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ABSTRACT

Objective: Menopause-related changes in body composition and physical function are unclear in
Southern Africa, particularly in the context of a generalized HIV epidemic with high antiretroviral therapy
(ART) coverage.

Method: A total of 263 Zimbabwean women (53% women living with HIV [WLH]) aged 40-60years
provided data on menopause, ART use, anthropometry, body composition (appendicular lean mass
[ALM], muscle area, fat mass), handgrip strength (HGS) and gait speed. Linear regression determined
relationships between body composition and physical function, unadjusted and age-menopause-adjusted,
stratified by HIV status. Univariate logistic regression investigated associations between body composition
and self-reported falls.

Results: WLH (96% ART established) were a median (interquartile range) 10.4 (6.4-14.5) years since
diagnosis, with lower weight, body mass index, ALM, fat mass and HGS than women living without HIV
(WLWOH). With menopause transition, WLH lost weight, ALM, gynoid mass and muscle area (all p-trend
<0.05); however, WLWOH did not. Both WLH and WLWOH lost HGS (p-trend <0.05). ALM was positively
associated with HGS in all women. In WLH, greater percentage body fat, particularly gynoid fat, was
associated with increased odds of falls (1.69 [1.00-2.89], p=0.049 and 1.72 [1.08-2.75], p=0.023,
respectively).

Conclusion: Women living with HIV were more likely to experience adverse changes in body composition
through menopause; fat mass gains were associated with risk of falls.
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Introduction indicators such as handgrip strength (HGS) and gait speed, is
associated with increased mortality and morbidity in

In mid-life women, changes in body composition, particularly high-income countries [8-11]. However, data from African

the accumulation of excess abdominal adiposity, are linked to
negative health outcomes, including cardiovascular disease,
stroke and diabetes [1,2]. While mid-life weight gain varies,
one large multi-racial American cohort reported an average
increase of 0.7kg per year [3]. A recent meta-analysis of 201
studies reported primarily age-related increases in weight
and most measures of adiposity from mid-life, in addition to
menopause-related fat redistribution [4]. Increased adiposity
coupled with age-related declines in lean mass [5] is associ-
ated with poor physical function and frailty [6,7]. In turn,
poor mid-life physical function, as measured by simple

countries remain scarce [12], and our understanding of the
relationships between mid-life body composition and physi-
cal function, in addition to their role in future health, remain
limited. This is important as the prevalence of overweight
and obesity is increasing rapidly across Africa, particularly in
urban and urbanizing settings [13-15]. Data are needed
given the unique challenges faced by low and middle-income
African countries, including the high prevalence of HIV, lim-
ited healthcare access and widespread food insecurity, since
the relationships observed in high-income countries may not
be generalizable to these settings.
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In recent decades, life expectancy in Eastern and Southern
Africa has increased due to the success of antiretroviral ther-
apy (ART), which has transformed HIV into a chronic manage-
able, albeit incurable, condition [16,17]. While more women
living with HIV (WLH) now reach menopause [18,19], they
may be at greater risk of age-associated non-infectious
comorbidities (e.g. osteoporosis and sarcopenia) and syn-
dromes of aging (e.g. frailty) [20-23] than their HIV-negative
peers. Both HIV and ART affect body composition and physi-
cal function [24-29]; untreated HIV is associated with weight
loss reversed following ART initiation [24-26], while data sug-
gest dolutegravir (DTG) is associated with weight gain [30-
32]. However, longitudinal data that could elucidate the
potential long-term effects on body composition as WLH
transition through menopause into old age are lacking. While
US data suggest synergistic deleterious effects associated
with reduced physical function and HIV infection [28], such
data are not generalizable to African populations. Equally,
relationships between HIV, ART use and sarcopenia are not
well established in the African context, due to the few stud-
ies, the absence of population-specific normative data and
the use of diagnostic criteria developed for other populations
[33-35].

Until well-validated population-specific diagnostic criteria
are available for the classification of sarcopenia and related
geriatric syndromes, simple objective measures of physical
function remain the most pragmatic predictors of health
from mid-life into older age. Thus, this secondary analysis
sought to describe how body composition influences physi-
cal function at mid-life in Zimbabwean women, with an
emphasis on the impact of HIV. The aims of this study were
to determine differences in body composition and physical
function in mid-life Zimbabwean WLH and women living
without HIV (WLWOH); the relationship between measures of
lean mass (as an estimate of muscle mass) and adiposity on
physical function in mid-life Zimbabwean women; and the
influence of HIV-specific factors on body composition and
physical function.

Methods
Recruitment

The study design has been described previously [36,37]; in
brief, between April and December 2020, women aged
40-60years who were resident in Harare were enrolled in a
cross-sectional study, sampled by four age strata (40-44,
45-49, 50-54 and 55-60years, to span the period of meno-
pausal transition) and HIV status with the aim to recruit 400
women equally split by HIV status. WLH were recruited from
Sally Mugabe (formerly known as Harare Central) and
Parirenyatwa Hospital HIV clinics, the two main public health-
care hospitals in Harare. WLH were asked to identify two
female friends of a similar age, with telephone access, who
would potentially also be interested in participating (this
approach was necessary to comply with COVID-19 guidelines
in place at the time). Women aged between 40 and 60years
resident in Harare who were not acutely unwell and were
willing to undergo a HIV test were recruited.

Data collection

Socio-demographic data including highest educational attain-
ment, employment status, lifestyle information (e.g. tobacco
smoking/use and alcohol intake) and medical history were
captured by questionnaire. Medications were recorded,
including ART regimen, menopausal hormone therapy and
medicines affecting bone health.

Menopause staging

Women were pragmatically staged for menopause based on
final menstrual period as conducting gold-standard Stages of
Reproductive Aging Workshop (STRAW +10) staging [38] was
unfeasible for the research assistants. Women currently hav-
ing regular periods were classified as premenopausal, women
having irregular periods and/or a period within the previous
12months were classified as perimenopausal, and women
who had had no bleeding for 12months or more were clas-
sified as postmenopausal. Twenty-one women who reported
a hysterectomy, 20 of whom also had oophorectomy, were
excluded as hysterectomy prevents menopausal staging using
menstrual bleeding criteria [38,39] (Supplemental Figure S1).
A further 113 women who reported the use of hormonal
contraceptives, which precluded them from menopause stag-
ing, were also excluded from this secondary analysis
(Supplemental Figure S1). No women reported using meno-
pause hormone therapy.

