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The General Population Cohort (GPC) was set up in 1989 to exam-
ine trends in HIV prevalence and incidence, and their determinants
in rural south-western Uganda. Recently, the research questions
have included the epidemiology and genetics of communicable
and non-communicable diseases (NCDs) to address the limited
data on the burden and risk factors for NCDs in sub-Saharan
Africa. The cohort comprises all residents (52% aged 513years,
men and women in equal proportions) within one-half of a rural
sub-county, residing in scattered houses, and largely farmers of
three major ethnic groups. Data collected through annual surveys
include; mapping for spatial analysis and participant location;
census for individual socio-demographic and household socioeco-
nomic status assessment; and a medical survey for health, lifestyle
and biophysical and blood measurements to ascertain disease out-
comes and risk factors for selected participants. This cohort offers a
rich platform to investigate the interplay between communicable
diseases and NCDs. There is robust infrastructure for data manage-
ment, sample processing and storage, and diverse expertise in epi-
demiology, social and basic sciences. For any data access enquiries
you may contact the director, MRC/UVRI, Uganda Research Unit on
AIDS by email to mrc@mrcuganda.org or the corresponding author.
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Data Resource basics
Rationale, collaborations and funding
The General Population Cohort (GPC) is a population-
based open cohort study established in 1989 by the
Medical Research Council (MRC) UK in collaboration
with the Uganda Virus Research Institute (UVRI) to
examine trends in prevalence and incidence of HIV
infection and their determinants. This cohort is
funded by MRC UK and the UK Department for
International Development.

Since 2010, the scientific research questions have
incorporated the epidemiology and genetics of both
communicable and non-communicable diseases
(NCDs). Although NCDs are projected to become the
most common causes of death in Africa by 2030,1

their magnitude, distribution and risk factors have
not been fully studied in a large-scale epidemiological
context in sub-Saharan Africa. The GPC provides a
unique framework for building on a large-scale pro-
spective cohort study in a sub-Saharan African popu-
lation to examine a wide range of health indices. This
provides the foundation for long-term studies provid-
ing evidence for health policy and public health
programmes in Uganda and other countries in sub-
Saharan Africa. Observational studies suggest that
infectious diseases such as HIV and tuberculosis
may be risk factors for type 2 diabetes.2 The collabor-
ation with the University of Cambridge and the
Wellcome Trust Sanger Institute has strengthened
the GPC platform and enabled both NCDs and infec-
tious diseases to be studied in parallel, improving
efficiency while allowing investigation of reciprocal
relationships between communicable and non-
communicable diseases.

Genetic studies
The introduction of genetic studies into the GPC was
driven by the dearth of genetic epidemiological stu-
dies in sub-Saharan African populations. Most of the
studies have focused on populations of European des-
cent.3–5 To generalize findings from genetic studies of
complex diseases it is important to examine genetic
susceptibility in a global context, with studies in
sub-Saharan African populations, where genetic
diversity is greatest,6,7 forming an integral component
of this effort. The complex patterns of genetic diver-
sity and gene expression in modern human popula-
tions are the result of varying evolutionary histories
shaped by differing environmental and biological fac-
tors.8,9 This diversity might account for some differ-
ences in the prevalence of complex diseases and
distribution of risk factor traits among popula-
tions.10,11 Genetic analysis has the potential to: dis-
cover novel disease susceptibility loci and variants;
assess the structure of association signals; and refine
(fine-map) association signals at new and existing
disease and trait loci.12

Data Resource area and population
coverage
The study area is located in south-western Uganda in
Kyamulibwa sub-county of Kalungu district, approxi-
mately 120 km from Entebbe town (where the MRC/
UVRI office and central laboratories are located). The
study area is divided into villages defined by admin-
istrative boundaries varying in size from 300 to 1500
residents. From 1989–99, the initial study population
of about 10 000 residents comprised a cluster of 15
neighbouring villages and a pilot village for pre-
testing study tools and procedures. From 1999, ten
more adjacent villages with comparable characteris-
tics,13 were added to the cohort, doubling the popu-
lation. At the centre of the study area (village 17;
Figure 1) is the MRC/UVRI field station with admin-
istrative offices, laboratories and study clinics.

