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ABSTRACT 
 

The rate of chronic kidney diseases (CKD) is increasing steadily in Sudan, and hypertension remains 
one of the most common coexisting conditions among the patients. In this meta-analysis, we aimed to 
answer the review question (what is the prevalence of hypertension among patients with advanced CKD 
in Sudan?). We applied a guidelines checklist for the literature search about the (PRISMA-P 2015). We 
searched Google Scholar, PubMed, Cochrane Library, Embase, and Medline electronic databases for all 
articles on CKD conducted in Sudan. Eventually, we identified 23 studies, and only eight were included 
in the final meta-analysis. Out of the eight articles, there is a total sample of 2682 patients who were 
presented and diagnosed with advanced stage CKD; among them, 864 were found to be hypertensive, 
and the overall pooled prevalent rate of hypertension was 32% (95% CI 25% to 39%) with 91% 
heterogeneity. The lowest rate of hypertension among patients diagnosed with CKD was falling in the 
range of (14%-21%). We assessed the heterogeneity among studies using the I2, T2, and Q statistics. 
The results showed a funnel plot with asymmetrical distribution for effect sizes. The literature and 
evidence-based data on CKD in Sudan are scarce. However, the eight studies reviewed revealed 
elevated odds of CKD among patients with hypertension. The burden of the increased rate of CKD 
associated with prevalent hypertension and DM is a call for authorities for urgent interventional 
response. 
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INTRODUCTION 

A total number of 1.28 billion adults were identified to 
have hypertension, with a blood pressure of more than 
or equal to 140/90 mmHg. Low- and middle-income 
countries represented two-thirds of them1. This 
international rising prevalence of hypertension is 
owing to the aging of the population and increases in 
exposure to lifestyle risk factors including unhealthy 
diet and lack of physical activity. In addition to the high 
prevalence of hypertension in low and middle-income 
countries, the level of awareness, preventive 
measures, and control are also low. Epidemiological 
studies have shown several variations and 
heterogeneity in the prevalence of hypertension 
resulting from the difference in the rates of the 
coexisting risk factors, such as excess sodium and 
low potassium intake, unhealthy diet, obesity, and 
poor physical activity2,3. Chronic kidney disease (CKD) 
is when the kidneys fail to filter blood physiologically, 
accumulating excess fluid and waste. It has a high 
mortality and morbidity, causing a global health 
burden. CKD is a progressive health problem affecting 

more than ten percent of the general population 
worldwide. It is more prevalent among patients with 
hypertension and diabetes, representing a significant 
burden on resources and economic revenues. 
Currently, CKD emerges as one of the global leading 
causes of mortality, showing an increase in associated 
deaths over the past twenty years4,5. CKD is 
associated with a wide range of different physiological 
disorders of abnormal renal function and progressive 
decline in glomerular filtration rate (GFR) reaching 
less than 60 mL/min/1.73 m2 for three months, 
reaching a state of kidney damage, loss of function, 
and ultimately result in the need for renal replacement 
therapy (dialysis or transplantation). CKD comprises 
five scales of kidney damage ranging from mild kidney 
dysfunction to complete kidney failure; in a milder 
form, CKD is a normal eGFR of 90 mL/min/1.73 m2 or 
greater with mild damage to the kidneys, while in the 
severe form of CKD, the eGFR is less than 15 mL/
min/1.73 m2 accompanied with severe renal damage 
to kidneys failure or nearly failure, and the only 
treatment options to survive include dialysis or a 
kidney transplant. Patients with stages 3 or 4 CKD are 
at much higher risk of progressing to either end-stage 
renal disease (ESRD) or death even before the 
development of ESRD6-8. CKD affects 8% to 16% of 
the population worldwide and is ranked the 16th 
leading cause of years of life lost worldwide9,10. 
Hypertension and diabetes are the traditional major 
risk factors for CKD. The rate of change in blood 
pressure (each 10 mmHg increase per year for 
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systolic blood pressure per year) was found to have 
significant associations with CKD. The high burden of 
hypertension and diabetes in low- and middle-income 
countries is responsible for the increase in the rate of 
CKD. These complex clinical health problems require 
standard medical care involving aggressive monitoring 
for signs of disease progression and early referral to 
nephrologists for dialysis or renal transplant. However, 
it still carries a significant cause of reduced quality of 
life and premature mortality11,12. 
In Sudan, several health challenges influence the 
health care system, such as non-communicable 
diseases, including renal diseases, which were 
reported at increasing rates all over the Country, 
contributing to multimorbidity aggravated by 
multifactor of poverty, geopolitics, mismanagement, 
and armed conflicts13. The current prevalence of 
hypertension in Sudan is 27.6%, with predominantly 
male sex and increasing age14. When elevated blood 
pressure is left untreated, it will result in end-organ 
damage, renal failure, and increased morbidity and 
mortality. In Sudan, ESRF is progressively growing 
and becoming one of the significant health problems. 
Moreover, ESRF economically affects the most 
productive age group in the population, leading to a 
high unemployment rate among patients. 
Hypertension is found as the leading cause of ESRF, 
followed by diabetes mellitus and glomerulonephritis15. 

