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Background: Chronic kidney disease (CKD) is the leading cause of morbidity 
and mortality in diabetic patients. However, limited evidence is available 
about its incidence and predictors in Ethiopia, specifically in the Harari 
region.

Methods: A retrospective follow-up study was conducted among 520 
diabetes patients who followed their treatment at governmental hospitals 
in the Harari region between 1 September 2012, and 30 May 2022. The risk 
of developing CKD was calculated with a 95% CI, and the risk was stratified 
by type of diabetes mellitus. Predictors of CKD were determined using the 
Gompertz regression model with the baseline Cox model.

Results: Data from 494 patients were included in the final analysis with 26 
(5%) excluded. A total of 51 patients (10.32%) developed CKD over the 10-year 
follow-up period with an incidence rate of 2.16 cases (95% CI 1.64–2.84) per 100 
person-years of observation. The risk of CKD was increased by three times (AHR: 
3.09, 45 95% CI: 1.56, 6.14) among patients older than 60 years and by more than 
three times (AHR: 3.53, 95% CI: 1.43, 8.71) among patients with diabetes mellitus 
for longer than 5 years of stay with the diabetes mellitus. Moreover, the risk of 
CKD was increased four-fold among patients with high-density lipoprotein 
cholesterol (HDL-C) levels <40 mg/dL (AHR: 3.84, 95% CI, 1.80–8.18) and those 
with positive baseline proteinuria (AHR: 3.77, 95% CI: 1.43–8.71).

Conclusion: We found that one in ten diabetic patients had developed CKD 
within 10 years of the diabetes mellitus diagnosis. Advanced age, longer 
duration of diabetes, lower baseline HDL-C level, and proteinuria had 
increased the hazards of developing CKD. We recommend a more focused 
follow-up of older adult patients with advanced disease status at baseline 
for optimal control of diabetes mellitus that prevents its furthering to CKD.
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Introduction

Chronic kidney disease (CKD) is defined as abnormalities of 
kidney structure or function, present for >3 months, with implications 
for health (1). It is a leading cause of morbidity and mortality in 
diabetic patients, representing a huge health and economic burden (2). 
CKD is divided into five stages based on levels of kidney function. 
Many authors now refer to moderate or clinically significant CKD as 
stages 3 and 4, with 60 mL/min chosen as a cutoff because it represents 
a loss of approximately 50% of the normal renal function value in 
young adult men and women, which is approximately 125 mL/
min/1.73 m2 (3).

Globally, in 2017, there were 697.5 million cases of all-stage CKD, 
and 1.2 million people died each year due to the high economic cost 
of treatment (4). A Global Burden of Disease study in 2015 showed 
that over 2 million people died in 2010 because they had no access to 
dialysis (5). In addition, it has been estimated that, by the year 2030, 
approximately 2.3–7.1 million adults will have died prematurely from 
lack of access to renal replacement therapy (6). The number of deaths 
from CKD has increased; it was ranked 13th in 2016 and 12th in 2017, 
and forecasts indicate that by 2040, it will rank 5th globally in terms 
of years of life loss (4, 7, 8).

Globally, diabetes and hypertension are two common causes of 
CKD. In total, 30 (30%) to 50 (50%) of CKD and ESRD cases 
worldwide are caused by diabetes (9). The causes of CKD are 
heterogeneous in low- and middle-income countries. In sub-Saharan 
Africa, diabetes, hypertension, and HIV appear to account for only a 
portion of the significant CKD burden, especially in urban settings, 
where many risk factors remain undetermined (10, 11).

CKD is a major determinant of the poor health outcomes of 
non-communicable diseases. CKD is related to an 8–10-fold increase 
in cardiovascular mortality and is a risk multiplier in patients with 
diabetes and hypertension. CKD due to diabetes and hypertension 
affects 5–7% of the world’s population and is more common in 
developing countries (3).CKD among diabetic patients is associated 
with increased premature mortality, end-stage renal disease, the need 
for renal replacement therapy, cardiovascular diseases, and escalating 
healthcare costs (12). CKD is a worldwide public health issue, both in 
terms of patient population and treatment costs (13).

In Africa, the overall prevalence of CKD stages 1–5 is estimated 
to be 15.8%, with up to 4.6% of adults having moderate to severe 
kidney disease (14). More than 80% of the continental burden of CKD 
is in sub-Saharan Africa (SSA), with the highest prevalence in West 
Africa (15). Every year, over 500, 000 people in sub-Saharan Africa 
develop CKD, which causes premature death (16). In sub-Saharan 
Africa, the CKD burden is much greater and associated with 
additional risk factors like poverty, infections, a low level of health 
literacy, and the high cost of medical fees for screening and treatment, 
which collectively aggravate the risk and progression of the problem 
with a declining probability of survival (6, 17).

The time-to-occurrence of CKD (the time at which patients 
developed CKD since they were diagnosed with DM) varies across 
different studies as compared to the global status (3.8–12 years); the 
median time to develop CKD in Ethiopia is estimated as 5–8.3 years 
(18–22).

To address the worrisome situation of CKD incidence and its 
determinants among diabetic patients in Ethiopia, particularly in the 
Harari region, we aim to determine the incidence of CKD and identify 

possible factors predicting CKD among DM patients following their 
treatment at governmental hospitals in the Harari region of 
Eastern Ethiopia.

Materials and methods

Study design setting and period

An institution-based retrospective follow-up study was 
conducted among type 1 and type 2 DM patients at the governmental 
hospitals of the Harari region. The study was conducted at the 
governmental hospitals of the Harari region, which is situated in the 
Harari regional state and 526 km away from Addis Ababa, the capital 
city of Ethiopia.