HIV testing

All women recruited without an established HIV diagnosis
had a point-of-care HIV antibody test performed using Alere
Determine HIV-1/2 (Alere San Diego, Inc.,, San Diego, CA,
USA). If negative, they were enrolled into the HIV-negative
group. If positive, after a confirmatory test (Chembio SURE
CHECK HIV %2 Assay), they were offered enrollment into the
WLH group and referred to local HIV services [40]. Blood
samples (4ml) were collected in ethylenediamine tetraacetic
acid (EDTA) tubes, from which HIV viral load testing was per-
formed using the Roche COBAS Ampliprep/COBAS Tagman48.

Anthropometry

Two nurses measured height (centimeters) and weight (kilo-
grams) using a Seca 213 stadiometer and Seca 875 digital
scales (Seca Precision for health, Hamburg, Germany), respec-
tively, with the mean of both measurements calculated. Body
mass index (kg/m?) was calculated.

Peripheral quantitative computed tomography muscle
scanning

Peripheral quantitative computed tomography (pQCT) scans
of the non-dominant lower leg were acquired using an XCT
2000L (Stratec Medizintechnik, Pforzheim, Germany) as
described previously [41]. Briefly, muscle density, a surrogate
measure of intramuscular adipose tissue, and muscle
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cross-sectional area (CSA) were obtained at 66% of the limb
length (Supplemental Figure S2). A voxel size of 0.5x0.5mm?
and slice thickness of 2mm were used. The CT scan speed
was 30mm/s. pQCT images were processed using the manu-
facturer’s software (Stratec XCT version 6.2). Muscle CSA was
derived via subtraction; that is, bone CSA measured at a
threshold of 280mg/cm?® with contour mode 1 and peel
mode 2 (C1P2) was subtracted from bone and muscle CSA
measured at a threshold of 40mg/cm3 C1P2 and muscle
smoothing filter FO3FO5 (Supplemental Figure S2). Muscle
density was extracted at 100mg/cm? using the FO3FO5 filter.
Scans were qualitatively graded through visual inspection
and scans with excessive movement or other artifacts
excluded.

Dual-energy X-ray absorptiometry body composition

Dual-energy X-ray absorptiometry (DXA) whole-body scans
were performed using a Hologic Discovery A instrument
(Hologic Inc., Bedford, MA, USA; Apex Version 13.4.2:3 soft-
ware; S/N 83145). Body composition outcomes were total
lean mass, total fat mass, percentage body fat, android and
gynoid fat mass. Appendicular lean mass (ALM) was derived
by adding the lean mass of the arms and legs, which was
normalized to height to calculate the appendicular lean mass
index (ALMI=ALM / height?). For practical reasons, the head
was subtracted from whole-body scan regions. A single
trained radiographer performed whole-body scans.

Scanner calibration and inter-operator precision

Both scanners were regularly calibrated using their respective
manufacturer’s phantom to perform daily quality assessment
scans and weekly quality control scans throughout the study.
Inter-operator precision was obtained from repeat scans from
a subset of women (n=30) with root mean squared coeffi-
cients of variation derived: pQCT (n=28), 3.2% and 0.8% for
muscle CSA and muscle density, respectively; and DXA
(h=30), 1.0% and 1.2% for lean mass and fat mass, respec-
tively [41].

Physical function, frailty and falls

HGS was measured by dynamometer (Jamar Hand
Dynamometer, IL, USA) [42] with participants seated in an
upright position with their arm supported on the armrest of
the chair, wrist in a neutral position and the thumb facing
upwards. Participants were instructed to exert maximal
force. One practice effort was permitted followed by three
test measurements. The outcome measured was force (kilo-
grams) for the highest effort. Gait speed was obtained from
standing over a 4-m marked course with the participant
starting to walk when prompted. Timing stopped when
they crossed the end of the course. Gait speed <0.8ms™'
was considered as ‘slow gait speed’ [34]. History of falls and
number of falls over the previous 12months was collected
by self-report.
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Ethical considerations

The study obtained ethical approval from the Biomedical
Research and Training Institute Institutional Review Board
(Ref: AP152/2019), the Harare Central Hospital Ethics
Committee (Ref: HCHEC 181119/66) and the Medical Research
Council of Zimbabwe (Ref: MRCZ/A/2551). Informed written
consent was collected from all participants.

Statistical analysis

All statistical analyses were performed using RStudio (2023.06.1
Build 524), R v4.3.1 (R Foundation for Statistical Computing,
Vienna, Austria) (https://www.r-project.org/). Descriptive data
by HIV status are presented, with continuous data that are
normally distributed summarized as the mean (standard devi-
ation [SD]), and when skewed as the median (interquartile
range) or for categorical data as the count (n) and percentage.
Differences in continuous variables by HIV status were investi-
gated with independent sample t-tests, whereas Pearson’s
chi-squared tests were used for categorical variables. These
data were further stratified by menopause status, with linear
regression used to investigate differences in continuous vari-
ables by menopause status (ordinal variable, premenopausal,
perimenopausal, postmenopausal, p-trend), whereas Pearson’s
chi-squared tests were used for categorical variables.

Linear regression was used to determine associations
between body composition measures (percentage body fat
[per 10%], total body fat [kilograms], android fat [kilograms],
gynoid fat [kilograms], cross-sectional muscle area (CSMA)
[square centimeters], ALM [kilograms]) and physical function
outcomes (gait speed [meters per second] and HGS [kilo-
grams]) in both WLH and their HIV-negative peers. Analyses
were unadjusted, or age and menopause adjusted.

Univariate logistic regression was used to describe associa-
tions between these body composition measures with having
fallen in the preceding 12 months. Beta-coefficients were stan-
dardized to allow for the expression of the association per 1SD
change of each body composition measure, and log-odds
were exponentiated to produce odds ratios. Subsequently, the
models were repeated with an age adjustment.

The associations between HIV-specific factors with the
aforementioned body composition and physical function out-
comes in WLH were investigated using linear regression.
Factors considered were percentage of life spent on ART (per
5%), unsuppressed viral load (>50 copies/ml) and tenofovir
disoproxil fumarate (TDF) or DTG exposure. Further adjust-
ments for age and menopause status were subsequently
performed.