METHODOLOGY 

We searched electronic databases, including Google 
Scholar, Cochrane, PubMed, and Embase, with the 
search strategy shown in (Figure I), for all studies 
conducted in Sudan (Table I).  
Our search strategy followed the Preferred Reporting 

Items for Systematic Review and Meta-Analysis for 
Protocols 2015 (PRISMA-P 2015). Due to the limited 
evidence-based data and scarce literature on this 
topic in Sudan, we used open inclusion-exclusion 
criteria. We included all studies on advanced CKD 
with renal failure conducted in the Country. Our 
method applied the random-effects model (REML) to 
estimate the pooled effect size with 95% CI. We 
additionally used Forest plots to visualize 
heterogeneity among the reviewed studies, reporting 
all the essential homogeneity tests: T2, Cochran's Q, 
H2 and I² test (Figure III). At the same time, the 
publication bias was assessed by funnel plots and 
Egger's statistics (Figure IV).  

Table I: Summary of hypertension among patients 
with CKD in Sudan 
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Figure I: PRISMA flow diagram search strategy and included studies 

Author Location Year Study design Sample 
size 

Amin Banaga 
et al. Khartoum State 2014 Cross-

sectional 
1583  
patients 

 E. M. Osman 
et al. Khartoum State 1987 Cohort retro-

spective 
61  
patients 

Mohamed 
Elhafiz et al. All over Sudan 2009 Cross-

sectional 
224  
pa-tients 

H Abu-Aisha 
et al. Khartoum State 2009 Cross-

sectional 
30  
pa-tients 

Mazin Shigidi 
et al. Khartoum State 2018 Cohort  

retrospective 
244  
patients 

Arabi, Khala-
falla et al. Gezira Region 2021 Cohort  

retrospective 
240  
patients 

Alkhair Idris  
et al. Khartoum State 2022 Cross-

sectional 
100  
patients 

Abdelsamee N. 
Elamin et al. Khartoum State 2012 Cohort  

prospective 
100  
patients 
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RESULTS 

Out of the eight articles that meet the exact inclusion 
and exclusion criteria, 2(25%) were old studies 
conducted more than 30 years back, 2(25%) 10-15 
years ago, and the remaining 4(50%) were conducted 
and published recently. Studies have a total sample of 
2682 patients who were presented and diagnosed 
with CKD; among them, 864 were found to be 
hypertensive based on medical history and clinical 
examination. The overall pooled prevalent rate of 
hypertension was 32% (95% CI 25% to 39%) with 
91% heterogeneity (Figure III). Other major causes of 
CKD, including glomerulonephritis, were grouped 
(Figure II). The lower rate of hypertension among 
patients diagnosed with CKD was falling in the range 
of (14% to 21%) reported in two old studies. In 
comparison, higher rates (35% to 43%) were reported 
in five recent studies, and the eighth study had an 
average rate of (27%). Heterogeneity among studies 
was assessed using the I2, T2, I² and Q statistics. The 
results showed a funnel plot with asymmetrical 
distribution for effect sizes. However, the regression-
based Egger test showed non-significant publication 
bias with a p-value of 0.86. All the statistical analyses 
were conducted using Stata statistical software. 
Figure II:  
Common causes of advanced CKD in Sudan 

Figure IV: Funnel plot publication bias for eight 
studies, estimated effect size, and 95% CI 