Survey frequency
The study population is recruited through annual
house-to-house ‘rounds’ of census through which par-
ticipants for the medical surveys are selected. To be
eligible for the census, an individual must have spent
or be planning to spend at least 3 months in a house-
hold within the study area. All residents aged 13 years
and above were included in all the medical survey
rounds 1–22 (1989–2011). For the first seven medical
survey rounds (1989–96) all residents (all ages) were
eligible for the survey, although children under 13
years were only surveyed for de-worming in rounds
5–7 (1993–96). In rounds 8–10 (1996–99) children
under 13 years were excluded. From survey rounds
11–22 (1999–2011) all children aged 0–2 years were
included in the medical survey but all the children
aged 3–12 years were only surveyed in rounds
11(1999–2000), 13 (2001–02), 16 (2004–05), 19
(2007–08), and 22 (2010–11). In the rest of the
rounds, only children aged 3–12 years exposed to
maternal HIV infection or with previous positive
HIV- tests or those missed in the previous round to
be surveyed were included (Table 1). All these exclu-
sions were driven by study themes and resources.

Demographic and social characteristics of the study
population at round 22 (2010–11) show a relatively
young population with about 90% of the population
less than 50 years of age, predominantly engaged in sub-
sistence farming. The major ethnic group are Baganda
(75%), followed by immigrants from Rwanda (16%) and
Burundi (3%) and other tribes from Uganda and
Tanzania (6%) who initially came as casual labourers.
Only about 13% of the residents attained education
beyond primary level (not shown in tables).

Overall, over 95% of households approached for
census participated. The medical survey participa-
tion varied from year to year. Participation for 13
medical survey rounds (1989–92, 1997–2002, 2003–
05 and 2008–11) was consistently above 70% with
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the first two rounds and for the latest round above
80%. Participation in the rest of the rounds was above
60% (Table 1).

Data from round 22 shows that the surveyed popu-
lation of children aged 0–12 years was representative
of those in the census (Table 2). Adult survey char-
acteristics showed a higher participation of women
than men, and of those ever married (currently
married, widowed and separated) than never married.
Children, siblings and grandchildren to the household
head were underrepresented in the survey in compari-
son with the spouse and parent of the household
head. As expected, those usually resident had better
participation than those who spent less time in their

households. The Baganda had a lower participation
than the other ethnic groups in the study population.
Religion had no influence on participation (Table 2).

Measures
The recruitment and data collection process is broadly
divided into five stages as outlined in Figure 2.

Participant engagement and village mapping
Community mobilisation precedes the recruitment
process and focuses on engaging with participants at
both community and individual levels. Local leaders
are first sensitised about study activities and their

Figure 1 Map showing study villages in Kyamulibwa sub-county, Uganda
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permission sought before holding community meet-
ings. Community mobilisation is followed by map-
ping, then the census and medical survey. In 2008,
hand-drawn maps were replaced by mapping using
Geographical Positioning System (GPS) technology,
precisely locating all dwellings and demarcating vil-
lage boundaries and principal geographical features
within the study area.

A census questionnaire is administered to a house-
hold head or adult representative to collect individual
demographic and household socioeconomic data. For
individuals who decline, reasons for non-participation
are recorded. Where no respondent is available, three
attempts are made to revisit the household.

Medical survey
Using the census database, eligible individuals are se-
lected and requested to participate in the medical
survey. Data on health and lifestyle are collected

using a standard individual questionnaire, blood sam-
ples obtained and biophysical measurements taken,
when necessary. In rounds 20 (2008–09) and 22
(2010–11) the original HIV risk questionnaire was
adapted to obtain socio-demographic indices, sexual
behaviour, lifestyle (diet, tobacco and alcohol con-
sumption), medical history and biophysical measure-
ments (height, weight, waist and hip circumferences
and blood pressure) data in one interview session.

Blood samples are transported to MRC/UVRI labora-
tories in Entebbe. A portion of the venous blood
sample is analysed according to protocol guidelines
and the remaining portion is stored at –808C.
Remnant cells from serum samples are also collected
and stored to provide DNA for future genetic analyses.
Serum samples from participants over the previous 22
years are currently in storage. Such bio-banking of
samples is invaluable for longitudinal and retrospect-
ive analysis. Most tests are done at the MRC/UVRI
Uganda laboratories except for genetic tests, including

Table 1 Summary of GPC participation for rounds 1-22

Year(s)
Survey
round

Census Participation

Medical survey participation

0–2 yrs 3–12 yrs 13þ yrs All age groups

Households (%) n (%) n (%) n (%) Total (%)

