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ABSTRACT

Introduction Chronic kidney disease (CKD) is a global
public health problem, with cardiovascular disease (CVD)
being the major cause of mortality in these patients.
Despite a high burden of CKD among patients in low/
middle-income countries (LMICs), evidence on the
distribution of CVD among these patients is lacking. This
review seeks to determine the prevalence, incidence and
mortality risks of CVD in patients with CKD in LMICs.
Methods and analysis A systematic search of Medline,
Scopus, Embase, Cumulative Index of Nursing and

Allied Health and WHO Global Health Library databases
for published studies reporting on the prevalence,
incidence and associated mortality risk of CVD in CKD
patients in LMICs will be conducted from 1 May 1987 to
1 July 2017 with no language restriction. Two authors
will independently screen, select studies, extract data
and assess the risk of bias in each study. Clinically
homogeneous studies will be pooled after assessing for
clinical and statistical heterogeneity using the x2 teston
Cochrane’s Q statistic which is quantified by I? values;
assuming that I values of 25%, 50% and 75% represent
low, medium and high heterogeneity, respectively. Funnel-
plot analysis and Egger’s test will be used to detect
publication bias. Results will be presented according to
WHO Regions (Africa, Americas, Eastern Mediterranean,
Europe, South-East Asia and Western Pacific).

Ethics and dissemination This proposed study will not
require ethical approval as it will be based on published
data. We will publish the final report of this review

in a peer-reviewed journal, and the findings will be
disseminated to the appropriate health authorities.

INTRODUCTION

Chronic kidney disease (CKD) is a public
health problem worldwide with a global prev-
alence of 11% to 18%.' Hypertension and
diabetes remain the major risk factors for
CKD.? According to the 2010 Global Burden
of Disease study, CKD ranked 27th in the list

Strengths and limitations of this study
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» To the best of our knowledge, this will be the first
review on cardiovascular disease in patients with
chronic kidney disease in low/middle-income
countries (LMICs); result will help to understand the
burden of this disease and put in place cost effective
diagnostic and management strategy.

» We will use powerful meta-analysis techniques to
determine accurate estimates.

» A major limit of this review could be the few number
of good quality studies in LMICs.

» Another possible limitation may be various definition
criteria of cardiovascular disease (CVD) in studies
done on the topic in LMICs.

» It is often unclear if CVD precedes chronic kidney
disease or vice versa. This therefore represents a
potential limitation to this study.

of causes of total number of deaths worldwide
in 1990 rose to 18th in 2010.° Low/middle-in-
come countries (LMICs) have the greatest
burden of CKD, accounting for 80% of all
cases of CKD globally.* The prevalence of CKD
in LMICs varies between 14.8% and 36.1%,°
with an annual incidence of end-stage renal
disease of over 500000 patients, resulting in
premature death in a vast majority cases.’
The epidemiology of cardiac disease in CKD
is well documented in high-income countries
(HIC) robust and appropriate diagnostic and
therapeutic techniques are available.” Fifteen
per cent of patients who start dialysis therapy
have a left ventricular systolic dysfunction.®
Also, advanced age, anaemia, hyperten-
sion and coronary heart disease represent
the main causes of myocardial dysfunction
in patients with end-stage renal disease.®
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The occurrence of congestive heart failure, cerebrovas-
cular disease, atrial fibrillation, peripheral arterial disease
and sudden cardiac death in patients with CKD is high.’
Nevertheless, cardiovascular disease (CVD) remains
underdiagnosed and undertreated among patients with
CKD in LMIGCs." In this part of the world, the burden
of CKD is high due to lack of resources and late presen-
tation of patients to the nephrologist.'' Even though
the morbidity and mortality of CKD in LMICs is high,*
accurate epidemiological data on CVD in patients with
CKD are still unavailable in these settings. An appropriate
knowledge on the occurrence of CVD in patients with
CKD will help policy-makers in LMICs to allocate the
necessary resources aimed at curbing the burden of CVD
in CKD patients. This systematic review and meta-anal-
ysis seeks to summarise available data on the prevalence,
incidence and mortality risk of major forms of CVD
like: left ventricular systolic dysfunction, coronary artery
disease, congestive heart failure, cerebrovascular disease,
atrial fibrillation, peripheral arterial disease and sudden
cardiac death in patients with CKD in LMICs.

