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The objective of the present study was to assess the relationship between anthropometric
measurements and risk factors for non-communicable diseases (NCD) in South African black
women. A cross-sectional sample of 1040 apparently healthy black female volunteers, 15–70
years old, was recruited from thirty-seven randomly selected sites in the North West Province,
stratified according to level of urbanisation. We analysed the association between BMI, waist:hip
(WHR), waist circumference (WC) and skinfold measurements and the following risk factors for
NCD: blood pressure, serum lipids, fasting serum glucose and insulin and plasma fibrinogen, by
using age-adjusted correlation analyses and stepwise regression analysis. Of the subjects, 28:6 %
were obese (BMI.30). After adjustment for age and smoking status, BMI correlated significantly
with diastolic blood pressure (r 0:21, P¼0:037), serum triacylglycerols (TG) (r 0:30, P¼0:003),
fasting glucose (r 0:29, P¼0:005) and log fasting insulin (r 0:24, P¼0:02). There was a significant
negative correlation between BMI and HDL-cholesterol (r 20:38, P,0:001). Similar but
stronger correlations were found between both WC and WHR and these risk factors. Together
with age, WC was a significant predictor of TG, HDL-cholesterol and fasting glucose in
regression analysis, while subscapular skinfold was a significant predictor of diastolic blood
pressure and fasting glucose concentration. Triceps skinfold was a significant predictor of total
serum cholesterol, LDL-cholesterol, plasma fibrinogen and the insulin sensitivity index.
Measures of obesity, particularly WC, are associated with the risk for NCD in black South
African women, in which a high rate of obesity has been found.

Obesity: Black women: Non-communicable disease risk factors

There is controversy in the literature, and a lack of evidence
regarding the detrimental effects of obesity on risk factors of
non-communicable disease (NCD) in African women.
‘Healthy obesity’ was first described by Walker et al.
(1989) in rural black women, when one or more of the
adverse sequelae of obesity could be found in only 12:5 % of
the obese women studied and 87:5 % were free of any sign
of the metabolic syndrome. The difference between ‘healthy
obesity’ and ‘unhealthy obesity’ could be that there are two
different types, namely carbohydrate-induced and fat-
induced obesity (Walker & Segal, 1980). It has been
speculated that even severe obesity in black women may be
far less detrimental than in white women (Walker & Segal,
1980; Walker et al. 1989). The authors stated therefore that
‘obesity is not essentially noxious within the context of a
low-fat, low-animal protein intake.’ Excess visceral fat,

rather than generalised or gynoid obesity, seems to be
associated with an increased prevalence of risk factors for
NCD (Lapidus et al. 1984; Larsson et al. 1992). More
evidence for the harmful effects of abdominal obesity
became available from the Nurses’ Health Study, in which it
was found that a higher waist:hip ratio (WHR) and a larger
waist circumference (WC) were associated with an
increased risk of CHD, even after controlling for BMI
(Rexrode et al. 1998). However, other researchers (Frayn,
1997; Seidell & Bouchard, 1997) are of the opinion that
both total and visceral fat are strong determinants of NCD.

In a study that included 574 rural and 468 urban black
South African women, relatively high prevalences of
moderate risk hypercholesterolaemia and mild hypertension
were found (Mollentze et al. 1995). About one quarter
(27:5 %) to more than half (54 %) of the subjects in the
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different age groups were obese. The authors recommended
that measures must be taken to prevent a future epidemic of
atherosclerotic vascular disease in South Africa’s black
population and that the adverse effects of obesity in black
women should be emphasised (Mollentze et al. 1995).
Clearly, more information on possible adverse effects of
obesity in African women is needed.

The aim of the present study was to examine the
relationship between anthropometric measurements and risk
factors for NCD among African women. Specific objectives
included the assessment of the relationship between indices
of obesity and blood pressure, serum lipids, fasting serum
glucose and insulin concentrations and plasma fibrinogen.
The present study formed part of the Transition and Health
during Urbanisation of South Africans (THUSA) study, in
which changes in health risk during urbanisation of Africans
in the North West Province of South Africa are monitored.

