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prevalence of the metabolic syndrome and 
determination of optimal cut-off values of waist 
circumference in university employees from angola 
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abstract 
Background: Estimates of the prevalence of the metabolic 
syndrome in Africans may be inconsistent due to lack of 
African-specific cut-off values of waist circumference (WC). 
This study determined the prevalence of the metabolic 
syndrome and defined optimal values of WC in Africans. 
Methods: This cross-sectional study collected demographic, 
anthropometric and clinical data of 615 Universitary employ-
ees, in Luanda, Angola. The metabolic syndrome was defined 
using the third report of the National Cholesterol Education 
Program Adult Treatment Panel (ATPIII) and the Joint 
Interim Statement (JIS) criteria. Receiver operating character-
istics curves were constructed to assess cut-off values of WC.
Results: The crude prevalence of the metabolic syndrome 
was higher with the JIS definition (27.8%, age-standardised 
14.1%) than with the ATP III definition (17.6%, age-stand-
ardised 8.7%). Optimal cut-off values of WC were 87.5 and 
80.5 cm in men and women, respectively. 
Conclusions: There was a high prevalence of the meta-
bolic syndrome among our African subjects. Our data suggest 
different WC cut-off values for Africans in relation to other 
populations.
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The metabolic syndrome is characterised by the presence of 
multiple metabolic risk factors for cardiovascular (CV) disease1 
and type 2 diabetes mellitus.2 In clinical practice, the metabolic 
syndrome is diagnosed by combinations of three or more of 
the following five risk factors: central obesity, elevated blood 
pressure, glucose intolerance, hypertriglyceridaemia and low 
high-density lipoprotein cholesterol (HDL-C).3-6

Worldwide the prevalence of the metabolic syndrome is 
increasing and becoming a pandemic, and this increase has been 
mainly attributed to sedentary lifestyle and obesity.7 However, 
levels of prevalence may vary greatly according to cut-off points 
of diagnostic criteria and the ethnic group studied.8 

In sub-Saharan Africa, the majority of countries are 
experiencing a rapid demographic and epidemiological 
transition.9,10 Available information from studies in African 
populations reported a prevalence of the metabolic syndrome 
ranging from 0% to as high as about 50% or more, depending on 
the population setting.11 These data however, are limited to some 
countries,12-21 since there are no available data for the majority of 
African countries.

Angola is a country in sub-Saharan Africa, which in the 
last few years has undergone significant political changes, 
accompanied by a rapid economic growth and increased 
urbanisation. These changes may imply an increasing prevalence 
of factors contributing to the metabolic syndrome, such as 
obesity, insufficient physical activity, dyslipidaemia, high blood 
pressure and glucose intolerance. However, the prevalence of the 
metabolic syndrome and which factors contribution more to its 
occurrence in the Angolan population remain unknown. 

Despite the efforts of several organisations to regulate the 
algorithm for a definition of the metabolic syndrome,3-5 there 
is inconsistency on cut-off levels of waist circumference (WC) 
for defining the metabolic syndrome in several populations. 
The International Diabetes Federation (IDF)5 recommended the 
use of ethnic or country-specific cut-off values of WC for the 
majority of populations, a recommendation reinforced in the 
Joint Interim Statement (JIS),7 which tried to define different 
criteria for a definition of the metabolic syndrome. 

These cut-off values were defined using different methods. 
For example, Western countries derived their cut-off values of 
WC from a correlation with body mass index (BMI),4,22 whereas 
Asian groups tried to define WC cut-off values yielded by 
receiver operating characteristics (ROC) curve analyses.23 Due 
to a lack of specific data from African populations, cut-off 
points of WC derived from the European population have been 
recommended,5,7 although emerging data suggest that African-
specific cut-off values would be different from the European 
cut-off points currently recommended by the IDF.18,24,25 Therefore, 
definition of a more reliable cut-off point for WC is needed to 
build a consistent tool for diagnosis of the metabolic syndrome 
in sub-Saharan African populations.

