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Abstract
Summary There is a paucity of normative bone mineral den-
sity (BMD) data in healthy African women. Baseline total hip
and lumbar spine BMD was measured in premenopausal
women. BMD distribution was comparable to that of a refer-
ence population and was impacted by several factors includ-
ing contraception and duration of lactation.

Introduction Normative data on bone mineral density (BMD)
and the cumulative impact of lactation, contraceptive use, and
other factors on BMD in healthy African women have not
been well studied.
Objectives The objective of this study was to determine the
factors associated with BMD in healthy premenopausal wom-
en in Uganda and Zimbabwe.
Methods Baseline total hip (TH) and lumbar spine (LS) BMD
was measured by dual x-ray absorptiometry in 518 healthy,
premenopausal black women enrolling in VOICE, an
HIV-1 chemoprevention trial, at sites in Uganda and
Zimbabwe. Contraceptive and lactation histories, physi-
cal activity assessment, calcium intake, and serum vita-
min D levels were assessed. Independent factors associ-
ated with BMD were identified using an analysis of
covariance model.
Results The study enrolled 331 women from Zimbabwe and
187 women from Uganda. Median age was 29 years (IQR 25,
32) and median body mass index (BMI) was 24.8 kg/m2 (IQR
22.2, 28.6). In univariate analyses, lower TH BMD values
were associated with residence in Uganda (p<0.001), lower
BMI (p<0.001), and any use of and duration of depot-
medroxyprogresterone acetate. Use of oral contraceptives,
progestin-only implants, and higher physical activity levels
were protective against reduced BMD. Similarly, lower LS
BMD values were associated with these same factors but also
higher parity and history of breastfeeding. In a multivariable
analysis, lower TH and LS BMD values were associated with
enrollment in Uganda, lower BMI, and lower physical activity
level; contraceptive use was associated with lower spine
BMD, and breastfeeding contributed to lower total hip BMD.
Conclusions Among healthy premenopausal women, TH and
LS BMD was higher in Zimbabwe than Uganda. Additional
factors independently associated with BMD included BMI,
physical activity level, contraceptive use, and lactation.
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Introduction

Healthy women generally achieve peak bone mass at approx-
imately 30 years of age, though the process of bone accumu-
lationmay continue slowly until 50 years of age [1–3]. Factors
traditionally associated with lower bone mineral density
(BMD) include pregnancy, lactation, low body mass index,
use of depot-medroxyprogesterone acetate (DMPA) for con-
traception, low physical activity (PA), low socioeconomic
status, and a sedentary lifestyle [4–11]. Environmental, nutri-
tional, and genetic factors have also been shown to contribute
to variations in bone metabolism [2, 10].

Nearly all prior studies establishing normative BMD levels
for various racial and ethnic subpopulations have been con-
ducted in middle- to high-resource settings. Petitti et al. ex-
plored the association of hormonal contraception and BMD
among women, aged 30 to 34 years, in an international cross-
sectional study conducted at family planning clinics [6]. They
found that out of a total of 2474 participants, 78 women from
Zimbabwe had higher BMD than those in other parts of the
world, but normative reference levels for this subpopulation
have not been established. In their study evaluating the impact
of daily oral tenofovir disoproxil fumarate-emtricitabine
(TDF-FTC) for HIV prevention on BMD among healthy,
young heterosexual men and women in Botswana, Kasonde
et al. [9], demonstrated a higher than previously expected
prevalence of low BMD (defined as a Z-score of more than
2.0 standard deviations below the mean at any anatomic site;
hip, spine, or forearm) of 6.8 % (CI 3.4–11.0). Prevalence of
low baseline BMD was higher in men compared with women
(11.3 versus 2.6 %, p=0.02.) It was not clear whether the high
prevalence of low BMD was due to biological factors or
whether it arose from use of reference ranges that were not
appropriate for the population under study.

Chantler et al. found black South African women to have
higher femoral neck and total hip but lower lumbar spine
BMD compared with white South African women [5]. In that
study, racial differences in BMD were attributed to body fat
composition, diet, socioeconomic status, contraceptive use,
physical activity, and lifestyle (smoking, alcohol consump-
tion). Black South African women were found to be less in-
volved in vigorous physical activity, consume high dietary fat,
have lower calcium (Ca) intake, and were four times more
likely to use injectable contraceptives compared with white
South Africa women [5]. Additionally, factors affecting
BMD differed by ethnic group within South Africa and may

also differ across different ethnic black populations elsewhere
in sub-Saharan Africa (SSA) [5, 12, 13].

