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ABSTRACT

Background and purpose: The incidence of end-stage renal disease (ESRD) in Sudan is increasing,
affecting the economic status of patients, caregivers and society. This study aimed to measure ESRD's
costs, including direct and morbidity indirect expenditures, and to investigate any associated factors
and financial consequences.

Materials and methods: This cross-sectional study used a standardized questionnaire to collect data
from 150 ESRD patients who had been receiving dialysis for at least one year before the time of data
collection at 13 specialized renal centres in Khartoum state. Data about sociodemographic, clinical,
and economic factors were gathered, and their relationship to the cost of ESRD was examined using
both bivariate (Man Whitney test, Kruskal Wallis test and Spearman correlation) and multivariate ana-
lytical procedures (multivariate linear regression).

Results: This study reported a median direct per capita ESRD cost of 38 600 SDG ($1 723.2 PPP) annu-
ally with an interquartile range of 69 319.3 SDG ($3 094.6 PPP). The median morbidity indirect cost
was estimated to be 0.0+3 352 SDG ($ 0.0£149.6 PPP) per annum. In 28.8% of cases, the patients
were their family’s primary income earner and over 85% were covered by medical insurance. Our
study found that none of the study variables were significantly associated with the total cost of ESRD.
Conclusion and limitations: Our findings point out considerable direct out-of-pocket expenses and
productivity losses for patients and their households. However, these results should be carefully
applied for comparison between the different countries due to differences in the cost of medical inter-
ventions and insurance coverage. Further longitudinal studies and studies on health finance and insur-
ance policies are recommended.

PLAIN LANGUAGE SUMMARY

As medical care costs continue to rise in Sudan, this study aimed to estimate direct and indirect costs
associated with end-stage renal disease (ESRD) from the patient’s perspective. Accurate information on
the cost of illness (COI) helps policymakers prioritize healthcare services and resources, optimize public
well-being, and determine health policy effectiveness. Future research should include a longitudinal
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design and understand ESRD costs from caregivers’ and healthcare providers’ perspectives.

1. Introduction

Chronic kidney disease (CKD) is a spectrum of abnormalities in
the structure and function of the kidneys that last for three
months or more'. Diagnosis of CKD relies on two main criteria:
a glomerular filtration rate (GFR) of 60 ml/min or less per 1.73
m? 2 -indicating reduced kidney function- and evidence of kid-
ney damage, often assessed through elevated urine albumin
or protein to creatinine ratio (ACR) exceeding 30 mg/g)®. GFR
is the most reliable measure of renal function?.

The progression of CKD can eventually lead to irreversible
End-Stage Renal Disease (ESRD), which has become a signifi-
cant public health concern in Sub-Saharan Africa in recent
years. The precise prevalence of ESRD in the region is not
well-established due to the lack of reliable health

information systems. The overall prevalence of CKD was esti-
mated to be 13.9% based on data from 13 Sub-Saharan
countries®. End-stage renal disease necessitates life-sustaining
therapy- also called renal replacement therapy- in the form
of dialysis or kidney transplantation. Both are expensive and
burdensome financially in Sub-Saharan Africa®>. The term
"burden of disease" refers to a broad range of factors that
negatively influence health at the population, regional, com-
munity or individual level®. In the context of CKD and ESRD,
the burden includes the direct medical cost associated with
investigations, management, and treatment encompassing
expenses related to medical imaging, lab tests, drugs, surgical
procedures (e.g. fistulas) and dialysis. Additionally, there are dir-
ect non-medical costs incurred by patients and their caregivers,
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such as transportation and food expenses and other expenses
that are non-medical but related to the disease. On the other
hand, indirect costs encompass the economic losses caused by
loss of productivity or missed work days’.