Results

Of the 399 women enrolled in the study, 263 (65.9%) were
staged for menopause and had DXA body composition data
(Supplemental Figure S1). These women were of median
(interquartile range) age 51 (47-56) years, and 139 (52.9%)
were living with HIV. Overall, there were 32%, 13% and 55%
in premenopause, perimenopause and postmenopause,
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Table 1. Descriptive characteristics of mid-life Zimbabwean women by HIV status.

Characteristic WLWOH WLH p-Value
Participants (n) 124 139
Age (years) 51.2 (5.7) 50.7 (5.5) 0.500
Menopause status,® n (%)
Premenopause 40 (32.6) 45 (32.4) 0.600
Perimenopause 18 (14.5) 15 (10.7)
Postmenopause 66 (53.2) 79 (56.8)
Highest level of education, n (%)
None or primary only 25 (20.3) 23 (16.6) <0.001
Secondary only 69 (55.7) 105 (75.5)
Training college or university 30 (24.2) 11 (7.9
In employment, n (%) 77 (62.1) 70 (32.4) <0.001
Parity, n (%)
Nulliparous (0 children) 2 (1.6) 6 (4.3) 0.200
Low parity (1-3 children) 73 (58.9) 91 (65.5)
Multiparous (=4 children) 49 (39.5) 42 (30.2)
Anthropometry
Height (m) 1.62 (0.05) 1.61 (0.06) 0.400
Weight (kg) 79.9 (17.0) 70.3 (14.1) <0.001
BMI (kg/m?) 30.6 (6.5) 27.1 (5.4) <0.001
BMI category, n (%)
Underweight (<18.5kg/m?) 0 (0) 5 (3.6) <0.001
Normal (18.5t0 <25kg/m?) 28 (22.6) 43 (30.9)
Overweight (25to <30kg/m?) 36 (29.0) 53 (38.1)
Obese (=30kg/m?) 60 (48.4) 38 (27.3)
Body composition
Fat mass (kg) 32.2 (11.4) 26.8 (9.9) <0.001
Fat mass (%) 41.8 (6.6) 39.4 (7.0) <0.001
Android fat mass (kg) 2.38 (1.15) 1.98 (0.95) 0.002
Gynoid fat mass (kg) 5.61 (1.77) 4.65 (1.64) <0.001
ALM (kg) 209 (3.3) 18.7 (2.9) <0.001
ALMI (kg/m?) 7.97 (1.17) 7.20 (0.99) <0.001
Muscle density (mg/cm3) 69.6 (2.1) (n=112) 69.7 (2.5) (n=128) 0.900
Muscle cross-sectional area (cm?) 59.7 (9.6) (n=110) 56.5 (10.3) (n=127) 0.010
Physical function characteristics
Hand grip strength 31.5 (6.6) 29.4 (6.6) (n=194) 0.010
Gait speed (m/s) 0.96 (0.24) 0.92 (0.22) 0.400
Gait speed <0.8m/s, n (%) 23 (18.6) 40 (19.4) (n=138) 0.800
Self-reported fall in the last year, n (%) 16 (12.9) 19 (13.7) 0.900

HIV
Years since HIV diagnosis, median (IQR)
Age at HIV diagnosis, mean (SD)
Taking ART, n (%)
Duration on ART, median (IQR)
Ever-used TDF, n (%)
Ever-used DTG, n (%)
Viral load <50 copies/ml, n (%)

- 10.4 (6.4-14.5) (n=139)
- 40.9 (6.7) (n=139)
- 133 (95.7) (n=139)
- 9.0 (5.0-13.0) (n=133)
- 113 (85.0) (n=133)
- 52 (39.1) (n=133)
- 112 (80.6) (n=139)

2Menopause stage defined by time since last menstrual period: premenopause, regular menses; perimenopause, irregular menses/amenorrhea <12 months; post-

menopause, >12months after last menses.

Hypothesis testing for continuous variables performed using an independent t-test (unpaired); Pearson’s chi-squared test used for categorical variables. ALM,
appendicular lean mass; ALMI, appendicular lean mass index; ART, antiretroviral therapy; BMI, body mass index; DTG, dolutegravir; IQR, interquartile range; SD,
standard deviation; TDF, tenofovir disoproxil fumarate; WLWOH, women living without HIV; WLH, women living with HIV.

respectively. Age, height and menopause status did not differ
by HIV status (Table 1). In all women, multiparity (i.e. 24 chil-
dren) was common at n=91 (35%), and median parity did
not differ between WLH and WLWOH (Table 1). WLWOH were
approximately 12% heavier than WLH (Table 1). Underweight
(i.e. body mass index <18.5kg/m?) was only observed in WLH
(n=5, 3.6%), whereas almost 50% of WLWOH were obese
compared to 27.3% of WLH (Table 1). The proportion of
women who reported falls in the previous year did not differ
by HIV status. No women in either group reported the use of
menopause hormone therapy.

WLH were a median (interquartile range) 10.4 (6.4-14.5)
years since HIV diagnosis, and 95.7% (n=133) were estab-
lished on ART, for a median duration of 9 (5-13) years. Of
those on ART, 85.0% (n=113) and 39.1% (n=>52) were taking
a regimen containing TDF or DTG, respectively. All women
taking DTG had been TDF exposed. Of those established on

ART, 84.2% had a viral load <50 copies/ml and only four
women on ART had a viral load >1000 copies/ml.

Unadjusted differences in body composition and
physical function by HIV and menopause status

When comparing WLH to WLWOH, WLH had lower weight,
body mass index, total body and regional fat mass, ALM,
ALMI and muscle CSA (Table 1). Differences were not seen in
muscle density (Table 1). Muscle strength (measured as HGS)
was lower in WLH, although muscle function (measured as
gait speed) was similar between WLH and WLOH (Table 1).
The proportions of WLH and WLWOH with slow gait speed or
self-reported falls in the preceding year were similar (Table
1). When stratified by HIV status and menopausal stage, body
composition in WLWOH was broadly similar (Table 2). WLH
had lower ALM and muscle CSA, whilst gynoid fat increased
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Table 2. Anthropometry, body composition and physical function outcomes of Zimbabwean women at mid-life by HIV and menopause status.