2010/11 22 3771 95.4 1571 83.3 5975 90.8 7830 73.1 15 376 80.2

2009/10 21 3709 95.0 1318 72.4 922b N/A 7343 71.4 7343 71.4

2008/09 20 3698 99.9 1239 72.3 956b N/A 6686 72.4 6686 72.4

2007/08 19 3777 96.2 1138 62.4 4909 78.1 6220 63.0 12 267 68.2

2006/07 18 3732 99.9 1274 68.7 1738b N/A 6253 66.5 6253 66.5

2005/06 17 3705 97.0 1312 73.3 1400b N/A 6251 66.5 6251 66.5

2004/05 16 3666 99.9 1259 67.4 4757 76.7 6378 66.3 12 394 70.0

2003/04 15 3600 99.9 1373 72.0 805b N/A 6932 72.0 6932 72.0

2002/03 14 3644 99.8 1169 61.9 678b N/A 6517 68.2 6517 68.2

2001/02 13 3631 99.9 1567 79.7 5343 86.5 6709 71.4 13 619 77.7

2000/01 12 3536 97.5 1323 65.9 1293b N/A 6802 73.2 6802 73.2

1999/00 11 3558 96.8 1476 75.1 4728 80.8 6315 69.8 12 519 74.2

1998/99 10 2282 97.9 0 0.0 0 0 4294 75.0 4294 75.0

1997/98 9 2102 97.9 0 0.0 0 0 4121 75.2 4121 75.2

1996/97 8 2010 97.9 0 0.0 0 0 3279 62.6 3279 62.6

1995/96 7a 1917 98.8 563 54.3 1970 56.9 3338 65.6 5871 61.2

1994/95 6a 1970 98.7 555 53.9 2124 60.7 3340 65.1 6019 62.3

1993/94 5a 2017 98.0 722 66.0 2580 73.2 3464 66.3 6766 68.8

1992/93 4 2006 97.2 880 76.8 2784 78.6 3116 59.0 6780 68.0

1991/92 3 2056 96.9 991 79.0 2897 80.3 3607 66.8 7495 73.0

1990/91 2 1995 98.6 994 88.6 2894 84.6 3956 76.2 7844 80.6

1989/90 1 1806 95.1 969 90.5 2996 90.7 4336 88.2 8301 89.4

aSurvey rounds during which children (0–12yrs) were only included for de-worming. No other survey information is available for
this age group in these rounds.
bdenotes number of children aged 3–12 years with either previous maternal HIV exposure, or HIV positive test in the previous
round or those who were missed in the previous round survey. They were excluded in the total participation because their
denominator could not easily be estimated.
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Table 2 Comparison of medical survey responders and eligible population

Variable

Aged 0–12 years old Aged 13 years and above

N n(%) p-value N n(%) p-value

Sex 0.57 <0.01

Male 4302 3760 (87.4) 5144 3373 (65.6)

Female 4351 3735 (85.8) 5874 4352 (74.1)

Age group 0.34 <0.01

0–2 yrs 1932 1627 (84.2)

3–12 yrs 6721 5868 (87.3)

13–24 yrs 4923 3136 (63.7)

25–34 yrs 1921 1366 (71.1)

35–44 yrs 1529 1143 (74.8)

45þ yrs 2645 2080 (78.6)

Census status 0.10 0.36

Newborn 529 438 (82.8)

Resident 6642 5862 (88.3) 9281 6555 (70.6)

Internal movers 616 470 (76.3) 817 569 (69.7)

Immigrant 866 725 (83.7) 920 601 (65.3)

Time spent in household 0.14 <0.01

Normally resident 6423 5682 (88.5) 8280 6112 (73.8)

6–12 mths 1226 1013 (82.6) 1334 843 (63.2)

0–5 mths 919 733 (79.8) 960 589 (61.4)

Comes and goes 80 66 (82.5) 429 177 (41.3)

Usually resident 0.45 <0.01

Yes 8516 7387 (86.7) 10 470 7491 (71.6)

No 91 70 (76.9) 452 178 (39.4)

Marital status <0.01

Never married 8412 7284 (86.6) 4888 3033 (62.1)

Currently married 4134 3131 (75.7)

Widowed 674 526 (78.0)

Divorced/separated 1197 949 (79.3)