Numerous factors may contribute to differences in BMD
among black African women, including genetics, nutrition,
socioeconomic status, lifestyle, contraceptive use, parity, and
lactation. Gene polymorphisms affecting peak bone mass and
the rate of adult bone loss may contribute to the differences in
BMD between ethnic groups after adjusting for predefined
variables [12, 14]. In most studies, variability is only partially
explained bymeasureable factors, and some studies have even
failed to explain the ethnic/racial differences in BMD [10].

The majority of SSA women have access to modern
methods of contraception, and injectable contraceptives (most
commonly DMPA) account for approximately 23 and 57% of
contraceptive methods ever used by women in Zimbabwe and
Uganda, respectively [15]. The SSA region still has a signif-
icant unmet need for contraception among 25 % of women
overall, 13% in Zimbabwe, and 38% inUganda [16].Women
in SSA continue to have relatively high fertility rates averag-
ing 4.94 births per woman, ranging from 3.22 in Zimbabwe,
4.68 in Kenya, and 6.05 in Uganda to 6.28 in Zambia [16].
Most policies in the region set optimal infant feeding duration
at extended lactation periods of 12 to 24 months, and the SSA
region has made great strides at attaining optimal infant feed-
ing practices.

In view of the possible negative effect on BMD of the high
rate of fertility, extended lactation, and frequent use of DMPA
among SSAwomen, and the paucity of normative BMD data
for this population, we evaluated baseline BMD among a sub-
set of women in Zimbabwe and Uganda enrolled in the
VOICE study, a large randomized trial of oral tenofovir
disoproxil fumarate (TDF), oral tenofovir disoproxil
fumarate-emtricitabine (TDF-FTC), and tenofovir 1% vaginal
gel for HIV-1 prevention [17].

Methods

Study population From September 2009 through June 2012,
5029 women aged 18–45 years were enrolled in the VOICE
study at 15 sites in South Africa (Durban, Johannesburg,
Klerksdorp,) Uganda (Kampala), and Zimbabwe (Harare,
Chitungwiza) [17]. A total of 952 heterosexual women at risk
for HIV were identified from target populations of women of
child-bearing age 15–49 years in Chitungwiza, Harare, and
Kampala through community sensitization, snow-balling,
self-referral, health facility-based referral, door-to-door re-
cruitment, and night recruitment strategies. Eligible partici-
pants were HIV-negative, sexually active, had normal urinal-
ysis, and no laboratory evidence of hepatic, renal, or hemato-
logical disease. Use of an effective method of contraception
provided at the study site at enrollment was an additional
inclusion criterion. Exclusion criteria were current or recent
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pregnancy or current breastfeeding, any history of non-
traumatic bone fracture, current injection drug use, chronic
hepatitis B, any ongoing medical condition known to affect
bone (e.g., hyperparathyroidism, bone cancer), or taking any
medication known to affect bone (e.g., glucocorticoids, hepa-
rin, warfarin, cyclosporine, cytotoxic drugs, and thyroid hor-
mone). All women randomly assigned to receive oral TDF,
TDF-FTC, or placebo in the VOICE trial at the four research
clinics in Uganda and Zimbabwe were offered participation in
the bone mineral density substudy.

Ethical approval and study oversight The study was reviewed
and approved by the ethics committees and institutional re-
view boards at each site (ClinicalTrials.gov Identifier
NCT00729573). Each participant provided a written informed
consent prior to taking part in study procedures. Study over-
sight was provided by the US National Institutes of Health
(NIH).

Study procedures Self-reported contraceptive and lactation
history was collected for all study participants using an
interviewer-administered questionnaire. Anthropometric mea-
surements (height and weight) were recorded using standard-
ized procedures. Dietary calcium was estimated using an ab-
breviated food frequency questionnaire tailored to calcium-
rich foods commonly available in the research communities.
Site staff used plastic models of common food items to deter-
mine intake of various food groups.