WLWOH WLH
Characteristic Premenopause  Perimenopause  Postmenopause p-Value Premenopause  Perimenopause  Postmenopause p-Value
Anthropometry 40 18 66 45 15 79
Height (m) 1.62 (0.06) 1.63 (0.04) 1.61 (0.05) 0.440 1.63 (0.05) 1.59 (0.06) 1.60 (0.06) 0.021
Weight (kg) 782 (17.4) 81.6 (12.5) 80.4 (17.8) 0.520 73.5 (13.9) 71.6 (17.4) 68.2 (13.3) 0.043
BMI (kg/m?) 29.8 (6.6) 30.8 (5.6) 30.9 (6.7) 0.400 27.7 (5.3) 28.2 (6.6) 26.5 (5.3) 0.240
BMI category, n (%)
Underweight 0 (0) 0 (0) 0 (0) 0.100 1(2.2) 1(6.7) 3(3.8) 0.900
(<18.5kg/m?)
Normal (18.5to 9 (22.5) 3 (16.7) 16 (24.2) 12 (22.7) 4 (26.7) 27 (34.1)
<25kg/m?)
Overweight 17 (42.5) 3 (16.7) 16 (24.2) 19 (42.2) 5(333) 29 (36.7)
(25to <30kg/
m?)
Obese (=30kg/ 14 (35.0) 12 (66.7) 34 (51.5) 13 (28.9) 5(33.3) 20 (25.3)
m?)
Body composition
Whole body fat 303 (11.1) 33.2 (9.1) 33.2 (12.1) 0.210 28.2 (93) 28.7 (13.5) 25.6 (9.4) 0.150
mass (kg)
Whole body fat 40.1 (6.6) 423 (6.3) 42.7 (6.7) 0.053 39.9 (6.1) 40.8 (8.2) 38.8 (7.2) 0.400
mass %
Android fat mass 2.17 (1.12) 2.42 (1.01) 2.50 (1.19) 0.150 1.99 (0.87) 2.35 (1.30) 1.90 (0.91) 0.620
Gynoid fat mass 5.35 (1.64) 5.71 (1.30) 5.74 (1.96) 0.270 5.08 (1.59) 4.72 (217) 439 (1.52) 0.025
ALM (kg) 21.0 (3.6) 21.6 (2.1) 20.6 (3.4) 0.550 19.6 (2.8) 18.3 (2.8) 18.2 (2.8) 0.009
ALMI (kg/m?) 7.99 (1.23) 8.12 (0.99) 7.92 (1.19) 0.770 7.40 (0.98) 7.23 (0.95) 7.08 (1.00) 0.086
Muscle density ~ 70.1 (2.2) (n=35) 70.1 (1.9) (n=15) 69.3 (2.0) (n=62) 0.078  69.5 (2.3) (n=41) 703 (2.6) 69.7 (2.6) (n=72) 0.700
(mg/cm?)
Muscle 61.6 (9.8) (n=34) 63.0(10.4) (n=25) 57.8 (9.1) (n=61) 0.069  60.4 (9.3) (n=40) 57.6 (9.3) 54.1 (10.4) 0.002
cross-sectional
area (cm?)
Physical function
Handgrip 334 (6.3) 33.7 (7.1) 29.6 (6.1) 0.003  31.5(7.7) (n=43) 279 (5.9) 28.5 (5.9) (n=72) 0.018
strength (kg)
Gait Speed 0.989 (0.238) 0.959 (0.238) 0.934 (0.233) 0.240 0.916 (0.238) 0.950 (0.302) 0.937 (0.190 0.620
(ms™")
Gait speed 4 (10) 3 (16.7) 16 (24.2) 0.200 11 (24.4) 3 (20.0) 13 (16.5) 0.600
<0.8m/s, n (%)
Falls in the last 3 (7.5 1 (5.6) 12 (18.2) 0.200 7 (15.6) 1(6.7) 11 (13.9) 0.700

year, n (%)

Hypothesis testing for continuous variables performed using linear regression with menopause treated as an ordinal variable. Pearson’s chi-squared test used for
categorical variables. ALM, appendicular lean mass; ALMI, appendicular lean mass index; BMI, body mass index; WLWOH, women living without HIV; WLH, women

living with HIV.

through menopause stage. Body composition did not differ
across menopausal stage in WLWOH (Table 2). A pattern of
lower HGS with increasing menopause stage was seen in
both WLH and WLWOH (Table 2).

Associations between body composition, physical
function and falls

For each additional 1kg in ALM, a 0.86 [95% Cl: 0.50; 1.22] kg
and 0.54 [95% CI: 0.21; 0.86] kg greater HGS was observed in
WLH and WLWOH, respectively (Supplemental Table S1). No
associations were found between measures of percentage
body fat, regional fat mass or muscle CSA with HGS in either
WLH or WLWOH (Supplemental Table S1). No relationships
were found between any measures of body composition and
gait speed (Supplemental Table S1). In WLH, but not in
WLWOH, a 1SD higher percentage body fat and gynoid mass
were associated with a greater likelihood of having fallen in
the preceding 12months (Supplemental Table S2). Measures
of muscle CSA and ALM were not associated with falls
(Supplemental Table S2). Adjustment for age did not materi-
ally change these relationships.

Associations between HIV-specific factors with body
composition and physical function

In univariate analysis in WLH, each 5% of life spent on ART
was associated with a 0.71% (—1.39 to —0.03) lower percent-
age body fat mass and a 0.18kg (-0.34 to -0.02) lower
gynoid fat mass (Figure 1). These associations were weak-
ened after adjustment for age and menopause status (Figure
1). No associations were observed between the percentage
of life spent on ART and physical function outcomes (Figure
1). TDF use was associated with greater muscle CSA at 6.44
(1.59-11.30) cm?, which was robust to further adjustment for
age and menopause stage (Supplemental Figure S3). Neither
unsuppressed viral load nor DTG use were associated with
any body composition or physical function outcomes before
or after adjustment for age and menopause (Supplemental
Figure S3).

Discussion

This cross-sectional study of mid-life urban-dwelling
Zimbabwean women observed that WLH weighed less and
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Figure 1. Associations between percentage life spent on ART (per 5%) and body composition and physical function measures in mid-life Zimbabwean women
living with HIV: (A) unadjusted; (B) adjusted for age and menopause status. ALM, appendicular lean mass; ART, antiretroviral therapy; CSA, cross-sectional area.

had considerably less lean and fat mass than peers without
HIV. Muscle strength (as measured by HGS) was lower in
WLH, although muscle function (gait speed) was similar to
WLWOH. In WLH, advancing menopause stage was associated
with progressively lower measures of ALM, muscle size and
gynoid fat mass. In absolute terms, the percentage of body
fat was greater with advancing menopause stage in WLWOH
but not in WLH. Measures of adiposity, rather than ALM, were
consistently associated with more falls in the previous
12months in WLH only.

