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Reference intervals for serum total cholesterol, HDL cholesterol
and non-HDL cholesterol in Batswana adults
Seako M Maphephu, Ishmael Kasvosve

Reference intervals of total cholesterol, HDL cholesterol and nonHDL cholesterol concentrations were determined on 309 blood
donors from an urban and peri-urban population of Botswana.
Using non-parametric methods to establish 2.5th and 97.5th
percentiles of the distribution, the intervals were: total cholesterol

Population-specific reference intervals when combined with other
clinical data are important for clinical decision-making in the
management of patients considered to be at risk for atherosclerotic
cardiovascular disease (CVD). Reference intervals vary according
to gender, age, ethnicity and diet, among other factors; it is
therefore recommended that population-specific reference intervals
be established. The ISO 15189:2003 standard recommends that
biological reference intervals appropriate for the reference population
and patient population be used when reporting laboratory results.1
Southern Africa has little study of populations that are undergoing
significant change in lifestyle and risk of CVD. To our knowledge,
there are no published reference ranges for clinical chemistry
parameters for the Batswana adult population, and the common
practice is to adopt reference intervals from other populations. We
aimed to establish reference intervals for serum total cholesterol,
HDL cholesterol and non-HDL cholesterol concentrations in
Batswana adults.

Materials and methods

The National Blood Transfusion Services (NBTS) centre in Gaborone
is the main blood bank laboratory in Botswana, collecting about
23 000 blood units annually. A professional health counsellor carries
out a pre-donation confidential assessment to determine eligibility
to donate blood and prior history of diseases, medications, sexual
behaviour, cigarette smoking, alcohol consumption and illicit drugs.
We analysed 309 anonymised residual blood samples (129 females)
from qualifying donors who were from Gaborone and surrounding
areas, representing the urban and peri-urban indigenous populations
of Botswana. All the blood collected was tested for presence of
HIV and hepatitis A, B and C viruses, and screened for sexually
transmitted infections. Ethical approval for the study was obtained
from the institutional review boards of the University of Botswana,
NBTS and Ministry of Health. Anonymised residual samples were
used, and therefore no consent was obtained from donors, consistent
with ISO:15189 recommendations that state that the use of samples
for purposes other than requested without prior consent should only
occur if the residual samples are rendered anonymous.2
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2.16 - 5.52 mmol/l; non-HDL cholesterol 1.22 - 4.48 mmol/l; and
HDL cholesterol 0.67 - 1.65 mmol/l and 0.59 - 1.59 mmol/l for
females and males, respectively.
S Afr Med J 2011;101:546-547.

Blood collected in plain tubes was transported chilled in a
cooler box from NBTS to a central testing laboratory where it was
centrifuged using a Haereus Instruments Biofuge primo centrifuge
at 3 000 rpm for 5 minutes. Serum was separated and stored at -20°C
until analysis. The samples were tested using Roche reagent kits
for total cholesterol and HDL cholesterol on a COBAS Integra 400
plus auto-analyser using enzymatic methods according to standard
operating procedures. The analyser was calibrated using Roche
calibrators, and quality control sera from the manufacturer were
tested alongside the serum samples. Non-HDL cholesterol was
obtained by subtracting HDL cholesterol from total cholesterol.3 The
reference interval was calculated as the range between the 2.5th and
97.5th percentile values of the population using Stata/SE version 8.2
statistical software (StataCorp, Texas). Comparison between females
and males was done using Student’s t-test.