The physical activity (PA) assessment recorded time spent
engaging in daily vigorous activity including walking for trav-
el and load bearing on back and head, and was estimated using
the International Physical Activity Questionnaires (IPAQ)
short form (August 2002; available at www.ipaq.ki.se) [18].

Baseline bone mineral density (BMD) of the lumbar spine
(LS) and total hip (TH) were measured at study entry, within
14 days of first exposure to oral TDF, TDF-FTC, or placebo,
by dual-energy x-ray absorptiometry (DXA) using identical
densitometers at the two sites (Hologic Explorer, Bedford,
MA; software version 2.3.2). Site staff were trained to conduct
scans by Vertec (SA, Third Party Support Group) personnel,
and analysis was monitored by a technician and physician
trained and certified by the International Society of Clinical
Densitometry (ISCD) from the Osteoporosis Research Center
at the University of Pittsburgh. In order to standardize DXA
scans across the two densitometers and different operators,
sites used a common phantom to calibrate the DXA scanners.
In addition, each site performed daily quality control checks.
Scans were read locally by trained staff then reviewed central-
ly at the Osteoporosis Research Center of the University of
Pittsburgh; any scans requiring correction were sent back elec-
tronically to replace the original scan. DXA scans were per-
formed in duplicate to reduce measurement errors. For the LS,
L1–L4 were analyzed to improve precision. BMD for each

participant was the arithmetic mean of the two DXA scans.
The mean difference (standard deviation, SD) in BMD be-
tween the two scans was 4.0×10−4 (0.012)g/cm2 for LS and
2.1×10−4 (0.016)g/cm2 for TH. T- and Z-scores were derived
from the National Health and Nutrition Examination Survey
(NHANES) III reference database for total hip and lumbar
spine measurements in Caucasian women aged 20–29 years
[19].

25′hydroxy-vitamin D was measured from stored sera col-
lected at the baseline visit at the University of Pittsburgh
Medical Center Presbyterian Hospital laboratory by mass
spectrometry; results were categorized as: deficiency (0–
19 mg/dl), insufficiency (20–29 mg/dl), or sufficiency
(>30 mg/dl).

Statistical analysis Demographic characteristics and other
factors of interest were summarized descriptively.
Distributions of these factors for each site were compared
and p values were provided from chi-squared test for categor-
ical variables and from Wilcoxon two-sample test for contin-
uous variables. Independent factors associated with baseline
BMD were identified using an analysis of covariance model.
Additionally, logistic regression models were used to identify
independent factors associated with low T-scores (<−1.0) for
BMD. Factors with a p value of 0.20 or less in univariate
modeling were entered into a multivariable model. Thus, pa-
rameter estimates (ANCOVA) and odds ratios (logistic) reflect
adjustment for all co-factors deemed relevant by univariate
analysis, even if the co-factors were ultimately non-
significant in the multivariable model. All statistical analyses
were performed using SAS 9.2 (SAS Institute Inc., Cary, NC,
USA).

Results

Participant characteristics

Among the 576 HIV-negative, premenopausal women ran-
domized to the oral arms at these four sites, 518 (90 %) were
enrolled into the bone density substudy: 187 in Uganda and
331 in Zimbabwe. The 58 women who did not enroll included
20 women ineligible due to having >14 days elapsed since
randomization in VOICE, one pregnant, and 37 declined en-
rollment. The majority of the 37 women who declined to
enroll were in Zimbabwe, and the major reason was the long
distance to the study DXA scanner. The characteristics of the
study population are summarized in Table 1. There were no
significant differences in the baseline characteristics for the
women who did and did not enroll (data not shown). The
median age of the study population was 29 years, the median
parity was 2.0 and the median body mass index (BMI) was
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Table 1 Characteristics of the study population, by country

Total (N=518) Uganda (N=187) Zimbabwe (N=331) p value

Age (years) 29 (25, 32) 28 (24, 31) 29 (25, 32) 0.452

Body mass index (kg/m2) 24.8 (22.2, 28.6) 24.5 (22.2, 29.0) 24.9 (22.2, 28.6) 0.984

Parity (children) 2 (2, 3) 3 (2, 4) 2 (2, 3) 0.0001

Earns own income (N, %) 279 (54 %) 138 (74 %) 141 (43 %) <0.0001

Education level (N, %) <0.0001
No schooling 15 (3 %) 14 (7 %) 1 (<1 %)