The population of the Harari region was projected to be 270,000, 
with a 1:1 male-to-female ratio (23). These people are currently being 
served by two public, two private, one police, and one non-government 
hospital in the region. This study included all of the three governmental 
hospitals found in the region. These hospitals are Hiwot Fana 
Comprehensive Specialized University Hospital (HFCSUH), Jugal 
General Hospital (JGH), and Harar Federal Police Hospital (HFPH). 
These hospitals have diabetic care units for DM patients under their 
respective established chronic follow-up clinics. Currently, a total of 
approximately 1,632 patients with DM visit these hospitals to receive 
their regular follow-up care. The patients’ medical record notes from 
1 September 2012 to 30 May 2022 were extracted between 1st and 31st 
September 2022.

Populations and eligibility

All T1DM and T2DM patients on chronic follow-up for treatment 
at governmental hospitals in the Harari region and whose age is 
greater than or equal to 15 years were the source population, whereas 
all newly diagnosed T1DM and T2DM patients whose age is greater 
than or equal to 15 years at the governmental hospitals in the Harari 
region were our study population. Newly diagnosed T1DM and 
T2DM patients whose age is greater than or equal to 15 years were 
selected randomly and included in the study, whereas patients who 
had CKD at the start of the study, transfer-in patients, and patients 
with unknown date of CKD diagnosis within the follow-up period 
were excluded from the study.

Sample size

The final required sample of 520 was determined via Stata software 
using power analysis for the Cox proportional hazard model by 
considering a 15.56% probability of events and 0.51 AHR of sex from 
previous studies (20). We assumed a 95% confidence level, 80% power, 
10% withdrawal probability, and 5% for incomplete charts.

The total sample of 520 was proportionally allocated for each of 
the three Hospitals based on the number of DM patients who visit 
each hospital for follow-up care. Finally, the required number of 
participants was selected by simple random sampling using a 
computer-generated random sample from the sampling frame (the list 
of diabetic patients enrolled from 1 September 2012 to 30 May 2022).
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Study variables

Outcome variables: the incidence of CKD
Socio-demographic factor: Age, sex, residence, and family 
history of CKD.
Clinical factors: Proteinuria, chronic complications, glycated 
hemoglobin (HbA1c), low-density lipoprotein, duration of DM, total 
cholesterol, triglycerides, HDL-C level, acute complication, fasting 
blood sugar level, comorbidity, systolic blood pressure, diastolic blood 
pressure, types of DM, and types of treatment used were the 
independent variables.

Data collection instrument and procedure

The data were collected using a data extraction format, which was 
adapted from the World Health Organization guidelines (24). The data 
extraction format contains four parts entitled with general 
information, baseline socio-demographic characteristics, clinical 
characteristics and measurements, and the outcome of interest.

Secondary data, from patient intake forms, follow-up cards, and 
DM registration books, as well as the electronic information databases, 
which are routinely recorded by the hospitals for follow-up, 
monitoring, and evaluation purposes, were recorded. The data 
collectors filled in the responses to the questions in the data extraction 
form. The reviewed records were identified by their medical 
registration number. Data were collected by four public health staff of 
Haramaya University, and data collection was supervised by two 
trained supervisors.

Data quality control

To maintain the quality of the data, a one-day training focusing 
on the data extraction approach, data collection tools, and 
objectives of the study was given to data collectors and supervisors. 
Before actual data collection, a preliminary review was conducted 
on a 5% (25) sample size a week before starting the actual data 
collection, to check the adequacy of the instrument, the time 
required to fill the checklist of tools, and the completeness of data 
for charts. Necessary adjustments were made to the data 
abstraction format. Close follow-up and supervision were carried 
out during the data collection period jointly by the principal 
investigator and the supervisors. The collected data were reviewed 
and checked for completeness before data entry. Misclassification 
bias was attempted to be  minimized by using uniform 
ascertainment criteria for those clinical variables having more than 
one diagnostic criteria.

Operational definitions

Diabetes Mellitus: If DM is recorded on the patient’s medical records.
Chronic Kidney Disease: If CKD is recorded on DM patient 
medical records.
Newly Diagnosed Diabetic Patients: Patients who were diagnosed with 
diabetes between 1 September 2012 and 30 May 2022.
Event: CKD.

Censored: explained by newly diagnosed diabetic patients who had not 
been diagnosed with CKD until the end of the study, died, lost to 
follow-up, or transferred out.
Hypertension: If hypertension is recorded on the patient’s 
medical records.
All lipid profiles: High-density lipoprotein cholesterol (HDL-C), 
low-density lipoprotein cholesterol (LDL-C), triglyceride, and total 
cholesterol were categorized for analysis based on the Mayo Clinic and 
World Health Organization (WHO, 2006) guidelines.
Proteinuria: Urine dipstick result was used to determine urine albumin 
level which was reported as negative, or + 1, to +4 (25).
Incomplete charts: A patient chart that missed the date of DM 
diagnosis and the date of CKD was developed.

Statistical analysis

The data were checked and cleaned for completeness, entered into 
Epi-data version 4.6, and then exported to STATA software version 17 
for further data cleaning and analysis. Variables related to the lipid 
profile had missing data. A complete case analysis approach of missing 
data handling mechanisms was used. Descriptive analyzes were done 
in terms of mean and standard deviation or median and interquartile 
range for continuous variables, whereas frequency distribution and 
percentage were used for categorical variables, including the outcome 
of the study.

The cumulative incidence of CKD was calculated by taking the 
number of new CKD cases as the numerator and the total initial 
population at risk on follow-up as the denominator. Patient year at risk 
of developing CKD was calculated from the baseline appointment date 
to either the date of events or censoring. Accordingly, incidence 
density was computed as the number of new cases divided by patient 
year at risk. The outcome variables were dichotomized into CKD 
(Event) and censored. The Kaplan–Meier failure curve and a log-rank 
test were done to estimate the probability of CKD and to test the 
equality of failure functions among explanatory variables, respectively. 
Cox PH and three parametric models (Weibull, exponential, and 
Gompertz) were fitted to identify the predictors of CKD. The most 
parsimonious model was selected using the Akaike information 
criterion  (AIC), Bayesian information criterion  (BIC), and 
log-likelihood criterion.

