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Background: While effective risk factor control and medication optimization in 
early-stage CKD can significantly slow disease progression, a paucity of studies 
hinders comprehensive understanding. This study aims to identify factors 
associated with progression of early-stage CKD in primary care.
Methods: We retrospectively analyzed data of CKD G1-G2 patients with type 
2 diabetes or hypertension, recruited from an ongoing cohort between 2017 
and 2023 from six polyclinics in Singapore. The outcome of interest was CKD 
progression, defined as a 25% decline in eGFR from baseline and worsening 
of CKD stage. Multivariable logistic regression was used to analyze the factors 
associated with CKD progression among early-stage CKD patients.
Results: Among 19,274 patients analyzed, CKD progression occurred in 1,992 
patients (10.3%). Patients had a mean age of 62.27 years (SD 9.54), 54.4% were 
male, 70.4% Chinese, 18.1% Malay, 8.2% Indian, and 3.4% Others. On multivariable 
analysis, factors associated with CKD progression include Malay ethnicity (OR: 
1.52, 95% CI: 1.35, 1.72), A2 (OR: 1.41, 95% CI: 1.18, 1.70) and A3 albuminuria (OR: 
4.19, 95% CI: 3.45, 5.10), diabetes (OR: 2.59, 95% CI: 2.18, 3.09), hypertension 
(OR: 1.69, 95% CI: 1.18, 2.41), increasing systolic BP (OR: 1.005, 95% CI 1.001, 
1.008), active smoking (OR: 1.26, 95% CI: 1.09, 1.47), being on maximum doses 
of ACE inhibitors/ARBs at baseline (OR: 1.28, 95% CI 1.07, 1.53) and having 
undergone CKD counseling (OR: 1.84, 95% CI 1.59, 2.12). Increasing age (OR: 
0.991, 95% CI 0.984, 0.998), higher baseline eGFR (OR: 0.968, 95% CI 0.965, 
0.972), higher diastolic BP (OR: 0.989, 95% CI 0.983, 0.995), and BMI (OR: 0.981, 
95% CI 0.971, 0.991) significantly reduced odds of CKD progression.
Conclusion: This study identified key factors associated with early-stage 
CKD progression in a multi-ethnic Asian population. Further research is also 
needed to address benefits of patient counseling and SGLT2i use. Refining risk 
stratification methods will enable targeted interventions and improve outcomes 
for high-risk CKD patients.
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1 Introduction

Chronic kidney disease (CKD) is characterized by a gradual loss 
of kidney function over time (1). Based on the Kidney Disease 
Improving Global Outcomes (KDIGO) guideline, CKD is defined as 
having either an estimated glomerular filtration rate (eGFR) < 60 mL/
min/1.73 m2 or markers of kidney damage, including albuminuria, for 
more than 3 months (2). CKD remains a significant public health 
concern worldwide. Globally, it is estimated that about 10% of the 
general population or 843.6 million individuals are affected by CKD 
(3). Furthermore, progressive CKD is associated with higher risk of 
adverse clinical outcomes which include cardiovascular diseases, 
progression to end stage kidney failure and mortality (4). The 
economic burden of CKD is substantial, with studies projecting 
significant increases in annual direct costs that rise exponentially with 
disease progression, and renal replacement therapy-associated costs 
accounting for nearly half of the total costs (5, 6).

In Singapore, the age standardized prevalence of CKD has 
increased from 7.3% in 2019–2020 to 11.4% in 2021–2022 (7). 
Singapore ranks second in the world for diabetes induced kidney 
failure, second for prevalence and fifth for incidence of kidney failure 
(8). According to the Singapore renal registry, age standardized 
prevalence of definitive dialysis has increased from 949.0 to 1161.8 per 
million population between 2012 and 2022 (9). Among those on 
dialysis, diabetic nephropathy was the primary cause for end stage 
kidney failure (9).

Diabetes and hypertension remain the leading causes of CKD in 
many developed and developing countries (10). In a meta-analysis of 
100 global studies, significant associations between diabetes and 
hypertension prevalence with CKD prevalence were reported (11). In 
Singapore, the prevalence of CKD was estimated to be 53% among 
adults with type 2 diabetes (12). A local projection study using the 
Markov model predicted an increase in CKD among residents, from 
316,521 to 887,870, with a corresponding doubling of prevalence from 
12.2 to 24.3% (13). This is further exacerbated by the high burden of 
chronic diseases and multimorbidity, which contributes to the 
escalating CKD prevalence.

