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I11- ABSTRACT
Background
The burden of dyslipidaemia in Africa remains inadequately characterised. We aimed to estimate
the prevalence of dyslipidaemia in African adults from hospital-based and community-based
studies.
Methods
In this systematic review and meta-analysis, we searched MEDLINE via PubMed, EMBASE,
African Journals Online, and African Index Medicus for studies published between Jan 1, 1980,
and July 31, 2017, without language restriction. We assessed methodological quality of all
crosssectional studies reporting on the prevalence of elevated concentrations of total cholesterol,
LDL cholesterol, or triglycerides, or low concentrations of HDL cholesterol in adults residing in
African countries. We excluded reports on Africans living outside Africa, studies of individuals
selected on the basis of existing dyslipidaemia or those including children and adolescents, and
case series with a small sample size. The most frequently used cutoffs in the included studies were
chosen for the subgroup analysis. We used random-effect model meta-analysis to derive the pooled
prevalence of elevated total cholesterol, low HDL cholesterol, elevated LDL cholesterol, and
elevated triglyceride concentrations. This study is registered with PROSPERO, number
CRD42014015376. Findings
177 studies (294063 participants) were included in the meta-analysis. The pooled prevalence of
dyslipidaemia in the general population from population-based studies was 25-5% (95% CI 20-0—
31-4) for elevated concentrations of total cholesterol with a cutoff of at least 5-2 mmol/L, 37-4%

(29-4-45-7) for low concentrations of HDL cholesterol with a cutoff of less than 1-0 mmol/L,
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28-6% (15-8-43-5) for elevated concentrations of LDL cholesterol with a cutoff of at least 3-3
mmol/L, and 17-0% (11-9-22-7) for elevated concentrations of triglycerides with a cutoff of at
least 1-7 mmol/L.

Interpretation

The prevalence of dyslipidaemia is high in the general adult population in Africa. Ongoing efforts
to reduce cardiovascular diseases in Africa should integrate effective detection and treatment of

dyslipidaemia.
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Prevalence of dyslipidaemia among adults in Africa:
a systematic review and meta-analysis

Jean Jacques Noubiap, Jean Joel Bigna, Jobert Richie Nansseu, Ulrich Flore Nyaga, Eric Vounsia Balti, Justin B Echouffo-Tcheugui,
André Pascal Kengne

Summary
Background The burden of dyslipidaemia in Africa remains inadequately characterised. We aimed to estimate the
prevalence of dyslipidaemia in African adults from hospital-based and community-based studies.

Methods In this systematic review and meta-analysis, we searched MEDLINE via PubMed, Embase, African Journals
Online, and African Index Medicus for studies published between Jan 1, 1980, and July 31, 2017, without language
restriction. We assessed methodological quality of all cross-sectional studies reporting on the prevalence of elevated
concentrations of total cholesterol, LDL cholesterol, or triglycerides, or low concentrations of HDL cholesterol in
adults residing in African countries. We excluded reports on Africans living outside Africa, studies of individuals
selected on the basis of existing dyslipidaemia or those including children and adolescents, and case series with a
small sample size. The most frequently used cutoffs in the included studies were chosen for the subgroup analysis.
We used random-effect model meta-analysis to derive the pooled prevalence of elevated total cholesterol, low HDL
cholesterol, elevated LDL cholesterol, and elevated triglyceride concentrations. This study is registered with
PROSPERO, number CRD42014015376.

Findings 177 studies (294063 participants) were included in the meta-analysis. The pooled prevalence of dyslipidaemia in
the general population from population-based studies was 25-5% (95% CI 20-0-31- 4) for elevated concentrations of total
cholesterol with a cutoff of at least 5-2 mmol/L, 37-4% (29-4-45-7) for low concentrations of HDL cholesterol with a
cutoff of less than 1-0 mmol/L, 28-6% (15-8-43-5) for elevated concentrations of LDL cholesterol with a cutoff of at least

3-3 mmol/L, and 17-0% (11-9-22-7) for elevated concentrations of triglycerides with a cutoff of at least 1-7 mmol/L.

Interpretation The prevalence of dyslipidaemia is high in the general adult population in Africa. Ongoing efforts to
reduce cardiovascular diseases in Africa should integrate effective detection and treatment of dyslipidaemia.

Funding None.

Copyright © 2018 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND

4.0 license.

Introduction

Substantial changes in population health are occurring
in Africa, marked by the rising burden of cardiovascular
diseases (CVDs), which are set to overtake infectious
diseases as the leading cause of death by 2030.' This
epidemiological shift is driven by unhealthy lifestyles
due to rapid urbanisation and westernisation.' In low-
income and middle-income countries, the surge in CVD
burden is purported to be the consequence of increasing
prevalence of cardiovascular risk factors, mostly hyper-
tension, diabetes, and obesity.*

Dyslipidaemia is defined as the presence of abnormal
blood concentrations of one or more of the following:
total cholesterol, LDL cholesterol, HDL cholesterol, and
triglycerides.* Dyslipidaemia is a leading contributor to
CVD and mortality globally.** In 2016, the Global Burden
of Disease study reported that high concentrations
of total cholesterol caused about 4-4 million deaths
and 93-8 million disability-adjusted life-years (DALYs),
representing the seventh and eighth leading risk factors
in terms of attributable DALYs globally for women and
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men, respectively.” Definitive evidence exists that
effective treatment of dyslipidaemia markedly reduces
CVD morbidity and premature mortality.***

The prevalence of major CVD risk factors in Africa has
been estimated at the continental and regional level for
diabetes and hypertension,' but not for dyslipidaemia.
Therefore, we did a systematic review and meta-analysis
of the prevalence of dyslipidaemia in African populations
at the hospital and community levels to guide prevention,
detection, and control strategies.

Methods
Search strategy and selection criteria
This report is in accordance with the Meta-analyses and
Systematic reviews of Observational Studies (MOOSE;
appendix). The protocol was registered in the
PROSPERO International Prospective Register of syste-
matic reviews (number CRD42014015376) and published
elsewhere.*

We searched MEDLINE via PubMed, Embase, African
Journals Online, and African Index Medicus to identify

" ®
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Research in context

Evidence before this study

Despite the importance of dyslipidaemia as a major
cardiovascular risk factor, dyslipidaemia remains inadequately
characterised in African populations. WHO has estimated the
prevalence of raised concentrations of total cholesterol to be
23-1% in Africans aged 25 years or older in 2008. No other
estimation is available on the burden of dyslipidaemia in
African populations. We searched PubMed and Embase
between Jan 1, 1980, and July 31, 2017, without language
restriction, with terms including “dyslipidemia”,
“hyperlipidemia”, “lipid disorder”, “hypercholesterolemia®,
“hypertriglyceridemia®, and *Africa” to identify studies
summarising epidemiological data on dyslipidaemia in African
populations.

Added value of this study

To our knowledge, this is the first comprehensive overview of
published population-based and hospital-based studies on the
prevalence of elevated concentrations of total cholesterol,

I 3395 records identified by database search I

—bl 80 excluded because of duplication I

A
| 3315 identified for title and subtract screening |

—’I 2993 excluded because of no relevant information ]

Y
| 322 full-text artidles assessed for eligibility |

145 excduded
59 no refevant data
36 literature reviews, confe
—> case series
25 duplicates
16 outside Africa
9 not available

proceedings, Y.

v
177 studies induded in meta-analysis

Figure 1: Study selection

all relevant articles published between Jan 1, 1980,
and July 31, 2017, on the prevalence of dyslipidaemia in
adults residing in Africa, without language restriction.
We applied a search strategy combining relevant
terms and names of each of the 54 African countries
and African subregions. Search terms for dyslipidae-
mia included “dyslipidemia”, “hyperlipidemia”, “lipid
disorder”, “hypercholesterolemia”, and “hypertriglyc-
eridemia”. The main search strategy done in PubMed
was adapted to suit other databases and is available in

LDL cholesterol, and triglycerides, and low HDL cholesterol
concentrations in adults in Africa. Our study suggests high
prevalence of dyslipidaemia in African adults, with low

HDL cholesterol concentrations being the most common and
elevated triglyceride concentrations the less frequent type of
dyslipidaemia. The prevalence of dyslipidaemia seems to be
higher in urban areas than in rural areas and similar in men and
women. High prevalence of dyslipidaemia was also observed in
patients with coexisting major cardiovascular risk factors such
as diabetes, hypertension, or HIV.

Implications of all the available evidence

Control of dyslipidaemia should be part of strategies to reduce
the burden of cardiovascular disease in Africa. Effective
interventions for the scaling up of access to tests, building of
capacities of health-care professionals in the management of
dyslipidaemia, and improvement of access to lipid-modifying
therapies, are essential.

the protocol.” We manually searched the reference list
of all relevant articles and reviews to identify additional
articles.

We included all cross-sectional studies reporting on the
prevalence of elevated concentrations of total cholesterol,
LDL cholesterol, or triglycerides, or low concentrations of
HDL cholesterol in adults residing in African countries,
or enough data to compute it. We excluded reports on
Africans residing outside Africa, studies of individuals
selected on the basis of existing dyslipidaemia (eg, clinical
trials or case-control studies), and studies including
children and adolescents. Case series with a small sample
size (less than 50 patients), commentaries, editorials,
letters, reviews, and studies without primary data or
explicit description of methods, or both, were also
excluded. For studies published in more than one report,
the most comprehensive with the largest sample size was
considered.

Two investigators independently screened the titles and
abstracts of articles retrieved from the literature search,
and the full texts of potentially eligible articles were
obtained and further assessed for final inclusion (figure 1).
Disagreements were resolved through consensus.

Data analysis

Methodological quality of included studies was evaluated
with the tool developed by Hoy and colleagues.” A score
of 1 (yes) or 0 (no) was assigned for each item, and
scores were summed across items to generate an overall
quality score that ranged from 0 to 10. Studies were
then classified as having a low (>8), moderate (6-8), or
high (<5) risk of bias. Two investigators independently
assessed the study’s methodological quality, with dis-
agreements resolved by consensus.

www.thelancet.com/flancetgh Vol 6 September 2018
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Total cholesterol HDL cholesterol LDL cholesterol Triglycerides All studies

Studies 134 18 83 151 177
Year of publication 1982-2017 1989-2017 1996-2017 1982-2017 1982-2017
Number of participants 181722 145777 1192651 207139 304545
Age range, years 28-8-73-7 (106 studies) 20-0-69-0 (107 studies) 28.8-69-0 (76 studies) 20-0-69-0 (130 studies) 20-0-73-7 (178 studies)
Men 0-100% 0-100% 0-85% 0-100% 0-100%
Disease specific

No 83 (49-7%) 60 (42-3%) 36 (35-6%) 81(44.7%) 85(44.7%)

Yes 77 (46-1%) 78 (54-9%) 60 (61-4%) 91 (50-3%) 94 (49-5%)

Yesand no 7(4-2%) 4(2:8%) 5(5-0%) 9(50%) 11(5-8%)
Areas

Urban 118 (70-2%) 112 (78-9%) 80(79-2%) 139 (76-8%) 137 (721%)

Rural 20(11-9%) 17 (12-0%) 15(4-9%) 22(12:2%) 20(105%)

Urban and rural 27(161%) 13(91%) 6(5-9%) 20 (11-0%) 27 (14-2%)

Imprecise 6(3-8%) - - - 6(32%)
Site

Hospital based 98(583%) 99 (69-7%) 77(76:2%) 120 (66-3%) 119 (62-6%)

Population based 69 (41-1%) 43(30-3%) 24(23-8%) 61(33-7%) 70 (36-8%)

Imprecise 1(06%) - - 1(0-5%)
Representativeness

National 15(8-9%) 3(21%) 0 9(50%) 17(8-9%)

Subnational 149 (88-7%) 136 (95-8%) 100 (99-0%) 169 (93-4%) 167 (87-9%)

Multinational 4(2-4%) 3(21%) 1(1-0%) 3(1-6%) 6(32%)
Regions

Central Africa 15(8-9%) 11(7-7%) 11(10-9%) 16 (8-8%) 22 (11-6%)

Eastem Africa 47 (28-0%) 30(21-1%) 27 (26:7%) 38 (21.0%) 43(22:6%)

Northern Africa 30(17-9%) 28 (19-7%) 13(12-9%) 38(210%) 34(17:9%)

Southern Africa 27 (161%) 27(19-0%) 19 (18-8%) 33(182%) 37 (19:5%)

Western Africa 48(28-6%) 45(317%) 29(287%) 55(30-4%) 53(27-9%)

Multi-regional 1(0-6%) 1(07%) 1(1-0%) 1(0-6%) 1(05%)
Cutoffs, mmol/L

Cutoff one 23-8(n=1; 0-6%) <0-8 (n=1; 0-7%) 22-6(n=20;19-8%) 212 (n=1; 0-6%) -

Cutoff two 245 (n=6;3-6%) <0-9 (n=16;113%) 233(n=564; 634%) 21-4 (n=1, 0-6%) =

Cutoff three 25-2 (n=117,70-1%) <1-0(n=121; 85-2%) 24-0(n=17;16-8%) 217 (n=142; 78.5%) -

Cutoff four 265 (n=39; 233%) <1-2(n=2; 1-4%) 22.2(n=34;18-8%) -

Cutoff five 27-0(n=4; 2-4%) <1-3(n=1;0-7%) 24-5(n=2;11%) -

Cutoff six Imprecise (n=1; 0-6%) <16 (n=1; 0-7%) 25-2 (n=1; 0-6%) -

Table: Characteristics of induded studies

Two investigators independently extracted relevant
data from individual studies using a preconceived and
standardised data extraction form. Information extracted
included: first author’s name, year of publication, country,
area (rural vs urban), study design, setting (hospital or
community based), sample size, mean or median age and
age range, proportion of men, any disease specific to the
study population, forms of dyslipidaemia investigated (ie,
elevated total cholesterol, low HDL cholesterol, elevated
LDL cholesterol, or elevated triglyceride concentrations),
diagnostic cutoff, and the number of participants with
dyslipidaemia. Studies used various cutoffs to define dys-
lipidaemia, reflecting the evolution of guidelines for the
diagnosis and management of dyslipidaemia. Only the
most frequently used cutoffs were considered. On the

wwew.thelancet com/lancetgh Vol 6 September 2018

basis of the country of recruitment, a WHO African region
was assigned to each study. Disagreements between
investigators were resolved through consensus.

Data analyses used the meta package of R, version 3.5.1.
To minimise the influence from studies with extreme
prevalence estimates on the overall estimate, we
first stabilised the variance of study-specific prevalence
using the Freeman-Tukey double-arcsine transfor-
mation" before pooling using random effects model
meta-analysis.” Heterogeneity between studies was
assessed with Cochran’s Q, I2, and H statistics.” The
I2 statistic estimates the percentage of total variation
across studies due to true between-study differences
rather than chance. Generally, 2 values greater
than 60-70% indicate the presence of substantial
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Articles

Events Total Prevalence (%) Weight
(95% Q1) (%)

Elevated total cholesterol cutoff 252 mmol/L
Cameroon - Fezeu, 2007 27 1573 . ' 17(1-1-25) 18
Ghana - Koopman, 2012 4 266 - : 15(0-4-3-8) 17
Ghana - Micah, 2012 253 424 : —— 597 (54-8-64-4) 17
Kenya - Haregu, 2016 694 5190 . 13-4(125-143) 18
Mauritania - Ba, 2000 7 666 . . 11(0-4-22) 18
Morocco - Adlouni, 1997 23 52 ' —— 442 (305-587) 16
Morocco - Sellam, 2016 143 624 —— 22.9(19.7-264) 1.8
Morocco - Tazi, 2003 611 1802 - 33.9(317-361) 18
Nigeria - Ahaneku, 2016 65 257 — 253 (201-311) 17
Nigeria - Akintunde, 2016 53 166 | —— 31-9(24-9-39-6) 17
Nigeria - Akpa, 2006 33 92 P 359 (26-1-46-5) 17
Nigeria - Kadiri, 1997 2 146 —— 82(43-13-9) 17
Nigeria - Oghagbon, 2004 1033 3486 - 296 (281-312) 18
Nigeria - Oguoma, 2016 727 2809 - 25:9(24-3-27-5) 18
Nigeria - Oladapo, 2010 63 2000 . 31(2:4-40) 18
Nigeria - Oluyombo, 2016 69 1083 - : 6-4(5:0-8-0) 18
Nigeria - Sabir, 2013 9 100 —_— 9.0 (4-2-16-4) 17
Senegal - Pessinaba, 2013 517 1424 H - 363 (33-8-38.9) 18
Senegal - Thiombiano, 2016 706 1411 . 500 (47-4-52-7) 18
Seychelles - Bovet, 2006 671 1255 — 535(50-7-56-3) 18
Seychelles - Bovet, 2015 (1994) 595 1067 . 558 (52.7-58-8) 18
Seychelles - Bovet, 2015(2013) 496 1240 - 40-0(373-42-8) 18
South Africa - Gradidge, 2016 192 642 P —— 29-9(26-4-33-6) 18
South Africa - Prakaschandra, 2016 786 1378 : —-— 570 (54-4-597) 18
South Africa - Steyn, 1987 450 976 : — 461(42:9-493) 18
South Africa - Steyn, 2004 528 976 : —— 54-1(50-9-57-3) 18
South Africa - Tibazarwa, 2009 237 1691 - ! 14-0 (12-4-15-8) 18
Tanzania - Pauletto, 1996 124 1263 - 9.8 (8-2-11-6) 18
Tanzania - Swai, 1993 983 8581 . 115(10-8-121) 18
Togo - Baragou, 2012 263 1012 R 26-0(23.3-288) 18
Tunisia - Belfki, 2012 926 4654 - 19-9(18-8-211) 18
Tunisia - Ben Ali, 2014 599 2680 e 22.4(20-8-240) 18
Tunisia - Ben Romdhane, 2005 (1996-97) 1363 3785 f - 36-0(34-5-37-6) 1.8
Tunisia - Ben Romdhane, 2005 (2000-01) 798 1637 : —- 48-7(463-51-2) 18
Tunisia - Essais, 2009 724 3435 L - 25-4(23-9-269) 18
Tunisia - Hadj-Taieb, 2012 1107 2712 : . 40-8 (39-0-42-7) 18
Uganda - Asiki, 2015 464 7741 . : 60(55-65) 18
Random effects meta-analysi 70296 _ 25-5(20-0-31.4) 64-8

Heterogeneity: F=99:7% (95% C1 99-6-99.7), £=0-0401, p=0
Elevated total cholesterol cutoff 26-5 mmol/L

Algeria - Boukli Hacene, 2017 57 864 - - 66 (5-0-8:5) 18
Algeria - Boukli, 2007 51 205 . : 63(48-82) 1-8
Benin - Houehanou, 2015 59 3688 . : 16 (1:2-211) 1.8
Central Africa Republic and Congo - D is, 2015 133 1871 - : 7-1(6-0-8.4) 18
E£qypt - Ibrahim, 2001 201 1684 - 11.9(10-4-13-6) 18
Mauritius - Berrios, 1997 799 2964 L. 270 (25-4-28-6) 18
Mauritius - Dowse, 1995 (1987) 175 5076 ‘. 231(22:0-243) 18
Mauritius - Dowse, 1995 (1992) 258 5160 . : 50 (4-4-5-6) 18
Nigeria - Alikor, 2013 4 500 . ! 08 (0-2-2:0) 18
Nigeria - Ejim, 2011 32 858 - C 37(26-52) 18
Seychelles - Bovet, 1991 132 1081 - 122(103-143) 18
Seychelles - Bovet, 2006 56 1255 T 28.4(25:9-309) 18
Seychelles - Bovet, 2015 (1994) 274 1067 {o—.— 257(23-1-284) 1.8
Seychelles - Bovet, 2015 (2013) 159 1240 - 12.8(11.0-14.8) 18
South Africa - Steyn, 1987 243 976 | ——— 24-9(22:2-277) 18
Tanzania - Berrios, 1997 178 3009 . : 59(51-6-8) 18
Tanzania - Njelekela, 2002 43 44 - 9.8 (7.1-12.9) 17
Tunisia - Chatti, 2010 39 290 —— 13-4(9-7-17-9) 17
Tunisia - Ghannem, 2012 66 555 . 11-9(9-3-149) 18
Tunisia - Gharbi, 1996 57 670 - 85(6-5-10.9) 18
Random effects meta-analyst 34054 < 110 (71-155) 352
Heterogeneity: F=99-3% (95% 1 99-2-99-4), '=0-0231, p=0 :

