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Background: Obesity and adipose tissue distribution contribute to an increased risk of cardio-
vascular disease (CVD) by promoting atherosclerosis. This association has been poorly studied in
sub-Saharan Africa (SSA) despite the rising prevalence of cardiovascular disease.

Objectives: We determined the association between various adiposity phenotypes and carotid
intima-media thickness (CIMT), a proxy of subclinical atherosclerosis, in a large SSA population.
Methods: A population-based cross-sectional study was performed from 2013-2016 in Burkina
Faso, Ghana, Kenya and South Africa. Body mass index (BMI), waist (WC), hip circumferences (HC),
visceral (VAT) and subcutaneous adipose tissue (SCAT) using B-mode ultrasound were measured.
Ultrasonography of left and right far wall CIMT of the common carotid artery was used as an
indicator of subclinical atherosclerosis. Individual participant data meta-analyses were used to
determine the associations between adiposity phenotypes and CIMT in the pooled sample while
adjusted multivariable linear regression analyses were used for site specific analyses.

Results: Data were obtained from 9,010 adults (50.3% women and a mean age of 50+ 6years).
Men had higher levels of visceral fat than women while women had higher BMI, waist and hip
circumference and subcutaneous fat than men at all sites except Burkina Faso. In the pooled
analyses, BMI (B-value [95% Cls]: 19.5 [16.8, 22.3] um) showed the strongest relationship with
CIMT followed by VAT (5.86 [4.65, 7.07] pm), SCAT (5.00 [2.85, 7.15] pm), WC (1.27 [1.09, 1.44]
pum) and HC (1.23 [1.04, 1.42] ym). Stronger associations were observed in men than in women.
Conclusion: Obesity within SSA will likely result in higher levels of atherosclerosis and promote
the occurrence of cardio- and cerebrovascular events, especially in males, unless addressed
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through primary prevention of obesity in both rural and urban communities across Africa. The
inverse association of VAT with CIMT in Burkina Faso and Ghana requires further investigation.
Highlights
+ All adiposity phenotypes were positively associated with common carotid in-
tima-media thickness (CIMT) in the entire cohort (pooled analyses).
+ BMI had the strongest association with CIMT compared to other phenotypes.
+ The magnitude of association between adiposity phenotypes and CIMT was
higher in men than in women.
+ Subcutaneous adipose tissue was inversely associated with CIMT only in women.
« An unexpected finding was the inverse association of visceral adipose tissue
with CIMT in Burkina Faso and Ghana.

Keywords: Carotid intima-media thickness; subclinical atherosclerosis; obesity; adiposity; car-
diovascular disease; sub-Saharan Africa

Introduction

Obesity is a major epidemic that occurs not only in the western world. Recent data from sub-Saharan Africa (SSA)
demonstrate an equally high burden [1, 2], with south and north Africa having the highest prevalence levels [3].
Projections from the World Health Organization (WHO) suggest that in 2025, 75% of the world’s obese popula-
tion will be in low— and middle—income countries such as those in SSA [4, 5]. The recent Non-Communicable
Disease (NCD) Risk Factor Collaboration study of 112 million adults further observed that the rising prevalence
of obesity in rural communities contributes significantly to the global obesity epidemic [6]. This is a major
health concern, because obesity promotes the development of diabetes mellitus, is related to unfavorable levels
of established cardiovascular risk factors such as dyslipidemia and hypertension, promotes the development of
atherosclerosis and contributes to an increase in risk of symptomatic cardiovascular events [7, 8].

Several measures of adiposity are available to assess various overall and central body fat phenotypes. Thus,
for general obesity, body mass index (BMI) is the most common measure while total body fat can be meas-
ured using dual-energy X-ray absorptiometry (DXA). Central obesity is often assessed using waist circumfer-
ence (WC), with specific abdominal fat depots i.e., visceral (VAT) and subcutaneous (SCAT) adipose tissue
assessed using imaging techniques such as magnetic resonance imaging (MRI), computerized tomography
(CT) and B-mode ultrasonography [9, 10]. Peripheral or lower body obesity, particularly fat tissue in the glu-
teofemoral region, is commonly measured using hip circumference (HC) whilst gluteofemoral fat can be spe-
cifically measured using the imaging methodologies described above. These adiposity phenotypes have been
suggested to exert different effects on the development of CVD risk factors and atherosclerosis [11]. Body fat
distribution has been shown to be different in black Africans compared to their white counterparts [12, 13].

The relationship between obesity and atherosclerosis can be investigated by the use of carotid intima-
media thickness (CIMT) of the common carotid artery (CCA). Extensive research has shown that common
CIMT, assessed using B-mode ultrasonography, is a marker of the presence of atherosclerosis locally and
elsewhere in the arterial system, and, as such, is an intermediate stage for the development of CVDs [14—16].
However, most of the research examining the relationship of adiposity with atherosclerosis, assessed using
common CIMT has been conducted in Whites [17], Asians [18-20] and African—Americans [21] from high
income countries, but little information is available for black African populations from SSA.

