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Introduction

Osteoporosis and obesity are two complex diseases of 
increasing prevalence and with great impact on mortality 
and morbidity. Similarities identified between these 
diseases indicate some type of pathophysiological link (1). 
Worldwide, obesity affects over 300 million women while 
osteoporosis affects over 200 million women (2, 3). The South 
African National Health and Nutrition Examination Survey 
(SANHANES) recently reported a national obesity prevalence 
of 39.2% for South African adult women (4).

Body mass index (BMI) which is an indicator of 
adiposity is a height-standardised measure of body weight 
mainly comprised of lean and fat mass. Low BMI has been 
established to be a risk factor for osteoporotic fracture (5–7). 
However, obesity was recently shown to be a risk factor for 
osteoporotic fracture (8). The mechanical loading of body 
weight on bone led to the belief that obesity may prevent bone 
loss and osteoporosis (5, 6). Previous studies had conflicting 
results about the individual effect of lean mass and fat mass 
on bone mineral density (BMD) (5, 6, 9–14). Recent studies 
are showing that lean mass has a greater protective effect on 
BMD in comparison to fat mass (10, 11). Indeed increased 
fat mass has been associated with low BMD and reported not 
to protect against osteoporosis in Chinese men and women 
(13). A number of studies have been conducted on bone health 

outcomes among South Africans (15–20), but to the best of our 
knowledge none has focused on the relationship between body 
composition and bone health, particularly BMD and fracture 
risk, among postmenopausal black South African women. 
Moreover, there is an increasing concern about the loss of 
African women’s inherent advantage of higher BMD which 
needs further investigation (17). Consequently, this study aims 
to examine the association between body composition (BMI, fat 
mass and lean mass) and bone health (BMD and fracture risk) 
in urban postmenopausal black South African women.

 
Subjects and methods

Study design
The Prospective Urban and Rural Epidemiology (PURE) 

study is a 10 year longitudinal study aimed at tracking the 
effects of lifestyle and changing environment exposures on the 
development of non-communicable diseases in populations at 
different stages of epidemiologic transition (21). The South 
African North-West Province (NWP) arm of the PURE (PURE-
SA-NWP) study commenced with baseline data collection 
in 2005 (17). In this sub-study we included postmenopausal 
women who were measured at 5 and 7 years follow up in 2010 
and 2012, respectively using a cross-sectional study design. 
Urban black women aged ≥ 43 years from the PURE-SA-
NWP study were included. Only participants who completed 
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the quantitative food frequency questionnaires (QFFQ) and 
had undergone dual energy X-ray absorptiometry (DXA) 
measurements at follow up were eligible for inclusion in this 
study (n=189). We excluded women who are HIV positive in 
the current analysis. Blood samples and DXA measurements 
for each participant were done on the same day and the seasons 
were defined as October to December for spring (season 1) and 
April to June for autumn (season 2). The study was approved 
by the Ethics committee of the North-West University (NWU), 
Potchefstroom campus (NWU-00016-10-A1). All participants 
provided written informed consent. Another written informed 
consent for HIV testing was obtained from each participant 
after a pre-counseling session.

Body composition measurements 
Height was measured to the nearest 0.1 cm with a 

stadiometer (Leicester height measure, Seca, Birmingham,UK) 
and weight was determined on a portable electronic scale 
to the nearest 0.01 kg (Precision Health Scale, A & D 
Company, Japan) by anthropometrists according to standard 
methods of the International Society for the Advancement of 
Kinanthropometry (ISAK) (22). BMI was calculated (weight 
in kilograms divided by height in meter squared). Women were 
grouped according to their BMI of either < 25 kg/m2 or ≥ 25 
kg/m2 (overweight and obese). 