Overall random effects met. lysi 104350 <> 19-8 (15:9-24-1) 100-0
Heterogeneity: P=99-6% (95% (1 99-6-997), t'=0-0381, p=0 0 10 20 30 40 50 60 70

Test for subgroup differences: i, =16-19, df=1 (p<0-0001) Prevalence (%)

Figure 2: Pooled prevalence of elevated total cholesterol concentrations with various cutoffs in the general population from community-based studies in Africa
References are listed alphabetically in the appendix. Df=degrees of freed
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Articles

Events Total Prevalence (%) Weight
(95%C1) (%)

Low HDL cholesterol cutoff <0-9 mmol/L .
Egypt - Ibrahim, 2001 418 1684 - 248 (22-8-270) 30
Kenya - Christensen, 2015 399 139 - 350 (323-37-9) 30
South Africa - Steyn, 1989 44 976 - : 45(33-60) 30
South Africa - Steyn, 2004 143 976 - : 147 (125-17:0) 30
Tanzania - Njelekela, 2002 140 441 — 317 (27-4-36-3) 30
Tunisia - Ghannem, 2012 77 555 - : 139 (111-17.0) 30
Random effects meta-analysk s771 _ 195 (105-304) 182
Heterogeneity: P=98.-9% (95% (1 98-5-99-2), ’=0-0246, p<0-0001 :
Low HDL cholesterol cutoff <1-0 mmol/L
Algeria - Bachir Cherif, 2015 674 1550 L - 435 (410-460) 30
Algeria - Boukli Hacene, 2017 229 864 - 26.5(236-29-6) 30
Algeria - Boukli, 2007 184 805 - 229 (200-259) 30
Benin - Sodjinou, 2008 26 200 —— ; 13-0(87-185) 30
Cameroon - Lissock, 2011 45 452 - : 100 (74-13-1) 30
Ethiopia - Workalema, 2013 562 1843 - 305 (28-4-327) 30
Ghana - Micah, 2012 70 424 - : 165 (13-1-20-4) 30
Morocco - Sellam, 2016 100 624 - : 160 (13-2-191) 30
Nigeria - Ahaneku, 2016 248 257 : - 965 (935-98-4) 30
Nigeria - Akintunde, 2016 70 166 —— 42-2(34-6-50-1) 30
Nigeria - Oguoma, 2016 142 2809 L. 407 (38-8-425) 31
Nigeria - Oladapo, 2010 862 2000 - 43-1(40-9-453) 31
Nigeria - Oluyombo, 2016 705 1083 : - 65-1(62-2-679) 30
Nigeria - Sabir FM, 2016 419 1012 L - 414 (38-3-44:5) 30
Nigeria - Sabir, 2013 13 100 —— : 13-0(71-21:2) 29
Nigeria - Udenze, 2013 2 100 o ! 20 (0-2-7-0) 29
Senegal - Pessinaba, 2012 323 m S 419 (38-4-455) 30
Senegal - Thiombiano, 2016 643 1411 L - 456 (42.9-482) 30
Seychelles - Bovet, 2006 261 1255 - 20-8 (18-6-231) 30
South Africa - Gradidge, 2016 425 642 : —.- 662 (62-4-69-9) 30
South Africa - Kruger, 2015 888 2107 - 42-1(40-0-44-3) 31
South Africa - Oelofse, 1996 157 986 - t 159 (137-18-4) 30
South Africa - Peer, 2015 680 1099 : - 619 (58.9-64-8) 30
South Africa - Prakaschandra, 2016 597 1378 - 43-3(407-46-0) 30
Tunisia - Gannar, 2015 34 393 ; —— 799 (75-6-837) 30
Tunisia - Hadj-Taieb, 2012 575 712 - 212 (19-7-22-8) 31
Uganda - Asiki, 2015 5519 7741 : - 71:3(703-723) 31
Random effects meta-analysk 34784 - 37-4 (29-4-457) 81
Heterogeneity: F=99-6% (95% (1 99-5-99-6), ’=0-0496, p=0
Overall random effects meta-analysi 40555 e 33-8(26-5-41-6) 1000
Heterogeneity: F99-6% (95% (1 99-6-99-6), 1°=0-0543, p=0 ) 20 40 60 8 100
Test for subgroup differences: ), =6-68, df=1 (p=0-0097) Prevalence (%)

Figure 3: Pooled prevalence of low HDL cholesterol ¢ tions with

cutoffs in the general population from community-based studies in Africa

References are listed alphabetically in the appendix. Df=degrees of freedom.

heterogeneity. For population-based studies of appar-
ently healthy participants, we explored sources of hetero-
geneity by comparing the prevalence between subgroups
defined by several study-level characteristics. The most
frequently used cutoffs in the included studies were
chosen for the subgroup analysis. For studies reporting
on low HDL cholesterol concentrations with a diagnostic
cutoff of less than 0-9 mmol/L for men and less than
1-0 mmol/L for women, the overall diagnostic cutoff was
reported as less than 1.0 mmol/L for both sexes to
facilitate cutoff grouping and statistical analyses. We
assessed the presence of publication bias using the
Egger test of bias,* with p<0-10 indicating significant
publication bias. We assessed inter-rater agreement for
study inclusion and data extraction using Cohen’s kappa
coefficient (k).

Role of the funding source

There was no funding source for this study. The corre-
sponding author had full access to all the data in the
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study and had final responsibility for the decision to
submit for publication.

Results

Of 3395 records identified, 3315 remained after
elimination of duplicates. After screening titles and
abstracts, we found 2993 records to be irrelevant and
excluded them. We assessed full texts of the remaining
322 papers for eligibility, of which 145 were excluded
(figure 1). The inter-rater agreement for study selection
was high (x=0-81; appendix). 177 studies were included
for meta-analysis of prevalence (appendix pp 28-45),
with 134 reporting on total cholesterol, 83 on LDL
cholesterol, 118 on HDL cholesterol, and 151 on tri-
glycerides. The most frequently used diagnostic cutoffs
were at least 5-2 mmol/L (70-1%) for total cholesterol,
less than 1-0 mmol/L (85-2%) for HDL cholesterol,
at least 3-3 mmol/L (63-4%) for LDL cholesterol, and
at least 1.7 mmol/L (78-5%) for triglyceride concen-
trations. Of 181 studies, one (0-6%), 68 (37-6%), and

21002
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Events Total Prevalence (%) Weight
(95% Q) (%)
Elevated LDL cholesterol cutoff 22-6 mmol/L !
Cameroon - Lissock, 2011 34 452 - 18-6 (15-1-22'5) 53
South Africa - Prakaschandra, 2016 327 1378 - 237 (21:5-26.1) 53
Random effects meta-analysi 1830 — 213 (16-6-26-5) 10-6
Heterogeneity: P=81.2%, t’=0-0016, p=0-0212 :
Elevated LDL cholesterol cutoff 23-3 mmol/L
Ghana - Micah, 2012 170 261 — 65-1(59-0-70-9) 52
Ghana - Micah, 2012 259 424 e 61-1(56-3-65-8) 53
Nigeria - Ahaneku, 2016 1usg 257 — 45-9(397-52-2) 52
Nigeria - Akintunde, 2016 74 166 — 44-6(36-9-525) 52
Nigeria - Oladapo, 2010 17 2000 e 0-8(05-1-4) 53
Nigeria - Oluyombo, 2016 45 1083 ' 42(3055) 53
Nigeria - Sabir, 2013 13 100 - 130(71-21-2) 51
Senegal - Pessinaba, 2013 293 1424 - 20-6(185-22-8) 53
South Africa - Gradidge, 2016 234 642 ' e 36-4 (327-40-3) 53
South Africa - Peer, 2015 480 1099 ' —-— 437 (40-7-467) 53
Tanzania - Njelekela, 2002 198 441 : —— 449 (40-2-497) 53
Uganda - Asiki, 2015 403 7741 ! 52 (4757) 53
Random effects meta-analysi 15638 — 286 (15-8-43:5) 63-0
Heterogeneity: P=99-7% (95% C1 99-6-99-7), ’=0-0748, p=0 :
Elevated LDL cholesterol cutoff =4.0 mmol/L !
Algeria - Boukli Hacene, 2017 864 - : 100 (8-0-121) 53
Eqgypt - Ibrahim, 2001 36 1684 - 13-8(12:2-15:5) 53
Senegal - Thiombiano, 2016 232 1411 R 28-8(26-4-312) 53
South Africa - Oelofse, 1996 406 986 A 21(13-32) 53
South Africa - Steyn, 2004 21 976 - 202 (17-7-22-:8) 53
Random effects meta-analysi 197 5921 — 13.5(57-24-0) 26
Heterogeneity: P=99-1% (95% 1 98-7-99-4), 1*=0-0237, p<0-0001 !
Overall rand Peﬁem ta-analysk 5 23389 - 23-4(155-32:5) 1000
Heterogeneity: P=99.5% (95% C1 99-5-99-6), '=0-0495, p=0 Y T
Test for subgroup differences: ,=3-35, di=2 (p=0-1873) o B *I f“) 0 60 70
Figure 4: Pooled prevalence of ek d LDL choll | concentrations with various cutoffsin the g | population from ¢ ity-based studies in Africa

References are listed alphabetically in the appendix. Df=degrees of freedom.

112 (61-9%) were classified as having high, moderate,
and low risk of bias, respectively. Overall, most studies
were from western Africa, were sub-national surveys
or hospital based, were done in urban areas, and
were done in people with a specific disease. The age
ranged from 20-0 years to 73 -7 years. Three to six cutoffs
were used to diagnose each type of dyslipidaemia (table).

The overall prevalence of elevated total cholesterol
concentrations was 25-5% (95% CI 20-0-31-4) and
11-0% (7-1-15-5) by use of cutoffs of at least 5-2 mmol /L
and at least 6-5 mmol/L, respectively (p=0-0003 for
difference across criteria; figure 2), with publication bias
for the cutoff of at least 5-2 mmol/L (appendix). The
prevalence varied widely across regions: it was higher in
urban areas than in rural areas, regardless of the cutoff
used, and higher in national representative studies than
in subnational studies (35-9% vs 20-8%, p=0-005), with
a cutoff of at least 5-2 mmol/L. No difference occurred
in prevalence by sex, publication date, and sample size
(appendix).

In the general population from population-based
studies, the overall prevalence of low HDL cholesterol
concentrations was 19-5% (95% CI 10-5-30-4) and
37-4% (29-4-45-7) by use of cutoffs of less than 0.9
mmol/L and less than 1.0 mmol/L, respectively (p=0-002
for difference across criteria; figure 3), with a publication
bias for the cutoff of less than 1.0 mmol/L. By use of a

cutoff of less than 1-0 mmol/L, the prevalence was
different across regions (p<0-0001), higher in rural areas
than in urban areas (61-1% vs 33-3%, p<0-0001), and
higher in studies published after 2010 than before (45-0%
vs 18-4%, p<0-0001; appendix).

The overall prevalence of elevated LDL cholesterol
concentrations was 21-4% (95% CI 16-6-26-6), 28-6%
(15-8-43-5), and 13-5% (5-7-24-0) by use of cutoffs of at
least 2-6 mmol/L, 3-3 mmol/L, and 4.0 mmol/L,
respectively (p=0-2262 for difference across criteria;
figure 4), with a publication bias for the cutoff of at least
3.3 mmol/L. By use of a cutoff of at least 3-3 mmol/L, the
prevalence was higher in urban areas than in rural areas
(35-0% vs 9-4%, p<0-0001), higher in studies published
before 2010 than after (44-9% vs 24-4%, p=0-008), and
higher in studies with a small sample size than a large
sample size (44-2% vs 11-3%, p=0-03; appendix).

The overall prevalence of elevated triglyceride concen-
trations was 17-0% (95% CI 11-9-22-7),11-2% (7-9-15-1),
and 5-0% (3-1-7-2) by use of cutoffs of at least
1.7 mmol/L, 2-2 mmol/L, and 5-2 mmol/L, respectively
(p<0-0001 for difference across criteria; figure 5), with
no publication bias. The prevalence was different across
regions (p=0-0005), higher in urban areas than in rural
areas (18-8% vs 8-3%, p=0-007), and higher in national
representative studies than in subnational studies
(34-0% vs 14-2%, p=0-009). No difference occurred in
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Events Total Prevalence (%) Weight
(95%C1) (%)

Elevated triglycerides cutoff 1.7 mmol/L
Algeria - Bachir Cherif, 2015 390 1550 P - 252 (23-0-27-4) 20
Benin - Sedjinou, 2008 4 200 - ; 2:0(05-50) 20
Cameroon - Fezeu, 2007 10 1573 : 0-6(0-3-12) 20
Cameroon - Lissock, 2011 37 452 - 82(5-8-111) 20
Ethiopia - Workalema, 2013 452 1843 . S 245 (22:6-266) 20
Ghana - Koopman, 2012 15 266 oo 56(32-91) 2.0
Ghana - Micah, 2012 136 424 : —.— 321(27-7-367) 20
Kenya - Christensen, 2015 60 1139 - : 53(4-0-67) 2.0
Morocco - Sellam, 2016 16 624 e 186 (15-6-21.9) 20
Nigeria - Ahaneku, 2016 63 257 L —.— 245(19-4-302) 20
Nigeria - Akintunde, 2016 21 166 —e 127 (3-0-187) 19
Nigeria - Alikor, 2013 n 500 - 62(43-87) 20
Nigeria - Oguoma, 2016 646 2809 —— 23.0(21-5-24-6) 20
Nigeria - Oladapo, 2010 37 2000 = : 1.8(1:3-2:5) 20
Nigeria - Oluyombo, 2016 244 1083 L. 225(201-251) 20
Nigeria - Sabir FM, 2016 85 1012 - 8-4(6-8-103) 20
Nigeria - Sabir, 2013 14 100 — 14.0 (7-9-22-4) 19
Nigeria - Udenze, 2013 4 100 —a— 40(1:1-99) 19
Senegal - Pessinaba, 2012 9 77l . ! 12(05-22) 20

- Thiombiano, 2016 40 1411 : 2.8(2:0-38) 20
South Africa - Gradidge, 2016 99 642 —-— 15-4 (12:7-185) 20
South Africa - Kruger, 2015 360 2107 - 17-1(15-5-18-8) 20
South Africa - Peer, 2015 151 1099 - 137 (11-8-15.9) 20
South Africa - Prakaschandra, 2016 582 1378 - 422(39-6-449) 20
Tanzania - Njelekela, 2009 176 209 ; e 842 (78-5-88-9) 2.0
Tanzania - Pauletto, 1996 177 1263 - 140 (12-1-161) 20
Tanzania - Swai, 1993 671 8581 . 7-8(7-3-84) 2.0
Togo - Baragou, 2012 212 1012 .- 20.9(185-23-6) 2.0
Tunisia - Bedfki, 2012 2518 4654 : - 54-1(527-55'5) 20
Tunisia - Ben Ali, 2014 1410 2680 53 52.6(50-7-54-5) 2.0
Tunisia - Chatti, 2010 78 290 — 269 (21-9-32-4) 20
Tunisia - Essais, 2009 ™ 3435 - 21.0(19-6-22+4) 20
Tunisia - Gannar, 2015 128 393 : —.— 32:6(28-0-37-4) 20
Tunisia - Ghannem, 2012 121 555 | —-— 21-8(18-4-255) 20
Tunisia - Gharbi, 1996 110 670 - 16-4(137-19-4) 20
Tunisia - Hadj-Taieb, 2012 792 2712 ; - 292 (27-5-310) 20
Uganda - Asiki, 2015 387 7741 . : 50(4-5-55) 20
Random effects met. lysi 57701 = 17-0(11:9-217) 74-0
Heterogeneity: P=99-7% (95% C1 99-6-99.7), '=0-0489, p=0 :
Elevated triglycerides cutoff =2-2 mmol/L :
Algeria - Boukli Hacene, 2017 29 864 = : 34(23-48) 2.0
Algeria - Boukli, 2007 59 805 e 7-3(56-9-4) 20
Eqgypt - lbeahim, 2001 248 1684 - 147 (13-1-16-5) 20
Kenya - Haregu, 2016 973 5190 - 187 (17-7-19-8) 20
Mauritius - Dowse, 1995, 1987 921 5076 - 181 (17-1-19-2) 2.0
Mauritius - Dowse, 1995, 1992 751 5160 . 169 (15:9-17-9) 20
Morocco - Adlouni, 1997 6 52 — 115(4-4-234) 18
South Africa - Mollentze, 1995 209 1611 - 13-0(11-4-147) 20
South Africa - Oelofse, 1996 85 986 . 86(6-9-105) 20
South Africa - Steyn, 2004 62 976 - 6-4(4-9-8) 20
Tunisia - Ben Romdhane, 2005, 1996-97 555 3785 - 147 (136-158) 20
Tunisia - Ben Romdhane, 2005, 2000-01 259 1637 - 15-8(14-1-17-7) 20
Random effects meta-analysi 27826 = 12:0(9-6-147) 24-0
Heterogeneity: P=97-4% (95% (1 96-6-98-1), '=0-0044, p<0-0001
Elevated triglycerides cutoff =5.2 mmol/L
Tanzania - Njelekela, 2002 22 441 - 50(3-2-7-5) 20
Random effects meta-analysi 441 - 50(3-1-72) 2.0
Heterogeneity: not applicable
Overall random effects meta-analysi 85968 <> 15-4(11-9-19:3) 1000
Heterogeneity: F=99-6% (95% C1 99-5-99-6), '=0-0336, p=0 20 Py 60 20
Test for subgroup differences: ', =26-60, df=2 (p<0-0001) Prevalence (%)

Figure 5: Pooled prevalence of elevated triglyceride concentrations with various cutoffs in the general population from community-based studies in Africa

®

References are listed alphabetically in the appendix. Df=degrees of fr

prevalence by sex, publication date, and sample size concentrations with a cutoff of at least 5-2 mmol/L,

(appendix).

38-6% (29-8—47-8) for low HDL cholesterol concentrations

The overall prevalence of dyslipidaemia was 29-7%  with a cutoff of less than 1-0 mmol/L, 18-5% (6-7-34-2) for
(95% CI 12-7-50-1) for elevated total cholesterol elevated LDL cholesterol concentrations with a cutoff of
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Figure 6: Pooled prevalence of dyslipidaemia in patients with diabetes, hypertension, HIV, and HIV receiving antiretroviral therapy
ART=antiretroviral therapy. The cutoff for elevated total cholesterol concentrations was at least 5-2 mmol/L, low HDL cholesterol concentrations was less than

d LDL conc

1-0 mmol/L, ek

at least 3-3 mmol/L, and 26-0% (18-0-34-8) for elevated
triglyceride concentrations with a cutoff of at least
1.7 mmol/L (appendix).

In the general population, no significant difference
existed in the overall prevalence of elevated total cholesterol
(p=0-52, cutoff =5-2 mmol/L), low HDL cholesterol
(p=0-69, cutoff <1.0 mmol/L), and elevated LDL chol-
esterol (p=0-44, cutoff =3.3 mmol/L) concentrations
between the population-based and hospital-based studies;
however, higher prevalence was observed in hospital-based
studies for elevated triglyceride concentrations (p=0-04,
cutoff =1-7 mmol/L).