Relationship in household <0.01 <0.01

Household head 3613 2640 (73.1)

Spouse 2057 1693 (82.3)

Child 6302 5458 (86.6) 3313 2073 (62.9)

Parent 73 51 (69.9)

Sibling 68 57 (83.8) 347 221 (63.7)

Grandchild 1809 2140 (79.4) 894 564 (63.1)

Other relative 455 387 (85.1) 594 392 (66.0)

Not related 17 12 (70.6) 122 87 (71.3)

Tribe 0.85 <0.01

Muganda 6402 5551 (86.7) 8413 5800 (68.9)

Rwandese/Burundi 1256 1111 (88.5) 1910 1438 (75.3)

Other 466 395 (84.5) 661 470 (71.1)

Religion 0.79 0.31

Catholics 4529 3946 (87.1) 6371 4522 (71.0)

Protestant 917 821 (89.5) 1293 936 (72.4)

Muslim 2373 2041 (86.0) 2808 1878 (66.9)

Other 324 265 (81.8) 528 379 (71.8)
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tests for haemoglobinopathies, which are carried out
at the Wellcome Trust Sanger Institute.

Clinical follow-up and care: integration and
technology
A clinic located at the field station provides general
health care to all study participants who present with
acute medical conditions (malaria and acute respira-
tory tract infections among others) and chronic dis-
eases such as HIV, hepatitis B and C, hypertension,
diabetes and dyslipidaemia identified during medical
surveys. The same participant identification numbers
used in the census and survey are maintained in the
clinic e-database making it possible to link these data
to the survey data sets. When needed, clinicians can
access previous clinical records and lifestyle and bio-
physical data collected during medical surveys to im-
prove clinical assessments and medical decisions. The
electronic system also ensures that data are organised
and linked for research purposes.

Ethical considerations
Before all survey procedures including interviews,
blood tests and sample storage for future use, written
consent or assent in conjunction with parental/guard-
ian consent for those less than 18 years of age, are
obtained following Uganda National Council of
Science and Technology (UNCST) guidelines.14

Written consent/assent is also obtained from partici-
pants on the use of their clinical records for research
purposes. All study procedures including material

transfer agreements are approved annually by the
Uganda Virus Research Institute Science and Ethics
Committee and the UNCST.

Data management and analysis
Households and individuals are assigned identifica-
tion numbers during mapping and census. The GPS
mapping data are downloaded onto a database and
analysed using Arc-GIS software giving geographical
and social details for spatial disease trends and risk
analysis. Electronic data capture was introduced in
2009–10 to replace paper questionnaires. For the
census and medical surveys, the pre-programmed
e-questionnaire is prepared and loaded onto
hand-held portable computers. The programme is
linked to the central census database from previous
rounds, allowing easy identification of participants.
This ensures that data from previous rounds and
between the census and survey are linked for each
participant. The e-questionnaires for census and
survey are also programmed to perform automatic
data checks such as double entry of numbers,
plausibility of answers (for instance ‘age of starting
to smoke cannot be older than age of participant’),
numerical limitations within ranges of plausibility
and automatic question skips based on previous an-
swers. The immediate availability of electronic data,
without the need for separate data entry, has greatly
increased the efficiency and effectiveness of data

Figure 2 GPC annual study round overview
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cleaning, checking and management. The availability
of the electronic clinic database also provides an
opportunity to link these data with the survey
data during analysis of risk factors or disease out-
comes and directly assess the prevalence of clinical
disease.

Data available
As shown in Table 3, most of the survey rounds col-
lected individual and household level demographic
data, sexual behaviour and reproductive health.

Limited data on NCD risk were collected in earlier
survey rounds, smoking in rounds 5 and 21 and
alcohol in rounds 8 and 12. Weight and height were
measured annually in the first four rounds and
round 6. In round 20, the following data were col-
lected on NCD risk: weight, height, waist and hip
circumference, blood pressure, blood glucose and
smoking. During round 22 all the major modifiable
cardiometabolic risk factors were assessed together
with infectious biomarkers (HIV, hepatitis B and C)
(Table 3).

Blood samples for DNA extractions are available for
more than 8000 participants. To date, genotype data
have been generated for more than 5000 participants
using the Illumina HumanOmni2.5 BeadChip. These
extensive genotype data combined with the NCD and
additional health data collected from the participants
constitute a unique resource to understand human
genome diversity in sub-Saharan Africa and the aeti-
ology of communicable and non-communicable dis-
eases. Using the familial study design, up to 100
founders within each family have undergone whole
genome sequencing. Additional whole genome
sequencing studies are now under way.