Annually, CKD and ESRD patients face significant financial
burdens including the expenses of CKD identification and
management, ESRD treatment, and comorbid diseases man-
agement. Furthermore, these diseases result in substantial
productivity losses for patients and their caregivers due to
absenteeism, presentism and premature death. The progres-
sion and the growing prevalence of chronic kidney disease
raise concerns about our capacity to manage its economic
burden on patients, caregivers, and society. Research results
on direct and indirect expenses associated with CKD and end-
stage renal disease are highly variable, with the most compre-
hensive information focusing on direct healthcare costs of
patients who progressed to end-stage renal disease.
Addressing these gaps in knowledge is crucial for guiding clin-
ical practice and policy development®. Cost analysis is a valu-
able instrument for the decision-making process in the
healthcare sector. It is vital to comprehend and deal with the
definitions, categories, and types of study approaches address-
ing the Cost of lliness (COI), to thoroughly analyze the cost
firmly. Precise and accurate information on the cost of illness
enables policymakers to create, prioritize, and distribute
healthcare services and resources according to budgetary lim-
its; optimizing public well-being and achieving economic effi-
ciency®'®. Cost estimates also provide valuable insights into
the need for prioritizing policies that address the disease and
its associated factors on the health policy agenda, evaluating
the effectiveness of health policies, programs, and interven-
tions, and facilitating cross-national comparisons of disease
outcomes and treatment options. Based on the patient’s per-
spectives, this study aimed to estimate direct and morbidity
indirect costs (loss of productivity) of ESRD in Khartoum state
using an adapted standardized cost of illness tool and to
investigate the factors that may affect the cost of illness.

2. Materials and methods
2.1. Study design and setting

A cross-sectional, health facility-based study was conducted at
13 renal centers in Khartoum state, Sudan in 2020. These cen-
ters provide dialysis services to registered renal patients as
well as emergency cases. Among the 32 renal centers in
Khartoum state, only 13 centers were selected for the study as
these were the ones that had patients attending follow-up vis-
its during the study period. Renal centers included in the
study were Alwaledeen, Tropical disease, Alnaw, Ombada,
Chinese Friendship, Military Hospital, Academy, Elshahida
Salma, Bashaier, Ibnsina, Elsafia, Renal Transplant Association,
and Ahmed Gasim.

2.2. Study participants

The study sample consisted of 150 ESRD males and females
who were on dialysis for a minimum of one year before the

time of data collection in 2020. Data collection took place
over one month, and the cost estimation was conducted for
the preceding year. Patients below 18years of age, those
severely ill -who couldn’t properly communicate and respond
appropriately-, or those who declined to participate were
excluded from the study.

2.3. Sample size and sampling technique

The study sample was calculated using the single proportion
formula (Cochran equation)'’, using a 95% level of confi-
dence, a proportion of 0.091 (based on the global prevalence
of ESRD in 2017'2), and an accepted sample error of 0.05:

t’pq
no = 7

n =sample size

t=standard error associated with the chosen level of confi-
dence (%95)

p = proportion of the population (prevalence)

q=1p

d = accepted sample error

The calculated sample size was 127. Accounting for a 10%
non-response rate, the final sample size was set at 150
patients. The sample was distributed proportionally based on
the average patient frequency at each facility, with the inter-
val for each center determined as shown in Table 1. For each
renal facility, random days of the week were selected to
conduct the interviews. Each center had a list of patient
appointments for each day of the week. We utilized the
patients’ list of each selected day as the sample frame and
then approached the patients as they arrived for their con-
sultations by selecting systematically from the list until the
recruitment target was reached.

2.4. Study tools

A face-to-face interview questionnaire was used. Informed
consent was obtained on the same day the interview
was performed. A standardized adapted questionnaire devel-
oped by the Koninklijke Nederlandse Chemische Vereniging
(KNCV) or Royal Dutch Chemical Association (Tuberculosis
Foundation), the World Health Organization, and the Japan
Anti-Tuberculosis Association was used after validation and
piloting'®. We reviewed patients’ medical files to record
patients’ medical information. The questionnaire was divided
into three sections, and the first section contained sociode-
mographic and economic data about ESRD patients and
their primary income earners. The second section contained
indicators to measure the direct cost from the patient’s per-
spective, including tests, imaging, drug, travel, food, food
supplements, accommodation, caregiver, and hospitalization
costs, as well as costs related to dialysis and follow-up tests.
The third section contained indicators to measure indirect
cost (loss of productivity). The annual morbidity indirect cost
for each patient and caregiver was calculated based on the
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Table 1. Number of end-stage renal disease patients in the 13 dialysis centres in Khartoum state and the size of the sample chosen from each centre.