Methods

Subjects

The subjects were recruited according to a stratified
sampling frame from thirty-seven randomly selected sites
in the province, based on data of population density. The
sites were selected from the four quarters of the province in
order to ensure inclusion of both rural and urban subjects.
Five strata of urbanisation were defined, namely those living
in rural areas in traditional villages (stratum 1), farm
workers (stratum 2), those living in informal settlements
close to towns (stratum 3), those living in established
townships with access to water and electricity (stratum 4)
and fully westernised individuals, living in upper-class
urban areas (stratum 5). A total of 1040 black female
subjects, aged 15–70 years, were included. Exclusion
criteria were pregnancy, lactation, drunkenness, chronic
diseases and chronic drug treatment. The protocol was
described in detail by Vorster et al. (2000). Local organisers
at each site helped with the recruitment of subjects and
explained the study protocol to the subjects. Subjects were
requested to fast overnight before the day of the study.
Fasting status was confirmed when the subjects reported on
the day of the study.

Trained interviewers, using a structured questionnaire,
obtained demographic data, including educational status,
total household income and smoking status (current smoker
v. non-smoker) as categorical variables. A validated
quantitative food frequency questionnaire and food picture
books were used by the interviewers to collect dietary intake
data (Venter et al. 2000). Total energy and nutrient intakes
were calculated using a computer program based on South
African food composition tables (Langenhoven et al. 1991).
A questionnaire based on the questionnaire of Baecke et al.
(1982) and standardised specifically for this population
(Kruger et al. 2000) was used to obtain data on habitual
physical activity. Physical activity was calculated according
to a modification of the Baecke equation (Baecke et al.
1982) and expressed as a continuous variable, the physical
activity index (PAI) (Kruger et al. 2000). Blood pressure
(BP) was measured according to World Health Organization
(1978) guidelines after a 5 min rest in the sitting position.

Two readings at 2-min intervals were obtained using a table-
model sphygmomanometer (Model ALPK2; Tycosw,
Arden, NC, USA) and the second reading was recorded.
An appropriately large cuff was used for obese subjects. The
diastolic pressure was taken as the point of disappearance of
the Korotkoff phase V sounds. The following anthropo-
metric variables were measured by trained biokineticists
using standard methods (Norton & Olds, 1996): height,
weight, WC, hip circumference, triceps skinfold (TSF) and
subscapular skinfold thickness (SSF). WC was taken at the
narrowest point between the lower rib border and the iliac
crest. If there was no obvious narrowing, the measurement
was taken at the midpoint between these two positions. Hip
circumference was measured at the point of maximal
circumference over the buttocks when viewed from the side.
Both measurements were taken at the end of normal
expiration and were recorded to the nearest 0:5 cm. BMI and
WHR were calculated as the weight (kg) divided by the
square of the height (m), and the WC divided by the hip
circumference, respectively.

Blood samples were drawn from the vena cephalica using
a sterile butterfly infusion set and syringes (21 gauge).
Serum was prepared by centrifugation at 3000 rpm for
15 min. Serum samples were frozen in 1 ml portions at
2208C for 1 to 4 d while in the research area and then at
2848C in the laboratory. Citrated blood samples (0:5 ml
0:1 mol citrate/l, pH 4:5–4:8, plus 4:5 ml venous blood)
were centrifuged at 3000 rpm for 10 min. The citrated
plasma was divided into five portions, frozen at 2208C for 1
to 4 d in the field laboratory and then at 2848C in the
laboratory. The following biochemical assay methods were
used to analyse plasma and serum samples: for fibrinogen
the Clauss method (Instrumentation Laboratories, Milan,
Italy), for total serum cholesterol, triacylglycerols (TG) and
glucose the DAX profile (Technicon DAX 48, Tarry Town,
NY, USA), for HDL-cholesterol the Merck hand method
(Merck reagent kit 14350; Merck Diagnostics, Darmstadt,
Germany), LDL-cholesterol was calculated (Friedewald
equation; Friedewald et al. 1972) and serum insulin was
measured using a radioimmunoassay kit (Immuno Biologi-
cal Laboratories, Hamburg, Germany).

The serum lipid analyses were done in the laboratory of
the Department of Chemical Pathology of the University of
Pretoria with appropriate quality control methods. Plasma
fibrinogen concentrations were measured in the laboratory
of the Nutrition Research Group, Potchefstroom University,
using the ACL 200 (Milan, Italy) and an internationally
recognised fibrinogen control plasma (Code 89/644,
NIBSC, Herts.) as external standard.