Body composition (lean and fat mass) and BMD were 
measured by a registered radiographer with DXA (Hologic 
Discovery W, APEX system software version 12.7.3.1). 
Whole body, femoral neck (CV = 1.2%), hip (CV = 0.8%) 
and anterior posterior spine BMD (L1–L4, Spine, CV = 0.7%) 
were measured. Measurements for the non-dominant side of 
each participant were used for data analysis. Low bone mass 
(osteopenia) was defined by a femoral neck T-score between 
-1.0 and -2.5 standard deviations and osteoporosis was defined 
as a T-score ≤ −2.5 standard deviations (23, 24). 

Questionnaires
Structured questionnaires were adapted and used by all 

countries participating in the PURE study to collect socio-
demographic and lifestyle information including medication 
and tobacco use (21). Questionnaires were administered by 
trained field workers during home visits and visits to the 
Metabolic Unit of the NWU in their language of choice. 
Validated culturally sensitive QFFQ (25, 26) and modified 
Baecke physical activity questionnaires for this population (27) 
were used as previously described by Kruger and colleagues 
(17). The food intake were coded and analyzed by using 
the South African Medical Research Council database (28). 
Fracture risk was measured and assessed using the Black 
fracture risk score (29). Fracture risk questionnaires have been 
previously used in the black South African population (30). An 
index with a score from 0 to 3 was regarded as low risk; 4 to 6 
as medium risk and 7 to 11 was high risk (29).

Blood collection and analysis
Registered nurses collected a fasting blood sample from 

the antecubital vein using a sterile winged infusion set and 
syringes. Serum samples were prepared and stored in aliquots 
in cryotubes at -80ºC. Serum 25-hydroxy vitamin D (25(OH)
D) concentrations were measured using the Roche Elecsys 2010 
COBAS system (Roche Diagnostics, Indianapolis, IN, USA). 

Physical activity
Habitual physical activity was measured with a modified 

Baecke questionnaire (27) and activity energy expenditure 
(AEE) was measured using an accelerometer with combined 
heart rate monitor (ActiHeart®, Camtech, UK) for 7 days. 
Participants were visited by field workers on a daily basis 
to ensure that the ActiHeart® monitor was secure and to 
record possible problems with wearing the device. AEE was 
determined by means of 60 second epochs and data generated 
by the ActiHeart® were downloaded using a computer 
interface. Total energy expenditure and AEE were calculated 
(in kJ) with the ActiHeart® software. Reliability and validity 
of using the ActiHeart® to evaluate physical activity in sub-
Saharan Africans has been previously assessed (31). 

Statistical analysis
Data were analysed with IBM SPSS version 22 (IBM 

Company, Armonk, NY, USA). Normally distributed data are 
presented as means with standard deviation, non-normally 
distributed data as medians and interquartile range. Categorical 
data were analysed using frequency tables and prevalence of 
specific conditions was expressed as percentages. Independent 
t-tests were used to compare parametric variables and 
Mann-Whitney U-tests to compare non-parametric variables 
between groups. Pearson correlations were used to explore 
the relationship between dietary intake, physical activity, 
BMD, body composition and fracture risk while adjusting 
for possible confounders (i.e. age, height, tobacco use, 
contraceptive use and thiazide use). Prevalence odds ratio (OR) 
and 95% confidence intervals (CI) were evaluated for BMI 
vs. bone density categories. Separate stepwise multiple linear 
regressions were used to assess the association between BMI, 
lean mass, fat mass respectively as independent variables, and 
femoral neck BMD, spine BMD, hip BMD and fracture risk, 
respectively, as the dependent variables. Potential confounders 
like age, 25(OH)D, season of data collection, AEE, tobacco 
use, alcohol consumption, dairy food intake, contraceptive 
use and use of thiazide were included in the models. Another 
multiple regression model was used with both lean mass and 
fat mass as independent variables of BMD measured at the 
three sites and fracture risk in the same model. We based 
our power calculation for the appropriate sample size for 
multiple regression analysis based on an expected R2 of 0.2, 
a maximum of 15 independent variables and a confidence 
level of 0.95 indicated a sample size of 150 participants (32). 
Statistical significance was set at p < 0.05. Diagnostic tests for 
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multicollinearity were performed. 