Given the progressive and irreversible nature of CKD (14), 
slowing down disease progression remains the primary goal of most 
CKD treatment and management. This is often achieved through 
appropriate control of modifiable risk factors, dietary and lifestyle 
related, optimization of CKD medications such as angiotensin 
converting enzyme (ACE) inhibitors or angiotensin receptor blockers 
(ARBs) (15–17), and more recently sodium glucose cotransporter-2 
(SGLT2) inhibitors (18, 19). The benefits and improvements in kidney 
outcomes associated with the use of ACE inhibitors/ARBs and SGLT2i 
have been well established and proven in many international studies 
(20–25). However, these were mainly conducted in populations with 
moderate to advanced CKD and studies to elucidate factors associated 
with progression among the early-stage CKD patients remain limited.

Primary care in Singapore, which is often patient’s first point of 
contact with the healthcare system, plays an important role in delaying 
CKD progression. As patients are usually asymptomatic in the early 
stages of CKD (26), active screening is vital in the early diagnosis and 
initiation of CKD treatment to facilitate preservation of kidney 
function and prevention of cardiovascular disease (26). To combat the 
growing CKD epidemic, the Singapore Ministry of Health (MOH) 
rolled out the Holistic Approach to Lowering and Tracking Kidney 

Disease (HALT-CKD) program in 2017 to all public primary care 
polyclinics with the aim of slowing down CKD progression to end 
stage kidney failure (27). The program uses a multi-pronged approach 
of prevention, education, treatment, and disease management to curb 
the rising prevalence of CKD (27). Primary objectives include (1) 
optimization of kidney protective medication such as ACE inhibitor 
or ARB, (2) ensuring control of diabetes and hypertension to target 
levels (28), and (3) CKD counseling by program coordinators. This 
program mainly included patients with type 2 diabetes or 
hypertension, as these conditions are the most common causes of 
early-stage CKD within primary care. Hence, this study aims to 
identify the factors associated with CKD progression among early-
stage CKD patients with type 2 diabetes or hypertension in the 
primary care setting of Singapore to pinpoint high-risk groups and 
areas requiring targeted interventions, ultimately enhancing our 
population health strategy to better serve early-stage CKD patients in 
the region.

2 Materials and methods

2.1 Study design and study population

This was a retrospective study of patients recruited by six primary 
care polyclinics (National University Polyclinics (NUP)) in Singapore 
between 3 April 2017 and 31 March 2023 as part of the national 
HALT-CKD program. Patients recruited into the HALT-CKD 
program were aged 19 to 80 years old, with CKD stages G1 (eGFR 
≥90 mL/min/1.73 m2) or G2 (eGFR 60-89 mL/min/1.73 m2) based on 
KDIGO staging criteria. Albuminuria stage (A1-3) was calculated 
based on KDIGO except stage A1, where we used gender specific 
cutoffs (Male: < 2.5 mg/mmol, Female: < 3.5 mg/mmol, 
respectively) (29).

2.2 Data and variables measurement

The study dataset included patient information such as age, sex, 
diagnosis, medications, and dosages and laboratory measurements. 
Clinical data were captured at two time points: at baseline defined as 
the last measurement before enrollment into the program and at 
analysis defined as the final measurement extracted prior to study end 
date of 31 March 2023. Baseline eGFR of each patient was calculated 
using the mean of up to four pre-enrolment serum creatinine 
measurements using the Chronic Kidney Disease Epidemiology 
(CKD-EPI) 2009 equation (30). Variables related to the HALT-CKD 
program such as patient’s enrolment date, counseling status, and other 
program-specific metrics were tracked. Figure 1 summarizes the data 
collection time points and timeline of this study.

2.3 Study inclusion and exclusion

Within the HALT-CKD program, patients with the following 
criteria were included for analysis: (1) with existing diagnosis of 
hypertension or type 2 diabetes mellitus, (2) stage G1 or G2 based on 
KDIGO definition, with persistently elevated albuminuria ≥3 mg/
mmol for more than 3 months, and (3) with a minimum program 
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duration of 6 months. Figure  2 shows the flowchart of patients 
included in the study.

2.4 Outcome definition

The outcome of interest was CKD progression, defined by a 25% 
or more reduction in eGFR from baseline, and worsening of CKD 
stage based on KDIGO guideline (2). CKD progression was 
determined based on individual’s percentage change in eGFR from 
baseline to final measurement. Patients who had improved eGFR 
category, same eGFR category despite a 25% or more reduction in 
eGFR or less than 25% reduction in eGFR from baseline were defined 
as not having CKD progression.