We used a Gompertz PH regression model to identify the 
predictors of CKD. The Schoenfeld residual test (both global and 
scaled) and graphical (log–log plot of survival) methods were 
used to check the proportional hazard (PH) assumption and 
martingale residuals to look for non-linearity of covariates with 
hazard rates. According to the Schoenfeld residual global test, 
the overall full model did not violate the proportional hazard 
assumption (X2 = 5.31, p = 0.6465) (Supplementary material S2). 
The presence of multicollinearity was checked by using the 
variance inflation factor (VIF = 2.37). A value of p <0.05 was 
used to declare statistical significance in the multivariable 
model, and the hazard ratio (HR) with its 95% confidence 
interval was computed to show the strength of the association. 
The goodness of fit of the model was assessed using the Cox–
Snell residual technique. The cumulative hazard plot follows a 
straight line through the origin with slope one indicating the 
model is good (Figure 1).
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Results

Baseline characteristics

Of 520 total samples, 26 (5%) patients with incomplete 
information were excluded, making a 95% response rate. Then, 494 
DM patients were retrospectively followed from 1 September 2012 to 
1 September 2022.

Of the total 494 newly diagnosed DM patients, 308 (62.35%) were 
men. The mean age at study initiation was 46 ± 15 years. Of the 
majority of DM patients, 282 (57.09%) were urban dwellers (Table 1).

Clinical and follow-up characteristics

According to this study, nearly three-fourths, 375 (75.91%) of the 
DM patients were T2DM. Regarding acute complications, 107 
(21.66%) of the patients had acute complications, of which 70 
(65.42%) had diabetic ketoacidosis (DKA). Approximately 201 
(40.7%) DM patients had pre-existing hypertension. Of these 
hypertensive patients, 177 (88.05%) of them were those with T2DM, 
while the remaining 24 (11.94%) patients had T1DM. The 25th and 
75th percentile durations of diabetes were 3 years and 6 years, 
respectively, with a median duration of 4 ± 3 years. The majority of the 
patients had poor glycemic control (high FBS) (67.41%), total 
cholesterol levels less than 200 mg/dL (55.83%), and triglyceride levels 
less than 150 mg/dL (50.76%). Similarly, approximately 192 (48.86%) 
of DM patients had HgA1c levels greater than or equal to 7%, and 109 
(22.24%) of patients were positive proteinuria. The majority of the 
patients, 356 (72.06%), received oral hypoglycemic therapy 
(Supplementary material S1).

Incidence and median time of chronic 
kidney disease

Among the total diabetic patients followed for approximately 
10 years, 51(10.32%) of them with 95% CI (7.92–13.34%) developed 
CKD with 8.7 years of median time. The incidence density of CKD in 
the cohort during a cumulative 2,356 person-years of observation 
(PYO) was found to be 2.16 cases per 100 person-years of observation 
with a 95% CI of 1.64–2.84. The cumulative incidence rates (per 
10,000 person-months of follow-up) of CKD at the Federal Police 
Hospital, Hiwot Fana Specialized University Hospital, and Jugal 
General Hospital were 19, 16, and 17, respectively. The Kaplan–Meier 
curve showed that DM patients had a higher likelihood of developing 

FIGURE 1

Cox–Snell residuals for Gompertz PH models of newly diagnosed T1DM and T2DM patients in the governmental hospitals in the Harari region, eastern 
Ethiopia from 2012 to 2022.

TABLE 1  Incidence of CKD and baseline socio-demographic 
characteristics of diabetic patients.

Characteristics Category CKD status

Censored 
(n  =  443)

Event 
(n  =  51)

Follow-up HFCSUH

JGH

FPH

200

143

100

30

12

9

Age <60 years

≥60 years

408

35

19

32

Sex Male

Female

268

175

40

11

Residence Urban

Rural

254

189

28

23
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CKD over time. A large number of CKD was developed between 72 
and 108 months of follow-up among DM patients. Patients’ cumulative 
failure estimates were 0.0024 at 36.5 months, 0.0145 at 72 months, 0.25 
at 89.5 months, 0.5 at 104 months, and 0.773 at the end of the study 
(109.7 months) (Figure 2).

Failure probability among covariates

The log-rank test was performed to test the equality of the 
probability of CKD among various levels of the categorical variables. 
Regarding the sex of DM patients, for both male and female patients, 
their failure probability was equal for the first 3 years; however, in the 
10th year of the follow-up, the failure probability of the male and female 
patients was 87.3 and 44.56%, respectively (p = 0.0079). Similarly, the 
failure probability of participants who had developed chronic 
complications was equal to those who did not develop chronic 
complications for the first 3 years; however, the overall 10-year failure 
probability of participants who developed chronic complications was 
approximately 99.9%, while that of DM patients who did not develop 
chronic complications was 37.32% (p = 0.001). On the other hand, the 
10-year overall failure probability after newly diagnosis of diabetes was 
40.27% for patients whose HDL-C was greater than or equal to 40 mg/
dL and 99.9% for those whose HDL-C was less than 40 mg/dL 
(p = 0.001). Similarly, for those with low-density lipoprotein higher than 

or equal to 100 mg/dL was 99.9%, whereas for those with low-density 
lipoprotein less than 100 mg/dL was 41.46%(p = 0.001). Furthermore, 
the overall 10-year probability of developing CKD was also higher 
among T2DM (87.95%) as compared to T1DM (18.30%) (Figure 3).