Results

Demographic, body composition, health and lifestyle 
characteristics of the women are presented in Table 1. Using 
the WHO BMI classification, 7.4% of the women were 
underweight, 22.2% had normal weight, and 23.3% were 
overweight while 47.1% were obese. Women with BMI < 25 
kg/m2 had significantly lower body fat percentage, lean mass, 
spine BMD, femoral neck BMD, hip BMD, and whole body 
BMD, but had higher serum 25(OH)D, higher fracture risk, as 
well as a higher proportion of osteoporosis in comparison to 
those with a BMI ≥ 25 kg/m2 (Table 1).

The odds of having osteopenia was not significantly 
different between women with BMI < 25 kg/m2 compared to 
overweight and obese women (OR 1.34, 95%CI: 0.72, 2.52, 
p=0.37). However, the odds of having osteoporosis was seven 
fold higher in women with BMI < 25 kg/m2 compared to 
women with BMI ≥ 25 kg/m2 (OR 7.08, 95%CI: 2.95,16.96, 
p<0.001). Out of the women aged 70 years and above, 42.9% 
had osteoporosis while the highest percentage of osteopenia 
was recorded for women between the ages of 60 69 years 
(52.4%). Among the women aged < 60 years, 34% had 

osteopenia while 8.7% were already osteoporotic.
There was a positive correlation between body composition 

variables and all BMD measurements at different sites, and a 
negative correlation with fracture risk (Table 2). Dairy foods 
and dietary calcium intakes had significant positive correlations 
with one or more BMD measurements (Table 2).

Table 3 shows the multivariate regression results of the 
associations of body composition variables with BMD 
measurements. In model 2, BMI and other covariates 
explained 38% variation in femoral neck BMD, but when BMI 
was replaced with fat mass a lower percentage (35%) was 
explained. When fat mass was replaced by lean mass, an even 
greater percentage of variation (40%) in femoral neck BMD 
was explained. 

Unadjusted beta-values showed that for each increase in one 
unit (1 kg) of fat mass there was an increase of 0.005 g/cm2 in 
femoral neck BMD (p<0.001) while for an increase in each unit 
(1 kg) of lean mass there was an increase of 0.010 g/cm2 in 
femoral neck BMD (p<0.001).

For spine BMD, BMI and other covariates explained 23% 
of the variation, changing to 25% when BMI was replaced by 
fat mass, while the model with lean mass also explained the 
highest variation of 30% (Table 3). An increase in each unit of 
fat mass and lean mass was associated with similar increases 
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Table 1
Demographic, body composition, health and lifestyle measures of the total group as well as between women with  

BMI < 25 kg/m2 and BMI ≥ 25 kg/m2 (n=189)*

Variable Total group (n=189) * BMI <25 kg/m2 (n=56) BMI ≥25 kg/m2 (n=133) p#
Age(years) 61.1 (10.2) 61.0 (11.2) 61.1 (9.79) 0.951
Body fat % 40.2 (7.43) 31.7 (5.61) 43.8 (4.71) <0.001
Fat mass (kg) 29.2 (11.9) 15.9 (4.50) 34.9 (9.21) <0.001
Lean mass (kg) 39.0 (7.29) 31.9 (4.61) 41.9 (6.09) <0.001
BMI (kg/m2) 29.4 (7.57) 20.7 (2.91) 33.0 (5.68) <0.001
Spine BMD (g/cm2) 0.854 (0.144) 0.777 (0.123) 0.886 (0.140) <0.001
Femoral neck BMD (g/cm2) 0.840 (0.133) 0.649 (0.111) 0.773 (0.125) <0.001
Hip BMD (g/cm2) 0.840 (0.152) 0.734 (0.112) 0.882 (0.147) <0.001
Whole body BMD (g/cm2) 0.987 (0.124) 0.914 (0.095) 1.018 (0.122) <0.001
Fracture risk score 1.73 (1.65) 2.31 (1.70) 1.48 (1.57) 0.002
AEE (kJ) 1160 (909) 860 (703) 1287 (957) 0.005
Physical activity score 2.93 (0.49) 2.92 (0.38) 2.93 (0.53) 0.97
25(OH)D (ng/ml) 30.2 (9.61) 32.9 (9.37) 28.9 (9.49) 0.01
Tobacco users n (%) 97 (51.3) 35 (62.5) 62 (47.3) 0.06
Contraceptive users n (%) 100 (53.8) 33 (58.9) 67 (51.5) 0.34
Thiazide users n (%) 84 (44.4) 22 (39.3) 62 (46.6) 0.36
Osteopenic n (%) 75 (39.7) 25 (44.6) 50 (37.6) 0.37
Osteoporotic n (%) 28 (14.8) 19(33.9) 9 (6.8) <0.001
*Sample size varies due to missing values. BMI = body mass index. BMD = Bone mineral density. AEE = activity energy expenditure, 25(OH)D = serum 25 hydroxy vitamin D. #Diffe-
rence between groups with BMI </ ≥ 25 kg/m2. Data are means (SD) or frequency (%)
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Table 2
Pearson correlation coefficients between dietary intake, physical activity, body composition, bone markers and fracture risk for 