2.5 Statistical analyses

All statistical analysis was performed using R 4.3.1. Statistical 
significance was assessed at p < 0.05 using a two-tailed test. Descriptive 
statistics were performed with categorical variables expressed as 
counts and percentages and continuous variables expressed as mean 
and standard deviation. Patient characteristics were analyzed using 
Pearson chi-square test for categorical variables and Student’s t-test for 
continuous variables. The dependent variable was CKD progression 
following KDIGO definition (2). Potential factors studied include age, 
sex, ethnicity, polyclinic, CKD counseling status, body mass index 
(BMI), albuminuria status, HbA1c, CKD medications such as ACE 
inhibitor/ARB and SGLT2i, systolic and diastolic blood pressure (SBP 
and DBP), albuminuria, presence of chronic diseases such as 
hypertension, diabetes, and hyperlipidemia, and smoking. 
Multivariable logistic regression was performed using CKD 
progression as the outcome of interest, adjusted for all potential 
explanatory variables except HbA1c, which was excluded to prevent 
singularity error due to its close association with another variable, 
presence of diabetes. To ensure the absence of multicollinearity, 
variance inflation factors (VIFs) and tolerance values were calculated 
for all predictor variables, confirming that none exceeded the 
threshold for concern (VIF < 5, tolerance > 0.2). The results were 

expressed as odds ratios (ORs) with their 95% confidence intervals 
(CI) for multivariable analysis after adjustments.

2.6 Ethics approval

Ethics approval was obtained from National Healthcare Group 
(NHG) Domain Specific Review Board (DSRB) on 29 June 2023, 
NHG DSRB Reference: 2023/00314. Waiver of consent was approved 
for the conduct of this study and all patient data were de-identified 
prior to study analysis.

3 Results

A total of 34,727 patients were enrolled in HALT-CKD from the 
six polyclinics between 3 Apr 2017 and 30 Sep 2022. After excluding 
6,067 patients due to CKD stage, missing or inconsistent data, 19,274 
early-stage CKD patients were analyzed with 1,992 (10.3%) having 
CKD progression. Table 1 shows the patient characteristics by CKD 
progression status.

Patients with CKD progression were older (mean difference 
1.371 years, 95% CI 0.957, 1.785) and had a lower baseline eGFR 
(mean difference 6.05 mL/min/1.73 m2, 95% CI 5.43, 6.67) than those 
without progression (Table 1). The following variables were found to 
be significantly associated with CKD progression: ethnicity (χ2 = 66.7, 
p < 0.001), polyclinic seen (χ2 = 76.4, p < 0.001), smoking status 
(χ2 = 8.64, p = 0.011), baseline CKD (χ2 = 147.8, p < 0.001) and 
albuminuria stage (χ2 = 668.9, p < 0.001), presence of diabetes 
(χ2 = 165.0, p < 0.001), hypertension (χ2 = 23.2, p < 0.001) and 
hyperlipidemia (χ2 = 26.9, p < 0.001) at baseline, use of ACE 
inhibitors/ARBs at baseline (χ2 = 155.0, p < 0.001), ever used SGLT2i 
(χ2 = 32.2, p < 0.001), and ever been counseled for CKD (χ2 = 119.6, 
p < 0.001). Patients with CKD progression were also found to have 
higher baseline HbA1c (mean difference 0.25, 95% CI 0.19, 0.32%), 
higher baseline systolic BP (mean difference 1.23 mmHg, 95% CI 
0.53 mmHg, 1.94 mmHg), lower baseline diastolic BP (mean 
difference −0.79 mmHg, 95% CI −1.23 mmHg, −0.34 mmHg), and 
lower BMI (mean difference −0.13 kg/m2, 95% CI −0.56 kg/m2, 

FIGURE 1

Outline of study timeline and data collection points.
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−0.05 kg/m2). No significant associations between gender and CKD 
progression were found (χ2 = 0.27, p = 0.60).