Differences in body composition in Zimbabwean mid-life
women by HIV status and menopause

The sizeable differences in almost all measures of lean and
fat mass between WLWOH and WLH, whereby WLH had con-
sistently lower measures, likely reflects the impact of multiple
deleterious factors acting alone or in combination over a
long period of time. WLH in this study had lived with HIV for
a median of 10years, over which time low-grade viremia [43],
chronic inflammation [44] and higher energy expenditure
[45,46] are all plausible contributors to the body composition
differences we observe relative to their peers. In high income
countries (HICs), menopause transition has been associated
with weight gain and increases in adiposity [5,7]. WLWOH
had stable lean mass measures across menopause stages,
with a suggestion of increasing percentage body fat mass. In
WLH, however, although lower ALM and muscle size were
apparent, there was little evidence of greater adiposity.
Indeed, WLH had lower gynoid fat mass with advancing

menopause status. Although obesity was high in both WLH
and WLWOH, with high body fat in this context, such rela-
tionships may be confounded by previously reported con-
cerns about household food insecurity in this cohort [36].
Relationships between food insecurity and obesity are well
established [47,48], and in the African context sources of pro-
cessed white starch are affordable and energy dense but
often of relatively little nutritional value [49].

There are some parallels between our body composition
findings with the SWEET study in neighboring South Africa,
where there was little change in measures of adiposity by
menopause stage along with progressively lower lean mass
measures [13]. In the SWEET study, ART-treated WLH had
substantially lower absolute fat and lean body composition
measures than HIV-negative women, with ART-naive WLH
being more similar to those without HIV [13]. However, com-
parisons with the present study are difficult as the methods
of determining menopause stage were not fully comparable
and the SWEET study did not report the length of time
women had lived with HIV nor how long they had been tak-
ing ART. Our study has a larger, more homogeneous group of
WLH (>95% ART use, >80% suppressed viral load) compared
with only 55% of WLH (n=86) in the SWEET study being
ART-treated. Recently published follow-up data from a subset
of women in the SWEET study reported minimal increases in
body weight of a mean (SD) 1.7 (7.0) kg in WLH over 5 years,
while over the same period women without HIV lost a mean
(SD) 0.26 (6.1) kg [50]. Irrespective of HIV status, fat mass
increased while lean mass declined, although fat mass gains
were greater in WLH [50].



Associations of body composition with physical function
and falls

In our sample of Zimbabwean women at mid-life, declines in
physical function were evidenced by poorer HGS but not gait
speed with advancing menopause stage in both WLWOH and
WLH. Controlling for age and menopause status, only ALM
was associated with HGS in WLH and WLWOH, whereas gait
speed was not associated with body composition in either
group. Further exploring relationships between dichotomized
outcomes (i.e. falls, slow gait and low HGS) was hampered by
a lack of context-specific cut-off values. Pragmatically using
international cut-off values, only one woman met the revised
European Working Group on Sarcopenia in Older People
(EWGSOP2) criteria for low HGS, whereas 34 women had a
slow gait speed. While ALM was not associated with
self-reported falls in either WLH or WLWOH, a 1SD higher
percentage body fat or gynoid mass was associated with an
approximately 1.7-fold likelihood of falls in WLH, although a
weaker association was seen for total body fat mass. This is
interesting given that associations between greater adiposity
and falls have been reported in some US populations where
the prevalence of overweight and obesity are high [51]. It is
plausible that greater gynoid fat mass is indicative of fat infil-
tration of the proximal lower limb muscles, which may impact
mobility.

HIV-specific factors that might influence body
composition and physical function at mid-life

This study found that the percentage of life spent on ART
was associated with lower percentage body fat and gynoid
fat mass, although the magnitude of the effect was dimin-
ished by adjustment for age and menopause status. Duration
of ART exposure was not associated with lean tissue out-
comes. In contrast to other studies, we did not find evidence
of a negative association between TDF use and physical func-
tion [52]. While muscle size was greater in those with TDF
exposure, there was no association with more conventional
measures of muscle such as ALM. In our study we did not
find any associations between DTG and body composition as
described elsewhere in the region [32]; however, associations
in our study may be confounded by the fact that all
DTG-exposed women had also been exposed to TDF. Broadly
speaking, WLH in the present study were relatively homoge-
neous with high ART adherence (>84%), good viral load sup-
pression and the majority exposed to TDF (>80%). These
factors may in part explain why our observations differ from
some previously published research, although they may also
reflect that data collected in HICs may not be fully generaliz-
able to low and middle income countries (LMICs). This homo-
geneity likely limited our ability to fully discern the influence
of these HIV-related factors on body composition and physi-
cal function.

Strengths and limitations

These unique data were captured from an under-represented
population, with a matched comparator group. This work
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complements our previous findings that HIV is associated
with more severe menopause-related symptoms [36] and
poorer bone health [37]. Our findings have some generaliz-
ability to the wider region where the prevalence of chronic
ART-controlled HIV remains high. However, the study has
limitations; the study design is cross-sectional, so temporal
directions of association cannot be established. As described
earlier, STRAW +10, the gold standard for menopause stag-
ing, was not performed as this was as was unfeasible for the
research assistants. Also, because of pandemic-associated
lockdown restrictions, participants without HIV had to be
identified and recruited through friendships of WLH, poten-
tially introducing selection bias. Falls history was self-reported
and subject to recall bias. ART usage data were not suffi-
cient to account for the potential impact of sequential
regimes and switching, although it should be noted this is
relatively uncommon in this setting, and our findings are
more likely related to unknown factors which impact poor
HIV control.

Conclusions

In contrast to high-income settings, this study found no clear
evidence of menopause-related weight gain or fat accrual in
mid-life Zimbabwean women. However, menopause-related
declines in lean mass and poorer physical function were evi-
dent in both WLH and WLWOH, with WLH having lower abso-
lute values at each stage. ALM was the sole predictor of
physical function in all women, with greater adiposity associ-
ated with up to a 1.7-fold higher risk of falls in WLH. While
this cross-sectional study has highlighted mid-life HIV-related
differences in body composition and physical function, further
longitudinal studies are needed to establish how these relate
to future adverse health outcomes. This could allow for the
validation of simple cost-effective physical function measures
to predict future adverse events in this underserved
population.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This study is funded by University of Bristol QR Global Challenges
Research Funding. PRE. is supported by a NHMRC Investigator Grant
[GNT1197958]. C.L.G. is funded by the National Institute for Health
Research (NIHR) [NIHR302394]. The views expressed are those of the
authors and not necessarily those of the NIHR or the Department of
Health and Social Care.