The aim of this study was to determine the prevalence of the 
metabolic syndrome in a sample of Africans from Angola, using 
either the third report of the National Cholesterol Education 
Program Adult Treatment Panel (ATP III)4 or the JIS7 criteria. 
Additionally, this study tried to identify threshold WC levels that 
best predict other components of the metabolic syndrome.
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Methods 
This was a cross-sectional study on cardiovascular (CV) risk 
factors, conducted from 2009 to 2010 in employees of a public 
university in Luanda, Angola. Participants aged 20 years and 
older (n = 625) visited the Department of Physiology, Faculty of 
Medicine of Agostinho Neto University, Luanda, Angola to be 
submitted to clinical and laboratorial examinations to identify 
cardiovascular risk. 

A total of 615 subjects with complete data were included in this 
study. Details of the study design are described elsewhere.26,27 The 
study was conducted according to the tenets of the Declaration 
of Helsinki and participants signed an informed consent form 
approved by the Ethics Committee of the Faculty of Medicine, 
Agostinho Neto University.

Clinical examinations were performed between 08:00 
and noon in temperature-controlled rooms (22–23°C) after a 
12-hour fast. Participants were asked to refrain from smoking, 
physical exercise and caffeinated beverages for at least 12 hours 
before the visit. Venous blood samples were obtained from the 
forearm by standard techniques and processed immediately 
using commercially available kits (BioSystems SA, Costa 
Brava 30, Barcelona, Spain) for determination of levels of 
serum triglycerides, total cholesterol, high-density lipoprotein 
cholesterol (HDL-C), glucose, creatinine and uric acid. 

Biochemical parameters were analysed using enzymatic 
methods on a spectrophotometer (BioSystems BTS-310, 
Barcelona, Spain). In subjects with triglyceride levels < 400 mg/
dl (4.52 mmol/l), low-density lipoprotein cholesterol (LDL-C) 
was calculated according to Friedewald’s formula,28 and very 
low-density lipoprotein cholesterol (VLDL-C) was calculated as 
previously described.4

Diabetes was defined as a fasting glucose level ≥ 126 mg/dl 
(6.99 mmol/l) or the use of antidiabetic drugs.29 Dyslipidaemia 
was defined as the presence of one or more of the following: total 
cholesterol ≥ 200 mg/dl (5.18 mmol/l), triglycerides ≥ 150 mg/
dl (1.70 mmol/l), LDL-C ≥ 160 mg/dl (4.14 mmol/l), or HDL-C 
< 40 mg/dl (1.04 mmol/l) (men), < 50 mg/dl (1.30 mmol/l)
(women).4

Demographics including socio-economic level, educational 
data and medical history were collected using a structured 
questionnaire. Participants were classified as non-smokers (never 
and ex-smokers) and current smokers (daily and occasional 
smokers).

Anthropometric measures included weight, height, WC and 
hip circumference (HC), obtained from individuals wearing 
underwear and no shoes. Weight was measured to the nearest 0.1 
kg using a previously calibrated mechanical scale (SECA GmbH 
& Co, Germany) with a maximum capacity of 220 kg. 

Height was measured with a precision of 0.5 cm using a 
stadiometer fixed to the SECA scale. WC and HC were each 
measured twice using an inextensible, 1-cm-wide tape measure. 
The WC was measured at the end of normal expiration, at the 
midpoint between the lower border of the rib cage and the top of 
the iliac crest,30 and recorded nearest to the 0.1 cm. The waist:hip 
ratio (WHR) was calculated from the WC and HC.