Statistical analyses

Statistical analyses were performed using SPSS software
(SPSS, 1995). Due to skewed distributions fasting serum
insulin, TG and plasma fibrinogen concentrations were
logarithmically transformed and non-parametric methods
were used for correlation analyses. Partial Spearman’s
correlation analyses were performed to assess the
relationship between anthropometric variables (BMI, WC
and WHR) and risk factors for NCD, adjusted for age and
smoking status, since age and smoking were significantly
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associated with BMI in univariate analysis of variance (data
not shown). The mean values for most of the risk factors
increased with age, which also made the adjustment for age
necessary. Spearman’s correlation coefficients were also
calculated for the correlation among the anthropometric
measurements (BMI and WC or WHR). A P value of ,0:05
(two-tailed) was considered to be significant.

Stepwise linear regression analysis was used to assess the
variance in NCD risk factors explained independently by
each of the anthropometric indices of obesity and fat
distribution (BMI, TSF, SSF, WC and WHR). Since the
skinfold thicknesses of some grossly obese subjects (TSF
and SSF .50 mm) could not be measured accurately by
caliper (Norton & Olds, 1996), the association between
these measures and risk factors for NCD were assessed in a
stepwise regression, excluding the most obese subjects (n
224, 21:5 % and n 195, 18:8 % respectively) from the
analyses. The exclusion of these subjects did not imply,
however, that only non-obese subjects were studied, since
28:6 % of the subjects were obese and 25:2 % were
overweight. Only grossly obese subjects were excluded in
the analyses of the association between TSF and SSF,
respectively and risk factors. It is thus possible that the
association between SSF and TSF and the risk factors
measured may be underestimated. In each analysis, the
anthropometric indices were used as independent variables
and one of the NCD risk factors as the dependent variable.

An insulin sensitivity index was calculated as 10 000 times
the reciprocal of the product of fasting insulin concentration
and fasting glucose concentration (Donahue et al. 1988).

Ethical considerations

The subjects gave informed consent and the study was
approved by the Ethics Committee of the Potchefstroom
University.

Results

Anthropometry

The anthropometric and metabolic variables of the study
population are shown in Table 1. A mean BMI of 26:90 (SD

6:81) kg/m2 was found, 25:2 % of the subjects were
overweight with BMI .25 and ,30) and 28:6 % were obese
(BMI .30). Increases in BMI, skinfold thicknesses, WHR
and WC were found with age (Table 1), with a considerable
increase between the age groups 15–24 to 25–34 years.

According to the USDA document of Expert Panel on the
Identification, Evaluation and Treatment of Overweight in
Adults (1998), to identify persons with a high risk of death
from NCD a cut-off point for WHR has been specified at
0:80 for women, indicating central or abdominal obesity.
From the age group 35–44 years and older more than 33 %
of women had higher WHR than this cut-off point (Table 2).
A WC exceeding 80 cm for women has similarly been
identified as a cut-off point for central obesity (Lean et al.
1995). Table 2 also shows the rate of central obesity
according to this WC cut-off point, which is higher than
when WHR is used as a measure of central obesity. There
was a strong statistically significant correlation between
BMI and WC (r 0:897, P,0:001) and a weaker, but
significant, correlation between BMI and WHR (r 0:370,
P,0:001), after adjustment for age and smoking status, in
the total study sample.

Blood pressure

There was an increase in both the mean systolic and
diastolic BP with age (Table 1). After adjustment for age
and smoking, Spearman’s partial correlation coefficients
showed that BMI correlated positively with diastolic BP
(r 0:212, P¼0:037). The correlation between WC and WHR,
respectively, and both systolic (WC, r 0:209, P¼0:04,

Table 1. Anthropometric and metabolic variables of the subjects (n 1003)*

(Mean and standard deviation, or geometric mean and 95 % CI)