Predictors of CKD among DM patients

After multivariable analysis using the Gompertz PH regression 
model, covariates such as age, duration of DM, protein urea at 
baseline, and HDL-C level were found to be independent predictors 
for CKD among DM patients (Table  2). Accordingly, the risk of 
developing CKD was 3 times higher among diabetic patients aged 
≥60 years as compared to those aged <60 years (AHR: 3.09, 95% CI: 
1.56, 6.14). The risk of developing CKD was 3.8 times higher among 
DM patients with positive proteinuria as compared to their 
counterparts, after adjusting for other variables in the model (AHR: 
3.78, 95% CI,1.80–7.91). The risk of experiencing CKD was nearly 4 
times higher among diabetic patients with HDL-C less than 40 mg/dL 
as compared to those patients with HDL-C greater than or equal to 
40 mg/dL, after adjusting for other variables in the model (AHR: 3.84, 
95% CI, 1.80–8.18). Furthermore, the risk of developing CKD was 3.5 
times higher among newly diagnosed DM patients with a duration 
greater than 5 years as compared to those patients with a duration less 
than or equal to 5 years (AHR: 3.53, 95% CI, 1.43–8.71).

FIGURE 2

Overall Kaplan–Meier curve for the cumulative probability of CKD among diabetic patients in the governmental hospitals in the Harari region, eastern 
Ethiopia, 2022.
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FIGURE 3

Kaplan–Meier curve for CKD estimate among different groups of diabetic patients by high-density lipoprotein (A) and sex (B) of participants in the 
governmental hospitals in the Harari region, eastern Ethiopia, 2022.

TABLE 2  Bivariable and multivariable analysis using the Gompertz PH regression model for predictors of chronic kidney disease among DM patients in 
the governmental hospitals in the Harari region, from 2012 to 2022.

Variables Category CKD status CHR (95% CI) AHR (95%CI)

Censored
(n  =  443)

Event
(n  =  51)

Age ≥60 years

<60 years

35

408

32

19

13.25(7.51–23.38)

1

3.09(1.56–6.14)**

1

Sex Male

Female

268

175

40

11

2.11(1.08–4.11)

1

1.005(0.48–2.08)

1

Duration of DM >5 years

≤5 years

159

284

44

7

9.90(4.46–21.98)

1

3.53(1.43–8.71)*

1

Proteinuria Positive

Negative

70

373

39

12

14.32(7.49–27.37)

1

3.78(1.80–7.91)**

1

Total cholesterol ≥200 mg/dL

<200 mg/dL

142

210

36

15

2.88 (1.57–5.26)

1

1.59(0.77–3.26)

1

HDL <40 mg/dL

≥ 40 mg/dL

143

199

41

10

4.81 (2.41–9.61)

1

3.84(1.80–8.18)**

1

Comorbidity Yes

No

187

256

44

7

7.68 (3.46–17.05)

1

2.11 (0.85–5.24)

1

Types of DM Type 2DM

Type 1DM

329

114

46

5

2.98(1.18–7.50)

1

0.98 (0.34–2.85)

1

Fasting blood sugar >150 mg/dL

≤150 mg/dL

293

150

40

11

1.74 (0.89–3.39)

1

1.22(0.61–2.42)

1

Value of p (* < 0.05, ** < 0.01), HDL-C, high-density lipoprotein cholesterol; gamma = 0.006,1 shows the reference group of different variables.
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Discussion

Aim of study

This study aimed to determine the incidence and possible 
predictors of CKD among DM patients following their treatment at 
governmental hospitals in the Harari region of eastern Ethiopia.

Comparison with literature

Incidence of CKD
In our study, 51(10.32%) of the DM patients had developed CKD, 

with an incidence density of 2.16 per 100 person-years (PY) of 
observation. In this study, the median occurrence of CKD was 8.7 years. 
A total of four factors, namely age, proteinuria, the duration of DM, and 
HDL-C, were found to be significantly associated with the risk of CKD.

The cumulative incidence of CKD in this study aligns with 
findings from studies done elsewhere in Ethiopia(10.8%) (22), Korea 
(12.1%) (26), and Spain (10.23%) (27); however, it was lower than 
studies conducted at St. Paul’s Hospital Addis Ababa, Ethiopia 
(14.25%) (18), Jimma University Medical Center, Ethiopia (15.56%) 
(20), and the United Kingdom (29%) (28).

The observed discrepancy may be because participants in the study 
at Jimma Medical Center were only newly diagnosed with diabetes at 
least 5 years before the date of data extraction, which likely increased the 
duration of the DM. Participants in previous studies at St. Paul’s Hospital 
Addis Ababa were urban dwellers; their lifestyle may have distorted the 
metabolic system and contributed to renal impairment. However, in this 
study, 43% of participants were from rural areas. On the other hand, the 
study design used in the United Kingdom was a prospective follow-up 
study. To calculate the patient’s estimated glomerular filtration rate using 
the serum creatinine level, venous blood was directly collected from the 
patient. The estimated glomerular filtration rate was used to evaluate the 
patient’s status, and unfortunately, even those who did not exhibit any 
symptoms of CKD may be labeled as CKD if their e-GFR is below 60 mL/
min/1.73 m2. However, in this study, participants were only considered 
to have CKD if a diagnosis of CKD was present on their medical records. 
This might underestimate the incidence of CKD in diabetic patients.

CKD and median time
The median failure time was 8.7 years, which is higher than the 

study conducted at Amhara region referral hospitals(5 years) (22), St. 
Paul’s Hospital Addis Ababa, Ethiopia(6.7 years) (18), and Jimma 
University Medical Center, Ethiopia (5.8 years) (20). This difference 
might be due to the early diagnosis and treatments of participants in 
this study. However, it is shorter than the finding of a study conducted 
in the United Kingdom (12 years) (28). This variation may be caused by 
the difference in duration of the study and participants selected in the 
United Kingdom were residents of civilized cities, where it is predicted 
that their knowledge and health-seeking behavior are expected to 
be better, which could allow them to use better self-care practices.