ORCID

Micheél O Breasail http://orcid.org/0000-0002-9695-6378
Jakub Mesinovic http://orcid.org/0000-0003-1297-2731
Tafadzwa Madanhire http://orcid.org/0000-0003-2449-0027
Cynthia Kahari http://orcid.org/0000-0002-7289-5152
Peter R. Ebeling http://orcid.org/0000-0002-2921-3742

Victoria Simms http://orcid.org/0000-0002-4897-458X


http://orcid.org/0000-0002-9695-6378
http://orcid.org/0000-0003-1297-2731
http://orcid.org/0000-0003-2449-0027
http://orcid.org/0000-0002-7289-5152
http://orcid.org/0000-0002-2921-3742
http://orcid.org/0000-0002-4897-458X

8 M. O BREASAIL ET AL.

Rashida A. Ferrand
Kate A. Ward
Celia L. Gregson

http://orcid.org/0000-0002-7660-9176
http://orcid.org/0000-0001-7034-6750
http://orcid.org/0000-0001-6414-0529

Data availability statement

The data used to prepare this manuscript are available from the corre-
sponding author upon reasonable request.

References

[1]

[7]

(101

[11]

[12]

[13]

[14]

[15]

Hurtado MD, Saadedine M, Kapoor E, et al. Weight gain in midlife
women. Curr Obes Rep. 2024;13(2):352-363. doi: 10.1007/
$13679-024-00555-2.

Kodoth V, Scaccia S, Aggarwal B. Adverse changes in body compo-
sition during the menopausal transition and relation to cardiovas-
cular risk: a contemporary review. Womens Health Rep (New
Rochelle). 2022;3(1):573-581. doi: 10.1089/whr.2021.0119.

Sternfeld B, Wang H, Quesenberry CPJr, et al. Physical activity and
changes in weight and waist circumference in midlife women:
findings from the Study of Women's Health Across the Nation. Am
J Epidemiol. 2004;160(9):912-922. Nov 1 doi: 10.1093/aje/kwh299.
Ambikairajah A, Walsh E, Tabatabaei-Jafari H, et al. Fat mass chang-
es during menopause: a metaanalysis. Am J Obstet Gynecol.
2019;221(5):393-409.e50. doi: 10.1016/j.aj0g.2019.04.023.
Greendale GA, Sternfeld B, Huang M, et al. Changes in body com-
position and weight during the menopause transition. JCI Insight.
2019;4(5):e124865. doi: 10.1172/jci.insight.124865.

Bea JW, Going SB, Wertheim BC, et al. Body composition and phys-
ical function in the Women'’s Health Initiative Observational Study.
Prev Med Rep. 2018;11:15-22. doi: 10.1016/j.pmedr.2018.05.007.
Haapanen MJ, Mikkola TM, Kortelainen L, et al. Body composition
in late midlife as a predictor of accelerated age-associated
deficit-accumulation from late midlife into old age: a Longitudinal
Birth Cohort Study. J Gerontol A Biol Sci Med Sci. 2023;78(6):980-
987. doi: 10.1093/gerona/glac233.

Soysal P, Hurst C, Demurtas J, et al. Handgrip strength and health
outcomes: umbrella review of systematic reviews with meta-analyses
of observational studies. J Sport Health Sci. 2021;
2021/05/01/10(3):290-295. doi: 10.1016/j.jshs.2020.06.009.

Jeong W, Moon JY, Kim J-H. Association of absolute and relative
hand grip strength with all-cause mortality among middle-aged
and old-aged people. BMC Geriatr. 2023;23(1):321. doi: 10.1186/
$12877-023-04008-8.

Sasaki H, Kasagi F, Yamada M, et al. Grip strength predicts
cause-specific mortality in middle-aged and elderly persons. Am J
Med. 2007;120(4):337-342. doi: 10.1016/j.amjmed.2006.04.018.
Lépez-Bueno R, Andersen LL, Calatayud J, et al. Associations of
handgrip strength with all-cause and cancer mortality in older
adults: a prospective cohort study in 28 countries. Age Ageing.
2022;51(5):afac117. doi: 10.1093/ageing/afac117.

Koopman JJ, van Bodegom D, van Heemst D, et al. Handgrip
strength, ageing and mortality in rural Africa. Age Ageing.
2015;44(3):465-470. May doi: 10.1093/ageing/afu165.

Jaff NG, Norris SA, Snyman T, et al. Body composition in the Study
of Women Entering and in Endocrine Transition (SWEET): a per-
spective of African women who have a high prevalence of obesity
and HIV infection. Metabolism. 2015;64(9):1031-1041. doi:
10.1016/j.metabol.2015.05.009.

Ziraba AK, Fotso JC, Ochako R. Overweight and obesity in urban
Africa: a problem of the rich or the poor? BMC Public Health. 2009.
9:465.

Bliznashka L, Danaei G, Fink G, et al. Cross-country comparison of
dietary patterns and overweight and obesity among adult women
in urban Sub-Saharan Africa. Public Health Nutr. 2021;24(6):1393-
1403. doi: 10.1017/51368980019005202.

[16]

(7]
[18]

[19]

[29]

Otieno G, Whiteside YO, Achia T, et al. Decreased HIV-associated
mortality rates during scale-up of antiretroviral therapy, 2011-2016.
AIDS. 2019;33(15):2423-2430. doi: 10.1097/QAD.0000000000002374.
HIV/AIDS JUNPo. UNAIDS DATA 2022. Geneva: UNAIDS; 2022.

Tariq S, Anderson J, Burns F, et al. The menopause transition in wom-
en living with HIV: current evidence and future avenues of research. J
Virus Erad. 2016;2(2):114-116. doi: 10.1016/S2055-6640(20)30476-3.
Mahy M, Autenrieth CS, Stanecki K, et al. Increasing trends in HIV
prevalence among people aged 50 years and older: evidence from
estimates and survey data. AIDS. 2014;28 Suppl 4(4):5453-5459.
doi: 10.1097/QAD.0000000000000479.