the whole group

Spine BMD Femoral 
neck BMD

Hip BMD Whole body 
BMD

Fracture risk Fat mass Lean body 
mass

Body mass 
index

Body composition
Body mass index (kg/m2) 0.40** 0.46** 0.55** 0.51** -0.24** 0.94** 0.80** -

Fat mass (kg) 0.40** 0.43** 0.52** 0.50** -0.25** - 0.79** 0.96**

Lean mass (kg) 0.48** 0.48** 0.55** 0.54** -0.25** 0.79** - 0.79**

Dietary intakes
Energy intake (kJ) 0.06 0.09 0.02 0.07 -0.08 -0.05 -0.07 -0.04

Calcium (mg) .068 0.14 0.09 0.16* -0.09 0.06 0.06 0.09

Vitamin D (µg) -0.07 0.04 -0.02 0.02 -0.07 -0.07 -0.07 -0.10

Alcohol (g) -0.08 -0.08 -0.06 -0.10 0.03 -0.19* -0.09 -0.22**

Dairy food (g) 0.12 0.21** 0.12 0.20* -0.15* 0.10 0.10 0.12

Vitamin D status
25(OH)D (ng/ml) -0.07 -0.08 -0.06 -0.15* 0.03 -0.18* -0.22** -0.22**

Physical activity
AEE (Kcal) 0.05 0.13 0.15 0.07 -0.14 0.28** 0.23** 0.28**

Physical activity score 0.03 -0.03 0.05 0.04 -0.01 0.10 0.08 0.08
BMD =bone mineral density, AEE = activity energy expenditure, 25(OH)D = serum 25 hydroxyl vitamin D. Partial correlation with adjustment for age, tobacco use, history of contracep-
tive use and thiazide use. * p<0.05, ** p<0.001

Table 3
Association between BMD as dependent variable and body composition parameters as independent variables

BMI Fat mass Lean mass
Femoral neck BMD β p Adjusted R2 β p Adjusted R2 β p Adjusted R2

Model 1 0.48 <0.001 0.23 0.46 <0.001 0.20 0.51 <0.001 0.26
Model 2 0.42 <0.001 0.38 0.39 <0.001 0.35 0.49 <0.001 0.40
Spine BMD β p Adjusted R2 β p Adjusted R2 β p Adjusted R2

Model 1 0.43 <0.001 0.18 0.44 <0.001 0.19 0.51 <0.001 0.26
Model 2 0.41 <0.001 0.23 0.38 <0.001 0.25 0.48 <0.001 0.30
Hip BMD β p Adjusted R2 β p Adjusted R2 β p Adjusted R2