The prevalence of elevated total cholesterol
concentrations was 34-4% (95% CI 23-3-46-4) in patients
with diabetes and 38-0% (23-8-53-4) in patients with
hypertension by use of a cutoff of at least 5-2 mmol/L. The
prevalence of low HDL cholesterol concentrations was
39.5% (95% CI 26-7-53-0) in patients with diabetes by
use of a cutoff of less than 1-0 mmol/L. The prevalence of
elevated triglyceride concentrations was 3-9% (1-2-7-7) in
patients with diabetes by use of a cutoff of at least
1.7 mmol/L (appendix).

Figure 6 shows the prevalence of elevated total
cholesterol, low HDL cholesterol, elevated LDL cholesterol,
and elevated triglyceride concentrations in patients
with diabetes, hypertension, HIV, and HIV receiving
antiretroviral therapy. For all types of dyslipidaemias,
substantial heterogeneity was observed across the
contributing studies overall and within subgroups for sex,
region, representativeness, date of publication, area, and
median sample size, and across cutoff used. Publication
bias statistics are reported in the appendix.

Discussion

In this overview of 177 population-based and hospital-
based studies of African adults, we observed a high
prevalence of dyslipidaemia that varied significantly

was at least 3-3 mmol/L, and elevated triglyceride concentrations was at least 1-7 mmol/L.

depending on the cutoff used. Regardless of these
cutoffs, at least one in five adults in the general
population had dyslipidaemia, with low concentrations
of HDL cholesterol being the commonest form. The
prevalence of dyslipidaemia did not differ between
population-based and hospital-based studies, except for
triglyceride concentrations, which were significantly
higher in hospital-based studies. Moreover, estimates of
dyslipidaemia were much higher in patients with
diabetes, hypertension, or HIV than in the general
population. Substantial heterogeneities in the estimates
were not explained by major study-level characteristics,
whereas evidence of publication bias was marginal.

For patient care, the definition of dyslipidaemia is
often based on the combination of concentrations of
more than one lipid variable.” In this study, we reported
the prevalence of single components of dyslipidaemia
because original studies did not investigate the presence
of more than one lipid abnormality. Therefore, our
results might not accurately reflect the burden of
dyslipidaemia in Africa, especially as some of the cutoffs
used are higher than the limits that have been agreed on,
which are yet to be validated locally.

Regardless, this study challenges the misbelief that
dyslipidaemia is rare in Africa. Our results are
consistent with the findings of a meta-analysis on
dyslipidaemia among sub-Saharan Africans with
established CVD, which found a high prevalence of
38-4% (49-6% for patients with coronary heart
disease).” Furthermore, our estimates of the frequency
of dyslipidaemia—15% to about 50% among African
adults—are similar to reports from other parts of the
world (33-75%)."* This finding is unsurprising
considering the rapid urbanisation and adoption of
unhealthy lifestyles occurring across Africa!! These
estimates are of concern considering the leading
contribution of dyslipidaemia to CVD and mortality."”
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Evidence from this study and others suggest that
strategies to reduce the risk of CVD in Africa should
include effective diagnosis and management of dyslipid-
aemia in addition to hypertension and diabetes, which
are also highly prevalent in the region.** However,
difficulty in the implementation of screening pro-
grammes and inadequate access to affordable health
care in Africa substantially hinder attainment of these
goals. Furthermore, although all guidelines agree that a
lipid-lowering medication should be introduced as a
pharmacological therapy of dyslipidaemia when indic-
ated,* these drugs are unavailable or unaffordable
throughout the continent, or both.** Efforts are needed
from local governments, stakeholders, and manu-
facturers to make these essential medicines available
and affordable across Africa.

Other challenges to be considered include low-level
knowledge about dyslipidaemia among the public and
health-care professionals, along with few experienced
and well trained health personnel and the consequential
heavy workload.” Task shifting from physicians to other
health workers, nurses, or pharmacists, for instance,
has been proposed as a reliable solution by circum-
venting the shortage of physicians for management of
non-communicable diseases in African countries.”
Additionally, in most countries, no local clinical practice
guidelines exist for dyslipidaemia, and where available,
uptake of such guidelines is low. Therefore, context-
appropriate guidelines should be developed and largely
promoted in relevant public health strategies aiming to
prevent or control dyslipidaemia throughout Africa.

Unsurprisingly, we observed a high prevalence of
dyslipidaemia among patients with HIV. HIV and
highly active antiretroviral therapy have been shown
to be associated with an increased risk of CVD,
dyslipidaemia, and type 2 diabetes; not only among
populations of European descent,” but also among
African populations.® Therefore, patients with HIV—
almost 80% of whom live in sub-Saharan Africa—would
benefit from continuous monitoring of dyslipidaemia
for timely preventive or corrective measures.* Moreover,
dyslipidaemia is a correlate of diabetes and hyper-
tension,** explaining perhaps the higher prevalence
observed in these specific populations than in the
general population. This finding reinforces the need for
an integrated approach to the prevention, detection,
and control of non-communicable disease risk factors
in Africa.

Our results should be interpreted in the context of some
limitations. First, the cutoffs used to define the various
patterns of dyslipidaemia were not consistent across
studies, partly contributing to the substantial
heterogeneity found between studies. Furthermore, these
cutoffs have not been validated in African populations. In
most of the studies, lipid concentrations were measured
only once, leading to possible misdiagnosis. Second, the
various subregions of Africa were variably represented

wwew.thelancet com/lancetgh Vol 6 September 2018

and the majority of studies were hospital-based and
subnational, which could affect the generalisability of our
findings. Third, the studies included in our meta-analyses
did not have data on the awareness and treatment of
dyslipidaemia. Fourth, almost all studies did not
investigate the combination of several parameters, which
is sometimes necessary to define dyslipidaemia. For
instance, triglyceride concentrations provide relevant
information as a predictor of cardiovascular risk mostly
when combined with low HDL cholesterol and elevated
LDL cholesterol concentrations.* Fifth, this paper does
not cover important forms of dyslipidaemia, such as
elevated non-HDL cholesterol concentrations or apolipo-
protein B to apolipoprotein A-I ratio. Lastly, almost all
included studies did not provide age-specific or ethnic-
specific estimates; therefore, we were unable to derive
pooled estimates of dyslipidaemia according to those
major characteristics. Some variations in the prevalence
of dyslipidaemia are expected across different age
groups with the highest prevalence in elderly people,
and potentially across ethnic groups within African
populations considering racial or ethnic differences in
dyslipidaemia patterns observed in American populations
(ie, blacks, Asian Americans, Hispanics, and non-
Hispanic whites) for instance.” However, the huge ethnic
diversity in Africa precludes any expectation that
comprehensive and reliable ethnic-specific estimates of
disease burden or risk factors in Africa could be generated
through a study like this one. Strengths of the study
include the comprehensive search of multiple databases
by use of rigorous and reproducible methodological
procedures, and use of robust statistical methods to pool
identified studies examining the general population and
specific groups.

The prevalence of dyslipidaemia is high in the general
adult population in Africa, and much higher in patients
with coexisting cardiovascular risk factors such as hyper-
tension, diabetes, or HIV. These findings strengthen the
case for action to implement the control of dyslipidaemia
more effectively to achieve CVD prevention in African
populations. Such efforts include the improvement of
access to laboratory testing, training of professionals for
dyslipidaemia management, and facilitation of access to
lipid-modifying therapies.
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VI- POST-PUBLICATION CORRESPONDENCES
The article initially published in The Lancet Global Health had few errors. A corrected version! was
therefore published along with an erratum?. Furthermore, a correspondence® by Dr Newton regarding our
article was published accompanied by an authors’ reply*. The erratum and the post-publication

correspondences are presented below.
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Corrections

Correction to
Lancet Glob Health 2018;
6:e998-1007

Noubiap JJ, Bigna JJ, Nansseu JR, et al.
Prevalence of dyslipidaemia among
adults in Africa: a systematic review
and meta-analysis. Lancet Glob Health
2018; 6: e998-1007—Seven studies
were included in the meta-analysis
which were duplicates of three
studies. Four of the duplicate studies
were removed and the analyses were
redone (R version has been updated).
The data for studies included, elevated
concentrations of total cholesterol
with a cutoff of at least 5:2 mmol/L,
low concentrations of HDL choles-
terol with a cutoff of less than
1-0 mmol/L, elevated concentrations
of LDL cholesterol with a cutoff
of at least 3-3 mmol/L, elevated
concentrations of triglycerides with
a cutoff of at least 1.7 mmol/L, and
overall random effects meta-analysis
have been updated to reflect this
in the Summary, in the table, on
pages 1002, €1003, and 1005, and
in figures 2-5. These changes have
been made to the online version as of
Dec12,2018.
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Correspondence

Dyslipidaemia in Africa—
comment on a recent
systematic review

The publication of the systematic
review by Jean Jacques Noubiap
and colleagues® in The Lancet Global
Health highlights two important
issues. The first issue is the trend to
systematically review data according
to well established formula, but in the
absence of a thorough understanding
of the field and expertise. Many
systematic reviews are produced by
professional reviewers with little topic-
specific knowledge. In Noubiap and
colleagues” systematic review, data
are presented including three studies
from Uganda; however, these three
articles cover the same study, although
the focus of each article was different.
The second issue is the desire to
summarise Africa. Currently, the UN
recognises 54 countries on what is the
second largest (and arguably the most
diverse) continent in the world, both
in terms of land area and population.
With such wide heterogeneity of
results across the studies included in
Noubiap and colleagues™ review, a
summary estimate should not have
been calculated. There is little value in
saying that the prevalence of low HDL
in Africa is 41%, when the range is from
2% to 96% (the lowest and highest
prevalence estimates were from studies
conducted in the same country).
Systematic reviews can be valuable, but
they can also be misleading.
I declare no competing interests.

Copyright © 2018 The Author(s). Published by
Elsevier Ltd. This is an Open Access article under the
CCBY 4.0 license.
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Correspondence

Dyslipidaemia in Africa—
comment on a recent
systematic review

Authors' reply

We thank Robert Newton for his
Correspondence, which has provided
us with the opportunity to correct an
oversight. We agree that our review!
mistakenly included three articles from
the same study done in Uganda.**
After further cross-checking of the
181 studies initially included in the
review, we identified two additional
duplicates.>* We conducted new
analyses including only data reported
in the articles with highest sample
size among the duplicates identified
(table). The pooled prevalence of
dyslipidaemia in the general population
from population-based studies was
25.5% (95% Cl 20-0-31-4; corrected
from 23-6%, 18-4-29-6) for elevated
concentrations of total cholesterol with
a cutoff of at least 5-2 mmol/L, 37-4%
(29-4-45-7; corrected from 41-1%;
33-0-49-2) for low concentrations of
HDL cholesterol with a cutoff of less
than 1.0 mmol/L, 28.6% (15-8-43-5;
corrected from 25.-7%, 16-2-36-6)
for elevated concentrations of LDL
cholesterol with a cutoff of at least
3-3 mmol/L, and 17-0% (11-9-22-7;
corrected from 16-5%, 11-8-21-6)

for elevated concentrations of
triglycerides with a cutoff of at least
1.7 mmol/L (table). The new results are
not different from those in the main
manuscript® in terms of magnitude
of prevalence estimates; thus, the
message of our article is unchanged.
Newton also says he considers
that a wide heterogeneity precludes
pooled estimates from meta-
analyses. In general, heterogeneity
is inevitable in meta-analyses of
observational studies and prevalence
studies, particularly in Africa. This
heterogeneity is also reflected in
meta-analyses of African studies
done by Newton and colleagues.**
It is improbable that several studies
carried out in different populations by
different investigators, with variable
methodological approaches, will
provide consistent results. The decision
to pool estimates should be taken a
priori, provided data are from studies
fulfilling well predefined inclusion
criteria. The high heterogeneity
described in our meta-analysis does
not invalidate its findings. When high
heterogeneity is found, potential
sources should be investigated. In our
study, the substantial heterogeneity
in the estimates was not explained by
major study-level characteristics. In
addition to presenting estimates at
the continental level, we did various

subgroup analyses, including at the
regional level. Moreover, in the forest

wESR

plots depicting pooled estimates, data  published Online
are presented by country. December 12, 2018
http://dxdoi.org/10.1016/

In the context of these limitations,
our findings are not overemphasised.
The observed high prevalence in
the general adult populations at the
continental and country levels highlight
the need for effective detection and
treatment of dyslipidaemia in Africa.
The data provided for each country can
be used by local health authorities to
design country-specific interventions
for dyslipidaemia.

$2214-109X(18)30517-5

We declare no competing interests.

Copyright © 2018 The Author(s). Published by
Elsevier Ltd. This is an Open Access article under the
CCBY-NC-ND 4.0 license.
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Internal Medicine, Universiteit Ziekenhuis Brussel,
Brussels, Belgium (EVB); Faculty of Medicine,
University of Paris Sud XI, Le Kremlin-Bicétre, France
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Prevalence Studies Participants I* H Pty Pogeten Piatoees
Total cholesterol
5.2 mmol/L 25.5% (20.0-31-4) 37 70296 997 (99-6-99-7) 17.2 (16.5-17-9) <0-0001 0.070 <0.0001
65 mmol/L 11-0% (7-1-15-5) 20 30054 99-3(99-2-99-4) 124 (11:5-13-3) <0-0001 0-943
HDL cholesterol
0-9 mmol/L 19-5% (10-5-30-6) 6 5771 98.9 (98.5-99-2) 9.6 (8.2-11.3) <0-0001 0-801 001
1.0 mmol/L 37-4% (29-4-457) 27 34784 99-6 (99:5-99-6) 156 (14:9-16.4) <0-0001 0039
LDL cholesterol
2.6 mmol/L 21:3% (16.7-26.5) 2 1830 81-2 (19.9-95.6) 23 0021 NA 0187
3-3 mmol/L 28-6% (15-8-43-5) 12 15638 997 (99-6-99-7) 17:5(16-3-18-8) <0-0001 0-009
4.0 mmol/L 13-5% (5-7-24-0) 5 5921 99-1(987-99-4) 106 (8:9-12.5) <0-0001 0484
Triglycerides
1.7 mmol/L 17.0% (11.9-227) 37 57701 997 (99-6-99-7) 171 (16.5-17-9) <0-0001 0762 <0.0001
2.2 mmol/L 12:0% (9-6-14.7) 12 27826 97-4 (96-6-98-1) 63(5:4-7-2) <0-0001 0-007
5.2 mmol/L 5.0%(31-7-2) 1 441 NA NA NA NA
Dataare % (95% Cl), N, I (95% (1), or H (95% C1).
Table: Pooled prevalence of dyslipidaemia with various cutoffsin the g | population from ¢ y-based studies in Africa
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Supplementary Table 1. Summary and comparison statistics for dyslipidaemia based on total cholesterol

Groups Subgroups Cut-off, N N % (95% CI) 12 (95% CI) H (95% ClI) P P Egger | P-diff P-diff
mmol/L studies | participants heterogeneity | test criteria | subgroups
COMMUNITY-BASED
NON-DISEASE
SPECIFIC
All Imprecise | 1 452 25.2(21.3-29.3) NA NA NA NA <0.0001 | NA
5.2 41 85440 23.6 (18.4-29.2) 99.7 (99.7-99.7) 18.5(17.4-19.2) <0.0001 0.019
6.5 20 34054 11.0 (7.1-15.5) 99.3(99.2-99.4) | 12.4(11.5-13.3) <0.0001 0.943
By Sex Males 5.2 21 22184 25.2 (17.3-34.1) | 99.5(99.4-99.6) | 14.1(13.2-15.0) | <0.0001 0.011 0.003 0.370
Females 5.2 24 31053 30.5(23.1-38.6) | 99.5(99.5-99.6) | 14.6 (13.8-15.5) <0.0001 0.006 0.0003
Males 6.5 16 14004 10.9 (6.3-16.5) 98.9 (98.7-99.1) | 9.6 (8.7-10.5) <0.0001 0.951 0.492
Females 6.5 16 16584 13.5(8.7-19.0) 98.9 (98.7-99.) 9.7 (8.8-0.6) <0.0001 0.403
By Region Central 52 1 1573 1.7 (1.1-2.4) NA NA NA NA <0.0001 | <0.0001
Eastern 5.2 9 40711 19.3(11.6-28.5) | 99.8(99.8-99.8) | 21.6(20.1-23.2) <0.0001 0.007 0.510
Northern 5.2 9 21381 31.9(25.4-38.8) | 99.1(98.8-99.3) | 10.3(9.1-11.7) <0.0001 0.516 <0.0001
Southern 5.2 6 6746 32.6 (15.2-52.9) | 99.7(99.6-99.7) | 17.2(15.4-19.1) <0.0001 0.695 0.424
Western 5.2 16 15029 20.3(12.2-29.8) | 99.4(99.3-99.5) | 13.1(12.1-14.1) <0.0001 0.652 <0.0001
Central 6.5 1 1871 7.1 (6.0-8.3) NA NA NA NA <0.0001
Eastern 6.5 9 21293 15.6 (9.2-23.4) 99.5(99.4-99.6) | 14.1(12.8-15.6) <0.0001 0.653
Northern 6.5 6 4868 9.5(7.2-12.1) 87.5(75.1-93.7) | 2.8 (2.0-4.0) <0.0001 0.917
Southern 6.5 1 976 24.9 (22.2-27.7) NA NA NA NA
Western 6.5 3 5046 1.9 (0.7-3.5) 88.1(66.7-95.7) | 2.9 (1.7-4.8) 0.0002 0.853
By Setting Urban 5.2 21 26724 28.7 (21.2-36.7) 99.5 (99.4-99.5) 13.8 (12.9-14.7) <0.0001 0.707 0.0003 <0.0001
Rural 5.2 15 33654 9.7 (5.7-14.6) 99.4 (99.3-99.5) 13.1(12.1-14.4) <0.0001 0.588 0.003
Urban 6.5 8 5124 9.9 (4.8-16.7) 98.0 (97.3-98.6) | 7.2 (6.1-8.5) <0.0001 0.544 0.012
Rural 6.5 5 4523 3.0 (1.5-5.1) 90.3(80.3-95.2) | 3.2(2.3-4.6) <0.0001 0.242
By Representativeness National 5.2 8 18845 35.9 (27.2-45.1) 99.4 (99.2-99.5) | 12.9(11.5-14.4) <0.0001 0.006 0.002 0.005

24




Subnational 5.2 33 66595 20.8 (15.4-26.8) 99.7 (99.7-99.7) 18.0 (17.3-18.8) <0.0001 0.051 0.005
National 6.5 7 18567 13.8(6.1-24.2) 99.7 (99.6-99.7) 17.7 (16.1-19.5) <0.0001 0.465 0.428
Subnational 6.5 12 13616 9.8 (5.4-15.2) 98.9 (98.6-99.1) | 9.4 (8.6-10.6) <0.0001 0.300
By Publication date Published <2010 5.2 16 31416 25.4 (17.2-34.7) 99.7 (99.6-99.7) 17.4 (16.4-18.5) <0.0001 0.488 0.022 0.588
Published >2010 5.2 25 54024 22.4 (16.0-29.0) 99.7 (99.7-99.7) 18.7 (17.9-19.6) <0.0001 0.021 0.001
Published <2010 6.5 12 23676 13.6 (8.5-19.6) 99.3 (99.2-99.5) 12.3 (11.2-13.5) <0.0001 0.954 0.129
Published >2010 | 6.5 8 10378 7.5(3.0-13.7) 99.0(98.7-99.2) | 10.1(8.8-11.5) <0.0001 0.314
By Median sample size Lower (<1263) 5.2 20 11814 26.2 (16.9-36.7) 99.3(99.2-99.4) | 12.3(11.4-13.2) <0.0001 0.355 0.003 0.400
Higher (>1263) 5.2 21 73626 21.2(15.1-28.1) | 99.8(99.8-99.8) | 22.0(21.0-23.0) <0.0001 0.003 0.056
Lower (<1074) 6.5 10 7026 9.9 (5.1-159) 98.3(97.8-98.7) | 7.7 (6.7-8.8) <0.0001 0.309 0.612
Higher (>1074) 6.5 10 27028 12.1(6.4-19.2) 99.6 (99.5-99.7) | 16.2 (14.9-17.7) <0.0001 0.648
Groups Subgroups Cut-off, N N % (95% CI) 12 (95% CI) H (95% CI) P P Egger | P-diff P-diff
mmol/L studies | participants heterogeneity | test criteria | subgroups
HOSPITAL-BASED
NON-DISEASE
SPECIFIC
All 45 4 2185 55.4 (39.4-70.8) | 95.5(91.4-97.7) | 4.7 (3.4-6.5) <0.0001 0.071 <0.0001
5.2 12 5967 29.7 (12.7-50.1) 99.3(99.1-99.4) 11.6 (10.6-12.8) <0.0001 0.003
6.5 8 2663 10.6 (7.1-14.7) 88.7 (80.1-93.6) | 3.0(2.2-4.0) <0.0001 0.932
7.0 1 172 2.3(0.5-5.2) NA NA NA NA
HOSPITAL-BASED
DISEASE SPECIFIC
Diabetes mellitus 5.2 9 2100 34.4 (23.3-46.4) | 96.8(95.4-97.8) | 5.6 (4.7-6.7) <0.0001 0.694 0.746
Diabetes mellitus 6.5 2 470 37.8(22.3-54.7) 92.9 (76.2-97.9) 3.8 0.0002 NA
Diabetic nephropathy 5.2 1 72 62.5 (51.0-73.4) NA NA NA NA
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HIV 5.2 29 29372 24.2 (19.7-28.9) 98.5 (98.3-98.7) 8.2 (7.6-8.8) <0.0001 0.012 0.007