Data resource use
The GPC has made substantial contributions on trends
of HIV prevalence and incidence that have been used
for planning national HIV/AIDS programmes in
Uganda, and globally. As shown in Figure 3, HIV
prevalence decreased from 8.5% in 1991 to 6.1% in
2000 and remained fairly the same until 2005 when
it steadily rose to 8.9% in 2010 in the presence of a
steadily declining HIV incidence. This trend is attribut-
able to better survival due to improvements in HIV
care from the introduction of ART, as shown by a sig-
nificant drop in death rates after introduction of ART
in a recently published work from the same popula-
tion.15. The recent Uganda AIDS indicator survey re-
sults showed a rise in HIV prevalence up from 6.4% in
2005 to 7.3% in 2011.16 In the absence of national
population-based mortality data in relation to ART,
the GPC findings provide a possible reason for the
rise in HIV prevalence.

The key findings of the GPC have been published as
scientific papers (approximately 90 original articles
between 1991 and 2012, most of which are available

on the MRC/UVRI website: http://www.mrcuganda.
org/Publications.html). Some of the key publications
are as follows:

(i) Trends of HIV epidemic and risk factors in rural
Uganda: changes in sexual behaviour and other
risk factors shaping the epidemic in a rural
African setting.17–35

(ii) HIV-associated mortality: HIV-associated mor-
tality in a rural population in Uganda, largely
before the introduction of anti-retroviral ther-
apy including the survival of children born to
HIV-infected mothers.36–42

(iii) HIV infection and effect on children in rural
communities: the effects of HIV as seen in or-
phanhood and child nutrition.43–46

(iv) HIV infection and fertility: highlighting the
impact of HIV infection on fertility.47

(v) Sexually transmitted infections: prevalence and
incidence of sexually transmitted infections in
rural Uganda and the contribution of this to
HIV infection.48–50

(vi) Eye and dental problems: exploration of the oc-
currence of visual and dental problems in this
rural population.51–55

(vii) NCDs: epidemiology with specific emphasis on
the prevalence of cardiovascular risk factors at
population level has also been assessed.56,57

(viii) Social science contributions: in understanding
the behavioural characteristics of the study
population in relation to participation in re-
search,58,59 HIV risks,60–65 uptake of health ser-
vices66,67 and impact of the epidemic on
households and individuals.68–70

(ix) Basic science: evaluation HIV testing algorithms,71

HIV sub-type distribution and its relationship to
HIV progression,72–77 and the association between
hepatitis G and HIV infection.78

(x) Methodological studies: evaluation of respon-
dent-driven sampling in the GPC by comparing
estimates from a respondent-driven sampling
survey with total population data.79–81

(xi) Older people studies: focusing on the health
and functional status of older people affected
by HIV.82,83

(xii) The involvement of the GPC in the ALPHA (Ana-
lysing Longitudinal Population-based HIV/AIDS
data on Africa) network: has resulted in a consid-
erable HIV epidemiological research output, both
in terms of papers based on GPC data and collective
ALPHA network papers which include GPC data.84

(xiii) GPC contribution to international policy on NCDs:
research in round 20 contributed to the develop-
ment of international policy on NCD research.85–87

Main strengths and weaknesses
A major strength of the GPC is conducting frequent
census rounds and high participation especially for
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Table 3 Brief overview of data collected during the GPC rounds

Study rounds

Type of information 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Demographics