Primary school, not complete 87 (17 %) 81 (43 %) 6 (2 %)

Primary school, complete 47 (9 %) 19 (10 %) 28 (8 %)

Secondary school, not complete 150 (29 %) 61 (33 %) 89 (27 %)

Secondary school, complete 207 (40 %) 7 (4 %) 200 (60 %)

Attended college or university 12 (2 %) 5 (3 %) 7 (2 %)

Married (N, %) 410 (79 %) 100 (53 %) 310 (94 %) <0.0001

Alcohol consumption, past 3 months (N, %) <0.0001
Never 382 (74 %) 78 (42 %) 304 (92 %)

Once a week or less 77 (15 %) 54 (29 %) 23 (7 %)

2–6 times per week 48 (9 %) 44 (24 %) 4 (1 %)

Everyday 11 (2 %) 11 (6 %) 0 (0 %)

Lifetime duration of breastfeeding (N, %) <0.0001
>5 years 151 (30 %) 89 (49 %) 62 (19 %)

2–5 years 252 (49 %) 60 (33 %) 192 (59 %)

<2 years 107 (21 %) 33 (18 %) 74 (23 %)

Contraceptive methods ever useda (N, %)

Medroxyprogresterone acetate injectable 367 (71 %) 149 (80 %) 218 (66 %) 0.0006

Oral contraceptives 420 (81 %) 100 (54 %) 320 (97 %) <0.0001

Implant 139 (27 %) 12 (6 %) 127 (38 %) <0.0001

Duration of contraceptive method use among all participants (months)

Medroxyprogresterone acetate injectable 3 (0, 24) 15 (1, 37) 0 (0, 12) <0.0001

Oral contraceptives 29.5 (2.0, 72.0) 1 (0, 14) 51 (24, 84) <0.0001

Implantb 0 (0, 0) 0 (0, 0) 0 (0, 0) 0.0002

Duration of contraceptive method use among participants indicating method use (months)

Medroxyprogresterone acetate injectable 12 (1, 36) 24 (12, 48) 6 (0, 28) <0.0001

Oral contraceptives 38.5 (18.0, 84.0) 12.5 (3, 33) 53.5 (25, 87) <0.0001

Implant 0.5 (0, 11) 14 (1, 36) 0 (0, 7) 0.0011

Physical Activity (total MET, hours/week) 57.9 (29.4, 107.0) 48.8 (23.7, 107.0) 63.1 (32.6, 107.1) 0.051

Categorical physical activity score (N, %) 0.068
Low 29 (6 %) 14 (7 %) 15 (5 %)

Moderate 166 (32 %) 68 (36 %) 98 (30 %)

High 323 (62 %) 105 (56 %) 218 (66 %)

Total daily calcium (g) 0.368 (0.243, 0.568) 0.330 (0.189, 0.553) 0.384 (0.273,0.574) 0.0009

Serum vitamin D concentration (ng/mL) 30 (25, 35) 28 (23, 32) 31 (26, 36) <0.0001

Serum vitamin D concentration (N, %) <0.0001
Sufficient (>30 mg/mL) 259 (50 %) 71 (38 %) 188 (57 %)

Insufficient (20–29 mg/mL) 236 (46 %) 101 (54 %) 135 (41 %)

Deficient (0–19 ng/mL) 22 (4 %) 14 (8 %) 8 (2 %)

BMD lumbar spine (g/cm2) 0.97 (0.90, 1.04) 0.93 (0.88, 1.01) 1.00 (0.92, 1.05) <0.0001

BMD total hip (g/cm2) 0.96 (0.88, 1.03) 0.93 (0.86, 0.99) 0.98 (0.91, 1.05) <0.0001

Median (interquartile range), unless indicated p values from chi-squared test for categorical variables and fromWilcoxon two-sample test for continuous
variables
a Percent of women reporting history of specific method
b The mean duration of implant use among all participants is higher in Zimbabwe (3.8 months, standard deviation 13.6) than in Uganda (1.3 months, 7.2)
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24.8 kg/m2. Nearly all participants (98 %) had a history of
breastfeeding with a cumulative duration of >5 years (30 %),
2–5 years (49 %), and <2 years (21 %). The elapsed time from
cessation of breastfeeding to BMD measurement was
>12 months for 80 % of the participants.