In the present study, we used data from the Africa-Wits-INDEPTH [International Network for the
Demographic Evaluation of Populations and Their Health] Partnership for Genomic Studies (AWI-Gen) pro-
ject [22] to determine the relationship of various adiposity phenotypes with CIMT in four SSA countries —
Kenya, Ghana, Burkina Faso and South Africa.

Methods
Study design, setting and participants
The AWI-Gen study is embedded within the NIH-funded Human Heredity and Health in Africa (H3Africa)
Consortium. AWI-Gen is a population—based longitudinal study conducted in six sites in four SSA countries
with baseline data collection occurring between 2013 and 2016 as described previously [23, 24].

The study was conducted at five Health and Socio—Demographic Surveillance Sites (HDSS) under the INDEPTH
Network and the MRC/Wits Developmental Pathways to Health Research Unit (DPHRU) in Soweto, South Africa
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[25]. The HDSS sites in South Africa were the cohort from Bushbuck Ridge in Mpumalanga (referred to as
Agincourt HDSS in this publication) [26] and Dikgale HDSS [27]. The other sites were in East Africa: African
Population and Health Research Center HDSS, Nairobi, Kenya [28] and two rural sites in West Africa: Nanoro
HDSS, Burkina Faso [29] and the Navrongo HDSS, Ghana [30]. These countries are located in three sub-regional
African blocks and may be representative of the social, geographical and genetic diversity of SSA.

Study participants were adult women and men aged 40—60 years living in the various sites. Details of the
sampling methods and recruitment strategies used by the various sites have been described in a previous
publication [24].

Ethical considerations

The AWI-Gen study received ethics approval from the Human Research Ethics Committee (HREC) of the Uni-
versity of the Witwatersrand, Johannesburg, South Africa (Ethics approval identification number: M121029,
renewed in 2017 with number: M170880). Additional ethics approvals were obtained from the national and
institutional ethics boards/committees of the University of Limpopo, Nanoro HDSS, Burkina Faso; Nairobi
HDSS, Kenya and Navrongo HDSS, Ghana. Written informed consent was obtained from all participants
prior to recruitment.

Data availability

The datasets generated and/or analyzed during the current study will be made publicly available in the
European Genome—phenome Archive under the set of projects related to the Human Heredity and Health
in Africa (H3Africa) Consortium. Details concerning access to data and DNA can be found in the document
titled H3Africa Data and Biospecimen Access Committee Guidelines, available in the consortium documents
section of the H3Africa website (www.h3africa.com).

Data collection
The data collected included socio—demographic determinants of health, behavioral risk factors, and meta-
bolic risk factors of CVDs, and the variables relevant to this paper are described briefly below.

Outcome variable: Common CIMT

The outcome variable was the mean CIMT thickness in micrometers (um) of the far walls of both the left
and right CCA. Images were taken with a linear-array 12L-RS transducer using GE Healthcare B-mode LOGIQ
e ultrasound machine (GE, Healthcare, CT, USA). To measure the right CCA, the participant was asked to
lie down in a supine position with a pillow underneath the neck for slight extension, head turned towards
the left at a 45-degree angle and gel applied to the exposed neck area. Using the two sternocleidomastoid
muscles as landmarks, the exposed area was scanned along the longitudinal plane until the CCA was found.
The operator then identified a continuous one-centimeter segment (10mm) of the CCA far wall after which
the image was frozen. The operator then placed a cursor between two points (10mm apart) on this identi-
fied segment of the far wall with the proximal starting point one centimeter from the bulb of the CCA.
The inbuilt software in the ultrasound equipment then automatically detected the intima-lumen and the
media-adventitia interfaced and calculated the minimum, maximum and mean common CIMT in mm to
two decimal places. To measure the left carotid, the participant’s head was turned to the opposite side,
and the process was repeated [24]. We measured one site or angle of the CCA instead of multiple carotid
sites or angles, because it was easier to measure and was equally reliable at enabling its widespread use at
all study sites and aligned to real life setting measurements [31-33]. To ensure reproducibility and reduce
CIMT measurement variability, masked repeated measurements of the 15 volunteers were conducted by
each trainee and the lead trainer. The coefficient of variation between and within trainees was calculated
and maintained at <2%. Subsequently, the same settings and calibrations of the ultrasound equipment were
used at each site for data collection.

Exposure variables: Adiposity phenotypes
The different adiposity phenotypes included in this analysis were body mass index, hip circumference, waist
circumference, visceral adipose tissue and subcutaneous adipose tissue.