Model 1 0.57 <0.001 0.32 0.54 <0.001 0.29 0.58 <0.001 0.33
Model 2 0.53 <0.001 0.38 0.50 <0.001 0.36 0.59 <0.001 0.40
BMI = body mass index Model 1: unadjusted model. Model 2: adjusted for age, height (except for BMI model), serum 25 hydroxy vitamin D, season, activity energy expenditure, dairy 
food intake, alcohol intake, history of contraceptive use, thiazide use and tobacco use

Table 4 
Association between fracture risk as dependent variable and body composition parameters as independent variables

BMI Fat mass Lean mass
β p Adjusted R2 β p Adjusted R2 β p Adjusted R2

Model 1 -0.23 0.002 0.05 -0.24 0.001 0.05 -0.31 <0.001 0.09
Model 2 -0.18 0.03 0.10 -0.16 0.05 0.15 -0.19 0.04 0.15
BMI = body mass index. Model 1: unadjusted model. Model 2: adjusted for, height (except for BMI), 25(OH)D, season, activity energy expenditure, dairy food intake, alcohol intake, 
history of contraceptive use and thiazide use 



in spine BMD and femoral neck BMD (0.005 g/cm2 (p<0.001) 
and 0.010 g/cm2 (p<0.001), respectively).

The variation in hip BMD explained by BMI, fat mass 
and lean mass, respectively, and other covariates was also 
38%, 36% and 40%. Unadjusted beta-values showed that the 
increases in each unit of fat mass and lean mass, respectively, 
was associated with increases in hip BMD of 0.007 g/cm2 
(p<0.001) and 0.012 g/cm2 (p<0.001). Table 4 summarizes the 
association between body composition variables and fracture 
risk. All body composition variables were negatively associated 
with fracture risk. Individual associations were β= - 0.23 
(p<0.001) for BMI, β = -0.24 (p<0.001) for fat mass and β = - 

0.31 (p<0.001) for lean mass. 
In Table 5 where lean mass and fat mass were included in 

the same model, lean mass (β = 0.45, p<0.001) was positively 
associated with femoral neck BMD, while fat mass (β= 0.05 
p = 0.65) was not even though it was retained in the model 
(Model 1). In the final model (Model 2 of Table 5), lean 
mass, age, height, dairy foods, and tobacco use were the only 
variables associated with femoral neck BMD, while there was 
no association with fat mass. Lean mass, age, height, dairy 
foods, tobacco use and season explained 40.1% of the variation 
in femoral neck BMD of our participants. 

Lean mass and tobacco use were the only variables 
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Table 5
Multiple regression analysis for the association between BMD measurements and fracture risk as dependent variables and body 

composition parameters as independent variables

Femoral 
neck BMD

Spine BMD Hip BMD Fracture 
risk

β p β p β p β p
Model 1:
Fat mass 0.05 0.65 0.06 0.63 0.18 0.13 -0.07 0.62
Lean mass 0.45 <0.001 0.42 0.002 0.45 0.001 -0.14 0.36
Age -0.32 <0.001 -0.12 0.11 -0.21 0.003 N/A N/A
25(OH)D 0.02 0.82 -0.03 0.72 0.03 0.75 -0.15 0.09
Season 0.08 0.27 0.13 0.12 0.01 0.91 0.09 0.33
Height -0.14 0.07 0.01 0.91 -0.12 0.11 -0.17 0.07
Tobacco use -0.14 0.03 -0.17 0.02 -0.13 0.05 N/A N/A
Dairy foods 0.14 0.04 0.06 0.39 0.06 0.36 -0.15 0.05
Alcohol 0.02 0.82 -0.02 0.75 0.04 0.52 -0.03 0.71
Thiazide use 0.03 0.71 0.08 0.26 -0.02 0.75 0.12 0.11
Contraceptive use 0.02 0.81 0.00 0.26 0.04 0.53 0.13 0.09
AEE 0.02 0.76 -0.03 0.97 -0.01 0.88 -0.11 0.18
Adjusted R2 0.379 0.271 0.379 0.138
Model 2
Lean mass 0.49 <0.001 0.48 <0.001 0.59 <0.001 -0.19 0.04
Age -0.32 <0.001 -0.11 0.11 -0.22 0.001 N/A N/A
Height -0.15 0.04 -- -- -0.16 0.03 -0.16 0.06
Dairy foods 0.14 0.03 -- -- -- -- -0.15 0.05
25(OH)D -- -- -- -- -- -- -0.11 0.14
Season 0.09 0.18 0.12 0.09 -- -- -- --
Tobacco use -0.15 0.02 -0.19 0.007 -0.15 0.02 N/A N/A
AEE -- -- -- -- -- -- -0.14 0.08
Thiazide use -- -- -- -- -- -- 0.11 0.13
Contraceptive use -- -- -- -- -- -- 0.13 0.10
Adjusted R2 0.401 0.297 0.396 0.148
BMD = bone mineral density. AEE = Activity energy expenditure. 25(OH)D = serum 25 hydroxy vitamin D. Models adjusted for age (except for fracture risk), height, serum 25 hydroxy 
vitamin D, season, activity energy expenditure, dairy food intake, alcohol intake, history of contraceptive use, thiazide use and tobacco use (except for fracture risk).