CKD and old age
Our finding showed a significant association between older age and 

CKD. This finding is congruent with a study conducted at St. Paul’s 
Hospital in Addis Ababa, Ethiopia (18), Taiwan (29), and Italy (30), this 
is because as age increases, there is a progressive loss of nephrons, 
decreased renal blood flow, and diminished renal function in older DM 

patients than younger ones which lead to CKD (31). After the age of 
30 years, GFR progressively declines at an average rate of 8 mL/
min/1.73 m2 per decade which might be due to structural and functional 
changes in the kidney in older patients (32). The other reason might 
be older age is associated with risk factors of CKD such as cardiovascular 
diseases and obesity (33). Therefore, screening for CKD in an old age 
group is an important strategy to take an appropriate intervention.

CKD and positive proteinuria
In this study, proteinuria was positively associated with CKD. The 

risks of developing CKD were higher in diabetics with positive 
proteinuria than in those with negative proteinuria. In addition to 
being a sign of kidney impairment, proteinuria also causes progressive 
kidney injury (34). Proteinuria is caused by either functional or 
structural alterations of glomerular filtration or proximal tubule 
dysfunction (35). Renal tubular cells are injured when urine protein 
levels rise due to glomerular capillary wall damage or a decrease in 
tubular protein reabsorption. When renal tubules are exposed to 
urinary proteins, it results in fibrosis and interstitial inflammation (34).

This finding is in line with the findings of a study conducted at 
Jimma University Medical Center (20) and the University of Gondar 
Referral Hospital, Ethiopia (36).

CKD and duration of DM
The duration of the patients who stayed with DM was significantly 

associated with the development of CKD among diabetic patients. This 
finding is in line with the systematic review and meta-analysis 
conducted in Ethiopia (37), a study conducted at the University of 
Gondar Comprehensive Specialized Hospital, Northwest Ethiopia (21), 
and a study conducted in Italy (38). Over time, kidney blood vessels 
and nephrons can be harmed by diabetes-related elevated blood sugar, 
inhibiting their ability to function as they should (39). According to a 
study on risks of rapid decline of renal function in patients with type 2 
diabetes, women and men with diabetes experienced eGFR declines of 
2.1 and 2.7 mL/min per 1.73 m2 each year, respectively (40). This shows 
that improving the way diabetes care is provided before CKD develops 
may prevent the occurrence and progression of early diabetic CKD.

CKD and HDL cholesterol
In this study, higher levels of HDL cholesterol (≥ 40 mg/dL) were 

associated with a lower risk for CKD. This result is consistent with 
other studies done in different parts of Ethiopia, at St. Paul’s Hospital 
Addis Ababa (18), Jimma University Medical Center (20), and 
University of Gondar Referral Hospital (36) and studies conducted in 
Italy (41). This might be due to the fact that, biologically, HDL-C 
reduces the accumulation of fats and atherosclerosis within the arterial 
wall by transporting lipids away from the artery wall to the liver. In 
addition, it protects the inner wall of the arteries from damage so this 
reduces the risk of vascular complications of DM including CKD (42). 
HDL-C, in contrast to LDL, has anti-atherogenic properties that 
include reverse cholesterol transport, anti-oxidant and anti-
inflammatory properties, and maintenance of endothelial function 
(43). This could be also achieved through medication like SGLT2 
inhibitors, which enhance vascular tone, elasticity, and contractility by 
lowering inflammation, oxidative stress, insulin signaling, and 
endothelial cell proliferation (44). In addition to the above-identified 
risk factors, there might be  rare genetic diseases that can have a 
significant impact on kidney function, leading to various kidney 
disorders. These can be  manifested in various forms, including 
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inherited renal disorders, cystic kidney diseases, glomerulopathies, 
and tubulopathies, which can be identified through genetic testing. 
These conditions are often caused by mutations in specific genes that 
disrupt normal kidney development, function, or metabolism. Their 
prevalence is not clearly stated in Ethiopia.

Clinical relevance

The clinical importance of this study was to provide information on 
the incidence and predictors of CKD and enhance healthcare professionals 
to prevent its further progression. The public health importance of this 
study was to reduce the economic loss for the treatment of CKD and its 
complications through early treatment and follow-up of older DM 
patients with advanced disease status at baseline. Moreover, it also helps 
to reduce years of life lost associated with CKD and its complications.

Strength and limitations

Strength of the study
The study was conducted for a 10-year follow-up that helps to 

show the long-term impact of DM on CKD. The multicenter nature of 
the study could allow for reflecting on the regional burden of CKD 
and making generalizations.

Limitations of the study
The limitation of this study was the use of secondary data that 

resulted in incompleteness, which could underestimate the findings 
and reduce the statistical power of the study. Some potentially 
important predictors such as educational status, occupation, substance 
use, self-care practice, habitual use of antipain, and BMI were not 
available, which prevented us from studying their association with 
CKD. Moreover, this study relied on physicians’ judgments to define 
or diagnose CKD, which might not be sufficiently reliable on its own.

Conclusion

In this study, we  found that one in 10 diabetic patients had 
developed CKD within 10 years of the DM diagnosis. Advanced age, 
longer duration of diabetes, lower baseline HDL-C level, and 
proteinuria had increased the hazards of developing 
CKD. We  recommend a more targeted follow-up of older adults 
patients with advanced disease status at baseline for optimal control 
of DM in order to prevent its furthering to CKD.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Institutional 
Health Research Ethics Review Committee of the Haramaya 

University College of Health and Medical Sciences. The studies were 
conducted in accordance with the local legislation and institutional 
requirements. The ethics committee/institutional review board waived 
the requirement of written informed consent for participation from 
the participants or the participants’ legal guardians/next of kin 
because due to retrospective nature of the study.