BMI: Standing height to the nearest 0.Imm and weight to the nearest 0.1kg of each participant were
measured without shoes and in light clothes using a Harpenden stadiometer (Holtain, Crymych, Wales) fixed
to the wall and a digital calibrated weighing scale (SECA, Hamburg, Germany) respectively. The BMI was
subsequently calculated as weight in kg/height in m2.
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Waist circumference (WC) and hip circumference (HC): WC was measured using a stretch-resistant
tape measure (SECA, Hamburg, Germany). Participants were asked to wear only light or tight-fitting
clothing, with the outer clothing removed to enable the tape to be positioned correctly. The participant
breathed normally and stood straight with arms slightly abducted when the tape was placed horizon-
tally around the narrowest part of the torso, about halfway between the iliac crest and the lowest rib.
Measurements of the WC were taken at the end of a normal expiration without the compression of the
tape. The WC was recorded to the nearest 0.1cm. The HC was measured by placing the tape around the
most protruding part of the buttocks, ensuring that the zero mark was to the participant’s side. The HC
was measured to the nearest 0.1cm.

Visceral (VAT) and subcutaneous (SCAT) adipose tissues: These were measured using a B-mode
LOGIQ e ultrasound machine (GE, Healthcare, CT, USA) with a 2.5MHz 3C-RS curved array transducer.
A depth of 15cm and 9cm were used for VAT (medial) and SCAT measurements, respectively. For both
measurements, participants were in the supine position, gel applied to the lower abdomen and the
probe positioned with minimal compression on the midline at a level midway between the lower costal
margin and the iliac crest with appropriate adjustments in the gain settings. The xiphi-sternum and
umbilicus were used as a guide for accurate positioning. For VAT imaging, the transducer was held hori-
zontal and the spine visualised in the horizontal position with the vertebra in the centre of the image.
The participant was then asked to breathe quietly, and the measurement was taken at the end of the
exhalation. To calculate the amount of VAT, the paused ultrasound image was brought up onto the
screen. The first cursor was placed anterior to the spine (on the fat pad if visible), and the second cursor
on the thin peritoneal layer beneath the anterior rectus abdominal muscles. Care was taken to ensure
that the measurement was perpendicular to the surface of the lumbar vertebra and taken between the
peritoneum and the spine where there is a clear space between the vertebra and the aorta. The measure-
ment was repeated by producing a second image, and the results recorded in cm to two decimal places.
An immediate quality check was done to ensure that the spine, abdominal aorta and rectus abdominal
muscle were visualized on the image [34, 35].

For the measurement of SCAT (transverse), the ultrasound probe was rotated through 90 degrees and the
depth setting adjusted to 9cm. The rectus abdominus muscles were visualized, with care taken to ensure
that both muscles were symmetrical in the image, and that the linea alba was centrally located, the gain
adjusted accordingly, and the image captured. To calculate the SCAT measurement, the distance between
the skin and the outer edge of the linea alba was measured on the screen, as described above. The measure-
ment was then taken from a second image, and the results recorded similarly, in cm to two decimal places.
The reliability of these ultrasound measurements in estimating adiposity has previously been validated in a
black South African population [35].

Covariates

Selected covariates were those that contribute to the development of CVDs and can confound the associa-
tion between adiposity phenotypes and CIMT. These included age, level of education (highest level of edu-
cation obtained), household socio-economic status (estimated by calculations based on household assets,
according to the practice implemented by the Demographic and Health Surveys (DHS) Program) [24], alco-
hol consumption, smoking and physical inactivity assessed by measuring moderate-to-vigorous physical
activity (MVPA). Physical inactivity was defined as MVPA < 150 mins/week. Other covariates included systolic
blood pressure, glucose, total cholesterol, HDL-C, LDL-C and HIV infection and ART use. Post—menopausal
status in women was defined as having no period within the past 12 months. Details of how these variables
were measured have been reported previously [24].

Data analysis
All data analyses were conducted with STATA version 14.1 (College Station, Texas, USA). We computed an
average of the mean right and left far wall common CIMT thickness in micrometers (um) as the main out-
come variable. Continuous data were normally distributed and were summarized as means with standard
deviations (+SD) and categorical data presented as absolute counts with corresponding percentages (%).
Differences in mean (+SD) levels of the various adiposity phenotypes between women and men within the
sites were determined using Student t-tests.

We determined the association between each adiposity phenotype and CIMT using an inverse-variance
weighted fixed-effect individual participant data meta-analysis (IPD-MA) using the “ipdmetan” package in
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STATA. This approach offered standardisation of analyses across study sites while taking into account poten-
tial clustering and heterogeneity of the different study populations [36]. We were thus able to compare
the magnitude of the effect of each adiposity phenotype on CIMT across the various study sites. In these
analyses, we obtained a test of the overall effect of each adiposity measure on CIMT in the total sample. We
also obtained between-study variance as a percentage of the total variance between study populations (%),
giving us an idea of the extent of heterogeneity. Forest plots are plotted to display the effect measure and
the percentage weight of the various study populations.

