected overall adiposity accumulation and deposition are harmful

in this population, but adiposity deposition sites of specific concern

for metabolic health risk and inflammation cannot be definitively

isolated in this sample in the same way as has been shown in white

populations. While less than half of this sample had overweight or

obesity, of those who had obesity only 15% had high metabolic health

risk (>2 metabolic health risk indicators). Those who had high
metabolic health risk had significantly higher FMI as well as VAT

deposition. This, too, is concurrent with prior studies showing that

metabolically unhealthy obesity presents with higher VAT and

decreased adipose tissue function (lower adipose tissue density and

greater lipid content) leading to inflammation and insulin sensi-

tivity.11 There is controversy around the benefit of classifying in-

dividuals with obesity as metabolically healthy or unhealthy, given

that metabolic health presents a spectrum of risk, with obesity being

detrimental to health regardless. However, it is clear that mortality

risk is higher in metabolically unhealthy individuals, and it is thus

important to prevent individuals with obesity from transitioning in

that direction.37 Understanding differences in adiposity deposition

between these two groups may help to identify individuals with

obesity who are at risk of becoming metabolically unhealthy, so as to

focus interventions on those at extreme risk.

While not related to adipose tissue deposition in the present

study, anemia has previously been associated with obesity and fat

mass.38 The prevalence of anemia was high in our cohort and is likely

indicative of poor dietary diversity and socioeconomic circum-

stances38 (also confirmed in our models, which were adjusted for diet

and SES given they were both significant confounders). Hypertension

was also not associated with any of the adiposity indicators. A study

on older participants in Soweto, South Africa (for females, the

average age was 49 years), did find an association between BMI,

waist circumference, and fat mass with hypertension.39 However,

they also found that the strongest positive association was between

lean mass‐to‐fat mass ratio and hypertension, although a strong
rationale for this was not provided.39 We tested the potential asso-

ciation between lean body mass and hypertension in our sample, both

with and without FMI in the models, and did not find any significant

relationships (data not shown). Again, the young age of the present

sample decreases hypertension risk, which likely limits the detection

of any relationships with body composition.

Considering this sample of young women is likely to become

pregnant given their age range and demographics, the high preva-

lence of overweight and obesity is of concern and is likely to impact

pregnancy health, as well as the health of their offspring.7,40,41 Our

results provide targeted phenotypic characteristics that could be

considered when attempting to identify women at the highest risk of

metabolic disease and chronic inflammation. Given the interlinked

relationship between adiposity, inflammation, hypertension, insulin

resistance, anemia, and overall metabolic health risk, any one of these

factors in isolation puts women and future offspring at risk—and the

presence of multiple risk factors even more so.

This study has several limitations, including the use of DXA‐
derived adiposity indicators. While DXA is commonly used to

approximate adipose tissue compartments; these estimates are

calculated based studies conducted in white participants and may

lead to some uncertainty in this population.42 However, these im-

aging techniques remain superior to using BMI and waist circum-

ference alone. Our sample size when considering all relevant
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outcomes was significantly reduced due to missing blood samples.

Furthermore, the cross‐sectional design of this study means that we
were unable to determine the trajectories of metabolic health risk

during‐ and post‐partum. Although we were able to quantify the
quality and diversity of participants' diets, we were not able to

quantify total caloric intake, which is likely to also be associated with

weight gain and adipose tissue deposition. Notwithstanding these

limitations, this study has provided insight into the complex re-

lationships between adiposity, metabolic health risk, and inflamma-

tion in a crucial period of life, thus providing considerations for

primary care as well as intervention studies.

5 | CONCLUSIONS

In conclusion, we have shown that Black South African women

accumulate excess adipose tissue in abdominal regions and are thus

at increased risk of developing chronic inflammation and metabolic

disease. Higher FMI and VAT were linked to women with obesity

having higher metabolic health risk, while women with obesity with

lower FMI and VAT were metabolically protected. These findings

inform the screening and identification of women at risk of poor

metabolic health prior to conception.
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