DISCUSSION 

This study is a systematic review and meta-analysis 
conducted to identify the prevalence of hypertension 
and other common determinants among patients 
diagnosed with advanced CKD in Sudan. The 
reviewed and analyzed studies were obtained from a 
literature search using different electronic databases 
on all studies conducted in Sudan. Minimal data about 
the common risk factors leading to advanced CKD in 
Sudan were found. However, the available studies 
and accessible data have reported hypertension as 
the leading cause of CKD. Some studies conducted in 
Khartoum, the capital of Sudan, and others in the 
central region of the Country have reported only one-
fifth of the total hypertensive patients in Sudan have 
controlled blood pressure and revealed that 
uncontrolled blood pressure was found to be the 
leading cause of ESRD in Sudan16. With the 
increased prevalence of CKD in Sudan, all reviewed 
studies indicated the presence of a high rate of 
hypertension among those patients. Some previous 
studies show a high magnitude of hypertension 
among patients with CKD reaching 43% (90% CI 33% 
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Figure III: Forest plot showing the effect sizes of hypertension on CKD 

*T2, Cochran's Q, H2, and I² are the essential Forest plot tests that describe variation across studies. I² value of 91%  
represents substantial heterogeneity  
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- 52%) reported in one study and 40% (90% CI 30% - 
50%) in two studies17,18, with a pooled magnitude of 
30% (95% CI 23% - 38%). These findings are higher 
than results reported in a large cohort retrospective 
study conducted on patients from Colorado registry in 
the United States in an extensive community-based 
registry of patients with CKD and hypertension, which 
reported an association of hypertension with the rapid 
decline of kidney function in a rate of (12.1%) in CKD 
patients19.  
Despite the progressive increase in the rates of 
hypertension associated with CKD in Sudan, 
surprisingly, the odds of hypertensive patients 
developing CKD reported in one old study in 
Khartoum, Sudan, revealed patients with advanced 
CKD had hypertension (19%). The study's findings at 
that time were reported as low incidence compared 
with findings within African studies20. In Sudan, the 
limited availability and accessibility of primary health 
care might hide a large number of hypertensive 
patients with a risk of developing end-organ damage, 
in addition to the low awareness about hypertension in 
the community, and all these factors carry together a 
fatal risk. Accordingly, one of the studies in Sudan 
reported a higher rate of more than (40%) of patients 
diagnosed with advanced CKD being hypertensive. In 
addition to the high prevalence of hypertension among 
people diagnosed with CKD, the study revealed only a 
small number of patients aware of their elevated blood 
pressure status; few of them were on antihypertensive 
medication, and none of them had controlled blood 
pressure21. Evidence from most of the reviewed 
studies identified hypertension and diabetes as the 
leading determinants of CKD, except two studies by 
Elsharif ME 201116 and Osman EM 198720 reported 
glomerulonephritis as the first determinant. At the 
same time, Shigidi M 202122 reported patients with 
CKD were referred late and mostly with long-standing 
hypertension who had adhered poorly to therapy and 
did not follow up regularly. These late referrals are 
shown to be associated with reduced survival on 
dialysis and less chance of having a kidney transplant. 
In support of our results, a similar finding in the region 
revealed that hypertension and diabetes are the main 
determinants significantly associated with CKD5. 
In Sudan, hypertension is rated as the significant non-
communicable preventable disease that causes 
ESRD, resulting in a considerable burden on the 
population. The Country has witnessed the expansion 
of renal services in the last decade in the capital and 
regional hospitals. Yet, the deficit in health services 
and the demand for transplantation services is even 
higher. Advanced CKD is becoming a major national 
health problem that carries a significant 
socioeconomic cost at both individual levels and the 
government health system23. Hussain AA 199924 claim 
that hypertension was found to be one of the 
significant causes of morbidity and mortality and 
detected stage 2 and stage 3 target organ 
involvement, particularly albuminuria, occurred in 

about one-third of the patients. Although hypertension 
has long been recognized as a significant risk factor 
for kidney diseases, besides a multitude of new 
pharmacological agents in Sudan, a substantial 
proportion of hypertensive patient's blood pressure 
remains uncontrolled. However, lifestyle changes and 
medication adherence remain primary preventive 
measures in controlling HTN. Moreover, novel 
approaches are needed to help motivate patients 
diagnosed with hypertension and apply their 
knowledge regarding therapeutic lifestyle changes 
(TLC)25,26. Overall, we have observed a strong 
association between hypertension and advanced 
CKD, and our findings have significant implications for 
public health. 

CONCLUSION 

The results of this study showed that high blood 
pressure carries a great risk for high morbidity and 
mortality as a silent killer and a cause of advanced 
CKD. An extensive database study is recommended 
to better understand this complex public health 
problem. The increasing number of affected 
individuals with high blood pressure and its 
implications in advanced CKD should prompt national 
efforts for proper preventive measures and 
management. 