Biver E. Osteoporosis and HIV infection. Calcif Tissue Int.
2022;110(5):624-640. doi: 10.1007/s00223-022-00946-4.

Premaor MO, Compston JE. The hidden burden of fractures in peo-
ple living with HIV. JBMR Plus. 2018;2(5):247-256. doi: 10.1002/
jbm4.10055.

Gregson CL, Madanhire T, Rehman A, et al. Osteoporosis, rather
than sarcopenia, is the predominant musculoskeletal disease in a
rural South African community where human immunodeficiency
virus prevalence is high: a cross-sectional study. J Bone Mineral Res
Off J Am Soc Bone Mineral Res. 2020;37(2):244-255. doi: 10.1002/
jbmr.4464.

Yamada Y, Kobayashi T, Condo A, et al. Prevalence of frailty and
prefrailty in people with human immunodeficiency virus aged 50
or older: a systematic review and meta-analysis. Open Forum Infect
Dis. 2022;9(5):0fac129. doi: 10.1093/ofid/ofac129.

Hamill MM, Pettifor JM, Ward KA, et al. Bone mineral density, body
composition, and mineral homeostasis over 24months in urban
South African women with HIV exposed to antiretroviral therapy.
JBMR Plus. 2020;4(5):e10343-e10343. doi: 10.1002/jbm4.10343.
Hamill MM, Pettifor JM, Ward KA, et al. Changes in bone mineral
density, body composition, vitamin D status, and mineral metabo-
lism in urban HIV-positive South African women over 12 months. J
Bone Miner Res. 2017;32(8):1615-1624. doi: 10.1002/jbmr.3147.
Hamill MM, Ward KA, Pettifor JM, et al. Bone mass, body composi-
tion and vitamin D status of ARV-naive, urban, black South African
women with HIV infection, stratified by CD, count. Osteoporos Int.
2013;24(11):2855-2861. doi: 10.1007/s00198-013-2373-y.

Crane HM, Miller ME, Pierce J, et al. Physical functioning among
patients aging with Human Immunodeficiency Virus (HIV) versus
HIV uninfected: feasibility of using the short physical performance
battery in clinical care of people living with HIV aged 50 or older.
Open Forum Infect Dis. 2019;6(3):0fz038. doi: 10.1093/0fid/0fz038.
Greene M, Covinsky K, Astemborski J, et al. The relationship of
physical performance with HIV disease and mortality. AIDS.
2014;28(18):2711-2719. doi: 10.1097/QAD.0000000000000507.
Chandiwana NC, Siedner MJ, Marconi VC, et al. Weight gain after HIV
therapy initiation: pathophysiology and implications. J Clin Endocrinol
Metab. 2024;109(2):e478-e487. doi: 10.1210/clinem/dgad411.
Taramasso L, Bonfanti P, Ricci E, et al. Factors associated with
weight gain in people treated with dolutegravir. Open Forum
Infect Dis. 2020;7(6):0faa195. doi: 10.1093/0fid/ofaa195.

Brennan AT, Nattey C, Kileel EM, et al. Change in body weight and
risk of hypertension after switching from efavirenz to dolutegravir
in adults living with HIV: evidence from routine care in
Johannesburg, South Africa. eClinicalMedicine. 2023;57:101836. doi:
10.1016/j.eclinm.2023.101836.

Venter WDF, Moorhouse M, Sokhela S, et al. Dolutegravir plus two
different prodrugs of tenofovir to treat HIV. N Engl J Med.
2019;381(9):803-815. doi: 10.1056/NEJM0a1902824.

Chen L-K, Woo J, Assantachai P, et al. Asian working group for sar-
copenia: 2019 consensus update on sarcopenia diagnosis and
treatment. J Am Med Dir Assoc. 2020;21(3):300-307.e2. doi:
10.1016/j.jamda.2019.12.012.

Cruz-Jentoft AJ, Bahat G, Bauer J, et al. Sarcopenia: revised
European consensus on definition and diagnosis. Age Ageing.
2019;48(1):16-31. doi: 10.1093/ageing/afy169.


http://orcid.org/0000-0002-7660-9176
http://orcid.org/0000-0001-7034-6750
http://orcid.org/0000-0001-6414-0529
https://doi.org/10.1007/s13679-024-00555-2
https://doi.org/10.1007/s13679-024-00555-2
https://doi.org/10.1089/whr.2021.0119
https://doi.org/10.1093/aje/kwh299
https://doi.org/10.1016/j.ajog.2019.04.023
https://doi.org/10.1172/jci.insight.124865
https://doi.org/10.1016/j.pmedr.2018.05.007
https://doi.org/10.1093/gerona/glac233
https://doi.org/10.1016/j.jshs.2020.06.009
https://doi.org/10.1186/s12877-023-04008-8
https://doi.org/10.1186/s12877-023-04008-8
https://doi.org/10.1016/j.amjmed.2006.04.018
https://doi.org/10.1093/ageing/afac117
https://doi.org/10.1093/ageing/afu165
https://doi.org/10.1016/j.metabol.2015.05.009
https://doi.org/10.1017/S1368980019005202
https://doi.org/10.1097/QAD.0000000000002374
https://doi.org/10.1016/S2055-6640(20)30476-3
https://doi.org/10.1097/QAD.0000000000000479
https://doi.org/10.1007/s00223-022-00946-4
https://doi.org/10.1002/jbm4.10055
https://doi.org/10.1002/jbm4.10055
https://doi.org/10.1002/jbmr.4464
https://doi.org/10.1002/jbmr.4464
https://doi.org/10.1093/ofid/ofac129
https://doi.org/10.1002/jbm4.10343
https://doi.org/10.1002/jbmr.3147
https://doi.org/10.1007/s00198-013-2373-y
https://doi.org/10.1093/ofid/ofz038
https://doi.org/10.1097/QAD.0000000000000507
https://doi.org/10.1210/clinem/dgad411
https://doi.org/10.1093/ofid/ofaa195
https://doi.org/10.1016/j.eclinm.2023.101836
https://doi.org/10.1056/NEJMoa1902824
https://doi.org/10.1016/j.jamda.2019.12.012
https://doi.org/10.1093/ageing/afy169

[35]

[36]

[37]

[38]

[39]

[42]

[43]

Testosterone and the heart: putting the FDA advisory in perspec-
tive. Andrology. 2015;3(Supplement 1):40-40.