Age group (years)… 15–24 25–34 35–44 45–54 55–70

Mean SD Mean SD Mean SD Mean SD Mean SD

n 185 279 233 177 129
Plasma fibrinogen (g/l)† 3:32 3:39 3:53 3:49 3:68
95% CI 3:21, 3:71 3:26, 3:60 3:34, 3:71 3:42, 3:85 3:51, 4:09
Total cholesterol (mmol/l) 3:72 0:85 3:93 0:86 4:35 1:05 4:57 1:11 5:09 1:21
HDL-cholesterol (mmol/l) 1:06‡ 0:27 1:13 0:29 1:17 0:31 1:20 0:34 1:27 0:42
HDL:total cholesterol ratio 0:28 0:29 0:27 0:26 0:25
LDL-cholesterol (mmol/l) 2:20‡ 0:77 2:38 0:80 2:76 1:02 2:98 1:14 3:42 1:12
Serum triacylglycerols (mmol/l)† 0:78§ 0:89 1:12 1:26 1:44
95% CI 0:76, 0:88 0:88, 1:04 1:10, 1:28 1:19, 1:49 1:40, 2:11
Fasting serum insulin (mU/ml)† 25:9 23:5 22:7 17:89 21:9
95% CI 24:8, 30:8 23:1, 30:9 22:4, 32:2 17:3, 22:6 19:9, 33:0
Serum glucose (mmol/l) 4:45 0:67 4:66 1:98 4:95 2:21 4:90 1:58 5:41 2:80
Systolic blood pressure (mmHg) 116:3‡ 12:8 118:4 15:2 128:8 19:3 137:8 24:5 143:2 22:7
Diastolic blood pressure (mmHg) 71:9‡ 9:1 73:3 10:8 81:1 13:7 85:7 14:9 85:7 11:9
Waist circumference (cm) 68:12‡ 8:12 77:00 12:1 82:90 12:6 81:80 13:6 81:81 14:1
Waist:hip ratio 0:71‡ 0:05 0:75 0:06 0:78 0:07 0:80 0:06 0:80 0:08
BMI (kg/m2) 23:2‡ 4:76 26:7 6:58 28:9 6:67 27:9 7:69 28:0 6:90

* For details of subjects and procedures, see p. 734. The number of subjects for which the variables were measured varied due to missing values.
† Geometric mean and 95 % CI were calculated since data were not normally distributed.
‡ Mean values of the youngest age group were significantly different from those of age groups 35–44 and higher (P¼0:001).
§ Geometric mean value of the youngest age group was significantly different from those of age groups 45–54 and 55–70 years (P¼0:003).
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WHR, r 0:276, P¼0:006) and diastolic BP (WC, r 0:279,
P¼0:006, WHR, r 0:292, P¼0:004) were also statistically
significant (Fig. 1).

Using stepwise linear regression analysis with BMI, WC,
TSF and SSF as independent variables, together with age,
smoking, level of urbanisation and PAI, most of the
variance in diastolic BP was explained by SSF thickness.
Level of urbanisation, age and SSF together explained
24:5 % of the variance in diastolic BP. The most significant
predictors of systolic BP were age, level of urbanisation and
smoking status.

Serum lipids

The serum total cholesterol, LDL-cholesterol, HDL-
cholesterol and TG concentrations increased with age
(Table 1). The HDL:total cholesterol ratio of the subjects
in all age groups was higher than the proposed beneficial
ratio of 0:20 (Rossouw et al. 1988), but decreased slightly

with age from 0:28–0:25. Serum TG concentration is
generally positively correlated with visceral fat accumu-
lation and may be a confounding factor in the association
between WC and WHR and other serum lipids (James
et al. 1997). For this reason correlation analyses were also
done with an adjustment for TG concentration.

When adjustments for age and smoking status were made,
BMI, WHR and WC, respectively, correlated positively
with TG (BMI, r 0:302, P¼0:003; WC, r 0:436, P,0:001;
WHR, r 0:554, P,0:001) and negatively with HDL-
cholesterol (BMI, r 2 0:375, P,0:001; WC, r 20:397,
P,0:001; WHR, r 20:307, P¼0:002). The relationships
between anthropometric variables and NCD risk factors are
shown in Fig. 1. After further adjustment for TG, similar
correlations as before adjustment between BMI and
HDL-cholesterol (r 20:211, P,0:001) were found. WC
(r 20:262, P,0:001), as well as WHR (r 20:143,
P,0:001) also correlated negatively with HDL-cholesterol
after adjustment for serum TG concentration.

Fig. 1. Spearman’s partial correlation coefficient (r) for the correlation between anthropometric variables and risk factors for non-communicable
diseases (adjusted for age and smoking status). All correlations are significant at P,0:05 unless indicated as NS. r, BMI; n, waist circumfer-
ence; p, waist:hip. BP, blood pressure.

