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ABSTRACT
Objective To estimate the prevalence of chronic kidney 
disease (CKD) among patients with type 2 diabetes 
mellitus (T2DM) and determine the sociodemographic and 
clinical risk factors associated with CKD.
Design and settings Cross- sectional study among 
diabetic outpatients of a tertiary hospital in Nepal.
Participants 201 patients with T2DM above 18 years of 
age.
Intervention Participants completed a questionnaire 
regarding their socioeconomic information and underwent 
pertinent physical and haematological examinations.
Primary and secondary outcomes measure The 
prevalence and risk factors of CKD among patients with 
T2DM.
Results The prevalence of CKD in T2DM was 86.6%. 
In univariable analysis, the variables like age (p=0.026), 
hypertension status (p=0.002), duration of diabetes 
(p=0.009) and haemoglobin levels (p=0.027) were 
significantly associated with CKD among the participants 
with T2DM. Kruskal- Wallis H test showed that age was 
significantly different between various CKD stages. 
Multivariate analysis demonstrated a significant 
relationship between CKD with age (Adjusted odds ratio 
(AOR) 3, 95% CI 1.1 to 8.8) and literacy status (AOR 5.8, 
95% CI 1.4 to 24.6)
Conclusion Advancing age, concomitant hypertension, 
increasing duration of T2DM and presence of anaemia 
were found to be important risk factors of CKD. Age is 
the most important predictor of CKD showing increasing 
prevalence in the elderly population. Periodic screening 
tests are essential at an early age to identify kidney 
diseases at incipient stages, thereby preventing 
progression to end- stage renal disease.

INTRODUCTION
Diabetes mellitus (DM) is a global health 
burden of the 21st century with rapidly 
increasing prevalence.1 Type 2 DM (T2DM) 
accounts for 90% of overall diabetes.2 
Diabetic nephropathy is a major microvas-
cular complication accounting for 40% of 

patients with T2DM.3 DM is a leading cause of 
chronic kidney disease (CKD).3 The presence 
of albuminuria and a decrease in glomer-
ular filtration rate (GFR) are the key clinical 
markers of any pathological damage to the 
kidney. An estimated GFR (eGFR) of less 
than 60 mL/min per 1.73 m2 body surface 
area (BSA) on at least two occasions 3 months 
apart is an important diagnostic parameter 
of CKD.4 The spectrum of CKD, however, 
comprises of five stages corresponding to 
eGFR per 1.73 m² BSA: more than 90 mL/
min (stage 1), 60–89 mL/min (stage 2), 
30–44 mL/min (stage 3a), 45–59 mL/min 
(stage 3b), 15–29 mL/min (stage 4) and less 
than 15 mL/min (stage 5).5 This staging is 
based on the concept that renal impairment 
is a gradual process and hyperfiltration is an 
early marker of kidney injury.6

With the progression of different stages of 
CKD, there is a significant increase in the risk of 
complications including cardiovascular diseases, 
anaemia, metabolic bone disease and electrolyte 
disturbances.7 Considering the high morbidity 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This is one of the very few studies that has staged 
chronic kidney disease (CKD) in the diabetic popu-
lation based on estimated glomerular filtration rate.

 ⇒ Multivariate logistic regression following univariate 
analysis helped better predict the association of risk 
factors and CKD.

 ⇒ This study did not incorporate albuminuria which is 
indeed an important early predictor of renal damage.

 ⇒ Unlike prospective studies, this study being a cross- 
sectional type, could not study the causal relation-
ship of risk factors with CKD.

 ⇒ The failure of inclusion of other comorbidities and 
systemic conditions has led to confounding bias in 
the association of CKD and anaemia.
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and mortality due to CKD and its complications, the govern-
ment of Nepal under the ‘Impoverished Citizens Service 
Scheme’ of social health security section has the provision 
of free dialysis service along with additional financial aids 
pretransplant and post- transplant.8

Routine screening with serum creatinine and urinary 
albumin level helps in its identification at an early stage and 
assists to take essential measures in preventing the further 
progression of renal impairment toward end stage renal 
disease (stages 4 and 5). Patients with DM are found to be 
nearly twice more likely to develop CKD than non- diabetic 
patients, with the OR varying between 1.3 and 4.6 globally.9 
Early recognition of renal impairment in the diabetic popula-
tion helps policy makers and health practitioners to prepare 
and implement the screening guidelines and management 
protocols accordingly. Although there have been some 
studies regarding the prevalence of CKD in Nepal, there is a 
paucity of research that has studied the risk factors of CKD in 
the diabetic population and the association of those factors 
with the eGFR level. This study was conducted with the aim 
to estimate the prevalence of CKD in patients with T2DM and 
determine the associated risk factors thereof.