BMI was calculated from the weight divided by the square of 
the height (kg/m2). According to BMI values, individuals were 
classified as normal (18.5–24.9 kg/m2), overweight (25.0–29.9 
kg/m2) and obese (≥ 30.0 kg/m2).31

Socio-economic status was classified into quartiles according 

to average monthly household income;27 first quartile (low socio-
economic class), second quartile (middle class), third quartile 
(upper middle class), and fourth quartile (upper class). Education 
was classified into three levels based on the number of years of 
education: low (≤ four years of education), middle (five to 12 
years of education), and high (≥ 13 years of education).27

Blood pressure and heart rate were measured in triplicate in 
the non-dominant arm after five minutes of resting in a seated 
position with the arm at the level of the heart. These parameters 
were measured using a validated, automated digital oscillometric 
sphygmomanometer (Omron 705CP, Tokyo, Japan). The readings 
were repeated at three-minute intervals. The mean of the last two 
readings was recorded. 

The pulse pressure (PP) was computed as the difference 
between basal systolic blood pressure (SBP) and diastolic blood 
pressure (DBP). Mean blood pressure (MBP) was computed 
as the DBP + (PP/3). Hypertension was defined as SBP 
≥ 140 mmHg, and/or DBP ≥ 90 mmHg, and/or the use of 
antihypertensive drugs.

Both the ATP III4 and JIS7 criteria were used to define the 
metabolic syndrome. The ATP III definition was based on the 
presence of three or more of the following components: WC 
> 102 cm (men), 88 cm (women); SBP ≥ 130 mmHg and/
or DBP ≥ 85 mmHg and/or BP-lowering treatment; fasting 
triglyceride levels ≥ 150 mg/dl (1.70 mmol/l) or treatment for 
hypertriglyceridaemia; HDL-C < 40 mg/dl (1.04 mmol/l) (men), 
50 mg/dl (1.30 mmol/l) (women), or treatment for dyslipidaemia; 
fasting glucose level ≥ 110 mg/dl or on antidiabetic medication. 

The JIS definition was based on the presence of three or 
more of the following components: WC ≥ 94 cm (men), 80 cm 
(women); SBP ≥ 130 mmHg and/or DBP ≥ 85 mmHg and/or 
BP-lowering treatment; fasting triglyceride levels ≥ 150 mg/dl 
(1.70 mmol/l) or treatment for hypertriglyceridaemia; HDL-C < 
40 mg/dl (1.04 mmol/l) (men), 50 mg/dl (1.30 mmol/l) (women) 
or treatment for dyslipidaemia; fasting glucose level ≥ 100 mg/
dl (5.55 mmol/l) or on antidiabetic medication. 

Statistical analysis 

Data were analysed using SPSS software, version 13.0 (SPSS 
Inc, Chicago, IL). Continuous variables are reported as mean 
± standard deviation, and compared by gender using the 
independent-samples t-test. Categorical variables were expressed 
as proportions and compared using the chi-square test or Fisher’s 
exact test if appropriate. Prevalence of the metabolic syndrome 
was age-standardised by direct method using as reference the 
world population distribution as projected by the WHO for 2000 
to 2025.32 Age-specific prevalence of the metabolic syndrome 
was estimated per age decades (< 30, 30–39, 40–49, 50–59 and 
≥ 60 years).

ROC curve analysis was performed to determine the 
appropriate cut-off points of WC for identifying subjects with 
two or more components of the metabolic syndrome (except 
for WC), as defined by the JIS criteria. For the purpose of this 
analysis, we considered the presence or absence of the metabolic 
syndrome as an outcome variable and WC as a testing variable. 

Optimal values of WC were obtained from the Youden index 
[maximum (sensitivity + specificity – 1)].33 Positive predictive 
values (PPV) and negative predictive values (NPV) were also 
presented. The kappa coefficient was used to assess the statistical 
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agreement between the ATP III and JIS criteria for identifying 
individuals with the metabolic syndrome. A p-value < 0.05 was 
considered statistically significant.

results

A complete data set was collected for 615 subjects (52.2% 
women). Compared with women (Table 1), men had higher 
mean values for height, WHR, creatinine and uric acid levels 
(all p < 0.001), and PP (p = 0.007). Women had higher mean 
values for HDL-C, WC, HC, BMI (all p < 0.001), and heart 
rate (p = 0.003). Age, weight, SBP, DBP, MBP, and glucose, 
total cholesterol, LDL-C, VLDL-C, and triglyceride levels were 
similar in both sexes. 