LIMITATION 

One of the significant limitations of our review was the 
small number of studies included in the meta-analysis; 
another major limitation is the large variability among 
the eight studies, mainly in the variant number of their 
sample sizes. Furthermore, the review in seven 
studies consists solely of observational cross-
sectional and retrospective designs, subjecting the 
review to all the limitations of this type of design. 
Furthermore, excluding studies published in non-
English languages might have impacted the richness 
of the data analyzed in the review, increasing the risk 
of publication bias. 

Conflict of Interest: The authors have no conflict of 
interest to declare 

Financial Disclosure / Grant Approval: This 
research did not receive specific funding from any 
financially supporting body.  

Data Sharing Statement: The corresponding author 
can provide the data proving the findings of this study 
on request. Privacy or ethical restrictions bound us 
from sharing the data publically. 

AUTHOR CONTRIBUTION 

Ahmed GY: Original draft preparation, writing, review, 
editing, methodology, data curation, validation and 
formal analysis  
Osman AA:  Methodology, data curation 
Ali AA:  Methodology 
Basheer AA:  Methodology 

93 

Ahmed et al. 



 

J Liaquat Uni Med Health Sci APRIL - JUNE 2024; Vol 23: No. 02 

REFERENCES 

1. Organization WH. 2021. Hypertension. World 
Health Organization. August 25, 2021. Available 
from: https://www.who.int/news-room/fact-sheets/
detail/hypertension.  

2. Mills KT, Bundy JD, Kelly TN, Reed JE, Kearney 
PM, Reynolds K et al. Global Disparities of 
Hypertension Prevalence and Control: A 
Systematic Analysis of Population-Based Studies 
From 90 Countries. Circulation. 2016; 134(6): 441
-50. doi: 10.1161/CIRCULATIONAHA. 115.018912. 

3. Mills KT, Stefanescu S, He J. The global 
epidemiology of hypertension. Nat Rev Nephrol. 
2020; 16(4): 223-237. doi: 10.1038/s41581-019-
0244-2. Epub 2020 Feb 5. 

4. Kovesdy CP. Epidemiology of chronic kidney 
disease: an update 2022. Kidney Int Suppl(2011). 
2022; 12(1): 7-11. doi: 10.1016/j.kisu.2021.11.003.  

5. Tolossa T, Fetensa G, Regassa B, Yilma MT, 
Besho M, Fekadu G et al.  Burden and 
Determinants of Chronic Kidney Disease Among 
Diabetic Patients in Ethiopia: A Systematic 
Review and Meta-Analysis. Public Health Rev. 
2021; 42: 1603969. doi: 10.3389/phrs.2021. 
1603969. 

6. Ghelichi-Ghojogh M, Fararouei M, Seif M, 
Pakfetrat M. Chronic kidney disease and its health
-related factors: a case-control study. BMC 
Nephrol. 2022; 23(1): 24. doi: 10.1186/s12882-
021-02655-w. 

7. Levey AS, Eckardt K, Tsukamoto Y, Hostetter TH, 
Lameire N, Eknoyan G. Definition and 
classification of chronic kidney disease: A position 
statement from kidney disease: Improving Global 
Outcomes (KDIGO). Kidney Int. 2005; 67(6): 2089
-2100. doi: 10.1111/j.1523-1755.2005.00365.x. 

8. Kimura K, Hosoya T, Uchida S, Inaba M, Makino 
H, Maruyama S et al. Febuxostat therapy for 
patients with stage 3 CKD and asymptomatic 
Hyperuricemia: a randomized trial. Am J Kidney 
Dis. 2018; 72(6): 798-810. doi: 10.1053/j.ajkd. 
2018.06.028. Epub 2018 Sep 1. 

9. Chen TK, Knicely DH, Grams ME. Chronic Kidney 
Disease Diagnosis and Management. JAMA. 
2019; 322(13): 1294-1304. doi: 10.1001/jama. 
2019.14745. 

10. American Kidney Fund. Stages of Kidney 
diseases. Available from: https://
www.kidneyfund.org/all-about-kidneys/stages-
kidney-disease.  

11. Sepanlou SG, Barahimi H, Najafi I, Kamangar F, 
Poustchi H, Shakeri R et al. Prevalence and 
determinants of chronic kidney disease in 
northeast of Iran: Results of the Golestan cohort 

study. PLoS One. 2017; 12(5): e0176540.  
doi: 10.1371/journal.pone. 0176540. 