Results

Reference intervals for total cholesterol, HDL cholesterol and nonHDL cholesterol were constructed on 129 females and 169 males aged
16 - 60 years; 11 had incomplete demographic data and were excluded.
The Clinical Laboratory Standards Institute recommends that a
minimum of 120 acceptable observations from healthy individuals be
used to calculate reference intervals using non-parametric methods.4
Overall, the reference intervals for total cholesterol were 2.16 - 5.52
mmol/l and for non-HDL cholesterol 1.22 - 4.48 mmol/l (see Table
I). Reference intervals for HDL cholesterol concentration were
0.67 - 1.65 mmol/l and 0.59 - 1.59 mmol/l for females and males,
respectively. Table II compares the cut-off values of total cholesterol
concentration between Batswana and North American populations
according to recommendations of the Laboratory Standardization
Panel of the National Cholesterol Education Program.5

Discussion

To our knowledge, this is the first study to document reference
intervals for the black population of Botswana, a middle-income
country. The 2.5th and 97.5th percentiles were used as limits for the
reference intervals. In keeping with other studies, HDL cholesterol
concentrations were higher in females than males (p=0.006). The
reference interval for total cholesterol derived in this study was
lower than those from other African populations and industrialised
countries.6
In combination with other predisposing factors, HDL cholesterol
concentration is useful in assessing the risk of developing coronary
heart disease (CHD). Low levels of HDL cholesterol are associated
with increased risk of developing CHD whereas a high concentration
is protective against CHD. Non-HDL cholesterol correlates with
mortality owing to CHD.7 To screen subjects at risk of developing
CHD by using lipid concentrations, population-specific reference
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Table I. Reference ranges of total cholesterol, HDL and non-HDL cholesterol in Batswana adults (concentrations in mmol/l)
N

Minimummaximum

Median

Mean±SD

Reference interval
2.5th - 97.5th

p-value*

Males

169

1.97 - 6.18

3.53

3.62±0.86

2.12 - 5.67

0.392

Females

129

1.97 - 5.82

3.63

3.7±0.73

2.20 - 5.41

Overall

298

1.97 - 6.18

3.62

3.66±0.81

2.16 - 5.52

Males

169

0.51 - 2.21

0.97

1.01±0.25

0.59 - 1.59

Females

129

0.66 - 1.82

1.03

1.08±0.24

0.67 - 1.65

Overall

298

0.51 - 2.21

0.99

1.03±0.25

0.66 - 1.60

Males

169

0.9 - 5.33

2.49

2.61±0.85

1.10 - 4.57

Females

129

0.93 - 4.82

2.52

2.62±0.73

1.29 - 4.37

Overall

298

0.9 - 5.33

2.5

2.63±0.80

1.22 - 4.48

Gender
Total cholesterol

HDL cholesterol
0.006

Non-HDL
cholesterol
0.918

*p-values of the means between the genders (Student’s t-test).

Table II. Comparison of total cholesterol cut-off points
between Botswana and North America according to Adult
Treatment Panel III (ATPIII)5
Total cholesterol (mmol/l)
Risk classification

Botswana

North America

<4.1

< 5.2

4.1 - 4.71

5.2 - 6.2

>4.71

>6.2

Desirable
<75th percentile
Borderline high
75th – 90th percentile
High
>90th percentile

values should be applied. Table II shows that the total cholesterol
concentration thresholds for CHD risk stratification are lower in the
studied population, compared with North America.
The samples in this study were from non-fasting donors. Previous
studies recommend that lipid concentration estimations should be
done on fasting specimens. However, recent literature suggests that
fasting is not necessary for lipid concentration estimation and does
not influence the results.4 In this study, we recognise that health
status of the population was not determined by a physician; however,
blood donors are considered a good source of reference individuals.
Our findings, based on a limited sample size, suggest that reference
intervals of lipids are lower in Batswana than other populations. As

developing countries are expected to have CVD as the leading cause
of death by 2020, a larger study in Botswana and possibly other
regions of Africa to correlate vascular disease with the concentrations
of the conventional lipid profile should be carried out.
We thank the management and staff of the National Blood Transfusion
Services Botswana for screening of blood donors and collection of blood
samples, and the Department of Chemical Pathology, Princess Marina
Hospital, Gaborone, for use of the chemistry auto-analyser and other
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