Centres for dialysis and consultation Registered Patients Weight Sample from Interval
Per Center each centre
Alwaledeen 183.00 0.090594059 14 13
Tropical diseases 132.00 0.065346535 10 19
Alnaw 134.00 0.066336634 10 18
Ombada 157.00 0.077722772 12 16
Chinees friendship 153.00 0.075742574 1 16
Military hospital 119.00 0.058910891 9 21
Academy 180.00 0.089108911 13 14
Elshahida Salma 195.00 0.096534653 14 13
Bashaier 104.00 0.051485149 8 24
Ibnsina 225.00 0.111386139 17 1
Elsafia 207.00 0.102475248 15 12
Renal transplant association 126.00 0.062376238 9 20
Ahmed Gasim 105.00 0.051980198 8 23
The total 2020.00 150
Human Capital Approach by multiplying the number of days 3. Results

lost per year by their daily income. Additionally, information
regarding illness duration, comorbidities, and economic sta-
tus of ESRD patients were investigated due to their potential
impact on the outcomes. We used purchasing power parity
(PPP) in 2020 which was 22.4 to change the currency from
Sudanese pounds to United States dollars. We used STROBE
reporting guidelines for cross-sectional studies to ensure
proper reporting for the study'®.

2.5. Statistical analysis

Statistical Package for the Social Sciences (SPSS) ® version 28
was used for data entry and statistical analysis. Percentages,
frequencies, means, and standard deviations were used to
characterize demographic and medical information of ESRD
patients’ features, clinical information, and different aspects
of ESRD cost. The direct cost was calculated by summation
of its components which includes: diagnostic cost, dialysis
cost, direct caregiver cost, hospitalization cost, supplement
cost, follow-up cost, medications cost, and fistula cost. The
indirect cost for the patient has been estimated by first
knowing the time spent by the patient in diagnosis, dialysis,
and follow-up visits and finding out the number of days lost
per year due to these components. Then we multiplied the
number of days lost per year by the income of the patient
per day to find the indirect cost for each working patient per
year, the same method was used for the caregiver indirect
cost, then we calculated the mean, standard deviation, the
median and the interquartile range. Missing data for food
and travel costs, accounting for 12.6% and 6.6% of the total
data respectively, was imputed using the sample mean due
to difficulties in recalling the costs. Man Whitney test, Kruskal
Wallis test and Spearman correlation were applied to exam-
ine relationships among demographic, medical, social, and
economic characteristics with ESRD cost. Variables with p
value of <0.2 with the total cost in the bivariate analysis
were included in the multivariate analysis using a linear
regression model except for “stopping school and work due
to renal failure” because they don't include all the study
population. A 2-sided P value <0.05 was considered statistic-
ally significant.

3.1. ESRD socio-economic patients and household
characteristics

We interviewed 150 ESRD patients, of whom 90.7% lived in
urban areas. The most frequent age group was 51-60 years
(26%), and the majority of patients were males (61.5%).
(Table 2). Over three-quarters (85%) of patients had medical
insurance, with the majority (92.9%) having public insurance,
and less than 15% were uninsured. At the time of data col-
lection, nearly half of the study members were off work for
one year, with two-thirds attributing their absence to renal
disease. (Table 2) The patient’s household earned an average
income of 6,881.8 SDGs ($307.2 PPP) per month, and in
28.8% of cases, the patients were the family’s primary
income earner. Non-patient household income, governmental
assistance, welfare payments, and other sources provided the
rest. (Figure 1)

3.2. ESRD patients’ clinical information

The mean duration of ESRD among the participants was
(4.1 £3.8) years, and nearly half had a history of renal impair-
ment before ESRD. The majority of patients (70.7%) had con-
comitant hypertension, while (15%) had concomitant
diabetes. All patients received their regular dialysis sessions
at public facilities, with (65.8%) receiving them at the same
facility every time. Including transportation and waiting time,
a dialysis visit took (5.6+2.0) hours on average. (Table 3)
Almost  two-thirds of ESRD patients (60.7%) spent
(30.1 £52.4) days of hospitalization on average annually, with
a mean frequency of (2.4+3.5) times in the last year.
(Table 4)