METHODOLOGY
Study design and population
This cross- sectional study was conducted among patients 
attending the outpatient department of the Department 

of Internal Medicine of Shree Birendra Hospital, Kath-
mandu, Nepal from 1 November 2020 to 30 May 2021. 
Patients above 18 years of age on antidiabetes medications 
or recently diagnosed DM based on American Diabetes 
Association criteria10 were included in the study. The 
patients excluded in the study were patients with diabetes 
on insulin as the first- line treatment or those antici-
pated to require insulin within the first year of diagnosis, 
history of diabetic ketoacidosis any history suggestive of 
previous renal disorders or documented renal pathology, 
pregnant women and critically ill patients. A total of 201 
patients were enrolled in our study based on such criteria 
(figure 1). This study was conducted in accordance with 
the guidelines of Strengthening of the Reporting of 
Observational Studies in Epidemiology.

Data collection
Sociodemographic information from the participants was 
collected. Fasting blood sugar (FBS), 2 hours post pran-
dial blood sugar (PPBS), glycated haemoglobin (HbA1c), 
haemoglobin and serum creatinine were recorded during 
the follow- up. Body weight was measured to the nearest 
0.1 kilograms (kg) using a digital weighing machine 
(Nureca, New York, USA). The eGFR was calculated using 
the Cockcroft- Gault equation.11

 Creatinine clearance
eGFR =

[
140−age

]
∗weight in kg

serum creatinine∗72 x X   

Figure 1 Participants characteristics for individuals on antidiabetes medications or recently diagnosed DM. DKA, diabetic 
ketoacidosis; DM, diabetes mellitus.



3Joshi R, et al. BMJ Open 2023;13:e067238. doi:10.1136/bmjopen-2022-067238

Open access

(Where, X=1 for male and 0.85 for female)
Staging of renal disease was done based on eGFR as 

per National Kidney Foundation guidelines, New York, 
USA.5 During analysis of CKD with other parameters, only 
stages 3, 4 and 5 are considered as the presence of CKD 
while stages 1 and 2 were considered as absence of CKD, 
thereby aligning to the definition that CKD accounts to a 
reduction of eGFR less than 60 mL/min.4

Data analysis
Descriptive analyses were conducted and expressed 
as frequency while continuous data as mean±SD. The 
Kruskal- Wallis H test was used to assess the association of 
continuous variables like age, haemoglobin, HbA1c, FBS 
and PPBS with different stages of CKD. Post- hoc analysis 
was performed for findings that were significant in the 
Kruskal- Wallis H test to assess the group difference for 
each continuous variable. The differences in participants’ 
characteristics and risk factors for CKD were analysed 
using the χ2 test and unpaired t- test (two tailed) as appli-
cable. The linearity of the continuous variables with the 
outcome was checked using the Box- Tidwell method after 
assuming the linear relationship between continuous 
predictors and natural log (log odds). The interactions of 
continuous predictors and their logs were included in the 
model. A deviation of >0.05 from the linearity for haemo-
globin, HbA1c, FBS and PPBS was >0.05 was significant, 
suggesting the linear relationship between those parame-
ters and CKD status. The multivariable logistic regression 
was then performed to estimate the unique relationship 
of the included variables with the CKD status. A p<0.05 
was taken as statistically significant. Data were entered 
in Microsoft Excel 2019 V.16.0 (Microsoft, Washington, 
USA) and data analysis was done using Statistical Pack-
ages for Social Sciences V.21 (IBM SPSS).

Patient and public statement
Patients and/or the public were not involved in the 
design, conduct, reporting or dissemination plans of this 
research.

RESULTS
The average age of the study population was 58.9 years 
with most of the patients belonging the age greater 
than 60 years (53.3%), followed by 40–59 years (34.8%). 
Almost two- thirds of the patients (73.1%) had concom-
itant hypertension. More than half of the participants 
had DM of 11–15 years duration (53.7%). The mean FBS 
and PPBS values were 149.6±59.9 and 211.7±72.6 mg/dL, 
respectively. The mean eGFR was 33.9±28.2 mL/min per 
1.73 m2 BSA ranging from 3.4 to 178.6 mL/min per 1.73 
m2 BSA. This study demonstrated that 86.6% of patients 
with DM had CKD. Table 1 summarises the sociodemo-
graphic and clinical characteristics of study participants.