Madanhire T, Hawley S, Dauya E, et al. Menopausal symptoms by
HIV status and association with health-related quality of life among
women in Zimbabwe: a cross-sectional study. BMC Womens Health.
2023;23(1):343. doi: 10.1186/512905-023-02466-1.

Madanhire T, O Breasail M, Kahari C, et al. Prevalence of
HIV-associated osteoporosis and fracture risk in mid-life women: a
cross-sectional study in  Zimbabwe. J Bone Miner Res.
2024;39(10):1464-1473. doi: 10.1093/jbmr/zjae138.

Harlow SD, Gass M, Hall JE, et al. Executive summary of the Stages
of Reproductive Aging Workshop + 10: addressing the unfinished
agenda of staging reproductive aging. Menopause. 2012;19(4):387-
395. doi: 10.1097/gme.0b013e31824d8f40.

Johnson BD, Merz CNB, Braunstein GD, et al. Determination of
menopausal status in women: the NHLBI-sponsored Women'’s
Ischemia Syndrome Evaluation (WISE) Study. J Womens Health
(Larchmt). 2004;13(8):872-887. doi: 10.1089/jwh.2004.13.872.
Baltazar CS, Raposo C, Jani IV, et al. Evaluation of performance and ac-
ceptability of two rapid oral fluid tests for HIV detection in Mozambique.
J Clin Microbiol. 2014;52(10):3544-3548. doi: 10.1128/JCM.01098-14.

O Breasail M, Madanhire T, Kahari C, et al. Trabecular bone deficits
predominate in the appendicular skeleton of midlife women living
with HIV: findings from a cross-sectional study in Zimbabwe. J
Bone Miner Res. 2025;40(4):454-462. doi: 10.1093/jbmr/zjaf021.
Roberts HC, Denison HJ, Martin HJ, et al. A review of the measure-
ment of grip strength in clinical and epidemiological studies: to-
wards a standardised approach. Age Ageing. 2011;40(4):423-429.
doi: 10.1093/ageing/afr051.

Aldredge A, Mehta CC, Lahiri CD, et al. Consequences of low-level
viremia among women with HIV in the United States. AIDS.
2024;38(13):1829-1838. doi: 10.1097/QAD.0000000000003990.

[46]

[50]

CLIMACTERIC 9

Nasi M, De Biasi S, Gibellini L, et al. Ageing and inflammation in
patients with HIV infection. Clin Exp Immunol. 2017;187(1):44-52.
doi: 10.1111/cei.12814.

Grinspoon S, Corcoran C, Miller K, et al. Determinants of increased
energy expenditure in HIV-infected women. Am J Clin Nutr.
1998;68(3):720-725. doi: 10.1093/ajcn/68.3.720.

Mittelsteadt AL, Hileman CO, Harris SR, et al. Effects of HIV and
antiretroviral therapy on resting energy expenditure in adult
HIV-infected women-a matched, prospective, cross-sectional study.
J Acad Nutr Diet. 2013;113(8):1037-1043. doi: 10.1016/j.jand.2013.
02.005.

Rezaei M, Ghadamgahi F, Jayedi A, et al. The association between
food insecurity and obesity, a body shape index and body round-
ness index among US adults. Sci Rep. 2024; 2024/10/0914(1):23631.
doi: 10.1038/541598-024-74108-x.

Bateson M, Pepper GV. Food insecurity as a cause of adiposity:
evolutionary and mechanistic hypotheses. Philos Trans R Soc Lond
B Biol Sci. 2023;378(1888):20220228. doi: 10.1098/rstb.2022.0228.
McCullough EB, Lu M, Nouve Y, et al. Nutrient adequacy for poor
households in Africa would improve with higher income but not
necessarily with lower food prices. Nat Food. 2024;5(2):171-181.
doi: 10.1038/543016-024-00927-w.

Madanhire T, Goedecke JH, Ward KA, et al. The impact of human
immunodeficiency virus and menopause on bone mineral density:
a longitudinal study of urban-dwelling South African women. J
Bone Miner Res. 2023;00(00):1-12.

Himes CL, Reynolds SL. Effect of obesity on falls, injury, and dis-
ability. J Am Geriatr Soc. 2012;60(1):124-129. doi: 10.1111/j.
1532-5415.2011.03767 x.

Abdo M, Coyle RP, Seifert SM, et al. Associations between tenofovir
diphosphate in dried blood spots, impaired physical function, and
fracture risk. Open Forum Infect Dis. 2021;8(1):0faa577.


https://doi.org/10.1186/s12905-023-02466-1
https://doi.org/10.1093/jbmr/zjae138
https://doi.org/10.1097/gme.0b013e31824d8f40
https://doi.org/10.1089/jwh.2004.13.872
https://doi.org/10.1128/JCM.01098-14
https://doi.org/10.1093/jbmr/zjaf021
https://doi.org/10.1093/ageing/afr051
https://doi.org/10.1097/QAD.0000000000003990
https://doi.org/10.1111/cei.12814
https://doi.org/10.1093/ajcn/68.3.720
https://doi.org/10.1016/j.jand.2013.02.005
https://doi.org/10.1016/j.jand.2013.02.005
https://doi.org/10.1038/s41598-024-74108-x
https://doi.org/10.1098/rstb.2022.0228
https://doi.org/10.1038/s43016-024-00927-w
https://doi.org/10.1111/j.1532-5415.2011.03767.x
https://doi.org/10.1111/j.1532-5415.2011.03767.x

	The influence of HIV on body composition and its relationship with physical function in mid-life women: a cross-sectional study from Zimbabwe
	ABSTRACT
	Introduction
	Methods
	Recruitment
	Data collection
	Menopause staging
	HIV testing
	Anthropometry
	Peripheral quantitative computed tomography muscle scanning
	Dual-energy X-ray absorptiometry body composition
	Scanner calibration and inter-operator precision
	Physical function, frailty and falls
	Ethical considerations
	Statistical analysis

	Results
	Unadjusted differences in body composition and physical function by HIV and menopause status
	Associations between body composition, physical function and falls
	Associations between HIV-specific factors with body composition and physical function

	Discussion
	Differences in body composition in Zimbabwean mid-life women by HIV status and menopause
	Associations of body composition with physical function and falls
	HIV-specific factors that might influence body composition and physical function at mid-life
	Strengths and limitations

	Conclusions
	ORCID
	Data availability statement
	References