Where heterogeneity is significant as demonstrated by a higher % I, subgroup analyses were conducted
for each site. In these sub-group analyses, the association of adiposity phenotypes with CIMT in each
separate site was assessed using adjusted multiple linear regression. These analyses were done in multiple
sequential models. In the first step, we initially determined the independent association between each
adiposity phenotype and CIMT. We then adjusted for covariates in a sequential manner. In Model 1, we
adjusted for age, level of education, and household SES; Model 2 included variables from Model 1 plus
additional adjustments for smoking, alcohol consumption, and MVPA. Model 3 was based on Model 2 plus
each of the other body adiposity phenotypes. Adiposity phenotypes that had a variance inflation factor
(VIF) >5 were dropped from Model 3. Thus, BMI, WC and HC were strongly correlated and were therefore
not included in Model 3, whereas VAT and SCAT were included. Model 4 included Model 3 plus systolic
blood pressure, glucose, HDL-C, LDL-C, total cholesterol and HIV infection. In women, menopausal status
was also adjusted for in Model 4.

Measures of associations are reported as standardised beta () coefficients denoting differences in mean
CIMT in pum caused by a unit increase in the adiposity phenotypes. Statistical significance was set at two—
sided, p < 0.05.

Results

Data were available for 10,863 participants, but 1,341 had no CIMT data which included all women from
Soweto. In addition, 512 participants had missing data from the other variables. Therefore, we conducted
complete case analyses of 9,010 participants from six sites in four countries.

Descriptive data
The basic characteristics of the AWI-Gen study participants stratified by study site and sex are presented in
Table 1. For the combined data from all sites, women had a mean age of 50.1x6 years compared to 49.8+9
years for men. In all sites, men had a higher mean household SES compared to women and similar observa-
tions were made for educational attainment (Table 1). Men showed a higher prevalence of both current
smoking and alcohol consumption than women at all sites. Physical activity levels varied across sites, but
women were more likely to be physically active. The prevalence of obesity was higher in women than men at
all sites except Nanoro, Burkina Faso. Both women and men from Navrongo had the highest mean common
CIMT followed by Nanoro, Dikgale, Agincourt and Soweto (men only) with the lowest levels in both sexes
being observed in Nairobi (Table 1).

The mean levels of the various adiposity phenotypes by site and gender are summarized in Table 2.
Gender differences (p < 0.001 for all) were noted for all adiposity measures at all sites, with the exception of
VAT and SCAT at Nanoro.

Relationship between adiposity phenotypes and CIMT

Figures 1-5 present the forest plots showing the site-specific and pooled IPD-MA of the association of
each adiposity phenotype with CIMT. There was an overall positive effect of BMI on CIMT in the pooled
analyses and in all sites, but the effect in Navrongo was not statistically significant (Figure 1). The IPD-
MA for WC (Figure 2), HC (Figure 3) and SCAT (Figure 5) also gave significant positive pooled effects. In
Nanoro, VAT had an inverse association with CIMT while the pooled effect was positive (Figure 4). The
pooled IPD-MA demonstrated that BMI had the highest effect measure followed by SCAT, VAT, WC and
HC. These analyses demonstrated between-site heterogeneity which shows that the fixed-effect assump-
tion (that the effect is the same at each site) is incorrect. The variability in the effect-size estimates
is therefore due to between-site differences rather than sampling variation. We therefore conducted
separate analyses for women and men in each site and reported these results in supplementary Tables
S1 and S2. The summary measures of heterogeneity and the test of overall effect are presented in sup-
plementary Table S3.
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Table 1: Basic characteristics of AWI-Gen study participants from six sites stratified by sex.

Characteristics All sites Nanoro Navrongo  Agincourt Dikgale Soweto Nairobi
(N=9010) (n=2074) (n=1729) (n=1248) (n=1142) (n=904) (n=1913)

Women (n (%)) 4536 (50.3) 1033 (49.8) 935 (54.1) 738(59.1) 788 (69.0) - 1042 (54.5)
Age (years) 50.1 £ 5.77 49.79+5.65 5153+5.74 50.29+5.69 50.53 +5.95 - 4828+5.29
Formal education 2221 (51.5) 70(6.84) 235(22.2)  253(66.1)  723(90.9) - 940 (89.4)
Household SES 9.61+£3.80 10.74+3.39 9.01+£4.52 6.86+2.89 10.07 +3.06 - 10.79 £ 3.01
Currentalcohol ~ 1383(32.0) 618(59.9) 581(54.7)  135(18.3) 100 (12.6) ~  294(282)
Current Smoking 176 (3.89) 2(0.19)  31(3.32) 9(122)  54(6.86) - 80 (7.68)
Obesity 1084 (23.9)  12(1.16)  36(3.85) 302(413) 402(51.0) - 332(319)
Low MVPA 545(12.6) 136(132) 199(187)  85(22.2) 27(3.44) - 95 (9.12)
Height (m) 1.59+0.07 162+0.06 158+0.07 1.61+0.07 159+0.07 - 159+0.06
Weight (kg) 64.25+ 17.81 53.20+£9.42 55.58 + 10.71 75.67 + 18.81 77.76 £ 20.76 — 68.48 £ 15.45
Systolic blood 121.7 £22.7 1112+ 175 123.3+23.0 1345+234 126.7+21.1 - 1178 +21.8
pressure (mmHg)