Most of the participants belonged to stage 5 (30.8%), 
followed by stage 4 (23.4%) and stage 3a (16.91 %) 
(figure 2).

Age was found to be statistically significant among 
different CKD stages (p=0.003) using the Kruskal Wallis 
H test (table 2).

In univariable analysis, the variables like age (p=0.026), 
hypertension status (p=0.002), duration of diabetes 
(p=0.009) and haemoglobin levels (p=0.027) were signifi-
cantly associated with CKD among the participants with 
T2DM.

The multivariable regression model was conducted to 
assess factors associated with CKD. The DM participants 
with age 60 or more years had three times high odds of 
CKD (AOR 3, 95% CI 1.1 to 8.8, adjusted p=0.042) than 
those of less than 60 years of age. The literate participants 
had five times higher odds of CKD (AOR 5.8, 95% CI 1.4 
to 24.6, adjusted p=0.018) than those illiterate partici-
pants. Low haemoglobin level (AOR 0.8, 95% CI 0.6 to 

Table 1 Background characteristics of the participants

Characteristics* Measures

Frequency (percentage)

Gender Female 102 (50.7)

Male 99 (49.3)

Age (years) <40 24 (11.9)

40–59 70 (34.8)

≥60 107 (53.3)

Education Informal/Illiterate 23 (11.4)

Literate 178 (88.6)

Occupation Homemaker 78 (38.8)

Job (government 
or private)

21 (10.4)

Farmer 55 (27.4)

Retired from job 47 (23.4)

Hypertension No 54 (26.9)

Yes 147 (73.1)

Family history 
of DN

No 153 (76.1)

Yes 48 (23.9)

Duration of DM 
(years)

≤5 years 57 (28.4)

6–10 years 17 (8.5)

11–15 years 108 (53.7)

≥16 years 19 (9.5)

Chronic kidney 
disease

No 27 (13.4)

Yes 174 (86.6)

Mean±SD or (median (range))

Age (years) 58.9±13.9

Haemoglobin (g/dL) 9.5±1.6

HbA1c (%) 6.8±1.1

Fasting blood sugar (mg/dL) 149.6±59.9

2- hour post prandial sugar (mg/dL) 211.7±72.6

eGFR (mL/min/1.73 m2) 33.9±28.2 (25.3 (3.4–178.6))

*Continuous characteristics are presented as mean±SD or median 
(range).
DM, diabetes mellitus; DN, Diabetic nephropathy; eGFR, estimated 
glomerular filtration rate; HbA1c, glycated haemoglobin.
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1.1, adjusted p=0.194) was associated with increased odds 
of CKD but was not statistically significant (table 3).

DISCUSSION
The prevalence of CKD in T2DM was 81.6% in this study. 
There has been a wide range of variations (23.6%–83.7%) 
in the prevalence of CKD in T2DM in other studies.12–14 
The variation in prevalence rate could be due to differ-
ences in the definitions adopted and variability in health- 
seeking behaviour among people of different places. 
Most of the patients in our study belonged to stages 3, 4 
and 5 and very few patients were in stages 1 and 2 of CKD. 
This is in sheer contrast with a similar study conducted 
in Tanzania where around two- thirds of the patients were 
in stages 1 and 2 and less than one- third belonged to 
stages 3 and above.13 In lower- income and middle- income 
countries (LMICs) such as Nepal, asymptomatic people 
rarely go for a routine health check- up and patients visit 
the hospital only after developing severe symptoms or 

complications. Although the complications of T2DM 
take a few years to develop, often those complications 
are identified only at the time of diagnosis. Therefore, 
delayed hospital presentation in DM explains the higher 
prevalence of CKD. Thus, the current guidelines recom-
mend at least annual screening for possible nephropathy 
after the diagnosis of T2DM.15

Advancing age was a risk factor for the progression 
of CKD in our study, the prevalence being greater in 
diabetics above 60 years of age. A study done among 
patients with CKD in a tertiary hospital in Nepal showed 
that almost half of the patients were above 58 years of 
age.16 The significant relationship of age with CKD can be 
explained by the age- related loss of renal mass and steady 
decline in GFR with ageing.17 The other reason for this 
association can be due to the fact that older people are 
at a greater risk of comorbidities such as diabetes, hyper-
tension and obesity.18 Study among disease- matched 
subjects is essential to assess the independent association 

Figure 2 Frequency of different stages of chronic kidney disease (CKD) based on estimated glomerular filtration rate (eGFR) 
among participants with T2DM. T2DM, type 2 diabetes mellitus.