Objective

We aim to conduct a systematic review and meta-analysis
to determine the prevalence, incidence and mortality risk
of CVD in patients with CKD in LMICs.

Review question

This review of studies published in the past 30 years will

endeavour to respond to the following questions:

1. What is the prevalence of CVD in patients with CKD
in LMICs?

2. What are the cumulative incidence (number of new
cases per total number of participants at risk) and the
incidence rate (incidence per total person-years or
person-months at risk) of CVD in patients with CKD
in LMICs?

3. What is the mortality risk associated with CVD in
patients with CKD in LMICs?

METHODS AND ANALYSIS

Criteria for considering studies for the review

Inclusion criteria

All studies on human subjects with the following criteria

will be included:

1. Observational studies ((cross-sectional, case—control

and cohort studies)) with available data on the

incidence or mortality risk of CVD in CKD in LMICs;

Adult participants (age >18 years) residing LMICs;

3. Duration: We will consider all published or
unpublished data from 1 May 1987 to 1 July 2017;

4. Language restriction: no language restriction.

ho

Exclusion criteria

We will not consider:

1. Studies conducted among populations of LMICs
origin residing outside these countries;

2. Letters, reviews, commentaries, editorials and case
series;

3. Studies lacking data to compute the prevalence,

incidence or mortality of CVD in patients with CKD;

Studies without an explicit method description;

5. Duplicates studies: the most comprehensive, most
recent and with the largest sample size will be
considered;

6. Studies whose full data will not be accessible even
after request from the authors;

7. Studies which relied selfreporting as criteria for
identification of CVD.

b

Source of information

This systematic review will be reported according to
the Meta-Analysis of Observational Studies in Epidemi-
ology Guidelines."?

Search strategy for identifying relevant studies
The search strategy will be implemented in two stages.

Bibliographic database searches

First, relevant abstracts published on the prevalence,
incidence and mortality of CVD in CKD in LMICs will be
identified by searching Medline, Scopus, Embase, Cumu-
lative Index of Nursing and Allied Health (CINAHL)
and WHO Global Health Library databases from 1 May
1987 to 1 July 2017, using text words and medical subject
heading terms. Example of key search terms include:
‘chronic kidney disease’ or ‘chronic renal failure’ or
‘chronic kidney injury’ and ‘cardiovascular disease’ or
‘cardiac disease’ or ‘heart disease’. Also, we will include
all cardiovascular disease reported in previous studies
such as: coronary heart disease or myocardial infarction,
cerebrovascular disease or stroke, congestive heart failure,
atrial fibrillation, peripheral arterial disease and sudden
cardiac death. The names of all LMICs will then be added
to the search. Finally, we shall search relevant confer-
ence papers from the World Congress of Nephrology
and the African Nephrology congresses. The main search
strategy for PubMed is shown in table 1. Subsequently,
the abstracts of all eligible papers will be reviewed and
full articles will be accessed through Medline, HINARI,
CINAHL or journals’ websites.

Searching for others sources

References of all relevant original and review articles will
be searched for additional potential data sources, and
their full texts will be accessed in a similar way. Those
authors whose full-text papers will not be accessible by
the numerous internet-based sources will be directly
contacted via email to provide them. In case of no feed-
back from these authors, the corresponding studies will
be excluded.

Selection of studies for inclusion in the review
The titles and abstracts of paper obtained from the
searches will be screened and the full texts of potentially
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Table 1 Search strategy for PubMed

Search

Search terms

#1

#2

#3

‘Chronic kidney disease’ OR ‘Chronic renal failure’ OR ‘Chronic kidney insufficiency’ OR ‘Chronic renal
insufficiency’ OR ‘Chronic kidney failure’ OR ‘End-Stage Renal Disease’ OR ‘end/target-renal damage’ OR
nephropathy OR ‘proteinuria’ OR ‘dialysis-dependent’