Author contributions

AC: Conceptualization, Formal analysis, Methodology, Writing 
– original draft, Writing – review & editing. DE: Data curation, 
Writing – review & editing. LR: Conceptualization, Data curation, 
Supervision, Writing – review & editing. TG: Conceptualization, Data 
curation, Supervision, Writing – review & editing.

Funding

The author(s) declare financial support was received for the 
research, authorship, and/or publication of this article. The authors 
gratefully acknowledge Haramaya University for providing the 
financial support to conduct the study. The University had no role to 
play in any stage of the article from study design to the final 
submission of the article for publication.

Acknowledgments

The authors gratefully acknowledge the Harari region 
governmental hospital administrative bodies and thank card room 
workers for their cooperation and permission to conduct the study. 
The authors would also like to thank data collectors and supervisors 
for their commitment during data collection.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or claim 
that may be made by its manufacturer, is not guaranteed or endorsed 
by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fpubh.2023.1290554/
full#supplementary-material

https://doi.org/10.3389/fpubh.2023.1290554
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1290554/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1290554/full#supplementary-material


Cheru et al.� 10.3389/fpubh.2023.1290554

Frontiers in Public Health 09 frontiersin.org

References
	1.	Alfred K. CheungChang TI, Cushman WC, Furth SL, Hou FF, Ix JH, et al. KDIGO 

2021 clinical practice guideline for the Management of Blood Pressure in chronic kidney 
disease. Kidney Int. (2021) 99:S1–S87. doi: 10.1016/j.kint.2020.11.003

	2.	Wang G, Ouyang J, Wang H, Lian B. The analysis of risk factors for diabetic 
nephropathy progression and the construction of a prognostic database for chronic 
kidney diseases. Transl Med. (2019) 17:1–12. doi: 10.1186/s12967-019-2016-y

	3.	Couser W, Remuzzi G, Mendis S, Tonelli M. The contribution of chronic kidney 
disease to the global burden of major noncommunicable diseases. Kidney Int. (2011) 
80:1258–70. doi: 10.1038/ki.2011.368

	4.	Bikbov B, Purcell C, Levey A, Smith M, Abdoli A, Abebe M, et al. Global, regional, 
and national burden of chronic kidney disease, 1990–2017: a systematic analysis for the 
global burden of disease study 2017. Lancet. (2020) 395:709–33. doi: 10.1016/
S0140-6736(20)30045-3

	5.	Wang H, Naghavi M, Allen C, Barber RM, Bhutta ZA, Carter A, et al. Global, 
regional, and national life expectancy, all-cause mortality, and cause-specific mortality 
for 249 causes of death, 1980–2015: a systematic analysis for the global burden of disease 
study 2015. Lancet. (2016) 388:1459–544. doi: 10.1016/S0140-6736(16)31012-1

	6.	Liyanage T, Ninomiya T, Jha V, Neal B, Patrice H, Okpechi I, et al. Worldwide access 
to treatment for end-stage kidney disease: a systematic review. Lancet. (2015) 
385:1975–82. doi: 10.1016/S0140-6736(14)61601-9

	7.	Naghavi M, Abajobir AA, Abbafati C, Abbas KM, Abd-Allah F, Abera SF, et al. 
Global, regional, and national age-sex specific mortality for 264 causes of death, 
1980–2016: a systematic analysis for the global burden of disease study 2016. Lancet. 
(2017) 390:1151–210. doi: 10.1016/S0140-6736(17)32152-9

	8.	Foreman KJ, Marquez N, Dolgert A, Fukutaki K, Fullman N, McGaughey M, et al. 
Forecasting life expectancy, years of life lost, and all-cause and cause-specific mortality 
for 250 causes of death: reference and alternative scenarios for 2016–40 for 195 countries 
and territories. Lancet. (2018) 392:2052–90. doi: 10.1016/S0140-6736(18)31694-5

	9.	Persson F, Rossing P. Diagnosis of diabetic kidney disease: state of the art and future 
perspective. Kidney Int Suppl. (2018) 8:2–7. doi: 10.1016/j.kisu.2017.10.003

	10.	Seck S, Doupa D, Gueye L, Dia C. Epidemiology of chronic kidney disease in 
northern region of Senegal: a community-based study in 2012. Pan Afr Med J. (2014) 
18:307. doi: 10.11604/pamj.2014.18.307.3636

	11.	Stanifer J, Maro V, Egger J, Karia F, Thielman N, Turner E. The epidemiology of 
chronic kidney disease in northern Tanzania: a population-based survey. PLoS One. 
(2015) 10:e0124506. doi: 10.1371/journal.pone.0124506

	12.	Harjutsalo V, Groop H. Epidemiology and risk factors for diabetic kidney disease. 
Lancet. (2014) 21:260–6. doi: 10.1053/j.ackd.2014.03.009

	13.	Chrestopher J. Global, regional, and national age-sex specific all-cause and cause-
specific mortality for 240 causes of death, 1990-2013: a systematic analysis for the global 
burden of disease study 2013. Lancet (London, England). (2015) 385:117–71. doi: 
10.1016/S0140-6736(14)61682-2

	14.	Kaze AD, Ilori T, Jaar BG, Echouffo-Tcheugui JB. Burden of chronic kidney disease 
on the African continent: a systematic review and meta-analysis. BMC Nephrol. (2018) 
19:125. doi: 10.1186/s12882-018-0930-5

	15.	Abd ElHafeez S, Bolignano D, D’Arrigo G, Dounousi E, Tripepi G, Zoccali C. 
Prevalence and burden of chronic kidney disease among the general population and 
high-risk groups in Africa: a systematic review. BMJ Open. (2018) 8:e015069. doi: 
10.1136/bmjopen-2016-015069

	16.	Ojo A. Addressing the global burden of chronic kidney disease through clinical 
and translational research. Trans Am Clin Climatol Assoc. (2014) 125:229–43.