Age X X X X X X X X X X X X X X X X X X X X X X

Sex X X X X X X X X X X X X X X X X X X X X X X

Marital status X X X X X X X X X X X X X X X X X X

Education level X X X X X X X X X X X X X

Past illness, treatment and immunisation

Recent severe illness X X X X

Hospital admissions X X X X X

Mental health X

Blood transfusions X X X X X X X

History of immunisation X

Sexual and reproductive health and behaviour

Sex education X

Sexual partners and behaviour X X X X X X X X X X X X X X X X X X

Condom use X X X X X X X X X X X X X X X X

Family planning X X X X X X X X X X X X X X X X

Pregnancy and outcomes X X X X X X X X X X X X X X X X

Number of children X X X X X X X X X

Failed pregnancy attempts X X

Menstruation X X X X

Genital symptoms and treatment X X X X X X X X X X

HIV

Prevention of mother to
child transmission

X X X X

Service knowledge, access and use X X X X X X X

Testing and status disclosure X X X X X X X X

Circumcision X X

Lifestyle and non-communicable diseases

Smoking X X

Alcohol X X X X

Physical activity X

Diet X X X

Treatment-seeking history X

Physical examination

Signs of infectious diseases X X X X X X X

Eye health and vision X X X

Blood pressure X X

Weight and height X X X X X X X

Waist and Hip circumference X X

Laboratory examination of blood samples

HIV X X X X X X X X X X X X X X X X X X X X X X

Glucose X

HbA1c X

Hepatitis B and C X

Lipids X

Liver function tests X

Haemoglobinopathies X

Full blood cell count X

Genetic tests X
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the census, which provides a relevant sampling frame
for the survey and a database for imputing survey
data for non-participants. A further strength is the
availability of information at community, household
and individual levels, providing a framework for
multiple-level determinants of disease outcomes.
Having no upper age limit for the survey provided
an opportunity to study disease trends in a largely
neglected older population. An additional strength of
this cohort is the statistical power afforded by the
large sample size, allowing us to explore multiple de-
terminants of disease outcomes. The multidisciplinary
approach, encompassing epidemiology and social and
basic science, allows investigators to put together
expert knowledge from their disciplines to provide a
thorough and comprehensive analysis of the study
outcomes. An equally important strength is the sup-
port of the community to the research activities in
this area. This support has been achieved through
continuous dialogue with the communities, resulting
in a high level of trust and response to potentially
sensitive questions. The research clinic established to
meet the basic health care needs of the study

participants provides an opportunity to merge clinic
data with survey data to explore disease trends and
possible interventions. The long experience of staff
and the introduction in 2009 of electronic data cap-
ture has provided high quality data and research of an
international standard in a resource-constrained
context.

A potential limitation of the GPC is that this
population has, to some extent, been ‘sensitised to
epidemiological research’, especially on HIV and
sexuality, leading to refusals and influencing
participant behaviour, in some cases. However, par-
ticipation has been greatly improved with the
change of focus to NCDs. Although only limited lon-
gitudinal data on NCDs has been collected in this
cohort, there is a unique opportunity to use stored
samples that could potentially provide important in-
sights into NCDs and their risk factors and also
chronic infection, including hepatitis virus infections.
Being a relatively homogeneous rural sub-Saharan
African population, genetic findings may not be gen-
eralisable to all populations in the region where there
are multiple ethnic differences. This highlights the
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Figure 3 Trends of HIV prevalence and incidence in the GPC over 20 years
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importance of conducting studies across sub-Saharan
Africa to fully understand differences in chronic dis-
ease risk attributable to environmental and genetic
determinants.

Data resource access
The GPC database is rich, with 22 years of longitu-
dinal data sets on demographics and disease surveil-
lance. All data (census, survey and laboratory)
generated through the cohort are stored and curated
at the MRC/UVRI Uganda Research Unit on AIDS. For
any data access inquiries you may contact the dir-
ector, MRC/UVRI, Uganda Research Unit on AIDS
by email to mrc@mrcuganda.org or the corresponding
author. Genomic data are stored at the European
Molecular Biology Laboratory-European Bioinfor-
matics Institute (EMBL-EBI) in the European
Genome-phenome Archive (EGA). Requests for
access to genomic data in the EGA are managed by
the data access committee of the African Partnership
for Chronic Disease Research (www.apcdr.org).
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KEY MESSAGES

� The GPC has provided HIV incidence and prevalence trends, HIV infection determinants, and HIV
effects on mortality, fertility, and orphanhood for planning national HIV/AIDS programmes in
Uganda and globally by UNAIDS.

� It has also provided a wealth of data on the health and well-being of children and older people in
HIV endemic settings.

� HIV prevalence decreased from 8.5% in 1991 to 6.1% in 2000, remained stable until 2005 then rose to
8.9% in 2010 while HIV incidence declined. This is partly explained by access to free anti-retroviral
therapy (ART).

� Recent survey data show an emerging burden of NCDs with relatively high prevalence of hyperten-
sion (22%) and central obesity in women (31.2%) in a young rural population.
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