Table 2. Women within each age decile with waist:hip ratio (WHR) and waist circumference (WC) exceeding the cut-off points
(0:80 and 80 cm respectively), according to NHANES I 85th percentiles, indicating central obesity*

Age group (years)… 15–70 (total) 15–24 25–34 35–44 45–54 55–70

n % n % n % n % n % n %

Total n 1038 185 295 234 179 145
WHR 294 28:3 13 7:0 46 15:6 90 38:5 81 45:2 64 44:1
WC 406 39:1 22 11:9 94 31:9 127 54:3 89 49:7 74 51:0

* For details of subjects and procedures, see Table 1 and p. 734.
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Using stepwise regression analysis with the indices of
obesity as independent variables and the NCD risk factors,
including PAI, total energy, alcohol and fat intake as
dependent variables, most of the variance in total serum
cholesterol and LDL-cholesterol were explained by age,
TSF and serum TG concentration. PAI (P¼0:25), total
energy intake (P¼0:152) and total fat intake (P¼0:949)
were not significant predictors of total cholesterol and also
not of LDL-cholesterol or TG. The most significant
predictors of HDL-cholesterol in the stepwise regression
model were age, WC and smoking status, explaining 19 %
of the variance in HDL-cholesterol. PAI (P¼0:702) and
dietary intakes (total energy, P¼0:818; total fat, P¼0:139;
alcohol, P¼0:242) were not significant predictors of HDL-
cholesterol in this regression model (Table 3).

Fasting serum glucose and insulin

Subjects in the oldest age group had a higher mean fasting
serum glucose concentration compared with subjects in the
younger groups (Table 1). In contrast to this pattern of
differences in serum glucose, the geometric mean of the
fasting serum insulin was the lowest in the age group 45–54
years, compared with the youngest and the oldest age groups
(Table 2).

After adjustment for age and smoking status, BMI
(r 0:286, P¼0:005), WHR (r 0:301, P¼0:003) and WC
(r 0:320, P¼0:001) correlated positively with fasting serum
glucose (Fig. 1). In the regression model with serum glucose
as the dependent variable, WC, BMI and SSF were
significant predictors of fasting serum glucose and together
explained 10:9 % of the variance in serum glucose.
Logarithmically transformed fasting serum insulin corre-
lated positively with BMI (r 0:235, P¼0:021), WC (r 0:272,
P¼0:007) and WHR (r 0:234, P¼0:021). The insulin
sensitivity index, which indicates a favourable insulin
sensitivity at higher values, correlated negatively with WHR
(r 20:35, P¼0:039; Fig. 1). With stepwise regression, age
and level of urbanisation were significant predictors of
fasting insulin (log transformed), which explained 23:9 % of

the variance in fasting serum insulin. Age and level of
urbanisation, together with TSF, explained 22:1 % of the
variation in insulin sensitivity.

Plasma fibrinogen

Mean plasma fibrinogen concentration increased with age,
but the geometric means of the plasma fibrinogen levels of
the different age groups were not significantly different. In
stepwise regression TSF and PAI were the only significant
predictors of plasma fibrinogen.

The correlation between the anthropometric variables and
risk factors for NCD are summarised in Fig. 1. In general,
stronger correlations were found between WC and the risk
factors, than between BMI and these risk factors. There was
also a tendency for a stronger correlation between WC and
risk factors than between WHR and the same variables. In
Table 3 the statistically significant associations found with
stepwise regression between anthropometric variables and
risk factors for NCD are shown. Although the skinfold
thicknesses of the grossly obese subjects (skinfold thickness
.50 mm) could not be measured, statistically significant
associations between both SSF and TSF and some of the risk
factors for NCD were found.

Discussion

Results of cross-sectional studies should be interpreted with
care, since associations between variables do not necessarily
imply causality. The association of indices of obesity with
risk factors for NCD in the subjects confirms the results of
other studies in black populations in the USA (Folsom et al.
1991). The long incubation period of 30–40 years for CHD
may be a reason for the present low prevalence of CHD in
black South Africans, but may point to a possible imminent
cardiovascular disease epidemic in the black population in
South Africa (Mollentze et al. 1995). The salient results of
the present study of the relationships between measures of
obesity and risk factors for NCD will be discussed against
this background.