12. Jin DC, Yun SR, Lee SW, Han SW, Kim W, Park J 
et al. Lessons from 30 years' data of Korean end-
stage renal disease registry, 1985-2015. Kidney 
Res Clin Pract. 2015; 34(3): 132-9. doi: 10.1016/
j.krcp.2015.08.004. Epub 2015 Aug 20. 

13. Charani E, Cunnington AJ, Yousif AH, Ahmed 
MS, Ahmed AEM, Babiker S et al. In transition: 
current health challenges and priorities in  
Sudan. BMJ Glob Health. 2019; 4(4): e001723. 
doi: 10.1136/bmjgh-2019-001723. 

14. Awadalla H, Elmak NE, El-Sayed EF, Almobarak 
AO, Elmadhoun WM, Osman M et al. 
Hypertension in Sudanese individuals and 
associated risk factors: the critical intersection 
between salt and sugar intake. Cardiovasc Diagn 
Ther. 2018; 8(4): 432-8. doi: 10.21037/cdt.2018. 
04.05. 

15. Banaga ASI, Mohammed EB, Siddig RM, Salama 
DE, Elbashir SB, Khojali MO et al. Causes of end-
stage renal failure among haemodialysis patients 
in Khartoum State/Sudan. BMC Res Notes. 2015; 
8: 502. doi: 10.1186/s13104-015-1509-x. 

16. Elsharif ME, Elsharif EG. Causes of end-stage 
renal disease in Sudan: A single-center 
experience. Saudi J Kidney Dis Transpl. 2011; 22
(2): 373-6. 

17. Khalafalla A, Fathelraman S. Factors affect 
chronic kidney disease in Gezira Region of 
Sudan. Munich Personal RePEc Archive. 29 
August 2021. Available from: https://mpra.ub.uni-
muenchen.de/109406/1/MPRA_paper_109406.pdf 

18. Idris AA, Mohammed HI, Osman MI. Impact of 
Tobacco Use in the Etiology of Chronic Renal 
Failure among Sudanese Patients. Al-Kindy Coll 
Med J. 2022; 18(1): 13-17. doi: 10.47723/
kcmj.v18il.786. 

19. Hanratty R, Chonchol M, Havranek EP, Powers 
JD, Dickinson LM, Ho PM et al. Relationship 
between Blood Pressure and Incident Chronic 
Kidney Disease in Hypertensive Patients. Clin J 
Am Soc Nephrol. 2011 Nov; 6(11): 2605-11. doi: 
10.2215/CJN.02240311. Epub 2011 Sep 15. 

20. Osman EM, Abboud OI, Danielson BG. Chronic 
Renal Failure in Khartoum, Sudan. Ups J Med 
Sci. 1987; 92(1): 65-73. doi: 10.3109/030097 
38709178679. 

21. Abu-Aisha H, Elhassan A, Khamis A, Abu-Elmaali 
A. Chronic Kidney Disease in Police Forces 
Households in Khartoum, Sudan: Pilot Report. 
Arab J Nephrol Transpl. 2009; 2(2): 21-6.  
doi: 10.4314/ajnt.v2i2.58852. 

22. Shigidi M, Ebrahim S, Karrar W. An analysis of 

94 

Ahmed et al. 



 

J Liaquat Uni Med Health Sci APRIL - JUNE 2024; Vol 23: No. 02 

patients with chronic kidney disease newly 
referred to a specialized renal service in  
Sudan. Afr J Nephrol. 2021; 24(1): 12-18.  
doi: 10.21804/24-1-4467. 

23. Elamin AEM, Mohammed NAA, Modawe GA. 
Aetiology of End-Stage Renal Disease among 
Adult Sudanese Patients. Sudan J Med Sci. 2012; 
7(4): 255-8.  

24. Hussain AA, Elzubier AG, Ahmed MK. Target 
organ involvement in hypertensive patients in 
Eastern Sudan. J Human Hypertens. 1999; 13(1): 

9-12. doi: 10.1038/sj.jhh.1000719. 
25. Abdalla AA. Knowledge, attitude, and practice 

towards therapeutic lifestyle changes in the 
management of hypertension in Khartoum State. 
Cardiovasc J Afr. 2021 Jul-Aug; 32(4): 198-
203. doi: 10.5830/CVJA-2021-011. 

26. Babiker FA, Elkhalifa LA, Moukhyer ME. 
Awareness of hypertension and factors associated 
with uncontrolled hypertension in Sudanese adults. 
Cardiovasc J Afr. 2013 Aug; 24(6): 208-212. 
doi: 10.5830/CVJA-2013-035.  

95 

Ahmed et al. 