HIV 6.5 2 6785 7.7 (1.6-17.8) 97.3 (93.1-98.9) 6.1 <0.0001 NA

Hypertension 5.2 7 2136 38.0(23.8-53.4 | 97.9(96.9-985) | 6.9 (5.7-8.3) <0.0001 0.946 0.032

Hypertension 6.5 2 283 15.8 (3.4-34.8) 92.8(76.0-97.9) | 37 0.0002 NA

MI/CHD/HF 5.2 2 6992 37.7 (0.2-90.8) 99.3 (98.6-99.6) 11.6 <0.0001 NA 0.568

MI/CHD/HF 6.5 1 102 21.6 (14.1-30.1) NA NA NA NA

Obesity 5.2 3 219 25.4 (1.0-64.7) 96.8 (93.4-98.4) | 5.6 (3.9-8.0) <0.0001 0.461

Stroke 6.5 2 382 8.1(5.5-11.1) 0.0 1.0 0.976 NA

Systemic lupus 52 1 221 51.1 (44.5-57.7) NA NA NA NA

erythematous

POPULATION-BASED

DISEASE SPECIFIC

Diabetes mellitus 5.2 3 2352 34.3(24.8-44.4) | 95.6(90.4-98.0) | 4.8(3.2-7.1) <0.0001 0.341

Hypertension 5.2 1 1376 11.6 (10.0-13.4) NA NA NA NA 0.034
6.5 1 710 14.9 (12.4-17.6) NA NA NA NA

Obesity 5.2 1 154 40.3(32.6-48.1) | NA NA NA NA

HIV: human immunodeficiency syndrome; MI: myocardial infarction; CHD: coronary heart disease; HF: heart failure

Supplementary Table 2. Summary and comparison statistics for dyslipidaemia based on high-density lipoprotein cholesterol

Groups

Subgroups

Cut-off,
mmol/L

N
studies

N
participants

% (95% Cl)

17 (95% CI)

H (95% CI)

P
heterogeneity

P Egger
test

P-diff
criteria

P-diff
subgroups

COMMUNITY-BASED
NON-DISEASE
SPECIFIC
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All 0.9 6 5771 19.5 (10.5-30.4) 98.9 (98.5-99.2) 9.6 (8.2-11.3) <0.0001 0.801 0.002
1.0 30 49857 41.1 (33.0-49.4) 99.7 (99.7-99.7) | 18.5(17.8-19.4) <0.0001 0.002

By Sex Males 1.0 15 12704 33.9 (22.3-46.7) 99.5(99.4-99.6) | 14.0(13.0-15.1) <0.0001 0.040 0.127
Females 1.0 17 17781 48.0 (35.2-60.8) 99.6 (99.6-99.7) 16.8 (15.8-17.9) <0.0001 0.008

By Region Central 1.0 1 452 10.0 (7.4-12.9) NA NA NA NA <0.0001
Eastern 1.0 5 25213 53.8 (37.7-69.5) 99.8 (99.8-99.9) | 25.2 (230-27.6) <0.0001 0.0007
Northern 1.0 6 6948 34.2 (20.7-49.2) 99.3(99.1-99.5) | 12.3(10.8-14.2) <0.0001 0.392
Southern 1.0 6 7295 48.6 (33.8-63.5) 99.4(99.2-99.5) | 12.9(11.3-14.8) <0.0001 0.619
Western 1.0 12 9949 38.7 (28.4-49.5) 99.1(98.9-99.3) | 10.5(9.5-11.6) <0.0001 0.693

By Setting Urban 1.0 18 12762 31.9 (24.0-40.5) 99.0 (98.8-99.2) | 10.0(9.2-10.9) <0.0001 0.370 0.0097
Rural 1.0 12 23982 49.7 (39.3-60.1) 99.6 (99.5-99.6) | 15.1(13.9-16.4) <0.0001 0.056

By Representativeness National 1.0 3 6074 27.6 (15.0-42.3) 99.3(98.9-99.6) | 12.0(9.7-15.0) <0.0001 0.965 0.077
Subnational 1.0 27 43783 42.7 (34.5-51.0) 99.7 (99.6-99.7) | 17.2(16.4-18.1) <0.0001 0.0008

By Publication date Published <2010 1.0 4 3246 18.4 (14.8-22.3) 85.9 (65.4-94.2) 2.7 (1.7-4.2) <0.0001 0.528 <0.0001
Published >2010 | 1.0 26 46661 45.0 (36.7-53.4) 99.7 (99.7-99.7) | 18.0(17.1-18.8) <0.0001 0.010

By Median sample size Lower (<999) 1.0 15 7483 34.5(20.7-49.8) 99.4 (99.4-99.5) | 13.5(12.5-14.6) <0.0001 0.945 0.159
Higher (>999) 1.0 15 42374 47.7 (37.5-58.0) 99.8(99.7-99.8) | 21.1(20.0-22.3) <0.0001 0.003

HOSPITAL-BASED

NON-DISEASE

SPECIFIC

All 0.9 4 534 37.7 (0.3-90.0) 99.4 (99.2-99.6) | 13.2 (11.1-15.6) <0.0001 0.633 0.976

1.0 22 6911 38.6 (29.8-47.8) | 98.2(97.9-98.5) | 7.5(6.8-8.2) <0.0001 0.071
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HOSPITAL-BASED
DISEASE SPECIFIC

Bipolar mood disorders 0.9 1 130 59.2 (50.6-67.6) NA NA NA NA

Diabetes mellitus 0.8 1 218 15.6 (11.1-20.7) NA NA NA NA <0.0001

Diabetes mellitus 0.9 2 448 58.3(53.6-62.8) | 0.0 1.0 0.825 NA

Diabetes mellitus 1.0 14 3159 42.1 (32.3-52.2) 96.8 (95.8-97.6) 5.6 (4.9-6.5) <0.0001 0.148

Diabetes mellitus 1.6 1 401 11.5(8.5-14.8) NA NA NA NA

Groups Subgroups Cut-off, N N % (95% CI) 12 (95% CI) H (95% ClI) P P Egger | P-diff P-diff
mmol/L studies | participants heterogeneity | test criteria | subgroups

Diabetic nephropathy 1.0 1 72 58.3 (46.7-69.5) NA NA NA NA

HIV 0.9 1 327 32.4 (27.4-37.6) NA NA NA NA <0.0001

HIV 1.0 30 70348 53.7 (48.6-58.8) | 99.1(99.0-99.2) | 10.6 (10.0-11.33) | <0.0001 0.013

HIV 12 1 304 45.7 (40.1-51.3) NA NA NA NA

HIV 1.3 1 159 56.6 (48.8-64.2) NA NA NA NA

Hypertension 0.9 1 100 3.0 (0.4-7.5) NA NA NA NA <0.0001

Hypertension 1.0 9 3978 39.4 (29.4-9.9) 97.4(96.3-98.1) | 6.2 (5.2-7.3) 0.685

Hypertension 1.2 1 403 30.0 (25.6-34.6) NA NA NA NA

Mental illness 1.0 1 276 52.5 (46.6-58.4) NA NA NA NA

Obesity 1.0 1 129 21.7 (15.0-29.3) NA NA NA NA

Post-menopause 1.0 1 183 66.1 (59.1-72.8) NA NA NA NA

Pregnancy 1.0 2 725 7.7 (5.8-9.8) 0.0 1.0 0.501 NA
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Psoriasis 1.0 1 150 56.7 (48.6-64.5) NA NA NA NA
Rheumatoid arthritis 1.0 1 92 95.7 (90.3-99.1) NA NA NA NA
Skin disease 1.0 1 300 13.3(9.7-17.4) NA NA NA NA
Systemic lupus 1.0 1 221 44.8 (38.3-51.4) NA NA NA NA
erythematosus

POPULATION-BASED

DISEASE SPECIFIC

Diabetes mellitus 1.0 5 2526 39.5(26.7-53.0) | 97.3(95.6-98.3) | 6.1 (4.8-7.8) <0.0001 0.952
Hypertension 0.9 1 710 25.1(21.9-28.3) NA NA NA NA
Obesity 1.0 1 154 27.9 (21.1-35.3) NA NA NA NA

HIV: human immunodeficiency syndrome; MI: myocardial infarction; CHD: coronary heart disease; HF: heart failure

Supplementary Table 3. Summary and comparison statistics for dyslipidaemia based on low-density lipoprotein cholesterol

Groups Subgroups Cut-off, N N % (95% CI) 12 (95% CI) H (95% ClI) P P Egger | P-diff P-diff
mmol/L studies | participants heterogeneity | test criteria subgroups
COMMUNITY-BASED
NON-DISEASE
SPECIFIC
All 2.6 2 1830 21.3 (16.6-26.5) 81.2 (19.9-95.6) 2.3 0.021 NA 0.226
3.3 14 23844 25.7 (16.2-36.6) 99.6 (99.6-99.7) | 16.9 (15.8-18.1) <0.0001 0.002
4.0 5 5921 13.5(5.7-24.0) 99.1 (98.7-99.4) 10.6 (8.9-12.5) <0.0001 0.484
By Sex Males 3.3 7 8041 21.6 (10.5-35.2) 99.3(99.1-99.5) | 11.9(10.4-13.5) <0.0001 0.004 0.230
Females 3.3 7 10852 34.1(19.2-50.7) 99.6 (99.5-99.7) | 16.0 (14.4-17.7) <0.0001 0.001
By Region Central 3.3 0 NA NA NA NA NA NA 0.305
Eastern 3.3 3 15689 14.6 (6.6-25.0) 99.5(99.3-99.7) | 14.9(12.3-17.9) <0.0001 0.029
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Northern 33 0 NA NA NA NA NA NA
Southern 33 3 2824 25.1(3.5-57.7) 99.7 (99.6-99.8) | 18.0(15.2-21.2) <0.0001 0.809
Western 33 8 5331 30.7 (12.4-52.8) 99.6 (99.5-99.7) | 15.6 (14.2-17.2) <0.0001 0.055
By Setting Urban 33 6 3822 35.0 (24.8-46.0) 97.6 (96.4-98.4) | 6.5(5.3-8.0) <0.0001 0.612 <0.0001
Rural 3.3 7 19337 9.4 (5.2-14.6) 98.9 (98.6-99.2) | 9.7 (8.4-11.3) <0.0001 0.329
By Representativeness National 33 0 NA NA NA NA NA NA NA
Subnational 33 14 23844 25.7 (16.2-36.6) 99.6 (99.6-99.7) | 16.9 (15.8-18.1) <0.0001 0.002
By Publication date Published <2010 | 3.3 1 441 44.9 (40.3-49.7) NA NA NA NA 0.0008
Published >2010 | 3.3 13 24403 24.4 (15.0-35.2) 99.6 (99.6-99.7) | 16.8 (15.7-18.1) <0.0001 0.005
By Median sample size Lower (< 671) 33 7 2291 44.2 (33.6-55.0) 96.2 (94.1-97.6) | 5.1(4.1-6.4) <0.0001 0.709 0.003
Higher (> 671) 3.3 7 21553 11.3 (4.9-19.8) 99.6 (99.5-99.7) | 16.3(14.7-18.1) <0.0001 0.204
HOSPITAL-BASED
NON-DISEASE
SPECIFIC
All 2.6 6 2532 48.9 (34.7-63.1) 96.6 (94.6-97.9) | 5.5(4.3-6.9) <0.0001 0.432 <0.0001
33 7 881 18.5(6.7-34.2) 96.4 (94.5-97.7) | 5.3(4.3-6.6) <0.0001 0.958
4.0 4 1094 10.3 (2.2-23.0) 96.2 (92.9-98.0) | 5.1(3.8-7.0) <0.0001 0.196
HOSPITAL-BASED
DISEASE SPECIFIC
Chronic kidney disease 3.3 1 217 41.0 (34.5-47.6) NA NA NA NA
Diabetes mellitus 2.6 5 564 40.4 (25.9-55.8) 92.0 (84.2-95.9) | 3.5(2.5-4.9) <0.0001 0.697 <0.0001
Diabetes mellitus 33 8 2067 50.1 (37.6-62.3) 96.9 (95.5-97.9) | 5.7 (4.7-9.6) <0.0001 0.933
Diabetes mellitus 4.0 2 520 4.2 (0.0-15.8) 95.3(86.2-98.4) | 4.6 <0.0001 NA
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Groups Subgroups Cut-off, N N % (95% CI) 12 (95% CI) H (95% ClI) P P Egger | P-diff P-diff
mmol/L studies | participants heterogeneity | test criteria subgroups

Diabetic nephropathy 33 1 72 45.8 (34.4-57.5) NA NA NA NA

HIV 2.6 1 406 44.1 (39.3-48.9) NA NA NA NA <0.0001

HIV 33 14 64453 20.8 (16.8-25.1) 98.9(98.7-99.1) | 9.6 (8.6-10.6) <0.0001 0.129

HIV 4.0 2 7701 2.5(2.2-2.9) 0.0 1.0 0.706 NA

Hypertension 2.6 3 1262 34.6 (9.5-65.5) 98.9 (98.3-99.4) | 9.7 (7.6-12.5) <0.0001 0.355 0.917

Hypertension 33 3 618 32.7 (17.5-50.0) 93.4(84.1-97.3) | 3.9(2.5-6.1) <0.0001 0.479

Obesity 2.6 1 129 9.3 (4.8-15.0) NA NA NA NA

Rheumatoid arthritis 4.0 1 92 48.9 (38.7-59.2) NA NA NA NA

Systemic lupus 33 1 30.3 (24.4-36.6) NA NA NA NA

erythematosus

POPULATION-BASED

DISEASE SPECIFIC

Diabetes mellitus 2.6 1 74 44.6 (33.4-56.1) NA NA NA NA

Hypertension 4.0 1 710 16.5 (13.8-19.3) NA NA NA NA

Obesity 33 1 154 48.7 (40.8-56.6) NA NA NA NA

HIV: human immunodeficiency syndrome; MI: myocardial infarction; CHD: coronary heart disease; HF: heart failure

Supplementary Table 4. Summary and comparison statistics for dyslipidaemia based on low-density lipoprotein cholesterol

Groups

Subgroups

Cut-off,
mmol/L

N
studies

N
participants

% (95% CI)

12 (95% ClI)

H (95% ClI)

P
heterogeneity

P Egger
test

P-diff
criteria

P-diff
subgroups

COMMUNITY-BASED
NON-DISEASE
SPECIFIC
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All 1.7 39 65267 16.4 (11.8-21.6) 99.6 (99.6-99.7) 16.8 (16.2-17.5) <0.0001 0.755 <0.0001
2.2 14 35833 10.0 (6.8-13.7) 99.1(98.9-99.3) | 10.7 (9.7-11.7) <0.0001 0.475
5.2 1 441 5.0(3.1-7.2) NA NA NA NA
By Sex Males 1.7 16 13194 16.4 (10.5-23.3) 98.9 (98.6-99.1) | 9.4 (8.5-10.3) <0.0001 0.102 0.986
Females 1.7 19 21730 16.4 (9.8-24.3) 99.5 (99.4-99.6) 14.1 (13.2-15.1) <0.0001 0.602
By Region Central 1.7 2 2025 3.3 (0.0-14.5) 98.4(96.4-99.3) | 7.9 <0.0001 NA 0.0005
Eastern 1.7 7 27643 18.7 (11.9-26.5) 99.5(99.4-99.6) | 14.9(13.3-16.6) <0.0001 0.099
Northern 1.7 10 17563 29.3 (20.0-39.5) 99.5(99.4-99.6) | 14.0(12.7-15.3) <0.0001 0.180
Southern 1.7 5 6309 21.5(12.5-32.2) 98.9 (98.4-99.2) | 9.6 (8.0-11.5) <0.0001 0.885
Western 1.7 15 11727 9.1 (4.6-14.9) 98.9 (98.6-99.1) 9.4 (8.6-10.4) <0.0001 0.830
By Area Urban 1.7 20 12784 18.8(12.2-26.4) | 99.0 (98.9-99.2) | 10.2 (9.4-11.1) <0.0001 0.826 0.007
Rural 1.7 15 20739 8.3 (4.9-12.5) 98.8(98.5-99.0) | 9.2(8.3-10.1) <0.0001 0.923
By Representativeness National 17 5 15588 34.0 (19.4-50.3) 99.8 (99.7-99.8) | 21.0(18.9-23.3) <0.0001 0.313 0.009
Subnational 1.7 34 49679 14.2 (10.7-18.1) 99.3(99.2-99.3) | 11.6(11.0-12.3) <0.0001 0.109
By Publication date Published <2010 1.7 8 16486 17.2 (8.8-27.7) 99.5 (99.4-99.6) 14.4 (13.0-16.0) <0.0001 0.380 0.870
Published >2010 | 1.7 31 48781 16.2 (10.9-22.4) 99.7 (99.6-99.7) | 17.1(16.3-17.9) <0.0001 0.768
By Median sample size Lower (<1012) 1.7 20 9342 15.7 (10.1-22.3) 98.5(98.2-98.7) | 8.1(7.4-8.9) <0.0001 0.345 0.781
Higher (> 1012) 1.7 19 55925 17.2 (10.5-25.0) 99.8 (99.8-99.8) | 22.9(21.9-24.0) <0.0001 0.578
HOSPITAL-BASED
NON-DISEASE
SPECIFIC
All 14 1 213 11.7 (7.7-16.4) NA NA NA NA <0.0001
1.7 24 5759 26.0 (18.0-34.8) 98.0 (97.5-98.3) | 7.0(6.4-7.7) <0.0001 0.034
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2.2 5 1547 13.4 (4.4-26.1) 97.1(95.2-98.2) | 5.8 (4.6-7.5) <0.0001 0.975
45 1 100 2.0 (0.0-5.9) NA NA NA NA
HOSPITAL-BASED
DISEASE SPECIFIC
Bipolar mood disorder 1.7 1 130 53.1 (44.4-61.6) NA NA NA NA
CHD/HF 1.7 2 7003 20.5 (6.4-39.9) 94.7 (83.9-98.3) | 44 <0.0001 NA
Groups Subgroups Cut-off, N N % (95% CI) 12 (95% CI) H (95% ClI) P P Egger | P-diff P-diff
mmol/L studies | participants heterogeneity | test criteria | subgroups
Diabetes mellitus 1.7 15 3484 35.5(28.9-42.5) | 94.2(91.8-95.8) | 4.1(3.5-4.9) <0.0001 0.198 0.080
Diabetes mellitus 2.2 5 1154 26.0(18.5-34.4) | 89.0(77.0-94.7) | 3.0(2.1-4.4) <0.0001 0.602
Diabetic nephropathy 1.7 1 72 66.7 (55.3-77.1) | NA NA NA NA
HIV 1.2 1 253 5.5(3.0-8.7) NA NA NA NA <0.0001
HIV 1.7 34 70856 22.7(20.2-25.4) | 97.4(96.9-97.8) | 6.2 (5.7-6.7) <0.0001 0.021
HIV 2.2 8 8702 15.3(8.2-24.1) 98.1(97.3-98.6) | 7.2 (6.1-8.5) <0.0001 0.319
Hypertension 1.7 8 3781 22.2(11.7-34.8) | 98.4(97.8-98.8) | 8.0(6.8-9.3) <0.0001 0.271 0.0001
Hypertension 45 1 100 2.0 (0.0-5.9) NA NA NA NA
Mental illness 1.7 1 276 14.5 (10.6-18.9) NA NA NA NA
Myocardial infarction 2.2 1 620 26.1(22.7-29.7) NA NA NA NA
Obesity 1.7 3 219 17.9 (0.9-47.3) 94.8 (88.3-97.7) | 4.4 (2.9-6.4) <0.0001 0.370
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Post-menopause 17 1 183 68.3 (61.4-74.9) NA NA NA NA
Pregnancy 1.7 2 725 65.7 (22.2-97.3) 97.5(93.7-99.0) | 6.3 <0.0001 NA
Psoriasis 1.7 1 150 34.0 (26.6-41.8) NA NA NA NA
Rheumatoid arthritis 1.7 1 92 34.8 (25.3-44.9) NA NA NA NA
Skin disease 17 1 300 3.3(1.6-5.7) NA NA NA NA
Stroke 1.7 1 160 6.3 (2.9-10.6) NA NA NA NA
Systemic lupus 1.7 1 221 35.7 (29.5-42.2) NA NA NA NA
erythematosus