Table 2 shows distribution of risk factors, socio-economic 
and educational characteristics of the study population. Current 
smoking was higher in men (p = 0.035), whereas prevalence 
of overweight, obesity and low HDL-C levels were higher in 
women (all p < 0.001). However, prevalence of hypertension, 
diabetes, hypercholesterolaemia, hypertriglyceridaemia and high 
LDL-C levels were similar in both sexes (Table 2).

The overall crude prevalence of the metabolic syndrome was 
17.6% [age-standardised: 8.7%, 95% confidence interval (CI): 

6.8–11.3] for the ATP III criteria and 27.8% (age-standardised: 
14.1.0%, 95% CI: 11.6–17.1) for the JIS criteria. As expected, the 
crude prevalence was higher in women than in men, irrespective 
of the criteria used (Table 3). In both sexes, the prevalence of 
the metabolic syndrome increased with age, however, women 
showed a higher prevalence in all age groups from 30 years and 
older (Table 3). Regarding socio-economic class and educational 
level (Table 4), there was no significant relationship of these 
factors with the metabolic syndrome in both sexes.

table 1. Characteristics of the participants according to gender
Characteristics All Men Women p-value

Number (%) 615 (100) 294 (47.8) 321 (52.2) 0.392

Age (years) 44.5 ± 10.6 45.1 ± 11.1 44.0 ± 10.1 0.176

Weight (kg) 68.6 ± 15.3 68.0 ± 14.9 69.2 ± 15.7 0.349

Height (cm) 163.3 ± 7.9 167.4 ± 7.1 159.6 ± 6.6 < 0.001

WC (cm) 82.1 ± 13.3 80.1 ± 12.9 83.9 ± 13.5 < 0.001

HC (cm) 95.7 ± 11.3 91.5 ± 9.4 99.5 ± 11.4 < 0.001

WHR 0.86 ± 0.09 0.87 ± 0.08 0.84 ± 0.09 < 0.001

BMI (kg/m2) 25.7 ± 5.4 24.1 ± 4.3 27.1 ± 5.8 < 0.001

SBP (mmHg) 134.7 ± 24.9 136.5 ± 22.7 133.0 ± 26.6 0.087

DBP (mmHg) 82.6 ± 14 82.7 ± 14.2 82.5 ± 13.8 0.862

PP (mmHg) 52.1 ± 14.9 53.8 ± 13.2 50.5 ± 16.2 0.007

MBP (mmHg) 100.0 ± 16.9 100.6 ± 16.4 99.4 ± 17.5 0.351

Heart rate (bpm) 68 ± 10 67 ± 10 69 ± 10 0.003

Glucose (mg/dl) 
(mmol/l)

94.0 ± 21
(5.22 ± 1.17)

94.9 ± 20
(5.27 ± 1.11)

93.2 ± 21.8
(5.17 ± 1.21) 0.313

Creatinine (mg/dl) 
(μmol/l)

1.1 ± 0.2
(97.24 ± 17.68)

1.2 ± 0.2
(106.08 ± 17.68)

1.0 ± 0.2
(88.40 ± 17.68) < 0.001

Uric acid (mg/dl) 5.4 ± 1.7 6.1 ± 1.7 4.8 ± 1.4 < 0.001

TC (mg/dl) 
(mmol/l)

191.5 ± 38.9
(4.96 ± 1.01)

189.5 ± 41.4
(4.91 ± 1.07)

193.2 ± 36.5
(5.0 ± 0.95) 0.239

HDL-C (mg/dl) 
(mmol/l)

46.0 ± 10.9
(1.19 ± 0.28)

44.1 ± 10.3
(1.14 ± .027)

47.6 ± 11.2
(1.23 ± 0.29) < 0.001

LDL-C (mg/dl) 
(mmol/l)