associated with spine BMD (Model 2 of Table 5). Lean mass, 
age, tobacco use and season explained 29.7% of the variation 
in spine BMD of our participants.  Lean mass, age, height 
and tobacco were also significantly associated with hip BMD 
and explained 39.6% of the variation in hip BMD of our 
participants (Model 2 of Table 5).

Body composition variables and dairy foods were negatively 
associated with fracture risk (Table 5). In the final model 
(Model 2 of table 5), lean mass and dairy foods were the only 
variables significantly associated with fracture risk. Lean mass, 
dairy foods, height, 25(OH) D, AEE, thiazide use and history of 
contraceptive use explained 14.8% variation in the fracture risk 
of our study population. 

Discussion

The results from this cross sectional study indicate that lean 
mass had a stronger association with bone health in comparison 
to fat mass in urban black South African women. 

The influence of individual body composition variables to 
BMD remains controversial. While some studies demonstrated 
that lean mass exhibit a positive relationship with BMD (10, 
11) another reported that lean mass does not have an impact on 
BMD (14). Some reported positive, negative and no association 
between fat mass and BMD (5, 6, 9). These conflicting findings 
may be due to differences in study design, study population, 
statistical analysis, tools used to measure body composition and 
skeletal sites measured. 

In our participants, lean mass showed consistent stronger 
correlations than fat mass at all skeletal sites of BMD 
measurements with the highest correlation value for lean mass 
and hip BMD (r = 0.55, p<0.001) and lowest for fat mass 
and spine BMD (r = 0.40, p<0.001). These results are in 
agreement with the results of the large Hordaland health study 
which also demonstrated a stronger association between lean 
mass and femoral neck BMD in middle-aged and elderly 
men and women in comparison to fat mass (33). In our 
study 2.2%, 2.6% and 1.6% increase in variation in femoral 
neck, spine and hip BMDs were explained by lean mass and 
other covariates when fat mass was no longer in the model 
respectively. These findings are consistent with the study 
that demonstrated a significant beneficial effect of lean mass 
on BMD in both postmenopausal and perimenopausal Thai 
women (10). It however contradicts the result of a study, 
where they found lean mass not to have an impact on BMD 
of postmenopausal Turkish women when fat mass was taken 
into account (14). Also, in a similar study it was observed that 
lean mass plus other covariates explained the greatest variance 
in BMD compared to fat mass and other covariates among 
black premenopausal South African women (18). Fat mass 
and lean mass were both negatively associated with fracture 
risk in separate models in our study, however, only lean mass 
remained significantly associated with fracture risk when both 
variables were taken into account in the same model. 

The differences in variations explained at different BMD 
sites in our study is an indication that body composition 
contributes differently at different BMD sites (19, 34). Another 
indication of varying contribution of body composition at 
different sites of our participants is that higher variations were 
explained by body composition variables (35% to 40%) of 
femoral neck and hip than of the spine BMD (23% to 30%).