POPULATION-BASED

DISEASE SPECIFIC

Diabetes mellitus 1.7 5 2526 3.9 (1.2-7.7) 92.3(85.1-96.1) | 3.6 (2.6-5.0) <0.0001 0.01
Hypertension 2.2 1 710 18.0 (15.3-20.9) NA NA NA NA
Obesity 1.7 1 154 13.6 (8.6-19.5) NA NA NA NA

HIV: human immunodeficiency syndrome; MI: myocardial infarction; CHD: coronary heart disease; HF: heart failure
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Supplementary Figure 1. Prevalence of dyslipidaemia based on total cholesterol in patients with
diabetes mellitus from hospital-based studies

Study Events Total Events 95%~Cl Weight
Cut_off = 5.2 mmol/L :

Dongway, 2015 11 70 —e——— 1571 [8.11:26.38] 8.5%
Jisieike=Onuigbo, 2011 58 108 : ——— 53.70 [43.85;63.35] 8.8%
Katibi, 2004 16 218 —— 7.34 [4.25:1165 92%
Laissaoui, 2016 147 450 —— 3267 [28.35;37.21] 9.3%
Mengesha, 2006 134 401 —— 3342 [28.81:38.27) 9.3%
Okafor, 2008 106 192 : ——— 5521 [47.88;62.37] 9.1%
Otieno, 2005 119 213 ——— 5587 [48.92;6265] 9.2%
Seyoum, 2003 61 302 s : 20.20 [15.82;25.18] 9.3%
Siraj, 2006 69 146 —— 47.26 [38.95;55.68] 9.0%
Random effect meta-analysis 2100 ———— 34.40 [23.29; 46.43] 81.6%
Heterogeneity: 1° = 96 8% [95.4%: 97.8%], T = 0.0335, p < 0.0001 :

Cut_off = 6.5 mmol/L

Elnasri, 2006 74 250 i 2960 [24.01;3568] 92%
lgwe, 2007 102 220 —— 46.36 [39.64;53.19) 92%
Random effect meta-analysis 470 ———— 37.76 [22.26; 54.65] 18.4%

Heterogeneity: 1° = 92.9%, v = 0.0138, p = 0.0002

Overll random effect meta-analysis 2570 -<>— 35.02 [25.65; 44.99] 100.0%
Heterogeneity: 17 = 96.3% [94.7%; 97.3%], 7 = 0.0281, p <0.0001 ' ! ! ! '
Test for subgroup differences: z>=0.11,df=1(p=0.7456) 10 20 30 40 50 60




Supplementary Figure 2. Prevalence of dyslipidaemia based on total cholesterol in patients with
hypertension from hospital-based studies

Study Events Total Events 95%-Cl Weight
Cut_off = 5.2 mmol/L :

Amodu, 2005 106 231 C—— 45.89 [39.33; 52.55] 11.2%
Dennison, 2007 202 403 : —— 50.12 [45.13;55.11] 11.3%
lioh, 2012 21 122 —— 17.21 [10.98; 25.10] 11.0%
Kamara, 2010 28 301 - : 9.30 [6.27;13.16] 11.2%
Kamdem, 2016 339 839 P 40.41 [37.06; 43.81] 11.4%
Karaye, 2009 103 140 —— 73.57 [65.46;80.66] 11.0%
Lepira, 2005 38 100 — 38.00 [28.48;48.25] 10.9%
Random effect meta-analysis 2136 —_ 38.04 [23.78; 53.43] 78.0%

Heterogeneity: I° = 97.9% [96.9%; 98.5%], T = 0.0421, p < 0.0001

Cut_off = 6.5 mmol/L 3
Akintunde, 2010 14 163 —— : 8.59 [4.78;13.99] 11.1%

2

Heterogeneity: 12 =92.8%, 7 = 0.0233, p = 0.0002

Akintunde, 2010 30 120 —— 25.00 [17.55; 33.73] 11.0%
Random effect meta-analysis 283 ———r 15.84 [3.36; 34.82] 22.0%

Overll random effect meta—-analysis 2419 - 32.70 [20.15; 46.63] 100.0%
Heterogeneity: I° = 97.8% [97.0%; 98.4%), t° = 0.0459, p <0.0001' ' ' T T T 1
Test for subgroup differences: x> = 3.40, df =1 (p =0.0651) 10 20 30 40 50 60 70 80

36



Supplementary Figure 3. Prevalence of dyslipidaemia based on total cholesterol in patients with
human immunodeficiency virus from hospital-based studies
Study Events Total Events 95%-ClI
Cut_off = 3.8 mmol/L
Diouf, 2014 18 242 —+— 744 [4.47;11.50]
Random effect meta—analysis 242 <> 7.44 [4.43; 11.12]

Heterogeneity: not applicable

Cut_off = 5.2 mmol/L

Abebe, 2014 67 252 —— 26.59 [21.24; 32.50]
Abebe, 2016 154 757 < 20.34 [17.53; 23.39]
Amstrong, 2011 1752 12513 + 14.00 [13.40; 14.62]
Bekolo, 2014 34 114 —— 29.82 [21.62; 39.11]
Bognounou, 2011 14 100 — 14.00 [7.87;22.37]
Buchacz, 2008 8 374 + 214 [0.93; 4.17]
Dave, 2016 208 957 -+ 21.73 [19.16; 24.48]
Ekali, 2013 38 143 — 26.57 [19.54; 34.60]
Hirigo, 2016 78 185 — 42.16 [34.95; 49.63]
lwuala, 2015 37 104 —_— 35.58 [26.43; 45.57]
Julius, 2011 98 304 —— 32.24 [27.01; 37.81]
Kiage, 2013 14 118 —— 11.86 [6.64; 19.10]
Kuti, 2015 151 1316 -+ 11.47 [9.80; 13.32]
Labhardt, 2017 148 1166 * 12.69 [10.84; 14.74]
Lesi, 2009 32 113 e 28.32 [20.24; 37.57]
Liu, 2013 875 6385 + 13.70 [12.87; 14.57]
Manuthu, 2008 67 290 —— 23.10 [18.38; 28.39]
Mashinya, 2015 69 214 = 32.24 [26.03; 38.95]
Mayanja, 2017 297 1095 - 27.12 [24.51; 29.86]
Mohammed, 2015 136 393 —— 34.61 [29.91; 39.54]
Muhammad, 2013 38 200 = 19.00 [13.81; 25.13]
Muronya, 2011 54 174 — 31.03 [24.25; 38.48]
Muyanja, 2016 16 250 —+ 6.40 [3.70; 10.19]
Nsagha, 2015 85 209 — 40.67 [33.95; 47.66]
Ombeni, 2016 123 231 — 53.25 [46.59; 59.82]
Oosterhout, 2012 30 253 —— 11.86 [8.15; 16.49]
Salami, 2009 281 327 —— 85.93 [81.69; 89.51]
Shaffer, 2014 19 729 + 2.61 [1.58; 4.04]
Sinxadii, 2016 42 106 —_— 39.62 [30.25; 49.59]
Random effect meta—analysis 29372 > 24.16 [19.71; 28.91]

Heterogeneity: /2 = 98.5% [98.3%; 98.7%], ©° = 0.0206, p =0

Cut_off = 6.5 mmol/L

Liu, 2013 268 6385 420 [3.72; 4.72]
Sawadogo, 2014 50 400 : 12.50 [9.42; 16.15]
Random effect meta—analysis 6785 <— 7.73 [1.61;17.78]

Heterogeneity: 1?2 = 97.3%, 1% = 0.0119, p <0.0001

Cut_off = 7 mmol/L
Nguemaim, 2010 6 172 — 3.49 [1.29; 7.44]
Random effect meta—analysis 172 & 3.49 [1.17; 6.84]
Heterogeneity: not applicable
Test for subgroup differences: 3 = 58.31, df = 3 (p < 0.0001) I I I |

20 40 60 80
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Supplementary Figure 4. Prevalence of dyslipidaemia based on total cholesterol in patients with
human immunodeficiency virus on antiretroviral therapy from hospital-based studies

Study Events Total Events 95%~Cl Weight

Cut_off = 5.2 mmol/L

Abebe, 2014 53 126 | —— 4206 [33.33;51.18] 4.5%
Abebe, 2016 68 295 e 23.05 [18.37;28.28] 46%
Bekolo, 2014 34 114 —-—°— 2982 [21.62;39.11] 44%
Bognounou, 2011 14 100 —— 1400 [7.87:2237] 44%
Buchacz, 2008 8 374 - 214 [093;: 417] 47%
Dave, 2016 180 551 Po— 32.67 [28.76;36.76) 4.7%
Ekali, 2013 35 115 —— 3043 [22.20;39.71] 44%
Hirigo, 2016 78 185 —— 4216 [34.95;4963] 4.5%
lwuala, 2015 37 104 f———— 35.58 [26.43;4557] 44%
Julius, 2011 98 304 —— 3224 [27.01;37.81] 46%
Labhardt, 2017 148 1166 - 1269 [10.84;14.74] 4.7%
Mashinya, 2015 69 214 —_—— 3224 [26.03;38.95] 46%
Mayanja, 2017 297 1095 o 2712 [2451;29.86] 4.7%
Muhammad, 2013 7 100 —— : 700 [2.86;13.89] 4.4%
Muronya, 2011 54 174 +—— 31.03 [24.25;38.48] 4.5%
Muyanja, 2016 16 250 —— : 640 [3.70;10.19] 4.6%
Nsagha, 2015 80 157 ——— 5096 [42.86;59.01] 4.5%
Olufunmilayo, 2009 32 113 ——— 28.32 [20.24;37.57] 44%
Ombeni, 2016 123 231 : ——— 53.25 [46.59;59.82] 4.6%
Oosterhout, 2012 30 253 —— 11.86 [8.15;16.49] 46%
Sinxadii, 2016 42 106 | —— 39.62 [30.25;49.59] 4.4%
Random effect meta-analysis 6127 <>- 26.19 [19.85; 33.07] 95.3%
Heterogeneity: 1 = 97% [96.3%: 97.6%), ©* = 0.0293, p < 0.0001 :

Cut_off = 6.5 mmol/L :

Sawadogo, 2014 50 400 —_— i 1250 [9.42;16.15) 4.7%
Random effect meta-analysis 400 — 5 1250 [9.43;1593] 4.7%
Heterogeneity: not applicable

Overll random effect meta-analysis 6527 — 25.47 [19.41; 32.03] 100.0%

Heterogeneity: 17 = 97 0% [96.2%:; 97.6%], ~° = 0.0284, p < 0.0001 ! ! ! !
Test for subgroup differences: x> = 14.86,df = 1(p =0.0001) 10 20 30 40 50
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Supplementary Figure 5. Prevalence of dyslipidaemia based on high -density cholesterol in patients
with diabetes mellitus from hospital-based studies

Study Events Total Events 95%-Cl Weight

Cut_off = < 0.8 mmol/L :
Katibi, 2004 34 218 —— 15.60 [11.05;21.11] 5.6%
Random effect meta—analysis 218 —— ] 15.60 [11.06; 20.74] 5.6%
Heterogeneity: not applicable :

Cut_off = < 0.9 mmol/L :
Seyoum, 2003 177 302 : —— 58.61 [52.83;64.22] 5.6%

Siraj, 2006 84 146 P 57.53 [49.09;65.67] 5.5%

Random effect meta—analysis 448 —— 58.26 [53.65; 62.81] 11.2%
Heterogeneity: /2 = 0%, 1= 0, p = 0.8251 :

Cut_off = < 1.0 mmol/L §
Almobarak, 2015 97 167 ] —_— 58.08 [50.21;65.66] 5.6%

Dongway, 2015 7 70 ——— : 10.00 [4.12;19.52] 5.4%
Edo, 2011 17 52 —*— 32.69 [20.33;47.11] 5.2%
Elnasri, 2006 65 250 — 26.00 [20.68;31.90] 5.6%
Harzallah, 2006 241 370 ] —— 65.14 [60.04;69.99] 5.7%
Jisieike-Onuigbo, 2011, 2 67 108 ——— 62.04 [52.19;71.20] 5.5%
Kalk, 2008 366 754 —— 48.54 [44.92;5217] 5.7%
Laissaoui, 2016 311 450 : —— 69.11 [64.62;73.35] 5.7%
Mwita, 2012 28 150 — 18.67 [12.78;25.84] 5.6%
Nsiah, 2014 62 150 ——°— 41.33 [33.36;49.65] 5.6%
Ogbera, 2011 119 201 : — 59.20 [52.07;66.07] 5.6%
Osei-Yeboah, 2017 38 162 — 23.46 [17.17;30.75] 5.6%
Otieno, 2005 59 213 — 27.70 [21.80;34.23] 5.6%
Vezi, 2005 34 62 f— 54.84 [41.68;67.52] 5.3%
Random effect meta—analysis 3159 <>- 42.09 [32.26; 52.25] 77.5%

Heterogeneity: /2 = 96.8% 95.8%; 97.6%)], = 0.0355, p < 0.0001
g Yy

Cut_off = < 1.6 mmol/L ]
Mengesha, 2006 46 401 —— : 11.47 [8.52;15.00] 5.7%
Random effect meta—analysis 401 — 11.47 [8.52;14.79] 5.7%
Heterogeneity: not applicable :

Overall random effect meta—analysis 4226 e 40.15 [30.17; 50.55] 100.0%
Heterogeneity: /2 = 97.8% [97.3%; 98.2%], ©* = 0.049, p<0.0001 ' T T T T 1
Test for subgroup differences: 2 = 267.62, df =3 (p <0.0001) 10 20 30 40 50 60 70
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Supplementary Figure 6. Prevalence of dyslipidaemia based on high-density cholesterol in
patients with human immunodeficiency virus on antiretroviral therapy from hospital-based

studies
Study Events Total
Cut_off = < 1.0 mmol/L
Abebe, 2014 64 126 ——
Bekolo, 2014 21 114 ——
Buchacz, 2008 330 374
Dave, 2016 277 551 :
Hirigo, 2016 130 185 —_—
Iwuala, 2015 49 104 —
Labhardt, 2017 462 1166 -
Mashinya, 2015 91 214 ——
Mayanja, 2017 332 1095 -
Muhammad, 2013 76 100 : —_—
Muyanja, 2016 214 250
Nsagha, 2015 22 157 ——
Olufunmilayo, 2009 49 113 —_—
Ombeni, 2016 38 231 ——
Sawadogo, 2014 48 400 —+ :
Sinxadii, 2016 52 106 _—
Random effect meta-analysis 5286 _
Heterogeneity: 12 = 98.7% [98.5%; 99%)], t° = 0.0632, p < 0.0001
Cut_off = < 1.2 mmol/L
Julius, 2011 139 304 ——
Random effect meta-analysis 304 —
Heterogeneity: not applicable
Overall random effect meta-analysis 5590 —
Heterogeneity: /2 = 98.7% [98.4%; 98.9%], t° = 0.0591, p < 0.0001 ! ! !
Test for subgroup differences: ¥ = 0.00, df = 1 (p = 0.9845) 20 40 60 80
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Events 95%-Cl Weight

50.79 [41.74;59.81] 5.8%
18.42 [11.78;26.77] 5.8%
88.24 [84.53;91.32] 5.9%
50.27 [46.01;54.53] 6.0%
70.27 [63.12;76.75] 5.9%
4712 [37.25;57.15] 5.8%
39.62 [36.80;42.50] 6.0%
4252 [35.81;49.45] 5.9%
30.32 [27.61;33.14] 6.0%
76.00 [66.43;83.98] 5.8%
85.60 [80.63;89.71] 5.9%
14.01 [8.99;20.44] 5.9%
4336 [34.07;53.01] 5.8%
16.45 [11.91;21.87] 5.9%
12.00 [8.98;1559] 6.0%
49.06 [39.22;58.95] 5.8%
45.58 [33.37; 58.06] 94.1%

45.72 [40.03;51.51] 5.9%
45.72 [40.15; 51.35]  5.9%

45.59 [34.11; 57.30] 100.0%



Supplementary Figure 7. Prevalence of dyslipidaemia based on high-density cholesterol in
patients with human immunodeficiency virus from hospital-based studies

Study Events Total Events 95%-Cl Weight
Cut_off = < 0.9 mmol/L ]
Salami, 2009 106 327 —— 3242 [27.37;37.78] 6.4%

Random effect meta—-analysis 327 —_— 32.42 [27.44; 37.60] 6.4%
Heterogeneity: not applicable :

Cut_off = < 1.0 mmol/L §
Abebe, 2014 92 126 | —— 73.02 [64.38;80.53] 5.6%

Abebe, 2016 300 462 - 64.94 [60.39;69.29] 6.6%
Amstrong, 2011 8384 12513 67.00 [66.17;67.83] 7.1%
Ayodele, 2012 159 291 —— 54.64 [48.72;60.46] 6.3%
Dave, 2016 309 406 L - 76.11 [71.66;80.18] 6.5%
Kiage, 2013 93 118 . —— 7881 [70.33;85.80] 55%
Kuti, 2015 743 1316 - 56.46 [53.73;59.16] 6.9%
Liu, 2013 3537 6385 . 55.40 [54.17;56.62] 7.0%
Manuthu, 2008 101 290 —— 34.83 [29.35;40.62] 6.3%
Mohammed, 2015 353 393 —~ 89.82 [86.40;92.63] 6.5%
Muhammad, 2013 61 100 —_— 61.00 [50.73;70.60] 5.3%
Nagu, 2012 28905 41891 69.00 [68.56;69.44] 7.1%
Nsagha, 2015 7 52 ——— 13.46 [5.59;25.79] 4.3%
Shaffer, 2014 507 719 P .- 70.51 [67.03;73.83] 6.8%

Random effect meta—-analysis 65062 < 63.47 [59.15; 67.68] 87.8%
Heterogeneity: /2 = 98.5% [98.1%:; 98.8%], 7° = 0.0062, p < 0.0001 :