125.5 ± 40.1
(3.25 ± 1.04)

125.0 ± 41.8
(3.24 ± 1.08)

125.9 ± 38.7
(3.26 ± 1.0) 0.796

VLDL-C (mg/dl) 
(mmol/l)

20.0 ± 8.0
(0.52 ± 0.21)

20.4 ± 8.3
(0.53 ± 0.21)

19.7 ± 7.7
(0.51 ± 0.20) 0.339

TGL (mg/dl) 
(mmol/l)

100.2 ± 40.0
(1.13 ± 0.45)

101.8 ± 41.7
(1.15 ± 0.47)

98.7 ± 38.4
(1.12 ± 0.43) 0.339

Values are means ± standard deviation. WC, waist circumference; HC, 
hip circumference; WHR, waist-to-hip ratio; BMI, body mass index; SBP, 
systolic blood pressure; DBP, diastolic blood pressure; PP, pulse pressure; 
MBP, mean blood pressure; TC, total cholesterol; HDL-C, high-density 
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; 
VLDL-C, very low-density lipoprotein cholesterol; TGL, triglycerides.

table 2. risk factors, educational level and socio-economic 
class of the study population

Characteristics All Men Women p-value

Hypertension, n (%) 278 (45.2) 136 (46.3) 142 (44.2) 0.615

Current smokers, n (%) 39 (6.3) 25 (8.5) 14 (4.4) 0.035

Diabetes, n (%) 35 (5.7) 16 (5.4) 19 (5.9) 0.799

Overweight, n (%) 180 (29.3) 80 (27.2) 100 (31.2) < 0.001

Obesity, n (%) 120 (19.5) 27 (9.2) 93 (29.0) < 0.001

High TC, n (%) 68 (11.1) 31 (10.5) 37 (11.5) 0.698

High TGL, n (%) 77 (12.5) 37 (12.6) 40 (12.5) 0.963

High LDL-C, n (%) 121 (19.7) 61 (20.7) 60 (18.7) 0.522

Low HDL-C, n (%) 308 (50.1) 108 (36.7) 200 (62.3) < 0.001

Education level 0.926

  Low, n (%) 213 (34.6) 110 (37.4) 103 (32.1)

  Medium, n (%) 150 (24.4) 69 (23.5) 81 (25.2)

  High, n (%) 252 (41.0) 115 (39.1) 137 (42.7)

Socio-economic class 0.392

  Low, n (%) 154 (25.0) 81 (27.6) 73 (22.7)

  Middle, n (%) 156 (25.4) 77 (26.2) 79 (24.6)

  Upper middle, n (%) 152 (24.7) 66 (22.4) 86 (26.8)

  Upper, n (%) 153 (24.9) 70 (23.8) 83 (25.9)

Values are number of subjects (n) and percentages (%).

table 3. Crude and age-standardised prevalence of the 
metabolic syndrome in men and women according to  

atp iii and jis criteria
Age group (years) n ATP III JIS

Men (n = 294)

  < 30 40 2 (5.0) 3 (7.5)

  30–39 52 2 (3.8) 4 (7.7)

  40–49 89 8 (9.0) 15 (16.9)

  50–59 90 10 (11.1) 23 (25.6)

  ≥ 60 23 3 (13.0) 5 (21.7)

  Total crude 294 25 (8.5) 50 (17.0)

  Age-standardised – 4.8 9.0

Women (n = 321)

  < 30 32 0 (0.0) 1 (3.1)

  30–39 71 8 (11.3) 13 (18.3)

  40–49 125 43 (34.4) 62 (49.6)

  50–59 79 27 (34.2) 37 (46.8)

  ≥ 60 14 5 (35.7) 8 (57.1)

  Total crude 321 83 (25.9) 121 (37.7)

  Age-standardised (%) – 12.6 19.2

Overall (n = 615)

   Crude 615 108 (17.6) 171 (27.8)