3.3. ESRD cost estimation and analysis

ESRD’s total direct cost median was found to be 38,600 + 69
319.3 SDGs, with the highest cost attributed to the fistula
insertion (11,400), followed by diagnostic procedures (7,850)
and dialysis (7,280), respectively. (Table 5) Patients of ESRD
and their caregivers lost an average of (54.1+49.1) and
(33.4+42.1) working days per year, respectively. Therefore,
the median morbidity indirect cost of ESRD was (0.0+3
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Table 2. Socio-demographic characteristics, insurance status and employment analysis and their association with total ESRD cost rank using analysis of Man
Whitney test®, Kruskal-Wallis test®, and spearman correlation® test in Khartoum, Sudan 2019 (n = 150).

Variable Category Count % Mean (SD) Total ESRD cost rank Correlation P
Gender® Male 92 (61.5) 65.3 0.001
Female 58 (38.5 89.2
Age© 47.0 (14.2) 0.03 0.711
Residency" Urban 136 (90.7) 74.6 0.153
Urban slum (6.0) 68.9
Rural (3.3) 111.8
Education®, *** llliterate 11 (7.5) 96.1 0.473
Primary 36 (24.5) 79.9
Secondary 60 (40.8) 71.0
Graduate 29 (19.7) 7217
Postgraduate 10 (6.8) 57.1
Other 1(0.7) 46.0
Insurance status® Insured 127 (84.5) 70.97 0.003
Not insured 23 (15.5) 1000.52
Type of Insurance® Public 118 (92.2) 62.4 0.655
Private Insurance 9 (7.0) 56.89
Current employment status® Formal work 20 (13.5) 79.4 0.32
Informal work 26 (17.6) 74.28
On sick leave 19 (12.8) 71.63
Retired 15 (10.1) 58.33
School, university 8 (5.4) 61.13
Not working currently 52 (35.1) 85.27
Other 8 (5.4) 61.63
Not working because of renal failure® Yes 55 (59.8) 42.51 0.08
No 37 (40.2) 5243
Changing jobs because of renal failure? Yes 44 (35.5) 57 0.206
No 80 (64.5) 65.53
Stopping work, school or housework Yes 83 (67.5) 57.02 0.026
due to renal failure® No 40 (32.5) 7233

*** Number of missed data = 3.
SD: Standard deviation.
P: P-value (bolded values indicate significant association).

0%2%

M Income patient
Income rest of
household
Welfare payments

M Government support

W Other

Figure 1. Average income sources in USD among households of families of end stage renal disease patients in Khartoum, Sudan 2019 (n = 150).

352.2) SDGs annually. (Table 5) This cost is only calculated
for those who had work and the small median of the indirect
cost occurred because most of the patients were taking per-
missions and their salary did not reduce because of the hos-
pital visit, Also most of the caregivers (67%) did not have
work at that time so their daily income was found to be
0.The median of the annual ESRD total cost was (43
535.9+70 645) SDGs. (Table 5)

3.4. Associations between study variables

The data on total ESRD costs exhibited a right-skewed distri-
bution (skewness= 11.4) and thus, non-parametric tests were

conducted. In bivariate analysis ESRD cost rank showed an
association with patient gender (p=0.0.001) (Table 2), insur-
ance status (p-value 0.003), stopping work, school or house-
work due to renal failure (p-value 0.026) (Table 2), history of
hospitalization (p-value 0.006), and the presence of caregiver
with the patient during hospitalization (p-value 0.007) (Table
4). However, after adjustment, using a multivariate linear
regression model including potential predictors (with p-value
less than 0.2 in the bivariate analysis) none of these variables
was associated with ESRD cost (Table 6). We categorized the
duration of renal failure into four distinct groups (Table 3).
However, our analysis revealed that the duration of renal fail-
ure did not significantly impact the total cost of ESRD.
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Table 3. Renal failure duration, comorbidities and dialysis information and their association with total ESRD cost rank using analysis of Man Whitney test?,
Kruskal-Wallis test®, and spearman correlation® test in Khartoum, Sudan 2019 (n = 150).