Table 3. The variance in risk factors for non-communicable diseases (dependent variables) explained by
anthropometric variables (independent variables) using stepwise regression analysis*

Dependent variable Significantly associated independent variable R 2 b† P

Systolic blood pressure – – – –
Diastolic blood pressure SSF‡ 0:245 0:151 0:002
Total serum cholesterol TSF§ 0:235 0:138 0:004
Serum LDL-cholesterol TSF§ 0:297 0:121 0:041
Serum HDL-cholesterol WC 0:190 20:261 ,0:001
Serum triacylglycerols WC 0:247 0:153 0:005
Fasting serum glucose WC{ 0:041 0:250 ,0:001

BMI, 0:070 0:296 0:026
SSF‡ 0:109 0:355 0:010

Insulin sensitivity index TSF§ 0:221 20:192 0:026
Fasting serum insulin – – – –
Plasma fibrinogen TSF§ 0:023 0:143 0:037

SSF, subscapular skinfold thickness; TSF, triceps skinfold thickness; WC, waist circumference.
* For details of subjects and procedures, see Table 1 and p. 734.
† Standardised b-coefficient.
‡ Skinfold thicknesses were missing for grossly obese subjects (where SSF.50 mm; n 195, 18:8%).
§ Skinfold thicknesses were missing for grossly obese subjects (where TSF.50 mm; n 224; 21:5 %).
{The first independent variable which enters the regression analysis.

Obesity and risk for NCD in African women 737

https://doi.org/10.1079/BJN
2001469  Published online by Cam

bridge U
niversity Press

https://doi.org/10.1079/BJN2001469


The high rates of overweight (25:2 %) and obesity
(28:6 %) in this sample are consistent with the results of
Mollentze et al. (1995) in a South African black population.
The relatively high percentage of women that exceeded the
standard cut-off point of 0:80 for WHR (Expert Panel on the
Identification, Evaluation, and Treatment of Overweight in
Adults, 1998), and of 80 cm for WC (Lean et al. 1995),
indicating central or abdominal obesity is in agreement with
the results of Croft et al. (1995) and Folsom et al. (1991) for
African-American subjects. Several authors are of the
opinion that the WHR cut-off point of 0:80 may not be
appropriate for all age and ethnic groups, since this cut-off
point is based on cross-sectional data from Caucasian
populations (Folsom et al. 1991; Ko et al. 1997). No cut-off
points have been formulated for Africans.

The strong correlation between BMI and WC (r 0:897,
P,0:001) is close to the correlation found by Grol et al.
(1997) for a developing community. Conway et al. (1995)
recommended that WC may be used as a simple yet
sensitive measure of central fat distribution and a better
predictor of abdominal obesity than WHR, specifically in
African-American women. According to the results of the
present study (Fig. 1) WC seems to be a better predictor of
NCD risk factor prevalence than WHR. WC should
preferably be measured as a measure of abdominal obesity
in studies of risk factor prevalence in South African black
populations.

Apparently visceral adiposity rather than total excessive
body fat is associated with impaired glucose tolerance and
hyperlipidaemia (Fujioka et al. 1987). Abdominal obesity
was identified as an independent risk factor for CHD in both
men and women (Lapidus et al. 1984) and in both black and
white subjects (Folsom et al. 1991). It has been proposed
that intra-abdominal fat, as reflected by a high WC, is highly
lipolytic, causing an increased flux of fatty acids to the liver.
With increased hepatic TG formation, there is a decreased
hepatic clearance of insulin. The results of these metabolic
changes would be increased concentrations of blood
lipoproteins, glucose and insulin (Marin & Bjorntorp,
1993).

An increase of BP with age in urban communities is a
well-known phenomenon (Seedat et al. 1982). Obesity was
similarly positively associated with systolic BP in both
black and white subjects in the CARDIA and ARIC studies
in the USA (Folsom et al. 1991), while the positive
correlation between BMI and diastolic BP is consistent with
the results of the NHANES II (Van Itallie, 1985). The
positive correlation of both WC and WHR with BP are in
line with the findings of other authors (Cox et al. 1997;
Guagnano et al. 1997), who reported that indices of
abdominal obesity (upper body obesity) were more strongly
associated with BP than BMI.

Impaired glucose tolerance and insulin resistance
associated with abdominal obesity lead to hyperinsulinae-
mia, which favours renal Na reabsorption and increased
sympathetic activity and consequently hypertension
(Modan et al. 1985; Landsberg, 1986). A significant
negative correlation between insulin sensitivity index and
both diastolic (r 20:442, P¼0:008) and systolic BP
(r 20:390, P¼0:021) was found. Higher levels of insulin
sensitivity indicate a favourable index of glucose tolerance

(Donahue et al. 1988) and were in the present study
associated with lower BP.