On multivariate analysis, the odds of CKD progression were 
reduced (OR: 0.991, 95% CI: 0.984, 0.998) with each year increase in 
age after adjustments (Table 2). Ethnicity was a significant factor for 
CKD progression, with Malays being 52% more likely to progress 
compared to Chinese (OR: 1.52, 95% CI: 1.35, 1.72). The odds of CKD 
progression differed across polyclinics (p < 0.001), with Polyclinic D 
(OR: 0.80, 95% CI: 0.68, 0.94) and E (OR: 0.58, 95% CI 0.48, 0.70) at 
lower odds of CKD progression, and Polyclinic F at higher odds of 
CKD progression (OR: 1.33, 95% CI 1.11, 1.59), compared to 
Polyclinic A. Smoking was a significant factor for CKD progression 
with current smokers having a higher odds of progression (OR: 1.26, 
95% CI: 1.09, 1.47) than non-smokers.

Higher baseline eGFR was associated with lower odds of CKD 
progression (OR: 0.968, 95% CI: 0.965, 0.972) (Table 2). We observed 
a stepwise increase in CKD progression risk with albuminuria 
severity: patients with Stage A3 albuminuria (OR: 4.19, 95% CI: 3.45, 
5.10) and Stage A2 albuminuria (OR: 1.41, 95% CI: 1.18, 1.70) had 
higher odds of CKD progression, compared to patients with Stage A1 
albuminuria (Table 2). The presence of chronic conditions such as 
diabetes (OR: 2.59, 95% CI: 2.18, 3.09) or hypertension (OR: 1.69, 95% 
CI: 1.18, 2.41) at baseline significantly increased the odds of CKD 
progression (Table 2). While increasing baseline systolic BP was found 
to significantly increase odds of CKD progression (OR: 1.005, 95% CI 
1.001, 1.008), increasing baseline diastolic BP was found to 
significantly reduce odds of CKD progression (OR: 0.989, 95% CI 
0.983, 0.995). For BMI, the odds of CKD progression were lower (OR: 
0.981, 95% CI: 0.971, 0.991) with each unit increase in BMI.

In terms of medications, patients who were on maximal doses of 
ACE inhibitor/ARB demonstrated significantly increased odds of 

CKD progression compared to those who were not on ACE inhibitor/
ARB (OR: 1.28, 95% CI 1.07, 1.53) (Table 2). SGLT2i use did not show 
statistically significant association with CKD progression following 
adjustments (p = 0.601). CKD counseling remained significantly 
associated with increased odds of CKD progression (OR: 1.84, 95% 
CI: 1.59, 2.12).

4 Discussion

CKD progression occurred in 10.3% of the early-stage CKD 
patients analyzed in this study. On multivariable analysis, factors 
associated with increased odds of progression included Malay 
ethnicity, worsening albuminuria stage, presence of chronic diseases 
such as diabetes and hypertension, higher baseline systolic BP, 
smoking status, and baseline use of ACE inhibitor/ARB at maximal 
doses. Increasing age, higher baseline eGFR, diastolic BP, and BMI 
showed reduced odds of progression among CKD G1-G2 patients. 
Additionally, polyclinic location was significantly associated with 
CKD progression. This may be attributed to inherent differences in 
sociodemographic distribution and practice patterns across locations 
that were not fully accounted for in this study.

In general, findings from this study align well with established risk 
factors for CKD progression. A systematic review and meta-analysis 
identified male sex, proteinuria and diabetes, as risk factors for the 
development and progression of CKD (31). Proteinuria, smoking, 
hypertension, and low HDL cholesterol are associated with accelerated 
disease progression in early CKD (32). Gender differences in risk 
factors have been observed, with proteinuria being the most crucial 
factor for males and poor glycemic control for females (33). Poor 
blood pressure control is a shared risk factor for both genders (33). 

FIGURE 2

Flowchart of patients included in this study.
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TABLE 1  Characteristics of patients by CKD progression status.

Overall CKD progression No CKD progression p-value

(n = 19,274) (n = 1,992) (n = 17,282)

Mean age (years) (SD) 62.27 (±9.54) 63.50 (±8.85) 62.13 (±9.60) <0.001a

Gender, n (%) 0.60b

 � Male 10,489 (54.4) 1,095 (55.0) 9,394 (54.4)

 � Female 8,785 (45.6) 897 (45.0) 7,888 (45.6)

Ethnicity, n (%) <0.001b

 � Chinese 13,565 (70.4) 1,299 (65.2) 12,266 (71.0)

 � Malay 3,482 (18.1) 492 (24.7) 2,990 (17.3)

 � Indian 1,578 (8.2) 141 (7.1) 1,437 (8.3)

 � Others 649 (3.4) 60 (3.0) 589 (3.4)