Cut_off = < 1.3 mmol/L :
Sobieszczyk, 2016 90 159 —— 56.60 [48.52;64.43] 5.8%
Random effect meta—analysis 159 o 56.60 [48.81; 64.23] 5.8%
Heterogeneity: not applicable :

Overall random effect meta—analysis 65548 <> 61.01 [56.63; 65.31] 100.0%
Heterogeneity: 12 = 98.6% [98.2%; 98.8%], T2 = 0.0072, p < 0.0001 ' ! ' !
Test for subgroup differences: %2 = 79.72, df = 2 (p < 0.0001) 20 40 60 80
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Supplementary Figure 8. Prevalence of dyslipidaemia based on high-density cholesterol in
patients with hypertension from hospital-based studies

Study Events Total Events 95%-Cl Weight

Cut_off = < 0.9 mmol/L :
Lepira, 2005 3 100 +— 3.00 [0.62; 8.52] 8.7%
Random effect meta—-analysis 100 — : 3.00 [0.38; 747] 8.7%
Heterogeneity: not applicable 5

Cut_off = < 1.0 mmol/L 5
Adama, 2013 51 115 —+—— 4435 [35.09;53.91] 8.8%

Akintunde, 2010 78 163 —+—— 47.85 [39.98;55.81] 9.0%
Akintunde, 2010 45 120 ——— 37.50 [28.83;46.80] 8.9%
Amodu, 2005 69 197 —°— 35.03 [28.38;42.13] 9.1%
Bachir Cherif, 2016 895 1721 —+—  52.00 [49.61;54.39] 9.4%
lloh, 2012 47 122 —_—— 38.52 [29.86;47.76] 8.9%
Kamara, 2010 114 301 —-— 37.87 [32.37;43.62] 9.2%
Kamdem, 2016 156 839 —— 18.59 [16.02;21.39] 9.4%
Katchunga, 2015 183 400 ;. 45.75 [40.79;50.77] 9.3%
Random effect meta—-analysis 3978 -<>— 39.40 [29.35; 49.93] 82.0%

Heterogeneity: 1% = 97.4% [96.3%; 98.1%], © = 0.0249, p < 0.0001

Cut_off = < 1.2 mmol/L :
Dennison, 2007 121 403 —a— 30.02 [25.59;34.76] 9.3%
Random effect meta—-analysis 403 ° 30.02 [25.64; 34.60] 9.3%
Heterogeneity: not applicable :

Overall random effect meta—analysis 4481 — 34.35 [24.97; 44.38] 100.0%
Heterogeneity: 12 = 97.6% [96.8%; 98.2%], 7 = 0.0287, p < 0.0001 I ' I !
Test for subgroup differences: 2 = 59.13, df = 2 (p < 0.0001) 10 20 30 40 50
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Supplementary Figure 9. Prevalence of dyslipidaemia based on low-density cholesterol in patients
with diabetes mellitus from hospital-based studies

Study Events Total Events 95%-Cl Weight

Cut_off = 2.6 mmol/L :
Almobarak, 2015 58 167 —— 34.73 [27.54;42.47] 6.7%

Dongway, 2015 37 70 —'— 52.86 [40.55;64.91] 6.5%
Edo, 2011 5 52 —=— : 9.62 [3.20;21.03] 6.4%
Otieno, 2005 106 213 —— 49.77 [42.86;56.68] 6.7%
Vezi, 2005 37 62 —_— 59.68 [46.45;71.95] 6.5%
Random effect meta—analysis 564 —O 40.43 [25.91; 55.83] 32.8%

Heterogeneity: 1% = 92% [84.2%; 95.9%)], t° = 0.0275, p < 0.0001

Cut_off = 3.3 mmol/L ;
Elnasri, 2006 38 250 —=— : 15.20 [10.99; 20.26] 6.7%

Harzallah, 2006 185 370 —— 50.00 [44.79;55.21] 6.8%
Jisieike-Onuigbo, 2011, 2 48 108 ——— 44 .44 [34.88;54.32] 6.6%
Laissaoui, 2016 229 450 —— 50.89 [46.17;55.60] 6.8%
Mengesha, 2006 233 401 —— 58.10 [53.11;62.98] 6.8%
Mwita, 2012 120 150 : —+— 80.00 [72.70;86.08] 6.7%
Okafor, 2008 113 192 —— 58.85 [51.54;65.89] 6.7%
Siraj, 2006 66 146 e 45.21 [36.96; 53.65] 6.7%
Random effect meta—analysis 2067 <> 50.11 [37.66; 62.57] 53.7%

Heterogeneity: 1% = 96.9% [95.5%; 97.9%], = 0.0315, p <0.0001

Cut_off = 4.0 mmol/L :
Katibi, 2004 2 218 = 092 [0.11; 3.27] 6.7%

Seyoum, 2003 28 302 = 9.27 [6.25;13.12] 6.8%
Random effect meta—analysis 520 =—— : 416 [0.00; 15.83] 13.5%

Heterogeneity: 1* = 95.3%, ©> = 0.0201, p < 0.0001

Overll random effect meta—analysis 3151 e 39.14 [26.39; 52.68] 100.0%
Heterogeneity: 12 = 98.3% [97.9%; 98.6%], t* = 0.0697, p < 0.0001 | J ! |
Test for subgroup differences: y2 = 23.23, df = 2 (p < 0.0001) 20 40 60 80
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Supplementary Figure 10. Prevalence of dyslipidaemia based on low density cholesterol in

patients with hypertension from hospital-based studies

Study Events Total

Cut_off = 2.6 mmol/L :

lloh, 2012 29 122 —a—

Kamara, 2010 63 301 — :

Kamdem, 2016 512 839 —A—
Random effect meta—analysis 1262

Heterogeneity: /2 = 98.9% [98.3%; 99.4%)], 7> = 0.0755, p < 0.0001

Cut_off = 3.3 mmol/L

Adama, 2013 20 115 —— :
Dennison, 2007 177 403 P ——
Lepira, 2005 38 100 ——
Random effect meta-analysis 618 —_——

Heterogeneity: /2 = 93.4% [84.1%; 97.3%)], v = 0.0222, p < 0.0001

Overll random effect meta—analysis 1880 —Q—

Heterogeneity: 12 = 97.9% [96.8%; 98.6%), 1> = 0.0427, p < 0.0001 ' ' !
Test for subgroup differences: xf =0.01,df=1 (p =0.9168) 20 30 40 50
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60

Events

23.77
20.93
61.03
34.59

17.39
43.92
38.00
32.72

95%-ClI

[16.53; 32.32]
[16.47; 25.97]
[57.63; 64.34]
[ 9.51; 65.51]

[10.96; 25.57]
[39.01; 48.92]
[28.48; 48.25)
[17.54; 50.01]

Weight

16.4%
16.9%
17.1%
50.4%

16.4%
17.0%
16.3%
49.6%

33.66 [18.89; 50.25] 100.0%



Supplementary Figure 11. Prevalence of dyslipidaemia based on low density cholesterol in
patients with human immunodeficiency virus on antiretroviral therapy from hospital-based

studies

Study

Cut_off = 2.6 mmol/L

Dave, 2016

Random effect meta—analysis
Heterogeneity: not applicable

Cut_off = 3.3 mmol/L
Abebe, 2014

Abebe, 2016

Bekolo, 2014
Buchacz, 2008

Hirigo, 2016

lwuala, 2015
Labhardt, 2017
Mayanja, 2017
Muhammad, 2013
Muyanja, 2016
Nsagha, 2015
Olufunmilayo, 2009
Ombeni, 2016
Sinxadii, 2016
Random effect meta—analysis

Heterogeneity: 12=97.8% [97.2%; 98.3%], ©=0.0392, p < 0.0001

Cut_off = 4.0 mmol/L

Julius, 2011

Sawadogo, 2014

Random effect meta—analysis

Heterogeneity: 12=0%, 12=0, p =0.8504

Overall random effect meta—analysis
Heterogeneity: 12 =98.8% [98.5%; 99.0%], 72 =0.0633, p< 0.0001
Test for subgroup differences: xg =567.60, df = 2 (p < 0.0001)

Events Total

388 551
551

29 126
70 295
38 114
2 374
57 185
20 104
93 1166
237 1095
26 100
29 250
58 157
27 113
137 231
44 106
4416

29 304
40 400
704

5671

-:O—

10 20 30 40 50 60 70

45

Events

70.42
70.42

23.02
23.73
33.33

0.53
30.81
19.23

7.98
21.64
26.00
11.60
36.94
23.89
59.31
41.51
23.70

9.54
10.00
9.80

24.30

95%—-Cl Weight

[66.41;74.20] 6.0%
[66.53; 74.16] 6.0%

[15.99; 31.35] 5.8%
[18.99;29.00] 5.9%
[24.78;42.77] 5.8%

[0.06; 1.92] 5.9%
[24.24;38.00] 5.9%
[12.16;28.13]  5.8%

[6.49; 9.68] 6.0%
[19.24;2420] 6.0%
[17.74;35.73]  5.8%
[7.91;16.23] 5.9%
[29.39;45.00] 5.9%
[16.37;32.83] 5.8%
[52.67;65.70] 5.9%
[32.02;51.49] 5.8%
[15.30; 33.28] 82.2%

[6.48;13.41] 5.9%
[7.24;13.37] 5.9%
[7.70; 12.12] 11.9%

[14.71; 35.38] 100.0%



Supplementary Figure 12. Prevalence of dyslipidaemia based on low density cholesterol in
patients with human immunodeficiency virus from hospital-based studies

Study Events Total Events
Cut_off = 2.6 mmol/L

Dave, 2016 179 406 —— 44.09
Random effect meta—analysis 406 § —_ 44.09
Heterogeneity: not applicable

Cut_off = 3.3 mmol/L

Abebe, 2014 9 126 —— 714
Abebe, 2016 82 462 —+~ 17.75
Amstrong, 2011 1502 12513 ; 12.00
Kiage, 2013 47 118 —_— 39.83
Liu, 2013 875 6385 13.70
Manuthu, 2008 71 290 —— 24.48
Mohammed, 2015 157 393 : = 39.95
Muhammad, 2013 36 100 —_— 36.00
Nagu, 2012 5446 41891 13.00
Nguemaim, 2010 6 172 - , 3.49
Nsagha, 2015 4 52 —+— 7.69
Salami, 2009 259 327 —— 79.20
Schoffelen, 2015 230 902 - 25.50
Shaffer, 2014 24 722 + : 3.32
Random effect meta—analysis 64453 < 20.80
Heterogeneity: /2 = 98.9% [98.7%; 99.1%], = 0.0086, p < 0.0001 :

Cut_off = 4.0 mmol/L

Kuti, 2015 35 1316 = 2.66
Liu, 2013 160 6385 2.51
Random effect meta—analysis 7701 ¢ 2.52
Heterogeneity: 12=0%,12=0, p =0.7056

Overall random effect meta—analysis 72560 < 18.92
Heterogeneity: /2 = 99.4% [99.3%; 99.5%], ©> = 0.0148, p < 0.0001 ! T T !

Test for subgroup differences: x% =609.63, df = 2 (p < 0.0001) 20 40 60 80
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95%-Cl Weight

[39.19; 49.07]
[39.29; 48.95]

[3.32; 13.13]
[14.37; 21.54]
[11.44; 12.59]
[30.93; 49.25]
[12.87; 14.57]
[19.64; 29.85]
[35.07; 44.98]
[26.64; 46.21]
[12.68; 13.33]

[1.29; 7.44]
[2.14; 18.54]
[74.40; 83.47]
[22.68; 28.48]

[2.14; 4.91]
[16.77; 25.15]

[1.86; 3.68]
[2.14; 2.92]
[2.18; 2.89]

6.0%
6.0%

5.5%
6.0%
6.2%
5.5%
6.2%
5.9%
6.0%
5.3%
6.2%
5.7%
4.7%
5.9%
6.1%
6.1%
81.6%

6.2%
6.2%
12.4%

[14.46; 23.82] 100.0%



Supplementary Figure 13. Prevalence of dyslipidaemia based on triglycerides in patients with

diabetes mellitus from hospital-based studies

Study Events Total

Measure = 1.7 mmol/L

Almobarak, 2015 61 167 ——*—

Edo, 2011 10 52 ——

Elnasri, 2006 122 250 —_—
Jisieike-Onuigbo, 2011, 2 61 108 —_—
Kalk, 2008 378 754 : l—
Katibi, 2004 30 218 ——

Laissaoui, 2016 184 450 ;—e—
Mengesha, 2006 156 401 ——
Mwita, 2012 67 150 e
Nsiah, 2014 49 150 —_—

Ogbera, 2011 39 200 ——
Osei-Yeboah, 2017 27 162 ——

Otieno, 2005 65 213 —_—

Siraj, 2006 61 146 —
Vezi, 2005 32 62 —_—
Random effect meta—analysis 3484 <
Heterogeneity: /% = 94.2% [91.8%; 95.8%], 1> = 0.018 , p < 0.0001

Measure = 2.2 mmol/L

Dongway, 2015 22 70 —_—
Harzallah, 2006 101 370 ——

Igwe, 2007 78 220 e

Okafor, 2008 48 192 —_—

Seyoum, 2003 43 302 —— :

Random effect meta—analysis 1154 -c—
Heterogeneity: /2 = 89% [ 77%; 94.7%], ©* = 0.0092, p < 0.0001 :

Overll random effect meta—analysis 4638 _

Heterogeneity: 12 = 94.5% [92.7%; 95.8%], 12 = 0.0189, p < 0.0001' ' ! ! '
Test for subgroup differences: x% = 3.06, df =1 (p =0.0800§0 20 30 40 50 60
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Events

36.53
19.23
48.80
56.48
50.13
13.76
40.89
38.90
44.67
32.67
19.40
16.67
30.52
41.78
51.61
35.52

31.43
27.30
35.45
25.00
14.24
26.03

95%-Cl Weight

[29.22; 44.32)
[9.63; 32.53]
[42.45; 55.18]
[46.60; 66.00]
[46.50; 53.76]
[9.48; 19.06]
[36.31; 45.59]
[34.10; 43.87)
[36.55; 52.99]
[25.24; 40.79]
[14.18; 25.56]
[11.28; 23.31]
[24.41; 37.18]
[33.68; 50.22]
[38.56; 64.50]
[28.85; 42.48]

[20.85; 43.63]
[22.82; 32.14]
[29.14; 42.17)
[19.04; 31.74]
[10.50; 18.70]
[18.49; 34.35]

5.0%
4.3%
5.1%
4.8%
5.3%
5.1%
5.3%
5.2%
5.0%
5.0%
5.1%
5.0%
5.1%
5.0%
4.5%
74.8%

4.6%
5.2%
5.1%
5.1%
5.2%
25.2%

33.09 [27.29; 39.16] 100.0%



Supplementary Figure 14. Prevalence of dyslipidaemia based on triglycerides in patients with
human immunodeficiency virus on antiretroviral therapy from hospital-based studies

Study Events Total Events 95%-Cl Weight

Measure = 1.2 mmol/L :
Oosterhout, 2012 14 253 —— 553 [3.06; 9.11] 4.4%
Random effect meta—analysis 253 == 5.53 [3.01; 8.73] 4.4%
Heterogeneity: not applicable :

Measure = 1.7 mmol/L :
Abebe, 2014 59 126 : — 46.83 [37.88;55.92] 4.2%

Abebe, 2016 82 295 — 27.80 [22.76;33.28] 4.4%
Bekolo, 2014 59 114 ——— 51.75 [42.20;61.21] 4.2%
Bognounou, 2011 17 100 —_— 17.00 [10.23;25.82] 4.2%
Buchacz, 2008 8 374 + 214 [0.93; 4.17] 4.5%
Dave, 2016 113 551 —'— 20.51 [17.21;24.12] 4.5%
Hirigo, 2016 83 185 : — 44.86 [37.56;52.33] 4.3%
lwuala, 2015 15 104 —r—-— 14.42 [8.30;22.67] 4.2%
Mashinya, 2015 35 214 —— 16.36 [11.66;22.00] 4.4%
Mayanja, 2017 208 1095 —*- 19.00 [16.71;21.45] 4.6%
Muhammad, 2013 13 100 —*—-— 13.00 [7.11;21.20] 4.2%
Muyanja, 2016 74 250 P —— 29.60 [24.01;35.68] 4.4%
Nsagha, 2015 32 157 —0— 20.38 [14.38;27.54] 4.3%
Olufunmilayo, 2009 39 113 —_— 34.51 [25.82;44.04] 4.2%
Ombeni, 2016 68 231 P 29.44 [23.64;35.77] 4.4%
Sawadogo, 2014 96 400 —*— 24.00 [19.90; 28.49] 4.5%
Sinxadii, 2016 28 106 ——'— 26.42 [18.32;35.87] 4.2%
Vermaak, 2015 35 171 —— 20.47 [14.69;27.30] 4.3%
Random effect meta—analysis 4686 <> 24.21 [18.67; 30.23] 78.0%

Heterogeneity: 1>=95.1% [93.5%; 96.3%)], ¥ =0.0197, p < 0.0001

Measure = 2.2 mmol/L :
Diouf, 2014 11 242 —— : 455 [229; 7991 4.4%

Ekali, 2013 3 115 — 261 [0.54; 743] 4.2%
Julius, 2011 48 304 —+— 15.79 [11.88;20.38] 4.4%
Labhardt, 2017 94 1166 s : 8.06 [6.56; 9.78] 4.6%
Random effect meta—analysis 1827 —— 7.34 [3.50; 12.40] 17.6%

Heterogeneity: /2 = 89.5% [ 76%; 95.4%], t° = 0.0064, p < 0.0001

Overall random effect meta—analysis 6766 e 19.68 [14.77; 25.09] 100.0%
Heterogeneity: /2 = 96.4% [95.4%; 97.1%], 7 = 0.0236, p < 0.0001' ' ! ! ' '
Test for subgroup differences: y2 = 38.35, df = 2 (p < 0.0001) 10 20 30 40 50 60
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Supplementary Figure 15. Prevalence of dyslipidaemia based on triglycerides in patients with
human immunodeficiency virus from hospital-based studies

Study Events Total Events 95%-Cl Weight
Measure = 1.7 mmol/L :

Abebe, 2014 39 126 —— 30.95 [23.02;39.80] 4.7%
Abebe, 2016 133 462 P 28.79 [24.70; 33.15] 5.3%
Amstrong, 2011 3504 12513 Doe 28.00 [27.22;28.80] 5.5%
Ayodele, 2012 38 291 — 13.06 [9.41;1748] 51%
Dave, 2016 18 406 —+ : 443 [2.65; 6.92] 5.2%
Kiage, 2013 6 118 —— 5.08 [1.89;10.74] 4.7%
Kuti, 2015 362 1316 - 27.51 [25.11;30.01] 5.4%
Liu, 2013 1635 6385 L. 25.61 [24.54;26.70] 5.5%
Mohammed, 2015 260 393 —— 66.16 [61.24;70.83] 5.2%
Muhammad, 2013 19 100 — 19.00 [11.84;28.07] 4.5%
Nagu, 2012 12567 41891 30.00 [29.56;30.44] 5.5%
Nsagha, 2015 9 52 —_— 17.31 [8.23;30.33] 3.9%
Salami, 2009 54 327 —— 16.51 [12.66; 20.99] 5.2%
Schoffelen, 2015 196 902 - 21.73 [19.08;24.57] 5.4%
Shaffer, 2014 94 728 - 12.91 [10.56; 15.57] 5.4%
Sobieszczyk, 2016 15 160 —— 9.38 [5.34;14.99] 4.9%
Random effect meta—analysis 66170 <> 21.50 [18.37; 24.80] 81.4%

Heterogeneity: /2 = 98.1% [97.7%; 98.5%], 7 = 0.0054, p < 0.0001

Measure = 2.2 mmol/L :
Ekali, 2013 2 28 —— 714 [0.88;23.50] 3.1%

Liu, 2013 709 6385 * 11.10 [10.34;11.90] 5.5%
Manuthu, 2008 69 290 —*— 23.79 [19.01;29.12] 5.1%
Nguemaim, 2010 120 172 § —+— 69.77 [62.31;76.53] 4.9%
Random effect meta—analysis 6875 25.95 [5.75; 53.77] 18.6%

Heterogeneity: /2 = 99% [98.5%; 99.3%], 7° = 0.082 , p < 0.0001

Overall random effect meta—analysis 73045 <> 22.27 [18.28; 26.53] 100.0%
Heterogeneity: /2 = 99.1% [98.9%; 99.2%], ©* = 0.0115,p <0.0001 T T T T T 1
Test for subgroup differences: x? = 0.13, df = 1 (p = 0.7134) 10 20 30 40 50 60 70
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Supplementary Figure 16. Prevalence of dyslipidaemia based on triglycerides in patients with
hypertension from hospital-based studies

Study Events Total Events 95%-Cl Weight
Measure = 1.7 mmol/L :

Adama, 2013 23 115 —— 20.00 [13.12;28.48] 10.9%
Akintunde, 2010 19 120 —— 15.83 [9.81;23.62] 10.9%
Akintunde, 2010 25 163 e 15.34 [10.18;21.80] 11.1%
Bachir Cherif, 2016 749 1721 : —— 43.52 [41.16;45.90] 11.4%
lloh, 2012 18 122 — 14.75 [8.98;22.31] 10.9%
Kamara, 2010 118 301 : ————  39.20 [33.65;44.97] 11.2%
Kamdem, 2016 80 839 == 9.54 [7.63;11.73] 11.4%
Katchunga, 2015 103 400 P —— 25.75 [21.53; 30.33] 11.3%
Random effect meta-analysis 3781 — 22.20 [11.72; 34.84] 89.2%

Heterogeneity: I° = 98.4% [97.8%; 98.8%), ©° = 0.0396, p < 0.0001

Measure = 4.5 mmol/L :
Lepira, 2005 2 100 =—— : 2.00 [0.24; 7.04] 10.8%
Random effect meta-analysis 100 — : 2.00 [0.03; 5.93] 10.8%
Heterogeneity: not applicable :

Overll random effect meta-analysis 3881 — 19.21 [9.53; 31.24] 100.0%
Heterogeneity: 1> = 98.4% [97.9%; 98.8%], ©° = 0.0435, p < 0.0001 ' ! ! '
Test for subgroup differences: % = 14.80, df = 1 (p = 0.0001) 10 20 30 40
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VIII- Addendum

We performed meta-regression analyses to explore possible impact of study characteristics on the reported estimates (Tables 1-5).
The study region, either central, eastern, northern, southern or western Africa, had an impact on the pooled prevalence of elevated
triglycerides (cutoff of 1.7 mmol/L) in both univariate and multivariate analysis (Table 5). The country where studies were conducted

did not influence pooled prevalence rates. The year of study publication had an impact on the pooled prevalence of low HDL cholesterol
(cutoff of 1.0 mmol/L) in both univariate and multivariate analysis (Table 3).