‘Cardiovascular disease’ OR ‘Cardiac disease’ OR ‘Cardiovascular event’ OR Heart disease OR ‘Coronary heart
disease’ OR ‘Myocardial infarction’ OR ‘Myocardial ischemia’ OR ‘Cerebrovascular disease’ OR Stroke OR ‘Brain
ischemia’ OR ‘Cerebral hemorrhage’ OR ‘Heart failure’ OR ‘Cardiac failure’ OR ‘Congestive heart failure’ OR
‘Ventricular dysfunction Heart failure’ OR ‘Atrial Fibrillation’ Or ‘Cardiac arrhythmia’ OR ‘Peripheral arterial disease’
OR ‘Intermittent claudication’ OR ‘Sudden cardiac death’ Or ‘Sudden cardiac arrest’

((Afghanistan [tiab] OR Albania [tiab] OR Algeria [tiab] OR American Samoa [tiab] OR Angola [tiab] OR Argentina
[tiab] OR Armenia [tiab] OR Azerbaijan [tiab] OR Bangladesh [tiab] OR Belarus [tiab] OR Belize [tiab] OR Benin
[tiab] OR Bhutan [tiab] OR Bolivia [tiab] OR Bosnia and Herzegovina [tiab] OR Botswana [tiab] OR Brazil [tiab] OR
Bulgaria [tiab] OR Burkina Faso [tiab] OR Burundi [tiab] OR Cabo Verde [tiab] OR Cambodia [tiab] OR Cameroon
[tiab] OR ‘Central African Republic’ [tiab] OR Chad [tiab] OR China [tiab] OR Colombia [tiab] OR Comoros [tiab] OR
Congo, Dem. Rep. [tiab] OR Congo, Rep. [tiab] OR Costa Rica [tiab] OR ‘Ivory Coast’ [tiab] OR ‘Cote d'lvoire’ [tiab]
OR Cuba [tiab] OR Djibouti [tiab] OR Dominica [tiab] OR ‘Dominican Republic’ [tiab] OR Ecuador [tiab] OR ‘Egypt’.
[tiab] OR EI Salvador [tiab] OR ‘Equatorial Guinea [tiab]’ OR Eritrea [tiab] OR Ethiopia [tiab] OR Fiji [tiab] OR Gabon
[tiab] OR Gambia [tiab] OR Georgia [tiab] OR Ghana [tiab] OR Grenada [tiab] OR Guatemala [tiab] OR Guinea [tiab]
OR Guinea-Bissau [tiab] OR Guyana [tiab] OR Haiti [tiab] OR Honduras [tiab] OR India [tiab] OR Indonesia [tiab]
OR Iran, Islamic Rep. [tiab] OR Iraq [tiab] OR Jamaica [tiab] OR Jordan [tiab] OR Kazakhstan [tiab] OR Kenya [tiab]
OR Kiribati [tiab] OR ‘Korea, Dem. People's Rep.’ [tiab] OR Kosovo [tiab] OR ‘Kyrgyz Republic’ [tiab] OR Lao PDR
[tiab] OR Lebanon [tiab] OR Lesotho [tiab] OR Liberia [tiab] OR Libya [tiab] OR Macedonia [tiab] OR Madagascar
[tiab] OR Malawi [tiab] OR Malaysia [tiab] OR Maldives [tiab] OR Mali [tiab] OR Marshall Islands [tiab] OR
Mauritania [tiab] OR Mauritius [tiab] OR Mexico [tiab] OR Micronesia [tiab] OR Moldova [tiab] OR Mongolia [tiab]
OR Montenegro [tiab] OR Morocco [tiab] OR Mozambique [tiab] OR Myanmar [tiab] OR Namibia [tiab] OR Nepal
[tiab] OR Nicaragua [tiab] OR Niger [tiab] OR Nigeria [tiab] OR Pakistan [tiab] OR Palau [tiab] OR Panama [tiab] OR
Papua New Guinea [tiab] OR Paraguay [tiab] OR Peru [tiab] OR Philippines [tiab] OR Romania [tiab] OR ‘Russian
Federation’ [tiab] OR Rwanda [tiab] OR Samoa [tiab] OR ‘Sao Tomé and Princip’ [tiab] OR Senegal [tiab] OR Serbia
[tiab] OR ‘Sierra Leone’ [tiab] OR Solomon Islands [tiab] OR Somalia [tiab] OR ‘South Africa’ [tiab] OR South Sudan
[tiab] OR Sri Lanka [tiab] OR St. Lucia [tiab] OR St. Vincent and the Grenadines [tiab] OR Sudan [tiab] OR Suriname
[tiab] OR Swaziland [tiab] OR Syrian Arab Republic [tiab] OR Tajikistan [tiab] OR Tanzania [tiab] OR Thailand [tiab]
OR Timor-Leste [tiab] OR Togo [tiab] OR Tonga [tiab] OR Tunisia [tiab] OR Turkey [tiab] OR Turkmenistan [tiab] OR