One of the reasons for the low incidence of CHD in black
South Africans (Walker et al. 1991) may be the high
prevalence of a favourable HDL-cholesterol:TC ratio,
exceeding 0:20 (Steyn et al. 1991), also found in the
present study (Table 1). Similar ratios have been reported
for the African population of the Cape Peninsula (Steyn et al.
1991) and for black populations in the Free State of South
Africa (Mollentze et al. 1995) and also a similar tendency of
the ratio to decrease with age (Steyn et al. 1991; Mollentze
et al. 1995). Although most subjects had favourably high
HDL-cholesterol levels, HDL-cholesterol corrrelated nega-
tively with BMI, WHR and WC, which indicates lower
levels of protective HDL-cholesterol among the most obese
subjects. The fact that PAI was not associated with HDL-
cholesterol in stepwise regression analysis may be due to the
generally low physical activity of the total sample (Kruger
et al. 2000). It is surprising that such high HDL-cholesterol
concentrations were found in the subjects, of whom such a
considerable percentage (28:6 %) were obese and many of
the subjects (67:2 %) were physically relatively inactive
(Kruger et al. 2000).

The total cholesterol and LDL-cholesterol concentrations
of the subjects in the present study were similar to those of
black subjects in the Cape Peninsula (Steyn et al. 1991).
Total cholesterol and LDL-cholesterol were, however,
significantly associated with TSF, which is an index of
obesity (Table 3) and indicates a higher risk of CHD in the
more obese subjects.

The significant positive correlations between both fasting
glucose and log fasting serum insulin and BMI (Fig. 1) are
consistent with the results of the CARDIA and ARIC studies
(Folsom et al. 1991). The negative correlation between
WHR and the insulin sensitivity index (Fig. 1) is an
indication of decreased glucose tolerance in the more obese
subjects with abdominal obesity.

Ernst (1991) proposed that a plasma fibrinogen level of
higher than 3:5 g/l is an independent risk factor for stroke and
coronary artery disease. The geometric means of the plasma
fibrinogen of the age groups 35–44 and 55–70 years were
higher than 3:5 g/l (Table 1). In the study reported here, no
association between BMI and plasma fibrinogen was found.
De Pergola et al. (1997) suggested that other factors may be
more important than BMI per se in increasing fibrinogen
levels in obese women. TSF, an index of upper-body obesity,
was a significant predictor of plasma fibrinogen (P¼0:037) in
the present study. Physical activity was inversely related to
plasma fibrinogen and also was a significant predictor of
plasma fibrinogen (P¼0:043). Increased physical activity
has been associated with a reduction in plasma fibrinogen
(Marckmann, 1995) and could be a link between obesity and
increased plasma fibrinogen.

Conclusion and recommendations

High rates of obesity were found in these African women,
with an increase in BMI, skinfold thicknesses, WC and
WHR with increasing age. Obesity, especially abdominal
obesity was associated with higher BP, lower HDL-
cholesterol levels, and higher TG, fasting serum glucose
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and insulin (Fig. 1). The differences in fasting insulin in the
different age groups and the relationship between BMI and
fasting insulin should be investigated in more detail. The
results confirm the importance of abdominal obesity as a
cardiovascular risk factor in African women (Lapidus et al.
1984; Larsson et al. 1992). In the present study WC showed
a stronger correlation with most risk factors than WHR. This
is in agreement with the results of Pouliot et al. (1994).
However, BMI, reflecting general obesity, also provided
useful information on cardiovascular risk (Table 3).

Although the mean HDL-cholesterol of the subjects in all
age groups was high, indicating a protective effect against
CHD, the HDL-cholesterol concentrations correlated
negatively with both BMI and WC. Consequently, the
protective effect of HDL-cholesterol decreased in the most
obese subjects. It can therefore be concluded that obesity in
African women is, as in other populations, associated with
an increased risk of NCD.

The results of the present study do not confirm the
concept of ‘healthy obesity’, but indicate that efforts should
be made for the early diagnosis and effective treatment of
obesity, combatting smoking in young black women and
propagating the importance of a healthy lifestyle.
Acceptable and effective intervention programmes should
be developed to treat obesity in black women and especially
to prevent excessive weight gain in young black women. A
better understanding of the medical hazards of obesity
should enhance motivation to prevent excessive weight
gain.
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