   Age-standardised (%) – 8.7 14.1

Values are n (%). ATP III, National Cholesterol Education Program Third 
Adult Treatment Panel; JIS, Joint Interim Statement.
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In individuals diagnosed with the metabolic syndrome from 
the JIS definition (n = 171), the most frequent components were 
elevated blood pressure: 52.5% (men 55.4% vs women 49.82%, 
p = 0.165), reduced HDL-C levels: 50.1% (men 36.7% vs 
women 62.3%, p < 0.001) and high WC: 39.8% (men 15.3% vs 
women 62.3%, p < 0.001). The less frequent components were 
elevated glucose levels: 23.4% (men 25.9% vs women 21.2%, 

p = 0.172) and raised triglyceride levels: 10.7% (men 12.6% vs 
women 9.0%, p = 0.155).

Although the prevalence of the metabolic syndrome diagnosed 
from the JIS criteria was higher than with the ATP III criteria, 
there was good agreement between the two classifications in 
the overall sample [kappa = 0.712, (p < 0.001; 95% CI: 0.648–
0.777)], as well as in men [kappa = 0.624 (p < 0.001; 95% CI: 
0.493–0.755)] and in women [kappa = 0.731 (p < 0.001; 95% 
CI: 0.654–0.809)].

Fig. 1 shows results from the ROC curve analysis to 
identify subjects with two or more components of the metabolic 
syndrome using the JIS criteria. In men, the optimal cut-off 
value of WC to detect the metabolic syndrome with maximum 
sensitivity and specificity (Youden index = 0.563) was 87.5 cm 
(sensitivity 75.9%, 95% CI: 62.4–86.5; specificity 81.2%, 95% 
CI: 75.7–86; positive predictive value (PPV) 44.2%, 95% CI: 
38.5–49.9 and negative predictive value (NPV) 94.2%, 95% CI: 
91.5–96.9); whereas in women, the optimal cut-off value of WC 
(Youden index = 0.489) was 80.5 cm (sensitivity 88.4%, 95% CI: 
81.3–93.5; specificity 60.5%, 95% CI: 53.4–67.3; PPV 57.5%, 
95% CI: 52.1–62.9 and NPV 89.6%, 95% CI: 87.9–91.3). 

There was good accuracy (p < 0.001) of the cut-off values of 
the WC to predict other components of the metabolic syndrome, 
as suggested by values of the area under the ROC curve [men: 
0.85 (95% CI: 0.80–0.89) and women: 0.79 (95% CI: 0.74–0.84)].

discussion
The main findings of this study were a high prevalence of the 
metabolic syndrome among our subjects and a different cut-off 
value for WC for the diagnosis of the metabolic syndrome from 
those recommended for Africans by other studies.5,7 To our 
knowledge, this is the first study reporting the prevalence of the 
metabolic syndrome in Angolans.

table 4. prevalence of the metabolic syndrome from  
jis criteria in men and women according to  
socio-economic class and educational level

 Number (%) p-value

Men
Socio-economic class 0.083

   Low 8 (9.9)

   Middle 13 (16.9)

   Upper middle 11 (16.7)

   Upper 18 (25.7)

Education level 0.444

   Low 15 (13.6)

  Medium 12 (17.4)

   High 23 (20.0)

Women

Socio-economic class 0.199

   Low 29 (39.7)

   Middle 28 (35.4)

   Upper middle 26 (30.2)

   Upper 38 (45.8)

Education level 0.294

   Low 45 (43.7)

   Medium 27 (33.3)

   High 49 (35.8)  

Values are number of subjects (n) and percentages (%).
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Fig. 1.  Receiver operating characteristic (ROC) curves of waist circumference (WC) to detect the metabolic syndrome in men and 
women, according to the Joint Interim Statement definition. Area under the ROC curve: 0.85 in men and 0.79 in women. 
WC cut-off values in men: 87.5 cm (sensitivity 75.9%, specificity 81.2%) and 80.5 cm (sensitivity 88.4%, specificity 60.5%) 
in women.
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Worldwide, the metabolic syndrome is increasingly 
becoming a pandemic,7 the level of prevalence being estimated 
to be 17–25% in the general population. However, estimates in 
sub-Saharan African populations are scarce and inaccurate.11 The 
crude prevalence in this study was in an intermediate point of 
the range (0–50%) reported for different African populations.11 