Tuvalu [tiab] OR Uganda [tiab] OR Ukraine [tiab] OR Uzbekistan [tiab] OR Vanuatu [tiab] OR Venezuela [tiab] OR
Vietnam [tiab] OR West Bank and Gaza [tiab] OR Yemen, Rep. [tiab] OR Zambia [tiab] OR Zimbabwe [tiab]))

#4 #1 AND #2 AND #3
#5 # 4 Limits: 1987/05/01 to 2017/07/01

eligible papers will be retrieved by two authors (MNT and
CD). Thereafter, they will independently review the full
texts of the retrieved papers, compare their results and
resolve any discrepancy by discussion and consensus. If a
decision cannot be reached by both authors after discus-
sion, this will be solved by a third author (VNA). Figure 1
depicts the procedure that will be followed in selecting
studies for this review.

Assessment of methodological quality and reporting of data
The quality of eligible studies will be assessed by two
authors (MNT and CD) using an adapted version of
the Risk of Bias Tool developed by Hoy et al.'® The risk
of selection and attrition bias will be assessed using the
Cochrane guidelines available in Review Manager V.5.3
(http://tech.cochrane.org/revman). Furthermore, the
reporting quality of each study will be assessed using the
Strengthening the Reporting of Observational Studies in
Epidemiology checklist.'

Data extraction and management

A data extraction sheet will be used to collect information
about the author, the country, the year of publication,
the study design, the sample size, the mean or median
age of the population, the sex ratio, the stage of CKD,
prevalence, cumulative incidence of each form of CVD,
incidence rate and mortality risk of CVD in CKD. In
studies where information is lacking, we will directly
contact the corresponding author to request the informa-
tion. Where appropriate, results will be disaggregated for
multinational studies to show necessary data of individual
countries. Otherwise, it will be presented as one and the
countries in which the studies were done will be listed.

Data synthesis and analysis

Data collected will be analysed using Stata software V.13
(Stata Corp). A meta-analysis will be conducted for data
obtained from similar studies (same CVD). SEs for the
study-specific estimates will be determined from the
point estimate (mean, proportion, OR or relative risks)
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Figure 1 Flow diagram for study selection. LMIC, low/
middle-income country.

and their upper and lower Cls, assuming a binomial
distribution. A random effect meta-analysis model will be
used to pool the study-specific estimates to obtain overall
summary of the incidence and mortality rate across
studies. The Freeman-Tukey double arc-sine transforma-
tion will be use to stabilise variance of individual studies'*
and therefore keep the effect of studies with extremely
small or large estimates. Heterogeneity will be assessed
using the y” test on Cochrane’s Q statistic'” which is quan-
tified by I” values, assuming that I? values of 25%, 50%
and 75% represent low, medium and high heterogeneity,
respectively.'® Where high heterogeneity will be detected,
we will perform a subgroup analysis and meta-regression
to detect its possible sources using the following grouping
variables: age groups, sex, study setting (rural vs urban;
hospital vs community based), country and geograph-
ical region (Africa, Americas, Eastern Mediterranean,
Europe, South-East Asia and Western Pacific), type of
CVD, stage of CKD and study quality. The difference
between groups will be considered if p value<0.05. We will
assess the presence of publication bias using funnel plots
and Egger’s test.'” Publication bias will be confirmed if p
value on Egger’s test <0.10. The Cohen’s x coefficient®
will be used to assess the interrater agreement for study
inclusion.

Presentation and reporting of results

A flow diagram will be used to demonstrate the study
selection process and reasons for exclusion of studies
will be detailed. Summary tables and forest plots will be
used to present quantitative variables where appropriate.
Quality scores and risk of bias for each eligible study will
be reported using tabulations and narrative summaries.
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