Over half (51.3%) of our participants have either smoked 
in the past or were current smokers. Studies in the past have 
showed varying relationship between smoking and bone health 
(35, 38). Moderate smoking in young women was reported not 
to be associated with low BMD at any site (36). Smoking’s 
effect on bone loss has been shown to be independent, dose-
dependent, cumulative and increases fracture risk significantly 
(35, 38). Tobacco use in our study had significant negative 
associations with BMD at all measured sites. 

Our results indicate that BMI is associated with bone health 
in urban postmenopausal black South African women. The 
Framingham study (6) suggested that the strong effect of 
weight on BMD is due to load on weight-bearing bones in 
both men and women. The higher risk for osteopenia and 
osteoporosis among our women with BMI < 25 kg/m2 is 
consistent with results from others (5–7, 39). In a study by 
Assomaning and colleagues (7), each one unit increase in 
BMI was associated with a significant 12% decrease in risk 
for osteoporosis, however, the study participants of their 
study were referred for a BMD examination. Such referred 
populations may include a large number of patients with 
previously recognized risk factors for osteoporosis which 
is a potential selection bias. The lower lean mass and 
habitual physical activity of our participants with BMI < 
25 kg/m2 could further explain the lower BMD and higher 
fracture risk observed among this group of our participants. 
Correspondingly, De Laet and colleagues demonstrated that 
the significance of BMI as a risk factor for low bone mass and 
osteoporosis varies based on level of BMI (40). They reported 
that a BMI of 20kg/m2 when compared with BMI of 25 kg/
m2 was associated with a nearly twofold increase in risk for 
hip fracture. While a BMI of 30 kg/m2, when compared with 
a BMI of 25 kg/m2, was associated with only a 17% reduction 
in hip fracture risk (40). Furthermore, Ong and co-workers 
recently showed that higher BMD in obesity is not protective 
against fractures (9), and adiposity has been shown to be a risk 
factor for fractures (8). 

In our study, there was no significant association between 
25(OH)D and femoral neck, hip and spine BMDs similarly 
to another study in black South Africans (19). There were 
significant negative correlations between 25(OH)D and 
measures of adiposity. The majority (70%) of our women 
were overweight or obese which could explain this negative 
association as adipose tissue may decrease the bioavailability of 
vitamin D (41). Ethnicity might play a role in this observation 
as a negative relationship has been reported between adipose 
tissue and 25(OH)D concentrations in Hispanic American and 
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African American populations (42). The unexpected negative 
correlation between lean mass and 25(OH)D concentrations 
is in contrast with what was found by Tieland and colleagues 
(43). This could also be as a result of the unique genetic 
makeup of black South Africans as genetics play an important 
role in determining muscle mass (44). More research is needed 
to further explore these findings. 

Calcium has been established and extensively described 
in literature to play an important role in bone health (45-47). 
However, the protective effect of calcium on bone might not 
be evident in postmenopausal women with calcium intakes less 
than 800 mg/day (46). Total calcium intake was only related 
to whole body BMD in our study. Calcium intake of our study 
participants was low with only 19.6% having intakes higher 
than 800 mg/day and 9.5% having intakes higher than the 
estimated average requirement of 1000 mg/day (45). These 
low intakes of calcium could explain the high proportion of 
osteopenia and osteoporosis among our participants. Dairy food 
was associated with bone health among our study participants 
as previously established (47-49). Increasing dairy consumption 
to meet the recommended 2 cups per day (500ml) has been 
recently demonstrated to likely decrease the incidence of 
osteoporosis, fractures and the associated health care costs 
(49). Dietary energy, magnesium, phosphorus, zinc and vitamin 
D intakes were unrelated to bone health in our study, a result 
which is consistent with that of Coin and colleagues (50).