Polyclinic, n (%) <0.001b

 � Polyclinic A 4,497 (23.3) 522 (26.2) 3,975 (23.0)

 � Polyclinic B 3,430 (17.8) 373 (18.7) 3,057 (17.7)

 � Polyclinic C 2,779 (14.4) 312 (15.7) 2,467 (14.3)

 � Polyclinic D 3,814 (19.8) 339 (17.0) 3,475 (20.1)

 � Polyclinic E 2,675 (13.9) 176 (8.8) 2,499 (14.5)

 � Polyclinic F 2,079 (10.8) 270 (13.6) 1,809 (10.5)

Smoking status, n (%) 0.011b

 � Non-smoker 14,626 (75.9) 1,461 (73.3) 13,165 (76.2)

 � Smoker 2,604 (13.5) 309 (15.5) 2,295 (13.3)

 � Ex-smoker 2,044 (10.6) 222 (11.1) 1,822 (10.5)

Mean eGFR (mL/min/1.73 m2) 

(SD) 85.79 (±14.17) 80.36 (±13.18) 86.41 (±14.15) <0.001a

Baseline CKD Stage, n (%) <0.001b

 � Stage G1 (eGFR ≥90 mL/

min/1.73 m2)
7,953 (41.3) 569 (28.6) 7,384 (42.7)

 � Stage G2 (eGFR 60–89 mL/

min/1.73 m2)
11,321 (58.7) 1,423 (71.4) 9,898 (57.3)

Baseline albuminuria, n (%) <0.001b

 � Normo (A1) 2,376 (12.3) 149 (7.5) 2,227 (12.9)

 � Micro (A2) 14,116 (73.2) 1,174 (58.9) 12,942 (74.9)

 � Macro (A3) 2,782 (14.4) 669 (33.6) 2,113 (12.2)

Presence of diabetes at baseline, 

n (%) 15,532 (80.6) 1,820 (91.4) 13,712 (79.3) <0.001b

Presence of hypertension at 

baseline, n (%) 18,552 (96.3) 1,956 (98.2) 16,596 (96.0) <0.001b

Presence of hyperlipidemia at 

baseline, n (%) 18,499 (96.0) 1,955 (98.1) 16,544 (95.7) <0.001b

Mean baseline HbA1c (%) (SD) 7.49 (±1.37) 7.71 (±1.57) 7.46 (±1.34) <0.001a

Mean baseline systolic BP 

(mmHg) (SD) 133.15 (±14.53) 134.26 (±15.24) 133.02 (±14.44) <0.001a

Mean baseline diastolic BP 

(mmHg) (SD) 73.51 (±9.24) 72.81 (±9.69) 73.59 (±9.19) <0.001a

Mean BMI (kg/m2) (SD) 27.47 (±5.52) 27.19 (±5.37) 27.50 (±5.53) 0.009a

ACE inhibitor/ARB at baseline, 

n (%) <0.001b

(Continued)
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Presently, systematic reviews on CKD were mainly conducted on 
CKD cohorts with moderate to advanced CKD. Similarly, risk 
prediction tools for CKD such as the Kidney Failure Risk Equation, 
which predicts an individual’s risk for end stage kidney disease is only 
validated for use in those with CKD stages G3–G5 (34, 35) and not 
the earlier stages. Although there are promising attempts to develop 
risk prediction models for early-stage CKD (36) and its progression, 
focus was primarily on the diabetic population (37–39) and may not 
be used exclusively for early-stage CKD (39). With the evolving shift 
in care model toward preventive health at the population level, further 
research including systematic review studies focusing on early-stage 
CKD could be performed to better inform upstream management of 
the disease.