The three most frequent components of the metabolic 
syndrome were elevated blood pressure, low HDL-C levels and 
elevated WC. A similar cluster of components was reported in 
an urban population in Kenya,20 and in a study including West 
Africans (Nigeria and Ghana) and African-Americans.34 Other 
studies reported a combination of high WC and low HDL-C 
levels as the most frequent components in Africans with high a 
prevalence of the metabolic syndrome.14,18,25 

Although the underlying mechanisms are not fully understood, 
the increasing prevalence of the metabolic syndrome has been 
associated with a sedentary lifestyle and obesity.7 Also, it has 
been reported that in contrast to developed nations, in some 
African nations, a higher socio-economic status has been 
associated positively with increased obesity.35

In our study, distribution of the metabolic syndrome according 
to socio-economic class, defined by average household monthly 
income, was not significant. However, this study also showed 
a high prevalence of both obesity and overweight (47.8%) and 
hypertension (45.2%). The three most common components 
of the metabolic syndrome were elevated blood pressure, low 
HDL-C levels and high WC, suggesting a high risk for CV 
diseases in this occupational cohort. Therefore, considering the 
on-going socio-economic changes in Angola, the findings of 
this study may reflect the impact of the nutritional transition, 
behavioural and occupational changes, environmental risk factors 
and unhealthy lifestyle (mainly sedentary) with rapid weight 
gain, and the high consumption of salty and high caloric food.

Although this study showed a good concordance between 
the two criteria, the crude prevalence estimated with the JIS 
definition was 10.2% higher than that estimated with ATP III. 
This difference was mainly attributed to the different cut-off 
point for WC, which is lower for JIS than for ATP III criteria. 

It is known that WC reflects both visceral and subcutaneous 
fat depots, but it has been used as a crude but relevant index 
of visceral adiposity. The role of visceral adiposity in the 
development of each metabolic syndrome component has been 
shown in non-African populations.36-39 In sub-Saharan African 
populations, a high WC was suggested as a key determinant for 
development of the metabolic syndrome.14

However, since country-specific cut-off values of WC still 
need to be defined for Africans, the cut-off values of WC derived 
from European population groups have been recommended 
for Africans.5,7 Emerging data suggested that African-specific 
cut-off values would be different from European cut-off values 
currently recommended by the IDF.18,24,25 In this study, the cut-off 
values for men were lower than that currently recommended for 
Africans (87.5 instead of 94 cm);5,7  whereas for women, these 
cut-off values were similar to those recommended for European 
and African women (80.5 vs 80 cm). 

A few studies have attempted to establish cut-off values of 
WC for African groups,18,24,25 and they found different cut-off 
values from those currently recommended. In our study, the 
value of 87.5 cm for men is similar to that reported in South 
African studies of African men (86 cm),18 but different for 

women.18,25 However, our findings differed from those reported 
for men and women in another study of the same population 
(men: 90 cm, women: 98 cm).24 

Discordant cut-off values of WC between different studies 
are to be expected since even in the same ethnic group, the WC 
may vary according to the country, as emphasised by the IDF5 
and the JIS.7 Furthermore, it has been reported that variation in 
WC cut-off values obtained using the sensitivity and specificity 
approach were strongly correlated with mean levels of WC in 
the population.40,41 The cut-off values increased linearly with 
increasing population means, independent of WC measurement 
techniques and regardless of whether the health outcome was 
hypertension, dyslipidaemia, hyperglycaemia or a cluster of 
multiple outcomes.40 However, it remains to be clarified whether 
this variation was due to biological characteristics or the 
methodological approaches used to define the best cut-off point.40