	17.	Norton J, Moxey-Mims M, Eggers P, Narva A, Star R, Kimmel P, et al. Social 
determinants of racial disparities in CKD. Am Soc Nephrol. (2016) 27:2576–95. doi: 
10.1681/ASN.2016010027

	18.	Geletu A, Teferra A, Sisay M, Teshome D. Incidence and predictors of chronic 
kidney diseases among type 2 diabetes mellitus patients at St. Paul’s hospital, Addis 
Ababa, Ethiopia. BMC Res Notes. (2018) 11:1, 532–536. doi: 10.1186/
s13104-018-3618-9

	19.	Fiseha T, Tamir Z. Prevalence and awareness of chronic kidney disease among 
adult diabetic outpatients in Northeast Ethiopia. BMC Nephrol. (2020) 21:1–7. doi: 
10.1186/s12882-020-01768-y

	20.	Debele G, Hajure M, Wolde H, Yenit M. Incidence and predictors of chronic 
kidney disease among diabetes mellitus patients: a retrospective follow-up study at a 
tertiary health-care setting of Ethiopia. Diabetes Metab Syndr Obes. (2021) 14:4381–90. 
doi: 10.2147/DMSO.S335572

	21.	Kebede S, Tusa B, Weldesenbet A, Tessema Z, Ayele T. Incidence of diabetic 
nephropathy and its predictors among type 2 diabetes mellitus patients at University of 
Gondar Comprehensive Specialized Hospital, Northwest Ethiopia. J Nutr Metab. (2021) 
2021:1–7. doi: 10.1155/2021/6757916

	22.	Ahmed M, Ferede Y, Takele W. Incidence and predictors of chronic kidney disease 
in type-II diabetes mellitus patients attending at the Amhara region referral hospitals, 

Ethiopia: a follow-up study. PLoS One. (2022) 17:e0263138. doi: 10.1371/journal.
pone.0263138

	23.	CSA. Population size by sex, region. Zone and Wereda: July (2021). https://www.
statsethiopia.gov.et/population-projection/.

	24.	WHO. Guidelines for the prevention, management and care of diabetes mellitus. 
Geneva: WHO (2006).

	25.	Goro K, Wolide D, Dibaba K, Gashe Fufa F, Garedow W, Tufa E, et al. Patient 
awareness, prevalence, and risk factors of chronic kidney disease among diabetes 
mellitus and hypertensive patients at Jimma University medical center, Ethiopia. Biomed 
Res Int. (2019) 2019:2383508. doi: 10.1155/2019/2383508

	26.	Kim WJ, Kim SS, Bae MJ, Yi YS, Jeon YK, Kim BH, et al. High-normal serum uric 
acid predicts the development of chronic kidney disease in patients with type 2 diabetes 
mellitus and preserved kidney function. Lancet. (2014) 28:130–4. doi: 10.1016/j.
jdiacomp.2013.11.006

	27.	Salinero-Fort MA, San Andres-Rebollo FJ, De Burgos-Lunar C, Gomez-
Campelo P, Chico-Moraleja RM, Lopez de Andres A, et al. Five-year incidence of 
chronic kidney disease (stage 3-5) and associated risk factors in a Spanish cohort: the 
MADIABETES study. PLoS One. (2015) 10:e0122030. doi: 10.1371/journal.
pone.0122030

	28.	Retnakaran R, Cull CA, Thorne KI, Adler AI, Holman RRGroup US. Risk factors 
for renal dysfunction in type 2 diabetes: U.K. prospective diabetes study 74. Diabetes. 
(2006) 55:1832–9. doi: 10.2337/db05-1620

	29.	Lin H-C, Peng C-H, Chiou J-Y, Huang C-N. Physical activity is associated with 
decreased incidence of chronic kidney disease in type 2 diabetes patients: a retrospective 
cohort study in Taiwan. Primary care diabetes. Lancet. (2014) 8:315–21. doi: 10.1016/j.
pcd.2014.04.004

	30.	Targher G, Chonchol M, Bertolini L, Rodella S. Increased risk of CKD among type 
2 diabetics with nonalcoholic fatty liver disease. J Am Soc Nephrol. (2008) 19:1564–70. 
doi: 10.1681/ASN.2007101155

	31.	Glassock RJ, Winearls C. Ageing and the glomerular filtration rate: truths and 
consequences. Trans Am Clin. (2009) 120:419.

	32.	McClure M, Jorna T, Wilkinson L, Taylor J. Elderly patients with chronic kidney 
disease: do they really need referral to the nephrology clinic? Clin Kidney J. (2017) 
10:698–702. doi: 10.1093/ckj/sfx034

	33.	Jessica R, Weinstein MD, Sharon Anderson MD. The aging kidney: physiological 
changes. Adv Chronic Kidney Dis. (2011) 17:302–7. doi: 10.1053/j.ackd.2010.05.002

	34.	Wong CS, Pierce CB, Cole SR, Warady BA, Mak RH, Benador NM, et al. 
Association of proteinuria with race, cause of chronic kidney disease, and glomerular 
filtration rate in the chronic kidney disease in children study. Clin J Am Soc Nephrol. 
(2009) 4:812–9. doi: 10.2215/CJN.01780408

	35.	Jefferson JA, Shankland SJ. Cell biology of the podocyte In: JA Jefferson, editor. 
Podocytopathy, vol. 183. Basel, Switzerland: Karger Publishers (2014). 1–11.