Diastolic blood 775+129 711+981 771+126 806+13.2 825+129 - 783%132
pressure (mmHg)

Glucose (mmol/I)  5.09+175 5.00+091 459+0.70 494+139 5.28+246 - 559+236
LDL-C (mmol/1) 227+098 193+0.81 1.71+0.72 2.34+094 2.64+102 - 2.86+0091
HDL-C (mmol/1) 115+038 105+035 112+034 119+035 118+0.35 - 126+044
HIV+ 612 (13.5) 4(0.39) 6(0.64) 260(352) 171(21.7) - 171(164)
Post-menopausal  1481(40.1)  352(34.8) 262(39.4)  83(318) 376(52.7) — 409 (39.1)
Average common 636.3+ 113.9 648.3+112.1 692.2+119.3 609.8 +88.9 635.7+111.8 — 593.6 £104.9

CIMT (um)

Men (n (%)) 4474 (49.7) 1041 (50.2) 794 (45.9) 510 (40.9) 354 (31.0) 904(100) 871 (45.5)
Age (years) 49.8+589 49.80+6.00 50.51+571 50.25+596 50.04+6.0149.35+599 48.78 + 5.60
Formal education 2959 (67.3) 280 (27.3)  342(37.9)  252(77.8) 332(94.1) 919(99.1)  834(96.1)
Household SES ~ 10.62+4.31 11.85+4.18 10.12+4.87 6.52+2.62 952+338 12.11+3.12 11.59 + 3.51
Currentalcohol 2696 (61.3)  691(67.3)  702(77.8)  135(417) 216(612) 660(712)  292(33.6)
Current Smoking 1521 (34.6)  142(13.8)  384(425)  81(25.1) 222(63.1) 490(53.0)  202(23.3)

Obesity 299(6.69)  23(2.21) 9(1.13)  64(126)  10(2.82) 150(16.6) 43 (4.94)
Low MVPA 716(16.3)  255(24.8)  90(10.0)  69(21.3) 13(3.7) 254(27.4) 34 (4.0)
Height (m) 171£007 173+007 167+0.08 1724007 169+006 1.71+006 1.69+0.07
Weight (kg) 65.91+ 14.31 6522+ 11.98 58.70 + 9.69 72.59 + 17.00 62.18 + 12.62 7309+ 1748 65.58 + 11.89

Systolic blood 1254 +£20.5 1201+178 1244+20.0 1322+215 1246+204 131.1+21.1 122.4+20.2
pressure (mmHg)

Diastolic blood 799+133 76.0+108 76.6+129 799+129 784+120 89.3+13.2 78124
pressure (mmHg)

Glucose (mmol/l)  5.05+151 511+151 449+077 506+193 497+171 529+156 524+ 146
LDL-C (mmol/l)  236+0.99 249+101 170+076 229094 235101 2.37+092 2.87+0.95
HDL-C (mmol/l) ~ 122+044 119+038 118+042 121+044 124+047 121+046 1.28+0.50
HIV+ 496 (11.1) 5(0.48) 7(0.88)  168(329)  72(20.3) 179(19.8) 65 (7.46)
Average common 6379+ 120 679.9+121 688.1+120 6082+97 6357+119 6169+ 112 5819+ 101
CIMT (m)

Obesity defined as BMI > 30 kg/m?and data presented as absolute count and percentages = n (%) or as mean + SD
(standard deviation); SES, socio-economic status; MVPA, moderate-to-vigorous physical activity and low is defined as
MVPA < 150 mins/week; CIMT, carotid intima-media thickness; LDL-C, low density lipoprotein cholesterol; HDL-C, high
density lipoprotein cholesterol and HIV, human immunodeficiency virus.
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Table 2: Mean distribution of the various adiposity measures among men and women by study site.