Current or prior use of hormonal contraceptives was com-
mon: 71 % of women reported any history of DMPA use,
81 % reported any history of combined oral contraceptive pill
(COCP) use, and 27 % reported any history of progestin-only
implant use. The median serum vitamin D concentration was
30 ng/mL, and 96 % of participants had a level ≥20 ng/mL.

Significant differences in demographic characteristics were
observed between the participants in the two countries
(Table 1). Zimbabwean women had a lower parity, had higher
educational attainment, were more likely to be married, and
less likely to have consumed alcohol in the 3 months prior to
enrollment compared with their Ugandan counterparts. A ma-
jority of Ugandan women (73.8 %) earned their own income
compared with less than half of the Zimbabwean women.

The participants from Zimbabwe were more likely to have
used oral contraceptive and contraceptive implants whereas
Ugandan women were more likely to have used DMPA.
Since the use of an effective contraception was required for
participation in the VOICE trial, some women had short du-
rations of use for their current method at enrollment, particu-
larly for implants. The median duration of implant use among
the 139 women who reported use was 0.5 months (interquar-
tile range [IQR] 0, 11). The total duration of DMPA use
ranged from 0 to 180 months with a median of 3 months
(median 12 months among those indicating current DMPA
use).

Bone mineral density

The median lumbar spine (LS) BMD was 0.97 g/cm2 (IQR
0.90, 1.04). The median total hip (TH) BMD was 0.96 g/cm2

(IQR 0.88, 1.03), and BMD at both the LS and TH was sig-
nificantly higher in the women from Zimbabwe (1.00 and
0.98 g/cm2, respectively) compared to Uganda (0.93 and
0.93 g/cm2, respectively) both with p<0.0001 as shown in
Table 1.

Correlates of BMD

In univariate analyses, lower TH BMD was associated with
enrollment in Uganda (p<0.001), lower BMI (p<0.001), low-
er categorical physical activity (p=0.01), and less education
(p<0.001). History of and duration of DMPA use were asso-
ciated with lower THBMDwhereas use of oral contraceptives
(COCP) or contraceptive implants was associated with higher
BMD. Age, parity, history and duration of breastfeeding, and
calcium intake were not associated with TH BMD, but serum

vitamin D concentration was significantly associated with
higher TH BMD (p=0.04) (Table 2).

Similarly, lower LS BMD was associated with enrollment
in Uganda (p<0.001), lower BMI (p<0.001), and lower cate-
gorical PA (p=0.016), but also with higher parity (p=0.04),
less education (p< 0.001), and longer duration of
breastfeeding (p=0.02). For the LS, history and duration of
use of DMPA were associated with lower BMD; and history
and duration of use of COCP and contraceptive implants were
associated with higher BMD (Table 2). Neither calcium intake
nor vitamin D level was associated with LS BMD.

In a multivariable analysis, enrollment in Uganda, lower
BMI, low or moderate level (versus high) of physical activity,
and a history of ever breastfeeding were significantly associ-
ated with lower TH BMD (Table 3). A trend was detected for
the association of longer duration of DMPA with lower TH
BMD (p=0.08). Parity, age, use of contraceptive implants,
duration of lactation, and vitamin D level were not significant
(p>0.05). For the LS, enrollment in Uganda, lower BMI, lon-
ger duration of DMPA, shorter duration of implant use, lower
levels of PA, and cumulative duration of breastfeeding
(>5 years) were independently associated with lower BMD.

Country-specific analyses

In country-specific analyses, participants from Zimbabwe
were similar to the overall group with the factors associated
with lower TH BMD including lower BMI, longer duration of
DMPA, low or moderate physical activity (versus high), and
history of breastfeeding. The same factors were associated
with lower LS BMD; additionally, longer duration of implant
use was protective. For Ugandan women, however, the mul-
tivariable model demonstrated that only lower BMI and
shorter duration of implant use were associated with lower
TH BMD. These same factors plus less education were inde-
pendently associated with lower LS BMD in Uganda.