Table 2 Clinical and background variables of each eGFR category

Stage eGFR† 5 eGFR <15 
(n=62)

4 eGFR 15–29 
(n=47)

3b eGFR 30–44 
(n=34)

3a eGFR 45–59 
(n=31)

2 eGFR 60–89 
(n=18)

1 eGFR ≥90 
(n=9) P value*Variables

Age (years) 55.1±14.4 63.7±15.4 63.1±12.5 60.6±10.5 54.4±9.5 49.4±12.4 0.003

Hb (g/dL) 9.0±1.8 9.6±1.1 9.8±1.6 9.6±1.9 10.0±1.1 9.8±1.2 0.085

HbA1c % 6.8±1.2 7.0±0.9 7.0±1.1 6.5±0.5 6.6±0.8 6.3±0.7 0.138

FBS (mg/dL) 135.2±39.2 161.3±88.7 160.3±48.2 140.4±51.1 146.2±39.8 185.9±72.8 0.104

2- hour PPBS (mg/dL) 195.8±65.6 215.4±70.7 246.0±85.3 205.7±73.7 208.1±62.3 201.3±72.5 0.080

*Kruskal- Wallis H test.
†eGFR in mL/min per 1.73 m2 BSA.
BSA, body surface area; eGFR, estimated glomerular filtration rate; FBS, fasting blood sugar; Hb, haemoglobin; HbA1c, glycated 
haemoglobin; PPBS, post prandial blood sugar.
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of age with CKD. Though there was no gender associa-
tion in the prevalence of CKD in our study, previous 
literature suggests that the prevalence of CKD is higher 
in males than in females.15 16 Renal function is thought 
to decline more rapidly in men than women due to the 
damaging effects of testosterone and protective effects 
of oestrogen.19 20 This study showed that literate people 
were at a higher risk of developing CKD. This finding 
is quite unusual as education is usually linked to better 
health literacy, healthier lifestyle and better compliance 
with various treatment modalities. However, increased 
comparative prevalence among literate people could 
also be higher detection rates among them due to better 
health seeking behaviour as compared with illiterate ones 
where the disease remains masked.

Patients with diabetes with concomitant hypertension 
were found to be twice more likely to develop CKD than 
non- hypertensive patients. Hypertension is not only a 
cause but also a consequence of CKD.21 High systolic 
blood pressure is considered a better predictor of renal 
damage than high diastolic blood pressure.22 ACE inhibi-
tors are considered the first- line therapy for the treatment 
of hypertension in diabetics as they help optimise blood 
pressure as well as reduce proteinuria.23

Our study showed that the probability of progression 
to CKD increases with the duration of diabetes. Previous 
studies also suggest that the duration of diabetes is an 

independent risk factor for the progression of diabetic 
kidney disease.24 25 Prolonged duration of diabetes is asso-
ciated with the accumulation of advanced glycation end 
products, which indeed are implicated in the pathophys-
iology of diabetic nephropathy as well as other microvas-
cular complications.26

Decreased haemoglobin level was found to be associ-
ated with CKD in this study. Anaemia is common in CKD 
and can be both a cause and consequence of CKD.27 
Previous studies show a linear relationship between a 
fall in haemoglobin and eGFR in CKD.28 This highlights 
the importance of screening for haemoglobin levels in 
the follow- up visit in patients with diabetes for the early 
address with the appropriate treatment strategy.