Variable Category Count % Mean (SD)/ Median Total ESRD cost rank Correlation P
Duration of RF (year)"b 4.1 (3.8)/ 3.0 -0.2 0.752
0-1year 44 (29.3%) 74.70 0.27
>1-3years 42 (28%) 82.43
>3-6 years 32 (21.3%) 79.73
>6 years 32 (21.3%) 63.27
Comorbidities® No 32 (21.3) 64.7 0.113
HTN 106 (70.7) 7843
DM 23 (15.3)
Autoimmune Disease 2(1.3)
Other 18 (12.0)
Hx of renal impairment? Present 72 (48.0) 76.06 0.88
Absent 78 (52.0) 74.99
No of facilities patient receive dialysis in® One place 98 (65.8) 76.88 0.307
Two places 23 (15.4) 76.50
Three places 14 (9.4) 80
> 3 places 14 (9.4) 54.36
Facility type Public 150 (100.0)
Private 0 (0.0)
Average time of visit/ hr.© 5.6 (2)/ 5.0 0.151 0.065
SD: Standard deviation.
Hr: Hour.
Hx: history.

P: P-value (bolded values indicate significant association).

Table 4. Hospitalization information among ESRD patients and their association with total ESRD cost rank using analysis of man whitney test®, and spearman
correlation® test in Khartoum, Sudan 2019 (n = 150).

Variable Category Count (%) Mean (SD) Total ESRD cost rank correlation P

Hx of hospitalization® Present 91 (60.7) 83.4 0.006
Absent 59 (39.3) 63.27

Hospitalization rate during the last year® 2.4 (3.5) 0.061 0.562

Total hospital stays during last year/ days® 30.1 (52.4) 0.12 0.256

Did anyone stay with you (caregiver)?® Yes 87 (58.4) 83.02 0.007
No 62 (41.6) 63.74

SD: Standard deviation.
Hx: history.
P: P-value (bolded values indicate significant association).

Table 5. Annual average total and categories of direct cost, indirect cost (loss of productivity), working days loss and annual total cost categories in SDGs
($PPP), among patients and caregivers of end-stage renal disease in Khartoum, Sudan 2019 (n=150).

Variable Category Median IQR Mean SD
Direct cost Diagnostic Cost 7 850 19 825 131 569 1110 041
(350.5) (885.1) (5 873.6) (49 555.4)
Dialysis Cost 7 280 9 880 11 056.3 10 204.7
(325.0) (441.1) (493.6) (455.6)
Direct Caregiver Cost 6 960 (310.7) 34 985 823 023.1 4 881 989.21
(1 561.8) (36 742.1) (217 946.0)
Hospitalization Cost 4 200 (187.5) 17 300 414 233.2 3 098 564.23
(772.3) (18 492.6) (138 328.8)
Supplement Cost 5280 (235.7) 12 600 10 344.2 13 351
(562.5) (461.8) (596.0)
Follow Up Cost 3 840 (171.4) 11 400 36 314 207 914.76
(508.9) (1 621.2) (9 281.9)
Medicine Cost 4 200 (187.5) 6 090 12 2357 69 225.6
(271.9) (546.2) (3 090.4)
Fistula Cost 11 400 (508.9) 35714 11 872.8 191174
(1 594.4) (530.0) (853.5)
ESRD total direct cost 38 600 69 319.3 586 315 4 813 263
(1723.2) (3 094.6) (26 174.8) (214 877.8)
Indirect cost Patients indirect cost 0.0 604.7 (27.0) 7 634.8 54 643.8
(340.8) (2 439.5)
Caregiver indirect cost 0.0 0.0 1289.9 4 168
(57.6) (186.1)
Working days loss Patients’ days loss 41.0 - 54.1 49.1
Caregiver days loss 424.7 - 334 421
ESRD total indirect cost 0.0 3 352.2 8 740 55 386.3
(149.7) (390.2) (2 472.6)
ESRD total cost 43 535.9 70 645 592 433.3 4 815 327
(1 943.6) (3 139.8) (26 447.9) (214 970.0)

SD: Standard deviation.
IQR: Interquartile range.
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Table 6. Multivariate linear regression model for potentially significant predic-
tors (P-value <0.2) associated with the total ESRD cost among patients of
end-stage renal disease in Khartoum, Sudan 2019 (n=150).