Factors associated with low T-score (<−1.0)

Overall, the proportions of women with T-score between −1
and −2.5 were 35.3 % for LS and 9.7 % for TH (Fig. 1). The
proportion of women with a T-score less than −2.5 was low:
1.5 % for LS and 0.2 % for TH. Compared with their
Zimbabwean counterparts, participants from Uganda had a
greater than twofold increased risk of having a baseline T-
score of ≤1.0 for LS (p<0.01). Distributions of Z-scores were
similar to those of T-scores.

In univariate analysis for the LS, country of residence
(Uganda), any history of DMPA use, and duration of DMPA
use were significantly associated with a greater risk of having
a baseline T-score of <−1.0 while duration of implant use and
high (vs. moderate) PA levels significantly reduced the risk of
having a low T-score. In multivariable analyses, enrollment in
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Uganda and longer duration of DMPA use remained signifi-
cantly associated with a low baseline T-score while higher

BMI, longer duration of implant use, and high (vs. moderate
or low) PA levels were protective.

Table 2 Baseline characteristic associations with bone mineral density of the total hip and lumbar spine

Total hip Lumbar spine

Parameter estimate (SE) p value Parameter estimate (SE) p value

Country (Uganda vs. Zimbabwe) −0.0570 (0.0104) <0.001 −0.0467 (0.0094) <0.001

Age (years) 0.0019 (0.0011) 0.074 −0.0003 (0.0010) 0.785

BMI (kg/m2) 0.0058 (0.0009) <0.001 0.0032 (0.0009) <0.001

Parity (per child) 0.0008 (0.0041) 0.846 −0.0076 (0.0036) 0.036

Primary school education or less −0.0412 (0.0112) <0.001 −0.0415 (0.0100) <0.001

Any history of DMPA use −0.0406 (0.0112) <0.001 −0.0431 (0.0100) <0.001

Duration of DMPA (months) −0.0005 (0.0002) 0.004 −0.0006 (0.0002) <0.001

Any oral contraceptive use 0.0496 (0.0130) <0.001 0.0352 (0.0117) 0.003

Duration of oral contraception (months) 0.0004 (0.0001) <0.001 0.0002 (0.0001) 0.033

Any implant use 0.0463 (0.0114) <0.001 0.0454 (0.0102) <0.001

Duration of implant use (months) 0.0008 (0.0004) 0.070 0.0015 (0.0004) <0.001

Total physical activity (MET-hours/week) 0.000003 (0.000001) 0.012 0.00006 (0.00006) 0.326

Categorical physical activity 0.006 0.016

High (vs. low) 0.0455 (0.0225) 0.043 0.0359 (0.0202) 0.076

High (vs. moderate) 0.0310 (0.0111) 0.005 0.0254 (0.0100) 0.011

Any history of breastfeeding −0.0584 (0.0416) 0.160 −0.1002 (0.0371) 0.007

Lifetime duration of breastfeeding 0.480 0.018

>5 years (vs. <2 years) 0.0046 (0.0146) 0.753 −0.0266 (0.0129) 0.040

2–5 years (vs. <2 years) 0.0147 (0.0133) 0.272 0.0021 (0.0118) 0.857

Total daily calcium (g) −0.0009 (0.0110) 0.936 0.0039 (0.0099) 0.692

Vitamin D concentration (ng/dl) 0.0013 (0.0007) 0.044 0.0001 (0.0006) 0.900

Table 3 Multivariable analysis of association of baseline characteristics and BMD