None of the markers of glycaemic control including 
HbA1c, FBS and PPBS directly correlated with eGFR levels 
in this study. The development of microvascular compli-
cations including diabetic nephropathy is thought to 
be related to glycaemic control.29 30 HbA1c level reflects 
glycaemic control of the preceding 3 months and is mini-
mally affected by diurnal variation, acute changes in diet 
and physical activity.31 Most of the previous studies show 
that higher mean HbA1c and higher HbA1c variability 
are associated with a higher prevalence of CKD in patients 
with T2DM14 32 However, a similar study conducted among 
the adult Palestinian diabetic population reports no associ-
ation of CKD with glycaemic markers including HbA1c.12

Table 3 Comparison between participants with chronic kidney disease and preserved eGFR (n=201)

Variables

Chronic kidney disease (CKD) Multivariable results

No (%) Yes (%) P value *
Adjusted
P value AOR (95% CI)

Gender Female 14 (13.7) 88 (86.3) 0.902 1 (Ref.)

Male 13 (13.1) 86 (86.9) 0.329 0.6 (0.2 to 1.7)

Age (years) <60 18 (19.1) 76 (80.9) 0.026 1 (Ref.)

≥60 9 (8.4) 98 (91.6) 0.042 3.0 (1.1 to 8.8)

Education Illiterate 6 (26.1) 17 (73.9) 0.095 1 (Ref.)

Literate 21 (11.8) 157 (88.2) 0.018 5.8 (1.4 to 24.6)

Occupation Homemaker and/or retired 17 (13.6) 108 (86.4) 0.929 1 (Ref.)

All other† 10 (13.2) 66 (86.8) 0.696 0.8 (0.3 to 2.3)

Hypertension No 14 (25.9) 40 (74.1) 0.002 1 (Ref.)

Yes 13 (8.8) 134 (91.2) 0.200 1.9 (0.7 to 5.3)

Family history of CKD No 24 (15.7) 129 (84.3) 0.094 1 (Ref.)

Yes 3 (6.3) 45 (93.8) 0.249 2.4 (0.5 to 11.0)

Duration of DM ≤10 years 16 (21.6) 58 (78.4) 0.009 1 (Ref.)

≥11 years 11 (8.7) 116 (91.3) 0.181 2.0 (0.7 to 5.3)

Haemoglobin (g/dL) 10.0±1.1 9.4±1.6 0.027 0.194 0.8 (0.6 to 1.1)

HbA1c (%) 6.5±0.7 6.8±1.0 0.086 0.470 1.3 (0.6 to 2.7)

Fasting blood sugar (mg/dL) 159.4±55.0 148.1±60.6 0.362 0.112 0.9 (0.9 to 1.0)

2- hour post prandial sugar (mg/dL 205.8±64.6 212.7±73.9 0.649 0.613 1.0 (0.9 to 1.0)

*Χ2 test and independent t- test.
†All other: job and farmer.
AOR, Adjusted odds ratio; DM, diabetes mellitus; HbA1c, glycated haemoglobin.
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The prevalence and progression of CKD are associated 
with multiple factors. It is important to assess and control 
the modifiable risk factors at an early stage to prevent 
nephropathy and its progression from stage 1 to ESRD.29

Although there have been many studies on diabetic 
kidney diseases and diabetic nephropathy in Nepal, most 
of them are based on the presence of albuminuria; there 
are very few studies which have actually staged CKD based 
on eGFR specifically in diabetic population. Rigorous 
statistic tools have been used in our study. Multivariate 
regression was used after univariate analysis. This helped 
to adjust for the potential bias and better predict the risk 
factors of CKD in the study population. Kidney Disease 
Improving Global Outcomes has staged CKD based on 
eGFR and albuminuria. While we have included eGFR, 
we have failed to incorporate albuminuria which is one of 
the major shortcomings of this study. The failure of inclu-
sion of other comorbidities could have led to potential 
confounding bias in the association of CKD with other 
risk factors. Although we have been able to identify and 
estimate the risks associated with CKD, the cause- and- 
effect relationship cannot be fully studied unlike cohort 
studies. Our study has shown that there is an association 
between hypertension and CKD, but whether hyperten-
sion is a cause or an effect of CKD cannot be ascertained 
by this study.

CONCLUSION
The prevalence of CKD is high among the diabetic popu-
lation in Nepal. Advancing age, illiteracy, concomitant 
hypertension, increasing duration of diabetes and the 
presence of anaemia were found to be important risk 
factors. Age is the most important predictor of CKD, 
with an increasing prevalence in the elderly population. 
It is strongly recommended that all countries, including 
LMICs such as Nepal, must implement a guideline for 
periodic renal assessment for early detection and manage-
ment of renal complications of DM. This, overall, helps 
decrease the global health burden due to such chronic 
diseases.
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