Adiposity All sites Nanoro  Navrongo Agincourt Dikgale Soweto Nairobi
phenotype (N=9010) (n=2074) (n=1729) (n=1248) (n=1142) (n=904) (n=1913)

Women

BMI (kg/m?) 25.6+6.99 202+3.13 221+379 29.2+6.75 30.8+798 - 276+6.08
WC (cm) 855+152 758+806 763+925 946+149 94.1+16.6 - 90.6+143
HC (cm) 982+ 144 886+757 89.1+943 105+129 109+ 155 - 102+121
VAT (cm) 494+200 438+116 351+108 574219 6.83+2.25 - 477+161
SCAT (cm) 172+ 114 0.99+052 113+0.54 258+1.74 2.29+1.04 - 194+0.71
Men

BMI (kg/m?) 22.6+4.56 21.6+358 209+3.25 241+533 21.7+395 249+565 22.8+3.89
WC (cm) 824+125 814+983 732+719 875+135 803+11.3 889+14.8 834+10.7
HC (cm) 919+10.6 909+9.04 841+794 959+10.2 895+898 979+11.1 93.2+9.65
VAT (cm) 533+194 443+132 421+119 647+2.08 6.15+187 658+2.07 521+171
SCAT (cm) 116 +£0.89 095+049 0.77+037 171+179 094+049 155+092 114+0.54

Data expressed as mean + SD; BMI, body mass index; WC, waist circumference; HC, hip circumference; VAT, visceral adi-
pose tissue and SCAT, subcutaneous adipose tissue.

%
Sites Effect (95% CI) Weight
Nanoro + 18.84 (11.23, 26.46) 12.75
Navrongo —T— i 4.44 (-4.67,13.54) 8.91
Nairobi —— ; 12.15 (6.72, 17.58) 25.08
Agincourt _’._ 18.45 (12.94, 23.96) 24.35
Digkale E—O— 28.29 (21.12, 35.46) 14.38
Soweto E — 35.34 (28.20, 42.47) 14.53
Overall (I-squared = 88.2%) @ 19.54 (16.82, 22.26) 100.00

I I
-50 0 50

Figure 1: Forest plot displaying an inverse-variance weighted fixed-effect individual participant data meta-
analysis of the effect of BMI (kg/m?) on common carotid intima-media thickness (um); the effect size
(beta, B) and 95% Cls are presented by the symbol and the bars respectively; the big diamond represents
the overall effect of BMI in the poled data and the grey squares represent the % weight of each study site.

The strength of the associations between each adiposity measures and CIMT stratified by sex varied across the
sites, however the direction of the significant associations were the same for all the adiposity phenotypes except
VAT and SCAT. VAT was negatively associated with CIMT at Nanoro in both women and men and negatively asso-
ciated in men at the Navrongo site while SCAT was inversely associated with CIMT among women at all sites.
Adjusting for covariates in the models that included all women or all men did tend to affect the strength of the
associations, but it did not change the direction of the relationship or render the association significant or non-
significant when compared to the initial unadjusted model. The strength of association of each anthropometry
measure with CIMT was higher in men than in women at all the study sites (supplementary Tables S1 and S2).
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%
Sites Effect (95% ClI) Weight
Nanoro —d— 1.21 (0.70, 1.72) 10.87
Navrongo —Oi— 1.11 (0.48, 1.75) 7.09
Nairobi —— ' 0.74 (0.39, 1.09) 23.08
Agincourt + 0.99 (0.67, 1.32) 26.20
Digkale :—0— 1.71 (1.31, 2.11) 17.86
Soweto I —&— 2.15(1.71, 2.58) 14.89
Overall (I-squared = 84.4%) @ 1.27 (1.10, 1.44) 100.00
T |
-2 0 2

Figure 2: Forest plot displaying an inverse-variance weighted fixed-effect individual participant data meta-
analysis of the effect waist circumference (cm) on common carotid intima-media thickness in pum; the
effect size (beta, () and 95% Cls are presented by the symbol and the bars respectively; the big diamond
represents the overall effect of waist circumference in the poled data and the grey squares represent the
% weight of each study site.

%
Sites Effect (95% CI) Weight
Nanoro + 1.20 (0.64, 1.75) 12.02
Navrongo —T— ' 0.28 (-0.32, 0.88) 10.26
Nairobi + 0.70 (0.30, 1.10) 23.30
Agincourt —IQ— 1.22 (0.83, 1.62) 23.57
Digkale —:—0— 1.48 (1.05, 1.91) 19.78
Soweto , —o— 2.81(2.23,3.38) 11.06
Overall (I-squared = 89.2%) @ 1.23 (1.03, 1.42) 100.00
| T
-2 0 2

Figure 3: Forest plot displaying an inverse-variance weighted fixed-effect individual participant data meta-analy-
sis of the effect hip circumference (cm) on common carotid intima-media thickness in um,; the effect size (beta,
() and 95% Cls are presented by the symbol and the bars respectively; the big diamond represents the overall
effect of hip circumference in the poled data and the grey squares represent the % weight of each study site.