Total hip Lumbar spine

Parameter estimate (SE) p value Parameter estimate (SE) p value

Country (Uganda vs. Zimbabwe) −0.0437 (0.0106) <0.001 −0.0260 (0.0098) 0.009

Age (years) −0.0001 (0.0011) 0.962

BMI (kg/m2) 0.0060 (0.0009) <0.001 0.0037 (0.0008) <0.001

Duration of DMPA (months) −0.0003 (0.0002) 0.081 −0.0004 (0.0002) 0.005

Duration of implant use (months) 0.0006 (0.0004) 0.182 0.0013 (0.0004) <0.001

Categorical physical activity 0.007 0.011

High (vs. low) 0.0446 (0.0210) 0.026 0.0347 (0.0191) 0.071

High (vs. moderate) 0.0277 (0.0104) 0.008 0.0252 (0.0094) 0.007

Ever breastfed −0.0907 (0.0389) 0.020

Lifetime duration of breastfeeding 0.069

>5 years (vs. <2 years) −0.0251 (0.0128) 0.051

>5 years (vs. 2–5 years) −0.0223 (0.0106) 0.035

Vitamin D total concentration 0.111

Deficiency (vs. sufficiency) −0.0366 (0.0244) 0.151

Insufficiency (vs. sufficiency) −0.0174 (0.0090) 0.079
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For the TH, univariate analysis identified that residence in
Uganda was associated with a greater risk of T-score <−1.0
(OR 2.33; 95 % CI 1.30, 4.19) and higher BMI and
physical activity level were protective; however, in the
multivariable analysis, only BMI and the physical activ-
ity level (total MET-hours/week) were significantly as-
sociated with TH T-score<−1.0.

Discussion

In this large cross-sectional study of premenopausal black
African women in Uganda and Zimbabwe, the factors associ-
ated with lower bonemineral density include Uganda as coun-
try of domicile, lower BMI, lower levels of physical activity, a
lifetime cumulative duration of breastfeeding >5 years, and
longer duration of use of injectable DMPA. To date, this study
represents the largest report of bone mineral density in non-
South African black African women. These data provide an
important resource to define the normal ranges of BMD in
healthy premenopausal African women.

The overall BMD measures for our study population were
normally distributed. Compared to the reference population,
the distribution of T-scores for the LS BMD was shifted to the
lower range whereas for the TH, the distribution was nearly
identical to the reference NHANES data [19]. Our results were
similar to those of Kasonde et al. [9] who demonstrated com-
parable levels of baseline LS and TH BMD among 114
Batswana women.

Our findings are supported by prior studies that have
shown that fracture incidence is lower in black South
African women compared to their white counterparts and that
blacks have increased cortical thickness [13]. It has also been
previously shown that African-American women achieve 5–
15 % greater peak bone mass, have higher BMD, and have
lower fracture incidence than their white counterparts [10, 14].

In this study, higher BMD at both the LS and TH was
significantly associated with higher levels of physical activity.
Load carrying on the head, which is common in African wom-
en, was included in the physical activity assessment in our
study. According to Lloyd et al., the effects of load-bearing
depended on the weight carried as well as duration of load
bearing. Load bearing was shown to have osteogenic effects
on the spine although not on the hip [13]. Our finding of a left
(lower) shift in the distribution of T-scores at the spine is
consistent with the findings of Chantler et al. [5] comparing
black and white South African women and suggests a
racial or genetic difference in the relative density of the
spine and hip.

The observed difference between the bone density of the
women from Uganda and Zimbabwe was unanticipated. In
fact, we speculated that Zimbabwean women would have a
lower BMI and lower BMD but actually both BMI and BMD

were higher in Zimbabwe, even after controlling for other
factors like calcium intake, contraceptive use and duration,
and physical activity. The differences in BMD between
Zimbabwean women and women from Uganda were small
but consistent. These small differences might be attributable
to cohort effects such as ethnic differences; however,
Zimbabweans and the population in the region of Uganda
from which this study enrolled are both of Bantu origin, so
most, if not all, participants were of Bantu origin. It is possible
that there could be pockets of more recently derived gene
polymorphisms which could impact body morphology and
bone composition. Zimbabwean women were more likely to
have used oral contraceptive and contraceptive implants com-
pared with Ugandan women who were more likely to have
used DMPA.

Extended lactation as well as both use and duration of use
of DMPA were associated with lower BMD in this study,
similar to the findings of Petitti et al. in their international
cross-sectional study of the impact of contraception on
BMD. In the study of Petitti et al. (which included 78
Zimbabwean women), multivariate analyses revealed that
both recent and total duration of lactation and use of DMPA
were associated with lower BMD [6]. Similarly, several other
studies have confirmed the association of use of DMPA and
lower BMD [7, 8, 11, 20]. We showed that longer duration of
breastfeeding had a negative impact on LS BMD. Parity was
found to be significantly associatedwith lower LSBMD in the
univariate model but was no longer significant after control-
ling for other factors. We might have been unable to discern
significant differences because most women had two or three
children. This lower parity in the study population, as com-
pared to the Zimbabwean and Ugandan fertility rate averages
of 3.22 and 6.05, respectively, may have potentially intro-
duced bias in the determination BMD by shifting the distribu-
tion to the right. Interestingly, Rahman et al. showed that
never having been pregnant had a negative effect on BMD
[21].