Factor Standardized coefficient P-value
Gender 0.125 0.143
Residence —0.042 0.618
Insurance —0.049 0.563
Presence of comorbidity 0.018 0.833
History of hospitalization —0.031 0.893
Any one stays with you (caregiver) —0.041 0.857

Bolded values indicate significant association.

4. Discussion

This cross-sectional descriptive study was conducted to esti-
mate the direct and indirect cost of ESRD in Khartoum and
explored potential associations. Previous research has also
utilized cross-sectional descriptive studies in similar con-
texts®'>. The existing literature on the economic burden of
ESRD in Sudan is severely lacking, with only one study con-
ducted at a single hospital'®. To the best of our knowledge,
our study is one of few studies addressing the cost of illness
of ESRD in Sudan. This demonstrates the significance of our
study and the important gap it aims to fill.

The study focuses on Khartoum State, the capital of
Sudan. As the epicenter of socio-economic and healthcare
activities, Khartoum holds a central position influencing
trends that may be reflective of broader national patterns. By
offering an insight into the cost of end-stage renal disease,
our findings can inform researchers and policymakers in
Sudan and similar regions, facilitating evidence-based deci-
sion-making and resource allocation to improve renal health-
care outcomes in resource-constrained settings. However,
potential discrepancies in study populations are imperative.
Variations in health systems, demographic profiles, and eco-
nomic conditions among countries can impact the interpret-
ation of our results.

In our study sample of ESRD patients, males were pre-
dominant, consistent with findings from several Sudanese
studies, where the male-to-female ratio was 1.6:1'>%, Several
studies also showed male gender dominance among ESRD
patients'’"2°. However, females were shown to have a high
frequency in many countries, like the USA, Finland, and
China, with the gender gap becoming more evident as peo-
ple age?'.

The age distribution of the study sample indicated an aver-
age age of 47 £ 14.3 years. This is slightly lower than that found
in a study conducted in Khartoum to assess the causes of
ESRD, where the mean age was found to be 49+ 15.8 years'®. A
systematic review of 16 papers from North America, Canada,
South America, Pacific Asia, the Middle East, and Europe
revealed an overall mean age of 50.07 years'®. The lower age
distribution observed in our study may be indicative of a more
rapid progression of chronic kidney disease to ESRD. This could
potentially be attributed to delays in disease detection, patient
referral or the implementation of preventive measures.

Hypertension was the most prevalent comorbidity among
ESRD patients in our study (70.7%), followed by diabetes
mellitus (15%). Also, in other studies conducted in Sudan,
Sub-Saharan Africa, and India, hypertension was identified as

the primary comorbidity related to ESRD'®?°, This may be
attributed to the interesting fact that chronic kidney disease
can be both a cause and a consequence of hyperten-
sion?>?*, However, chronic glomerulonephritis was at the
top in Nigeria®®. In China, studies revealed various comorbid-
ity patterns'’?°, It is necessary to address the comorbidities
associated with end-stage renal disease (ESRD) in various
populations, as effectively managing and preventing these
conditions can potentially help in better management and
reducing the prevalence of ESRD in these populations®*?’.

In our study, more than half (60.7%) of the participants
were hospitalized during the last few years, with an average
of 2.4 visits per year and 30.1 days of total hospitalization. A
relevant study conducted in Guangzhou City, southern
China, reported lower hospitalization rates'®. The difference
in the quality of ESRD patients’ care could account for the
discrepancy in hospitalization rates between Sudan and
China.

The health insurance coverage rate in Khartoum is
71.5%%2. The vast majority of participants in this study had
health insurance (85%). This difference in health insurance
coverage may reflect the understanding of the financial
strains associated with ESRD, suggesting that ESRD patients
are more likely to purchase insurance packages as they are
aware of the benefits they will receive. It is worth mention-
ing that managing ESRD is costly and has a real impact on
patients, their families’ financial capabilities, and the overall
healthcare system’>.

Concerning cost valuation and analysis, patients and care-
givers lost an average of 54.1 and 33.4 work days, respect-
ively. Thus, annual indirect costs averaged 7,634.8 SDGs
($340.8 PPP) for patients, 1,289.9 SDGs ($57.6 PPP) for care-
givers, and 8,740 SDGs ($390.2 PPP) for the total indirect
costs. The variability of indirect costs between caregivers and
patients may be attributed to the fact that unemployed or
less salaried caregivers usually accompany the patient during
clinical visits or hospital admission. Comparatively, a study
done in Spain estimated the total indirect Cost of ESRD to
be 8,929.0 EUR annually®®. A discrepancy in average salaries
in Sudan and Spain may explain this significant variance in
indirect costs between the two studies.