	36.	Wolde H, Atsedeweyen A, Jember A, Awoke T, Mequanent M, Tsegaye A, et al. 
Predictors of vascular complications among type 2 diabetes mellitus patients at 
University of Gondar Referral Hospital: a retrospective follow-up study. BMC Endocr 
Disord. (2018) 18:52. doi: 10.1186/s12902-018-0280-0

	37.	Shiferaw W, Akalu T, Aynalem Y. Chronic kidney disease among diabetes patients 
in Ethiopia: a systematic review and Meta-analysis. Int J Nephrol. (2020) 2020:1–15. doi: 
10.1155/2020/8890331

	38.	De Cosmo S, Viazzi F, Pacilli A, Giorda C, Ceriello A, Gentile S, et al. Predictors 
of chronic kidney disease in type 2 diabetes. Lancet. (2016) 95:e4007. doi: 10.1097/
MD.0000000000004007

	39.	Kelleher S. Can diabetes cause high blood pressure? High blood sugar can lead to 
hypertension in many ways. But, some of the same lifestyle changes that can help control 
diabetes can help manage blood pressure. (2022).

	40.	Sheen YJ, Sheu WH. Risks of rapid decline renal function in patients with type 2 
diabetes. World J Diabetes. (2014) 5:835. doi: 10.4239/wjd.v5.i6.835

	41.	Zoppini G, Targher G, Chonchol M, Perrone F, Lippi G, Muggeo MJN, et al. 
Higher HDL cholesterol levels are associated with a lower incidence of chronic kidney 
disease in patients with type 2 diabetes. Nutr Metab Cardiovasc Dis. (2009) 19:580–6. 
doi: 10.1016/j.numecd.2008.11.003

	42.	Link JJ, Rohatgi A, de Lemos J. HDL Cholesterol: physiology, pathophysiology, and 
management. Curr Probl Cardiol. (2007) 32:268–314. doi: 10.1016/j.
cpcardiol.2007.01.004

	43.	Bonilha I, Zimetti F, Zanotti I, Papotti B, Sposito AC. Dysfunctional high-density 
lipoproteins in type 2 diabetes mellitus: molecular mechanisms and therapeutic 
implications. J Clin Med. (2021) 10:2233. doi: 10.3390/jcm10112233

	44.	Youssef ME, Yahya G, Popoviciu MS, Cavalu S, Abd-Eldayem MA, Saber S. 
Unlocking the full potential of SGLT2 inhibitors: expanding applications beyond 
glycemic control. Int J Mol Sci. (2023) 24:6039. doi: 10.3390/ijms24076039

https://doi.org/10.3389/fpubh.2023.1290554
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/j.kint.2020.11.003
https://doi.org/10.1186/s12967-019-2016-y
https://doi.org/10.1038/ki.2011.368
https://doi.org/10.1016/S0140-6736(20)30045-3
https://doi.org/10.1016/S0140-6736(20)30045-3
https://doi.org/10.1016/S0140-6736(16)31012-1
https://doi.org/10.1016/S0140-6736(14)61601-9
https://doi.org/10.1016/S0140-6736(17)32152-9
https://doi.org/10.1016/S0140-6736(18)31694-5
https://doi.org/10.1016/j.kisu.2017.10.003
https://doi.org/10.11604/pamj.2014.18.307.3636
https://doi.org/10.1371/journal.pone.0124506
https://doi.org/10.1053/j.ackd.2014.03.009
https://doi.org/10.1016/S0140-6736(14)61682-2
https://doi.org/10.1186/s12882-018-0930-5
https://doi.org/10.1136/bmjopen-2016-015069
https://doi.org/10.1681/ASN.2016010027
https://doi.org/10.1186/s13104-018-3618-9
https://doi.org/10.1186/s13104-018-3618-9
https://doi.org/10.1186/s12882-020-01768-y
https://doi.org/10.2147/DMSO.S335572
https://doi.org/10.1155/2021/6757916
https://doi.org/10.1371/journal.pone.0263138
https://doi.org/10.1371/journal.pone.0263138
https://www.statsethiopia.gov.et/population-projection/
https://www.statsethiopia.gov.et/population-projection/
https://doi.org/10.1155/2019/2383508
https://doi.org/10.1016/j.jdiacomp.2013.11.006
https://doi.org/10.1016/j.jdiacomp.2013.11.006
https://doi.org/10.1371/journal.pone.0122030
https://doi.org/10.1371/journal.pone.0122030
https://doi.org/10.2337/db05-1620
https://doi.org/10.1016/j.pcd.2014.04.004
https://doi.org/10.1016/j.pcd.2014.04.004
https://doi.org/10.1681/ASN.2007101155
https://doi.org/10.1093/ckj/sfx034
https://doi.org/10.1053/j.ackd.2010.05.002
https://doi.org/10.2215/CJN.01780408
https://doi.org/10.1186/s12902-018-0280-0
https://doi.org/10.1155/2020/8890331
https://doi.org/10.1097/MD.0000000000004007
https://doi.org/10.1097/MD.0000000000004007
https://doi.org/10.4239/wjd.v5.i6.835
https://doi.org/10.1016/j.numecd.2008.11.003
https://doi.org/10.1016/j.cpcardiol.2007.01.004
https://doi.org/10.1016/j.cpcardiol.2007.01.004
https://doi.org/10.3390/jcm10112233
https://doi.org/10.3390/ijms24076039


Cheru et al.� 10.3389/fpubh.2023.1290554

Frontiers in Public Health 10 frontiersin.org

Glossary

ADA American diabetics association

AHR Adjusted hazard ratio

BMI Body mass index

CHR Crude hazard ratio

CKD Chronic kidney disease

DBP Diastolic blood pressure

DM Diabetes mellitus

DN Diabetic nephropathy

e-GFR Estimated glomerular filtration rate

FPH Federal Police Hospital

HFCSUH Hiwot Fana Comprehensive Specialized University Hospital

HDL-C High-density lipoprotein cholesterol

HbA1c Hemoglobin a1c

IDF International Diabetic Federation

JGH Jugal General Hospital

LDL-C Low-density lipoprotein cholesterol

MOH Ministry of Health

PH Proportional hazard

SBP Systolic blood pressure

T1DM Type one diabetes mellitus

T2DM Type two diabetes mellitus

WHO World Health Organization
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