Table 1. Meta-regression analysis for elevated total cholesterol in the general population from community-based studies in
Africa with a cutoff of 5.2 mmol/I

Variables Univariable Multivariable*

R2, % Beta | 95%CI-LB | 95%CI-UB P value Beta | 95%CI-LB | 95%CI-UB | P-value
Year 0.0 | 0.002 -0.007 0.011 0.728 0.001 -0.008 0.009 0.891
Region (Central) 15.0 0.092
- Eastern 0.386 -0.001 0.774 0.324 -0.090 0.738 0.125
- Northern 0.471 0.088 0.853 0.389 -0.026 0.804 0.066
- Southern 0.475 0.084 0.867 0.475 0.065 0.885 0.023
- Western 0.351 -0.025 0.726 0.349 -0.046 0.743 0.083
Subnational (National) 6.1 | -0.145 -0.297 0.008 0.062 | -0.143 -0.341 0.054 0.156

Number of studies = 37; * 12 = 99.6%; R2 = 6.8%; CI-UB: confidence interval of the upper bound; CI-LB: confidence interval of the lower bound
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Table 2. Meta-regression analysis for elevated total cholesterol in the general population from community-based studies in
Africa with a cutoff of 6.5 mmol/I

Variables Univariable Multivariable*

R2, % Beta 95%CI-LB | 95%CI-UB P value Beta | 95%CI-LB | 95%CI-UB P value
Year 7.7 -0.005 -0.012 0.002 0.150 0.002 -0.007 0.010 0.740
Region (Central) 25.2 0.021
- Eastern 0.136 -0.137 0.409 0.137 -0.214 0.488 0.445
- Northern 0.046 -0.234 0.325 0.062 -0.259 0.384 0.704
- Southern 0.252 -0.114 0.619 0.295 -0.177 0.766 0.221
- Western -0.131 -0.430 0.168 -0.138 -0.471 0.196 0.418
National (Subnational) 0.0 0.048 0.778 -0.287 0.660 | 0.030 -0.147 0.207 0.743

Number of studies = 20; * 12 = 99.2%; R2 = 10.5%; CI-UB: confidence interval of the upper bound; CI-LB: confidence interval of the lower bound
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Table 3. Meta-regression analysis for low HDL cholesterol in the general population from community-based studies in Africa
with a cutoff of 1.0 mmol/l

Variables Univariable Multivariable*

R2, % Beta 95%CI-LB | 95%CI-UB P value Beta | 95%CI-LB | 95%CI-UB P value
Year 22.8 | 0.027 0.010 0.044 0.001 | 0.027 0.012 0.043 <.001
Region (Central) 6.0 0.361
- Eastern 0.366 -0.125 0.857 0.401 -0.005 0.806 0.053
- Northern 0.303 -0.157 0.763 0.252 -0.126 0.629 0.191
- Southern 0.449 -0.011 0.909 0.434 0.059 0.810 0.023
- Western 0.313 -0.132 0.758 0.246 -0.116 0.609 0.183
Subnational (National) 7.8 0.118 -0.139 0.375 0.368 | 0.132 -0.095 0.358 0.254

Number of studies = 27; * 12 = 99.5%; R2 = 38.6%; CI-UB: confidence interval of the upper bound; CI-LB: confidence interval of the lower bound
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Table 4. Meta-regression analysis for elevated LDL cholesterol in the general population from community-based studies in

Africa with a cutoff of 3.0 mmol/I

Variables Univariable Multivariable*

R2, % Beta 95%CI-LB | 95%CI-UB P value Beta | 95%CI-LB | 95%CI-UB P value
Year 0.0 | -0.007 0.738 | -0.016 -0.083 0.052 0.651
Region (Eastern) 0.0 0.876
- Southern 0.044 -0.567 0.655 0.155 -0.659 0.969 0.709
- Western 0.125 -0.412 0.662 0.197 -0.458 0.853 0.556

Number of studies = 12; * 12 = 99.7%; R2 = 0.0%; CI-UB: confidence interval of the upper bound; CI-LB: confidence interval of the lower bound
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Table 5. Meta-regression analysis for elevated triglycerides in the general population from community-based studies in Africa
with a cutoff of 1.7 mmol/l

Variables Univariable Multivariable*

R2, % Beta | 95%CI-LB 95%CI-UB P value Beta | 95%CI-LB | 95%CI-UB P value
Year 0.0 0.003 -0.004 0.010 0.440 | 0.006 -0.004 0.016 0.225
Region (Central) 22.9 0.018
- Eastern 0.246 >-0.001 0.492 0.291 0.010 0.572 0.043
- Northern 0.298 0.060 0.537 0.350 0.073 0.627 0.013
- Southern 0.231 -0.020 0.482 0.238 -0.058 0.534 0.115
- Western 0.130 -0.110 -0.110 0.104 -0.159 0.367 0.440
Subnational (National) 245 | -0.166 -0.286 -0.045 0.007 | -0.088 -0.282 0.106 0.376

Number of studies = 37; * 12 = 99.3%; R2 = 38.1%; CI-UB: confidence interval of the upper bound; CI-LB: confidence interval of the lower bound
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XI- Peer-reviewers’ comments and authors’ replies
Below are the comments of the referees during the two rounds of peer-review by The Lancet Global

Health.

1- First review round
REVIEWER # 1

Reviewer’s Comment 1: The authors report only prevalence of lipid fraction abnormalities but not
dyslipidemia according to International guidelines using any abnormality in lipid fractions such as the
NCEP guidelines which include fasting total cholesterol =5.2 mmol/L, HDL cholesterol =1.03 mmol/I,
triglyceride = 1.7 mmol/l or LDL cholesterol = 3.4 mmol/l. As reported by authors, there is potential for
presenting a lower prevalence of dyslipidemia among Africans. For instance, the prevalence of
dyslipidemia has recently been reported as 61% among controls and 78% among stroke cases in Ghana
and Nigeria in the SIREN study.
Dominant modifiable risk factors for stroke in Ghana and Nigeria (SIREN): a case-control study.
Owolabi MO, Sarfo F, Akinyemi R, Gebregziabher M, Akpa O, Akpalu A, Wahab K, Obiako R, Owolabi
L, Ovbiagele B; SIREN Team; as part of H3Africa Consortium. Lancet Glob Health. 2018
Apr;6(4):e436e446.
1. Could the authors specify if they came across any studies where these lipid fractions were used to
compositely define dyslipidemia? Could the authors please synthesize and include additional analysis with

such data?

Authors’ response 1: Thank you for the comment. First, dyslipidemia was rarely defined using a
combination of lipid variables. Furthermore, in the very few studies which did so, dyslipidemia was
inconsistently defined across them. It was therefore impossible to conduct a meta-analysis of such data,

given the heterogeneity in the definitions. Indeed, each individual form of dyslipidemia reported in our
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meta-analysis (total cholesterol, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol,
and triglycerides) was defined using different cut-offs. Consequently, there was huge variability in the
composite definitions of dyslipidaemia based on various sets of lipid variables and various cut-offs. For
this reason, we only pooled estimates based on individual cut-off for the different forms of dyslipidaemia
of interest.

We are mindful as already said in the manuscript and acknowledged by the reviewer, that the prevalence
of dyslipidaemia from our review likely underestimate the true estimates of dyslipidaemia in Africa overall
and by region. We are grateful to the reviewer for suggesting the recent report from SIREN study to
substantiate the fact that prevalence from our review are likely underestimated. However, we do not
believe that SIREN findings can be used to gauge the magnitude of this underestimation. The mean age
of the control arm of SIREN was 58 years, that is not far from life expectancy in Africa which 61 years in
men and 64 in women in 2017. Because the prevalence of dyslipidaemia increases with age, SIREN
findings would likely apply to what will be considered as the elderly population (about 5% of the total

population) in Africa, and not to a much broader (in term of age) population like our findings.

Reviewer’s Comment 2: Can authors please present prevalence of dyslipidemia by age categories to help
provide information on age distribution of dyslipidemia among Africans?

Authors’ response 2: We thank the reviewer for raising this point. We were interested in presenting
prevalence of dyslipidemias according to age categories in adults. Unfortunately, we could not find enough
age-categorized data. Furthermore, there was significant overlap in the age categories across the rare
studies which presented age-stratified data. Sub-group analysis according to age categories was therefore

not possible.

Reviewer’s Comment 3: Minor comments:
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Introduction:
Please provide references for continental and regional estimates for diabetes and hypertension in
paragraph 3 of introduction.

Authors’ response 3: Thank you for the suggestion. A reference has been added.

REVIEWER # 2
Reviewer’s comment 1:  The authors systematically reviewed published studies on dyslipidemia and
performed a meta-analysis. They found a summary prevalence of dyslipidemia of 23.6% in the general
population, and got even higher prevalence among persons with some medical conditions.
| feel that it is a good work and is acceptable in its present form for publication.

Authors’ response 1: We thank the Reviewer for the appreciation.

REVIEWER # 3

Reviewer’s comment 1: The studies included in the meta-analysis are mainly those of patients with
underlying disease, namely diabetes, HIV infection or hypertension and not a healthy free-living
population. It would have been better to restrict this meta-analysis to free-living persons rather than to
those with underlying disease as it makes the results very difficult to interpret.

Authors’ response 1: We read with great interest this comment and have the following observations: 1)
using total cholesterol based dyslipidemia for illustration, we have included in our review 62
communitybased non-disease specific studies with about 120,000 adult participants, and 25 hospital-based
nondisease specific studies totalizing over 10,000 adult participants. By comparison, we have included 6
community-based disease-specific studies (4592 participants), and 61 hospital-based disease-specific

studies (49134 participants). This distribution is in sharp contradiction with the reviewer’s suggestion that
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we have included in meta-analysis mainly studies of patients with underlying diseases instead of freeliving
population. While there may be an interest in the reviewer’s suggestion to “restrict this metaanalysis to
free-living persons rather than to those with underlying disease”, there is a merit in examining
subpopulations. Indeed, information on the prevalence of various forms of dyslipidemia in subpopulations
(i.e. disease-specific populations - HIV, diabetes mellitus and hypertension) allows a better understanding
of the main drivers of the overall burden of the disease in the general population. One of the strengths of
our study is to present useful data for researchers, clinicians and policymakers. Furthermore, with our
current presentation allows a clear distinction between the overall and subpopulations estimates. Indeed,
in the Results section, using sub-section titles, we clearly present pooled estimates from the general
population and from populations with specific diseases, from studies conducted in the community

(population-based studies) and those conducted in hospital (hospital-based studies). Therefore, we don’t

think there should be difficulties in interpreting our results which are well stratified.

Reviewer’s comment 2: All races are included, white, coloured, sub-Saharan black African and North
African/Arab. As for point 1 this confounds and biases the results.

Authors’ response 2: Thank you for this important comment. While we agree with the reviewer that it
may be interesting to assess the prevalence by ethnic/racial groups, we do not see how the estimates of
prevalence derived from a population will be confounded simply because of the multiethnic/multiracial
nature of the population.

Our systematic review and meta-analysis is constrained by the available data from relevant studies. We
cannot present pooled estimates for various ethnic or racial populations across Africa because such data
are not available. Furthermore, some ethnic groups such as whites do not represent a significant proportion

of the African population to allow specific sub-group analysis. We however conducted subgroup-analysis
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for all the forms of dyslipidemia according to different regions in Africa using data from communitybased
studies, shown in Supplementary Tables 1, 2, 3, and 4. Thus, specific pooled estimates for Northern

African populations are therefore available.

Reviewer’s comment 3: The cut-offs for lipids selected are rather arbitrary. In the text a cut-off of total
cholesterol of 6.5 mmol/L is mentioned and is shown in Figure 2 but not discussed at all in the text.
Authors’ response 3: We thank the Reviewer for this comment. The selection of cut-offs for lipid fraction
selected is not arbitrary; it is explained in the Methods section. The studies included in this systematic
review reported abnormal blood lipid level defined based on various cut-offs. Therefore, for consistency
we grouped studies according to the cut-off used. Table 1 which summarizes the characteristics of included
studies provides a clear distribution of studies according to cut-off. For instance regarding total
cholesterol, 117 (70.1%) of studies used 5.2 mmol/L and 39 studies (23.3) used 6.5 mmol/L as the defining
cut-off for dyslipidemia; with 3 other cut-offs being seldom used. It is not possible to present all the data
in the main text of the manuscript due to space constraint and to avoid repetition of the results which are
thoroughly presented in the tables, figures and the appendix. Therefore in the Results section, we presented
data for the most frequently used cut-offs 5.2 mmol/L and 6.5 mmol/L. Furthermore, we also consider
the cut-off which is recommended by guidelines. Regarding total cholesterol for instance, according to
current guidelines, it is considered raised if above 5.2 mmol/L.

Pertaining to the discussion, as mentioned above, we can only discussed the most salient findings.

Reviewer’s comment 4: It would have been much better to have restricted this meta-analysis to
SubSaharan Black Africans rather than all race groups as this is the population in which the prevalence of
hyperlipidaemia, and the prevalence/incidence of atherosclerotic cardiovascular disease remain uncertain.

In addition there is very little published data on the prevalence of familial hypercholesterolaemia (FH) in
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black Africans. With the reported prevalence of at least 1: 500 if not 1:200 world-wide, with a population
of over 1,2 billion people, one would expect over 1 million people in Africa to have FH but this has rarely
been reported in Black Africans. How many of this meta-analysis cohort had an LDL-cholesterol > 5
mmol/L which is suggestive of FH?

Authors’ response 4: Thank you for this comment.

While Black Africans may represent the majority of the population on the African continent, there are
many other racial/ethnic groups. Any public health or clinical approach to effectively and
comprehensively address dyslipidemia on this continent should account for this fact. As we have also
addressed these points in our responses to the comments 2 and 3, to avoid repetition we refer the reviewers
to those responses. We have already indicated above that in addition to the overall pooled estimates across
Africa, we have provided the results also by region (for community-based studies), which individualized
northern Africa from other Africa region. However, the argument of dyslipidemia haven’t been better
characterized in Northern than in sub-Saharan Africa, used by the reviewer to support his suggestion that
our meta-analysis should be restricted to sub-Saharan Africa, is not supported by findings from the current
review. In regional analysis of dyslipidemia from community based studies (supplementary Table 1 to 4);
for total cholesterol-based dyslipidemia (TC>=5.2), Northern Africa had 9 studies (21381 participants)
while Eastern Africa had 9 studies (41000 participants) and West Africa had 16 studies (15000
participants). For high LDL the North had no studies.

Regarding the cut-offs used, Table 1 provides a clear distribution of studies according to cut-off used to
define dyslipidemia for each lipid fraction. As shown in this table, no studies used a cut-off of for
LDLcholesterol 5 mmol/L.

We appreciate the comment of the reviewer on familial hypercholesterolemia, but we believe that this

inherited condition is better addressed in a dedicated review where other features of the conditions are
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also investigated; and not in a general review like the current one where the focus is essentially on level

of lipid variables.

REVIEWER # 4
Reviewer’s comment 1: 1. Abstract top heavy with results; par these down reporting key findings only.
Authors’ response 1: Thank you for raising this point. Our study provides a significant amount of
information on the prevalence of dyslipidemia in the general population and in key populations such as
those with diabetes mellitus, hypertension and HIV, according to each of the four major forms of
dyslipidemia including elevated total cholesterol, low HDL-cholesterol, elevated LDL-cholesterol and
elevated triglycerides, with a precise diagnosis cut-off. We think that all the results presented in the

abstract are relevant. We did our best to be concise.

Reviewer’s comment 2: Was random effects an a priori choice, or from post-hoc analyses of your data?
Note random effects (plural, see Forest plots).

Authors’ response 2: Thank you for the comment. Random effect model was an a-priori choice, as
described in the published protocol of this review (our reference #9 in the main manuscript).

Reviewer’s comment 3: | would be tempted to include some of the publication bias in the main body of
the paper. These tables are not the easiest to understand so detailed explanations are required rather than
a passing comment.

Authors’ response 3: We thank the reviewer for this comment. As indicated in the methods section (page
7), we tested for publication bias using the Egger test. The various estimates of the test publication bias in
Table 1 are for the various subgroups of studies. While we will be happy to follow the reviewer
recommendation, we do not see how this can be done. The test of publication bias is relevant to the

unpublished studies; it indicates how to put our results in context given that there may be unpublished
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studies with potentially different prevalence estimates than the ones reported. We do not see how
elaborating more on the test (s) for publication bias will help in better describing the results of the

published studies presented in the tables (and in the text) other than it has been done now.

Reviewer’s comment 4: Did you access the 'grey literature' (work ongoing but not yet published)?

Authors’ response 4: We thank the reviewer for this suggestion. While we could explore the “grey
literature”, we do not think that unpublished work would provide us with enough information to rigorously
assess the quality of the studies. A rigorous assessment of the quality of the data (to ensure the accuracy
of the estimates) was a key aspect of our systematic review, thus we focused published data since it is

uncommon to have registered protocol for cross sectional studies.

Reviewer’s comment 5: There are two columns headed 'Events'. Is the 2nd column the expected events
from the meta-analysis? On further reading the 2nd column are proportions. Figure 5, x-axis scale should
begin at 5 or 10%.