We found no correlation between age and BMD. The lack
of correlation between age and BMD and parity and BMD is
likely due to the narrow age range in our study with all par-
ticipants being premenopausal and expected to have a stable
bone mass.

There is a paucity of data on the effect of progestin implants
on BMD, and the available data are inconsistent. Similar to
results from two prior studies [22, 23], we found that any use
of progestin implants was associated with higher bone density
at the LS but had no association with TH BMD. In contrast,
two other previous studies found no significant difference in
BMD between users and non-users of progestin-only implants
respectively [24, 25]. The duration of implant use could have a
potential impact on the effect of progestin implants on BMD.
Our current data are limited by the relatively short median
duration of implant use; longitudinal data acquired during
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progestin implant use by this same cohort will be important to
clarify any potential associations with BMD gain or loss.

Data on effects of oral contraceptives on BMD are also
variable; with the number of previous studies that have shown
an increase in BMD with oral contraceptive use being almost
equal to that of prior studies that have shown no effect
[26, 27]. This inconsistency in findings is possibly ex-
plained by the different study populations studied (age,
ethnicity, sample size) skeletal site assessed and the type
of oral contraception [6]. We found that COCP use was
associated with higher BMD, but that this association
was no longer significant in the multivariate model after
controlling for other factors.

In our study population, there was no correlation between
vitamin D levels and BMD after controlling for other factors.
There is little data on the correlation between vitamin D levels
and BMD in adults with most studies examining the effect of
supplementary vitamin D on BMD. Assessment of vita-
min D in previous studies has reported inconsistent
findings, likely because of different reference ranges
used by different authorities, varying assays, and sea-
sonal effects. Similarly, we did not find any correlation
between Ca intake and BMD. These inconsistent find-
ings are not surprising given the interdependence of Ca,
vitamin D, and other nutrients on BMD. As previously
described, diets rich in Ca were shown to be high in
vitamin D, protein, saturated fatty acids, magnesium,
and phosphorus all of which can act as confounding
variables [28].

Our study had several limitations which deserve to be men-
tioned. First and foremost, the dietary calcium information
collected was approximate due to lack of a validated tool for
local foods available at the sites. Second, the accuracy of the
calcium intake may have been affected by translation of foods
and difficulty in calculating quantities by participant self-
report and recall bias. Recall bias may also have affected the
validity of other variables such as physical activity, although a
validated international survey tool was utilized. Third, some
variables associated with BMD in prior studies such as caf-
feine, smoking, and detailed menstrual history (age at menar-
che) were not measured in our study. Fourth, despite our cal-
ibration procedures, it is possible that differences in the ma-
chine setup and calibration may have contributed to differ-
ences we observed. However, we followed similar procedures
used by the standard clinical trials for across-site calibration.
Finally as with all cross-sectional studies, this study is prone to
ecological fallacy and causality cannot be inferred.
Longitudinal follow-up of this group of women will provide

additional data on the impact of these variables on changes in
BMD.

This study also had several strengths. Bone mineral density
was assessed by state-of-the-art measurements by dual x-ray
absorptiometry that was carefully monitored and centrally
reviewed. The large sample size of healthy premenopausal
women residing in two separate countries in sub-Saharan
Africa provides robust estimates of the normal range of bone
mineral density and the major factors associated with BMD.
This well-controlled set of measurements contributes to estab-
lishing normative values for bone density in these two coun-
tries for which little or no other data exists.

In conclusion, this large cross-sectional study of premeno-
pausal black African women showed that the bone mineral
density of healthy African women in Uganda and Zimbabwe
was comparable to that of a US reference population. The
factors associated with lower bone mineral density include
Uganda as country of domicile, lower BMI, lower levels of
physical activity, a lifetime cumulative duration of
breastfeeding >5 years, and longer duration of use of inject-
able DMPA. As far as we know, to date, our study represents
the largest report of bone mineral density in black African
women outside of South Africa. These data provide an impor-
tant resource to define the normal ranges of BMD in healthy
premenopausal African women.
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