Discussion

In this study, we examined the association between various adiposity phenotypes and common CIMT in Afri-
can populations from Burkina Faso, Ghana, Kenya and South Africa. The selected age group of 40-60 years
has been identified by World Health Organization to be at risk of “premature death” from CVDs [5], indicat-
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Sites

Nanoro
Navrongo
Nairobi
Agincourt
Digkale
Soweto

Overall (I-squared = 90.2%)

1
1
1
1
1
0
1
1
1
. 1

—

R —

Effect (95% CI)

-4.12 (-7.82, -0.42)
2.60 (-2.09, 7.28)
6.68 (4.03, 9.33)
4.27 (2.00, 6.55)
10.17 (7.39, 12.94)
10.84 (7.71, 13.97)
5.86 (4.65, 7.07)

%
Weight

10.64
6.64
20.77
28.17
18.92
14.86
100.00

-10

O

0 10

Figure 4: Forest plot displaying an inverse-variance weighted fixed-effect individual participant data meta-
analysis of the effect visceral adipose tissue (cm) on common carotid intima-media thickness in pum; the
effect size (beta, ) and 95% Cls are presented by the symbol and the bars respectively; the big diamond
represents the overall effect of visceral adipose tissue in the pooled data and the grey squares represent

the % weight of each study site.

%

Sites Effect (95% CI) Weight
Nanoro E B 13.04 (3.88, 22.21) 5.49
Navrongo i . 7.40 (-3.88, 18.68) 3.62
Nairobi ——*-E— 3.63 (-3.19, 10.46) 9.90
Agincourt —+— E 0.27 (-2.47, 3.01) 61.51
Digkale i —_— 16.91 (10.26, 23.57) 10.42
Soweto E —&——— 19.09 (11.96, 26.23) 9.06
Overall (I-squared = 88.1%) @ 5.00 (2.85, 7.15) 100.00
I I
-20 0 20

Figure 5: Forest plot displaying an inverse-variance weighted fixed-effect individual participant data meta-
analysis of the effect subcutaneous adipose tissue (cm) on common carotid intima-media thickness in pm;
the effect size (beta, ) and 95% Cls are presented by the symbol and the bars respectively; the big dia-
mond represents the overall effect of subcutaneous adipose tissue in the pooled data and the grey squares
represent the % weight of each study site.

ing significant public health implications of the current findings. We standardized our estimates to enable
us to compare the magnitude of the effect of the various adiposity phenotypes on CIMT by sex and the
various study sites. We observed that all adiposity phenotypes were positively associated with an increase in
CIMT in the pooled analyses. The associations were stronger in men than in women except for SCAT where
the association was stronger in women than in men. We further observed that, after adjusting for possible
confounding variables, BMI had the strongest association with CIMT followed by VAT, SCAT, WC and HC.
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Our finding that various adiposity phenotypes were associated with greater CIMT in both women and men
expands the evidence on this matter since it has been previously reported in European, American, African—
American and Asian populations [17-19, 37, 38]. In our study, BMI showed a stronger association with
CIMT compared to the other measures of adiposity. This is contrary to many studies which have shown that
central adiposity, particularly VAT, is a stronger determinant of CVD risk than BMI [11, 39]. However, none of
these studies included data collected from African populations resident in sub—Saharan Africa. A study from
Malawi previously reported a stronger association of general obesity with hyperglycemia and elevated blood
pressure over that of central obesity [40]. In support of the results produced in our investigation, a study
conducted on HIV-positive participants from Uganda demonstrated that BMI, but not waist circumference,
correlated positively with CIMT [41]. The attenuated effect of VAT and markers of central adiposity on CIMT
in sub—Saharan African populations may be related to the lower level of VAT observed in these populations
when compared to other ethnic groups [12, 13, 42, 43].

We observed that there was a positive effect of BMI on CIMT in the two West African sites which had the
lowest levels of BMI but the highest CIMT levels. Biologically, obesity is known to be associated with CVD
risk and our finding supports this observation. However, we noticed the magnitude of the effect of BMI on
atherosclerosis was smaller in these two sites compared to the other sites that had higher obesity levels. The
high CIMT in West Africa must therefore be due to other variables that were not captured in this study as
many factors are known to influence CIMT other than BMI.

The association between various measures of body adiposity and CIMT may be mediated by other CVD
risk factors such as high serum cholesterol and blood pressure levels. However, after adjusting for these
risk factors in multivariable regression models, the association between adiposity phenotype and CIMT was
attenuated, but still remained significant. Thus, other factors must be mediating the effect of adiposity on
CIMT and previous studies suggest that these may include inflammation, insulin resistance and endothelial
dysfunction [44].