According to the study, ESRD’s average direct cost is
586,315 SDGs ($26,174.8 PPP) per year, with a median of
38,600 SDGs ($1,723.2 PPP) for medical and non-medical
expenses. This result is notably different from a study con-
ducted locally at the Ibn Sina Renal Centre, where the aver-
age was estimated at 594,119.2 annually with a median of
3,859.1 USD'’. This might be due to the difference in health
insurance coverage, which was only 67% in lbn Sina’s study
compared to 85% in this study. Higher direct costs were
reported in similar studies in China (128,365.0 USD)'"'® and
Spain (37,968 EUR)?°. This might be explained by the differ-
ence in time, the perspectives of cost measurements, the
economic status of the country, and the currency exchange
rate.

The study revealed high out-of-pocket expenses for ESRD.
In Sudan, public health services in governmental hospitals or
centers are usually not available due to many problems



associated with the health system. Moreover, many essential
drugs for those patients are not available in governmental
pharmacies where health insurance covers 75% of the medi-
cation cost. As a result, patients are forced to seek treatment
at private centers and purchase their medications from pri-
vate pharmacies, where health insurance coverage is not
applicable. This, coupled with the high cost of medical pro-
cedures, may explain the unexpected finding of high out-of-
pocket expenses incurred by patients seeking treatment in
the public health system.

These high out-of-pocket expenses for ESRD can be chal-
lenging for some patients to afford, especially if their income
has decreased as a result of missing work days. In our study,
almost half of the patients were unable to work for a year at
the time when we collected the data. Likewise, a study con-
ducted in Sudan found a high rate of unemployment among
patients undergoing hemodialysis'®. The difficulty in covering
medication costs may result in patients not adhering to their
prescribed medications and  dialysis treatments®®>'.
Moreover, these high out-of-pocket expenses can lead to
catastrophic health expenditures for households, pushing
them into poverty or worsening their existing poverty levels.
As a result, families may be forced to make difficult choices
between necessary medical care and meeting other basic
needs such as food**33,

Sociodemographic characteristics did not show significant
associations with the total cost of ESRD in our study, con-
trary to findings from a study conducted at the lbn Sina
Centre in Sudan which revealed that being a female was
associated with higher ESRD costs, while residency or educa-
tion did not have a significant impact'®. In Ethiopia, only
older age was found to be associated with higher costs’.
Similarly, age affected the costs in a Chinese study'®. These
differences may be due to variations in healthcare systems,
cultural factors or sample sizes in the different studies.
According to the data, there was no association between the
cost of ESRD and the clinical characteristics of the patients.
However, a study conducted in Ethiopia revealed that a
higher number of visits per month resulted in increased
costs of ESRD’. While in China, higher costs were associated
with the presence of comorbidities'®.

The findings of this study should be viewed in light of
some limitations, which include potential recall bias in cost
reporting and a limited perspective focused only on patient
costs. Also selection bias may occur because if patients of
specific treatment type or disease severities are scheduled
on specific days this may impact the outcome. Therefore, to
address these issues, future research should include a longi-
tudinal design and cost perspectives such as insurance com-
pany spending, hospital spending, and government
spending should be measured to thoroughly understand the
ESRD cost.

5. Conclusion

Findings reveal recognizable high direct expenses of ESRD
and significant productivity losses for patients and their
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households which contributed to a noteworthy indirect cost
of ESRD.

The care of ESRD patients requires a multidisciplinary
approach, especially considering comorbidities, to mitigate
the financial burden. Strengthening the health finance sys-
tem, expanding health insurance coverage, providing med-
ical and social assistance, and promoting research are crucial
steps to address the economic burden and improve the qual-
ity of life of ESRD patients.

Although this study represents ESRD patients from all
public dialysis centers in Khartoum state, caution should be
exercised when comparing results with other countries due
to variations in cost, prices of medical interventions, and cur-
rency values.
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