In this study, women had higher mean values of WC than 
men (Table 1). It is known that the proportion of total fat in 
subcutaneous depots is higher in women than men.42 Therefore 
there is a potential risk of misclassification of women as having 
excessive visceral adiposity by using values of WC to predict 
other components of the metabolic syndrome. To minimise this 
difficulty in this study and ensure a correct classification for only 
women with strong evidence of two or more components of the 
metabolic syndrome, we selected the best cut-off values of WC, 
as suggested by the higher values of the Youden index. Therefore, 
this study reinforces the opinion that definition of cut-off values 
of WC should be country- and gender-specific.

There was a potential limitation to this study. Because we 
studied a convenient sample consisting of staff of a public 
university, our findings may not apply to the Angolan population 
as a whole. As previously detailed,27 however, participants 
were recruited from all higher education institutions, which 
represented university staff in the whole country.  When this 
study was designed in 2009, all university staff were invited 
to take part. The study group included all occupational and 
socio-economic classes, including teachers and non-teaching 
workers.26,27 

Conclusion
There was a high prevalence of the metabolic syndrome in this 
occupational cohort, with a higher prevalence among women. 
This study suggested that optimal cut-off values of WC of 
87.5 and 80.5 cm would be appropriate for the diagnosis of the 
metabolic syndrome in men and women, respectively. This may 
imply that the prevalence would have been different from that 
reported in this study if these values had been used. Further 
investigation is therefore needed to confirm optimal cut-off 
values of WC in the general Angolan population, in order to 
consistently estimate the trends of cardiometabolic risk factors 
in African populations.

This study was supported by grants from Fundação para Ciência e 

Desenvolvimento, Angola and CAPES, Brazil. 
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letter to the Editor

B-type natriuretic peptide for the prediction of left 
ventricular remodelling
dear sir
We read with great interest the recent article by Choi et al.1 on 
the optimal time of B-type natriuretic peptide (BNP) sampling 
for the prediction of left ventricular (LV) remodelling after 
myocardial infarction (MI). Indeed, as underscored by Choi et 
al., LV remodelling remains a significant clinical problem in the 
modern era of MI management.2 In addition, BNP is currently 
the sole biomarker that has been convincingly associated with 
LV remodelling in multiple studies (reviewed in Fertin et al.3). It 
is therefore important to determine the best window of time for 
its determination in clinical practice.

Using multivariate analysis in a cohort of 131 patients, 
the authors found that early levels (two to five days) of BNP 
were associated with LV remodelling in fully adjusted models, 
whereas late (three to four weeks) and long-term (six months) 
levels were not. We previously reported on the usefulness of 
serial (three to seven days, one, three and 12 months) assessment 
of BNP to predict LV remodelling after MI in a prospective study 
of 246 patients with a first anterior Q-wave MI.4 Our results, 
which were at variance from those of the study by Choi et al., 
demonstrated that BNP levels at any time point were associated 
with LV remodelling; the association was mild at baseline and 
stronger during follow up, particularly after three months. 

With multivariate analysis, BNP retained its predictive value 
at one, three and 12 months, but no longer at baseline. These 

discrepancies between studies may be related to differences in 
study populations and/or therapeutic management. It is also 
important to know how missing values were handled when 
comparing models at different time points. From the data 
presented by Choi et al., it appears that BNP measurements at 
six months were lacking in more than 20% of the cases. This 
could theoretically have ‘disadvantaged’ BNP in late versus early 
models.

At present, we believe that the optimal timing after MI for BNP 
determination in clinical practice remains an unsettled question.

Christophe Bauters, MD, cbauters@chru-lille.fr
Centre Hospitalier Régional et Universitaire de Lille, Lille; 
Inserm U744, Institut Pasteur de Lille, Université de Lille 2, 
Lille; Faculté de Médecine de Lille, Lille, France
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Florence Pinet, PhD
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Inserm U744, Institut Pasteur de Lille, Université de Lille 2, 
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