Varying results in the literature on the association between 
physical activity and bone health could be due to differences in 
the method of assessing physical activity and study population 
(51–53). In our study, reported physical activity measured 
with a questionnaire had no significant correlations with bone 
health; while physical activity measured using accelerometers 
had significant positive correlations with all body composition 
variables. This could be an indication that combined 
accelerometry and heart rate monitoring is a more sensitive 
instrument to measure physical activity than questionnaires 
in this population group. Habitual physical activity was 
not associated with bone health in our regression models 
irrespective of whether it was measured with accelerometer or 
a questionnaire. A reason could be that the majority (89%) of 
our participants were in the low physical activity index bracket 
of physical activity score at the time of the study (17). Physical 
activity over time may be a mediator of the effect of body 
composition on bone which may also impact BMD directly 
(54, 55). A gradual increase in the amount of physical activity 
can help prevent decreases in BMD even in postmenopausal 
women (56). Thus, increasing the habitual physical activity of 
our participants could still have a beneficial effect on their lean 
mass which could be associated with better bone health.

Use of thiazide has been demonstrated to have a protective 
effect on BMD (57, 58). Over 44% of our study population 
used thiazide, however it was not significantly associated 
with bone health in our regression models. Use of oral 
contraceptives pills has also been shown to have positive 

effects on BMD (59) while injectable progestin contraception 
results in increased bone loss when compared with women 
using non-hormonal contraceptives (60). Positive history of 
contraceptives use was not associated with bone health in our 
regression models although 53.8% of our study participants 
have used contraceptives. We did not record the type 
of contraception used by participants. Injectable progestin 
contraception and oral contraceptive pills are supported by 
the South African National public health system and given 
freely at clinics (60, 61). This inability to distinguish type 
of contraception used by our participants may be a possible 
explanation for the lack in association with bone health in the 
current study.  

Our study indicates that black women seem to be losing their 
inherent protection against osteopenia and osteoporosis. The 
proportion of women with osteopenia (39.7%) and osteoporosis 
(14.8%) in our study was higher than previously reported for 
African American women (35% and 5% respectively) (62). 
Osteopenia was previously reported in both premenopausal 
white (14.4%) and black South African women (9.1%) (18). 
Osteoporosis was already present in women younger than 60 
years in our study which further reinforces the concerns raised 
about the future bone health of black South Africans (17, 63). 

There are similarities between the women in our study and 
the general population of the black South African women. For 
instance, a study carried out in a different South African setting 
reported BMD values for black women comparable to those 
found in our study (19). Also variances explained at the lumbar 
spine were lower than those explained at the femoral neck and 
hip (18,19). The national Nutrition and Health Examination 
Survey reported an equally high national prevalence of 39.9% 
obesity (BMI>30 kg/m2) among black South African women 
(4).

Limitations of this study include its cross-sectional design, 
thus causal relationships cannot be identified. This study was 
performed in black urban women in one setting and the results 
may not be generalizable to the greater black South African 
population. Also, we did not record the type of contraception 
used by participants. The wide range in age with relatively 
small numbers in the youngest and oldest age range also made 
it difficult to assess the true impact of age on bone health. 
However, it allowed us to show that low BMD and osteoporosis 
were already found in black urban women younger than 60 
years. Despite the limitations, our study has produced a better 
understanding of the relationships between body composition 
variables and bone health of urban postmenopausal black South 
African women which could be further investigated.

In conclusion, our data shows that in urban black South 
African women, lean mass remained strongly associated with 
bone health even when adjustment for fat mass was made. Our 
finding proposes that increasing lean mass rather than fat mass 
is beneficial to bone health. Thus, meeting the recommended 
dietary intake for calcium obtained from dairy products and 
increasing habitual physical activity could have a beneficial 
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effect on bone health. Future studies on other factors affecting 
lean mass and bone health of Africans are recommended. The 
importance of positive lifestyle changes, intake of calcium 
from dairy and adequate weight to maintain and improve bone 
health of postmenopausal women is highlighted in our study 
and this should be emphasised in public health intervention 
programmes.
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