Authors’ response 5: Thank you for these comments. Table 2 to 5 have been modified to address the

issues raised.

Reviewer’s comment 6: Meta-analysis is not with without it's critics or limitations (see e.g., Greenland
S. Am j Epidemiol 1994; 140:783-787 and Bailor JC 3rd. New Eng J Med 1997; 337:559-561). Read and
acknowledge.

Authors’ response 6: Thank you for your comment. This has been highlighted in the discussion

section/paragraph 8/lines 15 — 17.
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Reviewer’s comment 6: Show the raw data (2x2 Table) on which the interrater agreement was based
(Page 8, Kappa=0.81).

Authors’ response 7: Of the 3315 studies remaining after removing the duplicates, 178 were classified
as eligible and 3058 as non-eligible by the two reviewers. The two reviewers disagreed on the remaining
studies with one reviewer classifying 32 of them as eligible and 47 as non-eligible while the other reviewer
did the opposite. After reconciliation meeting three of these studies were classified as eligible and the
remaining as non-eligible. In a 2x2 table, it will give the figure below, which has been added to the

appendix section as ‘supplementary table 5’ and quoted in the main manuscript on page 8, paragraph 1.

Reviewer 1 Total reviewer 2
Eligible Not eligible
Reviewer 2 Eligible 178 32 225
Not eligible 47 3058 3090
Total reviewer 1 210 3105 3315

Reviewer’s comment 8: Provide a PRISMA Statement.
Authors’ response 8: The PRISMA checklist is provided as supplementary box 1, and referred to in the

main manuscript on page 5, paragraph 1.

2- Second review round

REVIEWER # 3

Reviewer’s Comment 1: The revised version of the manuscript is greatly improved and | am happy with

the responses to most of my queries.
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Authors’ response 1: We thank the Reviewer for the appreciation.

Reviewer’s Comment 2: However | do believe it is important for the authors to emphasize the limitations
of the study, namely that it combined community bases and hospital based participants and, more
importantly that the prevalence in the different ethnic/racial groups, particularly sub-Saharan black
African (which represent the majority of the population on the African continent) was not possible. In
addition a limitation of the study was that a breakdown of of the prevalence of dyslipidemia according to

age categories was not possible.

Authors’ response 2: We thank the reviewer for raising these suggestions regarding the limitations of
our study. We have now elaborated on the absence of age-specific and ethnic specific estimates in the
limitations section of the discussion on page 14 (please, see the relevant statement below). We have
however also acknowledged that those are limitations of the primary studies and not necessarily those of
the review we have conducted. Furthermore, with several hundred (and even thousand by some estimates)
of ethnic groups found in Africa, it is unrealistic to believe (at least for the time being) that disease (or
risk factor) estimates in Africa can be provided by ethnic group. Even the comprehensive Global Burden
of Disease (GBD) group (with their huge resources) hasn’t provided disease burden estimate by ethnic
groups in Africa. With reference to the reviewer’s assertion that we have combined community-based and
hospital-based participants; we continue to believe that this is an overstatement. We have conducted
stratified meta-analysis, always distinguishing throughout community-based from hospital-based studies,
and in the interpretation, we do not believe that we have used community-based studies to make inference
on hospital-based population and vice versa. We do not see our approach as a limitation, but rather as an

attempt to provide a comprehensive picture of dyslipidaemia in Africa.

77



While estimates from community-based studies are for instance very relevant for the general population,
for highly medicalized populations like people with HIV, diabetes, etc. estimates from hospital-based

studies are highly relevant.

“Finally, included studies did not provide age-specific and/or ethnic specific estimates, and therefore we
were unable to derive pooled estimates of dyslipidaemia according to those major characteristics. Indeed,
some variations in the prevalence of dyslipidaemia are expected across different age groups with highest
prevalence in the elderly, and potentially across ethnic groups within African populations considering the
racial/ethnic differences in dyslipidaemia patterns observed in American populations (Blacks, Asian
Americans, Hispanics and non-Hispanic whites) for instance [37]. Realistically however, the huge ethnic
diversity in Africa preclude any expectation that comprehensive and reliable ethnic-specific estimates of
the disease burden/risk factors in Africa, could be generated through a study like the one we have

conducted”
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IX- PUBLISHED PROTOCOL
The protocol which is presented below, was registered in the PROSPERO International Prospective

Register of systematic reviews (number CRD42014015376) and published®.

1. Noubiap JJ, Nansseu JR, Bigna JJ, Jingi AM, Kengne AP. Prevalence and incidence of
dyslipidaemia among adults in Africa: a systematic review and meta-analysis protocol. BMJ Open

2015; 5: e007404.
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ABSTRACT

Introduction: Cardiovascular disease (CVD) is the
leading cause of death globally and disproportionately
affects low-income and middle-income countries.
Dyslipidaemia is an important modifiable risk factor
for CVD. There are important knowledge gaps
regarding the population levels of lipid variables and
frequency of non-optimal levels in populations within
Africa. We propose to conduct a systematic review to
determine the prevalence and occurrence of
dyslipidaemia in adult populations within countries in
Africa.

Methods and analysis: We will perform a
comprehensive search to identify all possible
published and unpublished studies on the prevalence
or incidence of dyslipidaemia in Africa reported from
1 January 1980, without language restriction. The
scientific databases PubMed MEDLINE, EMBASE and
ISI Web of Science will be searched, as well as Grey
literature. Following study selection, full-text papers
acquisition, and data extraction and synthesis, we will
appraise the quality of studies and risk of bias, and
assess heterogeneity. Prevalence/incidence data will be
summarised by country and geographic regions and a
meta-analysis will be conducted for variables defined
identically across studies. Variance stabilising
transformations will be applied as appropriate to the
row data before meta-analysis. This systematic review
will be reported according to the MOOSE Guidelines
for Meta-Analyses and Systematic Reviews of
Observational Studies.

Ethics and dissemination: The current study is
based on published data and as such ethics
consideration is not a requirement. This review is
expected to provide relevant data to help in
quantifying the magnitude of dyslipidaemia in African
populations, to emphasise the need for appropriate
prevention and control strategies, and to identify
research gaps and remaining challenges. The final
report of the systematic review in the form of a
scientific paper will be published in peer-reviewed
journals. Findings will further be presented at
conferences and submitted to relevant health
authorities.

Trial registration number: PROSPERO
CRD42014015376.

INTRODUCTION

Cardiovascular disease (CVD) including stroke,
coronary heart disease and peripheral arterial
disease is the leading cause of death globally.'
An estimated 17.3 million people died from
CVD worldwide in 2008, representing 30% of
all deaths in that ycar.I Of these deaths, about
7.3 million and 6.2 million, respectively, were
due to coronary heart disease and stroke.”
Furthermore, CVD disproportionally affects
low-income and middle-income countries
(LMIC), where about 80% of the global CVD
mortality occur.'

Dyslipidaemia is defined by the presence of
non-optimal levels of blood lipids. In clinical
practice guidelines, dyslipidaemia is mostly
defined by elevated total cholesterol (TC)
and/or low-density lipoprotein cholesterol
(LDL-C), but the definition is also often
extended to include non-optimal levels of
high-density lipoprotein cholesterol (HDL-C),
triglyceride (TG), apolipoprotein B and apoli-
poprotein  Al.” Dyslipidaemia is one the
most important modifiable risk factors for
CVD."® According to the WHO, globally, a
third of ischaemic heart disease is attributable
to high cholesterol. Overall, raised cholesterol
is estimated to cause 2.6 million deaths (4.5%
of total) and 29.7 million disability adjusted
life years (DALYs), or 2% of total DALYs.
In 2008, the global prevalence of raised
total cholesterol among adults (>5.0 mmol/L)
was 39% (37% for males and 40% for
fcmalcs).7

There is robust evidence that successful treat-
ment of dyslipidaemia substantially reduces
morbidity and mortality from CVD.*'' For
instance, such treatment can reduce the risk of
heart disease by 30% over 5 years.® Moreover,
the benefits of lipid-lowering therapy are not
only experienced by individuals with CVD, ben-
efits also extend to individuals without clinically
overt CVD.®
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Although the burden of CVD is increasing in develop-
ing countries, including those within Africa, critical
knowledge gaps on the epidemiology of the disease
around the continent remain, including the lack of data
regarding the distribution of key risk factors such as dys-
lipidaemia. We present the protocol for a systematic
review to assess the distribution and occurrence of dysli-
pidaemia among adults within Africa. We are not aware
of any previous effort to critically review existing pub-
lished data on dyslipidaemia in this part of the world.

This protocol is prepared and presented according to
the PRISMA-P 2015 guidelines.'”

OBJECTIVES

To conduct a systematic review and meta-analysis to
determine the prevalence, incidence and character-
istics of dyslipidaemia in populations within countries
in Africa.

REVIEW QUESTION
This systematic review will seek to address the following
research question:

What are the prevalence and incidence of dyslipidae-
mia in adult populations within countries in Africa as
reported in studies published from 1980 to 20157

CRITERIA FOR CONSIDERING STUDIES FOR THE REVIEW

Inclusion criteria

l. We will include cross-sectional, case—control or
cohort studies of adult participants residing in
African countries reporting the prevalence or inci-
dence of dyslipidaemia, or enough data to compute
these estimates.

2. Diagnosis of dyslipidaemia will be based on doctor
diagnosis, or measured lipid profile.

We will consider all published and unpublished studies

reported from 1 January 1980, while accounting for

changes in the definition of dyslipidaemia over time. No

language restriction will be applied.

Exclusion criteria

1. Studies conducted among populations of African
origin residing outside Africa.

2. Studies not performed in human participants.

3. Studies in subgroups of participants selected on the
basis of the presence of dyslipidaemia.

4. Studies in children and adolescents (ie, age <15 years).

Case series (sample size of less than 50 participants),

letters, reviews, commentaries and editorials.

6. Studies lacking primary data and/or explicit method
description.

7. Duplicates; for studies published in more than one
report, the most comprehensive and up-to-date
version will be used.

8. Studies with serious ethical issues.

ot

SEARCH STRATEGY FOR IDENTIFYING RELEVANT STUDIES
The methods for this systematic review have been devel-
oped according to the MOOSE Guidelines for
Meta-Analyses and Systematic Reviews of Observational
Studies.'”” The search strategy will be implemented in
two stages.

Bibliographic database searches

A. We will perform a comprehensive search of databases
to identify all relevant articles published on dyslipidae-
mia in Africa between January 1980 and February
2015 without language restriction. A systematic search
of PubMed MEDLINE, EMBASE and ISI Web of
Science (Science Citation Index) will be undertaken
using a predefined strategy based on the combination
of relevant terms and the names of each of the 54
African countries and African subregions to capture
the largest number of studies. We will use text words
as well as medical subject heading (MeSH) terms; for
example ‘dyslipidemia’, ‘hyperlipidemia’, ‘lipid dis-
order’, ‘hypercholesterolemia’ and ‘hypertriglyceride-
mia’. These terms and their variants will be used in
varying combinations. The literature search strategy
will be adapted to suit each database. The main
search strategy is shown in table 1.

B. We will manually search the reference lists of eligible
articles and relevant reviews, and trace their citations
using the ISI Web of Knowledge portal. Grey literature,
from key conference proceedings and sources includ-
ing the African regional database ‘African Index
Medicus’, ‘OpenSIGLE’, the WHO International
Clinical Trials Registry, the WHO Global Infobase and
the meta-Register of Controlled Trials (mRCT) will also
be reviewed for relevant information.

Selection of studies for inclusion in the review

Two investigators will independently identify articles and
sequentially screen their titles and abstracts for eligibility.
Full text of articles deemed potentially eligible will be
acquired. These investigators will further independently
assess the full text of each study for eligibility, and con-
sensually retain studies to be included. Disagreement
will be solved by a third assessor. We will use a screening
guide to ensure that the selection criteria are reliably
applied by all assessors.

APPRAISAL OF THE QUALITY OF INCLUDED STUDIES

We will evaluate included studies for quality and bias
using an adapted version of the Risk of Bias Tool for
Prevalence Studies developed by Hoy et al'* (see online
supplementary appendix SI1), which will be applied
to screened full-text articles. Assessment of the risk of
selection and attrition bias will use the Cochrane guide-
lines available in Review Manager V.5.3 (http://tech.
cochrane.org/revman). Furthermore, the reporting
quality of each study will be assessed using the STROBE
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Table 1 Search history PubMed

Search

Search terms

Hits

N

Dyslipidemia [tw] OR lipid disorder [tw] OR lipid [tw] OR hypercholesterolemia [tw]

OR hypertriglyceridemia [tw] OR hyperlipidemia [tw]

Dyslipidemia [MeSH Terms]

#1OR#2

(((((“Africa”[MeSH] OR Africa*[tw] OR Algeria[tw] OR Angolaftw] OR Benin[tw] OR Botswana[tw]
OR “Burkina Faso’[tw] OR Burundiftw] OR Cameroon[tw] OR “Canary Islands"tw] OR “Cape
Verde"[tw] OR “Central African Republic’[tw] OR Chad[tw] OR Comoros[tw] OR Congo[tw]

OR “Democratic Republic of Congo’tw] OR Djibouti[tw] OR Egypt[tw] OR “Equatorial
Guinea’[tw] OR Eritrea[tw] OR Ethiopia[tw] OR Gabon[tw] OR Gambia[tw] OR Ghana[tw] OR
Guinea[tw] OR “Guinea Bissau"[tw] OR “Ivory Coast’[tw] OR “Cote d'lvoire”[tw] OR Jamabhiriya
[tw] OR Jamahiryia[tw] OR Kenya[tw] OR Lesotho[tw] OR Liberia[tw] OR Libya[tw] OR Libia[tw]
OR Madagascar{tw] OR Malawi[tw] OR Mali[tw] OR Mauritania[tw] OR Mauritius[tw] OR
Morocco[tw] OR Mozambique[tw] OR Mocambique[tw] OR Namibia[tw] OR Niger{tw] OR Nigeria
[tw] OR Principe[tw] OR Reunion[tw] OR Rwanda(tw] OR “Sao Tome"[tw] OR Senegal[tw] OR
Seychelles[tw] OR “Sierra Leone”[tw] OR Somalia[tw] OR “South Africa”[tw] OR “St Helena[tw]
OR Sudan([tw] OR Swaziland[tw] OR Tanzania[tw] OR Togo[tw] OR Tunisia[tw] OR Uganda[tw]
OR “Western Sahara’[tw] OR Zaire[tw] OR Zambia[tw] OR Zimbabwe[tw] OR “Central Africa’[tw]
OR “Central African”[tw] OR “West Africa’[tw] OR “West African’[tw] OR “Western Africa”[tw] OR
“Western African”[tw] OR “East Africa”[tw] OR “East African"[tw] OR “Eastern Africa’[tw] OR
“Eastern African’[tw] OR “North Africa”tw] OR “North African’[tw] OR “Northern Africa”[tw] OR
“Northern African”[tw] OR “South African”[tw] OR “Southern Africa”[tw] OR “Southern African”[tw]
OR “sub Saharan Africa’[tw] OR “sub Saharan African”[tw] OR “subSaharan Africa’tw] OR

“subSaharan African”[tw]) NOT (“guinea pig"[tw] OR “guinea pigs”[tw] OR “aspergillus

niger’[tw])))))
5 #3 AND # 4

6 #5 Limits: 1980/01/01 to 2015/02/28 and studies done in Humans

checKlist (see online supplementary appendix $2).'” Risk
of bias and quality scores will be presented in a table.

DATA EXTRACTION AND MANAGEMENT

Two assessors will independently extract data regarding
general information (authors, year, country, type of pub-
lication), study characteristics (study design, setting,
sample size, response rate, mean or median age and
proportions of female participants, diagnosis criteria for
dyslipidaemia, possible disease specific to the study
population), prevalence and incidence of dyslipidaemia.
Where only primary data (sample size and number of
outcomes) are provided, these will be used to calculate
the prevalence or incidence estimates. Where preva-
lence/incidence rates or relevance for estimating them
are not available, we will contact the corresponding
author of the study to request the missing information.
Data will be extracted using standardised data collection.

DATA SYNTHESIS INCLUDING ASSESSMENT OF
HETEROGENEITY

Prevalence/incidence data will be summarised by
country and geographic region (central, eastern, north-
ern, southern and western Africa). A meta-analysis will be
conducted for variables defined identically across studies.
SEs for the study-specific estimates will be determined
from the point estimate and the appropriate denomina-
tors, assuming a binominal (or Poisson for incidence

data) distribution. We will pool the study-specific esti-
mates using a random effects meta-analysis model to
obtain an overall summary estimate of the prevalence/
incidence across studies, after stabilising the variance of
individual studies with the use of the Freeman-Tukey
double arcssine transformation.'® Heterogeneity will be
assessed using the % test on Cochrane’s Q statistic'” and
quantified by calculating the I°.'® Values of 25%, 50%
and 75% for 12 represent, respectively, low heterogeneity,
medium heterogeneity and high heterogeneity. We will
assess the presence of publication bias using funnel plots
and Egger’s test.'” Where substantial heterogeneity is
detected, we will perform subgroup analysis to investigate
the possible sources of heterogeneity using the following
grouping variables: age group, sex, study setting (rural vs
urban; hospital vs community-based), geographical
region (central, eastern, northern, southern and western
Africa), study quality. We will assess inter-rater agreement
for study inclusion using Cohen’s x coefficient.” Data
will be analysed using the statistical software R (V.3.0.3
(2014-03-04), The R Foundation for statistical computing,
Vienna, Austria).

PRESENTING AND REPORTING THE RESULTS

The study selection process will be summarised using a
flow diagram. Reasons for exclusion of studies will be
described. This will follow the MOOSE Guidelines for
Meta-Analyses and Systematic Reviews of Observational
Studies.'”” Quantitative data will be presented in
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evidence tables of individual studies as well as in
summary tables and forest plots where appropriate. We
will examine prevalence/incidence by region, country,
setting (rural or urban), time period and disease-specific
populations depending on the data available. We plan to
report on quality scores and risk of bias for each eligible
study. This may be tabulated and accompanied by narra-
tive summaries.

CONCLUSIONS

CVD has reached epidemic proportions in Africa, driven
mainly by hypertension, diabetes, obesity and dyslipidae-
mia.! The challenging first step to address the burden of
CVD on the continent is to establish accurate epidemio-
logical data on this condition and its risk factors. We
anticipate that this review on dyslipidaemia in Africa will
have implications for policy, practice and research. This
review is expected to provide relevant data to help in
quantifying the magnitude of dyslipidaemia in African
populations and emphasise the need for appropriate
prevention and control strategies. The review will also
determine the characteristics of dyslipidaemia in the
African populations, and may help to confirm some
unique features of dyslipidaemia previously reported in
a population of West Africans and African-Americans.
Indeed, low HDL-C with normal triglyceride levels was
found to be the most common lipid pattern in West
Africans and African-Americans with metabolic syn-
drome, suggesting that the lipid profile associated with
cardiovascular risk in populations of African ethnicity
may differ from that in Caucasians.”! Furthermore, this
review may identify the research gaps and remaining
challenges that may form the basis of future studies tar-
geting various aspects of dyslipidaemia to tackle the
burden of the disease in African populations.

The main possible limitations of this review could be the
scarcity of studies on the subject and the predominance of
clinic-based studies and poor quality data, as revealed by
previous reviews on chronic non-communicable diseases
in Africa,” " which hampered definitive inferences and
drawing relevant conclusions. Data presented would there-
fore be only general indicators of the epidemiology of dys-
lipidaemia on the continent.

ETHICS AND DISSEMINATION

The current study is based on published data and as
such ethics consideration is not a requirement. The final
report of the systematic review in the form of a scientific
paper will be published in peerreviewed journals.
Findings will further be presented at conferences and
submitted to relevant health authorities. We also plan to
update the review in future to monitor changes and
guide health service and policy solutions.
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