In our study, SCAT was positively associated with CIMT in men but inversely associated with CIMT in women,
and these gender—specific associations were consistently observed at each study site. The inverse association
of SCAT with CIMT observed in women is supported by other studies that have observed that SCAT may be
protective against several diseases including atherosclerosis. Narumi et al (2009), who assessed atherosclerosis
using the calcium score of the whole aorta, demonstrated an inverse association between SCAT and athero-
sclerosis in an apparently healthy Japanese population [45]. Bouchi et al (2015) further observed a protective
effect of SCAT on CIMT among Japanese type 2 diabetes patients [46]. A study by Glesby et al (2018) in a group
of HIV-positive American females showed that higher SCAT levels were associated with a lower risk of carotid
artery plaques [47]. The protective effect of SCAT may be due to the expression of a less pro-inflammatory adi-
pokine profile compared to visceral fat [39, 48] and/or the ability of SCAT to act as a buffer for lipid flux thus
reducing triglyceride deposition in visceral or ectopic fat depots [49]. Women had higher mean SCAT levels
compared to men and this may contribute to the greater protective effect observed in this gender.

In addition, abdominal SCAT is composed of two different compartments termed superficial and deep SCAT,
with women having lower levels of deep but higher levels of superficial SCAT than men [50]. Furthermore,
a study has shown that deep SCAT is positively associated with the Framingham risk score in multivariable
regression models in men but not women [51]. It is uncertain whether these sex differences in abdominal
SCAT compartments and their differential association with cardiovascular risk may explain the opposing
effects of SCAT on CIMT observed in men and women. Levels of deep and superficial SCAT were not meas-
ured in this study and further analysis of these SCAT compartments and their association with CIMT is
required in African populations. Also, the higher 95% Cls for the coefficients for SCAT and the high standard
deviations for the SCAT mean values may imply some level of measurement imprecision, further affecting
the outcome.

We observed that the association of each adiposity phenotype (with the exception of SCAT) with CIMT was
stronger in men than women. This is supported by a study from Taiwan which showed that BMI was more
strongly associated with CIMT in men than women [52]. Studies have shown that sex differences exist in
adipocyte function and secretory profiles [53], but whether such differences explain the differential effects
of obesity on CIMT in men and women is not known. It is also possible that this sex difference may be due
to differences in the component causes for increased CIMT between men and women.

At most of the study sites, VAT was positively associated with CIMT, but in men in Navrongo and both
women and men in Nanoro, West Africa, these associations were in the opposite direction. The reason for this
is not known. However, VAT levels at these sites were the lowest of all the sites, whilst CIMT was the highest.
In addition, the majority of the participants from West Africa were subsistence farmers, whilst this was not
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the case in the other regions. It is therefore possible that biological, behavioural and socio-demographic dif-
ferences across the sites that have not been captured in the current study may explain these variations in the
association of VAT with CIMT, and require further investigation. However, it must also be noted that some of
the site differences may be due to random error or differences in the population selection at the various sites.

Strengths and limitations

This study contains data on CIMT and adiposity phenotypes from a large population of black African subjects
from three sub-continental regions, that is, East, West and South Africa and, to the best of our knowledge, is
the largest study conducted on populations residing in SSA. Measurements of exposure and outcome vari-
ables and covariates were harmonized across the six study sites. This minimized variability and enabled us to
make valid comparisons by sex and site across the study populations. Most large population-based studies
use crude markers of adiposity, however, in this study we used ultrasound to assess VAT and SCAT levels. Due
to the broad range of adiposity measures used in our analyses, we were able to investigate the contribution
of general, central and peripheral adiposity to atherosclerosis in the study population. Furthermore, we
adjusted for a wide range of confounding variables including socio—economic status, lifestyle factors and
other cardiovascular risk factors, to minimize the effect of residual confounding.

There are some limitations to our study. Due to the cross—sectional study design, it is not possible to infer
causality. Even though we included a wide range of possible confounding variables, our observed associa-
tions may still be affected by persistent residual confounding due to unmeasured variables that may better
explain reported associations. Since most of the risk factors were self-reported, there is the risk of recall bias
and selective response leading to some biased estimates. The gold—standard methods for measurement of
VAT and SCAT include CT and MRI imaging, whereas we used B-mode ultrasound measures. However, this
method was the only practical way of measuring VAT, SCAT and CIMT in a large population—based study
across multiple sites. Despite significant efforts instituted to reduce inter-sonographer measurement varia-
tion, we fully acknowledge that there may be some level of error obtained in the measurements in the field.

Conclusions

The results from this study suggest that the increasing prevalence of obesity within SSA will likely result in
a surge in atherosclerotic cardio- and cerebrovascular events, especially in males, unless addressed through
primary prevention of obesity in both rural and urban communities across Africa. The inverse association
between VAT and CIMT in West Africa (Burkina Faso and Ghana) requires further investigation.

Additional File

The additional file for this article can be found as follows:

- Supplemental Material. Supplementary material contains site specific multiple linear regres-
sion analyses with sequential model building approach (Table S1 and S2) and summary measures
of heterogeneity from the individual participant data meta-analyses (IPD-MA). DOI: https://doi.
org/10.5334/gh.863.s1
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