International studies on early-stage CKD cohorts have reported 
ethnic disparities in outcomes, with ethnic minorities being the most 
adversely affected (40, 41). A unique characteristic of Singapore is its 
multiethnic makeup comprising predominantly the Chinese, Indian, 
Malays and other communities. This study results revealed that 
ethnicity was a significant factor for early-stage CKD progression with 
Malays reportedly being most at risk. This was consistent with results 
from existing local CKD studies where Malays were shown to have 
higher odds of CKD (42), more rapid progression to end stage renal 
disease (43), and disproportionately higher incident CKD compared 
to other ethnic groups (44). In our study, Malays had a higher 
proportion of ever smokers (28.3%), current and ex-smokers 
combined, compared to Chinese (23.0%), Indian (22.9%), and others 
(26.8%). There was also a higher proportion of patients with Stage A3 
albuminuria status at baseline among the Malays (18.2%) compared 
to other ethnic groups (Chinese: 13.6%, Indian: 12.4%, Others: 
16.8%). Furthermore, the mean BMI of Malays was found to 
be highest (30.26 kg/m2) among all ethnic groups (Chinese: 26.40 kg/
m2, Indian: 27.90 kg/m2, Others: 29.19 kg/m2). Studies have established 
obesity as a risk factor for the onset and progression of CKD (45, 46). 
Obesity can exacerbate CKD through pathophysiological processes of 
inflammation, oxidative stress, endothelial dysfunction, and 
proteinuria (46). These disparities may be influenced by differences in 
health beliefs, socioeconomic status, and health system engagement, 
highlighting the need for further research and comprehensive 
interventions to address these disparities.

Although the kidney protective effects of ACE inhibitors/ARBs 
have been well established in many CKD studies, these were mostly 
conducted on mid to advanced staged CKD patients (21, 47). One 
study that investigated the effects of ACE inhibitors/ARBs showed 
significantly reduced CKD progression among those who were on 

ACE inhibitors/ARBs, even among early-stage patients (20). While 
studies have demonstrated a dose–response relationship for certain 
ACE inhibitors/ARBs such as irbesartan (15), benazepril and losartan 
(48) with better kidney outcomes reported at higher dosages, the same 
effect was not seen in this study, which revealed that early-stage CKD 
patients had increased odds of progression at maximal dosages of ACE 
inhibitor/ARB at baseline. A possible reason for this observed 
discrepancy may be the differing clinical characteristics of patients 
who were on maximum ACE inhibitor/ARB dose compared to those 
who were not. Patients who were on maximum ACE inhibitor/ARB 
dose had persistently higher mean SBP: 135.0 mmHg (Not on max 
dose: 133.1 mmHg, Not on ACE inhibitor/ARB: 130.4 mmHg) and a 
higher proportion (25.3%) with Stage A3 albuminuria levels compared 
to the rest at baseline (Not on max dose: 12.6%, Not on ACE inhibitor/
ARB: 4.2%). Furthermore, the proportion of patients with concomitant 
SGLT2i use was highest among the group on maximum ACE 
inhibitor/ARB doses (42.3%) (Not on max dose: 28.6%, Not on ACE 
inhibitor/ARB: 21.7%). We speculate that patients on maximum doses 
may have had more complex or advanced disease, with inadequate 
response to therapy despite maximal dosing, attributed to various 
factors such as medication non-adherence, need for additional 
therapies to control albuminuria and blood pressure, or underlying 
disease severity and etiology. Further investigation is needed to 
understand the relationship between ACE inhibitor/ARB dosing and 
CKD progression in this population.

Contrary to study’s expectation, the provision of CKD counseling 
by program coordinators did not lower the odds of progression in 
early-stage CKD patients. Counseling was instead associated with 
increased odds of progression. Admittedly, challenges in patient 
education efforts exist. While education may improve the knowledge 
and literacy of positive health practices in patients, this may not 
necessarily translate to optimal adoption of health behaviors leading 
to better health outcomes. This was demonstrated in findings from a 
systematic review where a consistent relationship between health 
literacy and positive self-management behaviors in CKD patients was 
shown but association between health literacy and health outcomes 
remained inconclusive and poorly understood (49). A further 
limitation that may have impeded the effectiveness of counseling was 
that program coordinators only delivered the education once or twice 
to patients in their entire program duration. Research suggests that 
providing risk information at a single time point may be insufficient 
(50), highlighting the need for repeated or ongoing educational 
interventions to reinforce patient understanding and promote 
behavior change.

TABLE 1  (Continued)

Overall CKD progression No CKD progression p-value

(n = 19,274) (n = 1,992) (n = 17,282)

 � Not on ACE inhibitor/ARB 3,131 (16.2) 206 (10.3) 2,925 (16.9)

 � Not on max dose 11,303 (58.7) 1,075 (54.0) 10,228 (59.2)

 � Max dose 4,840 (25.1) 711 (35.7) 4,129 (23.9)

SGLT2i use, n (%) 5,961 (30.9) 727 (36.5) 5,234 (30.3) <0.001b

Counseled on CKD, n (%) 14,940 (77.5) 1,737 (87.2) 13,203 (76.4) <0.001b

aStudent’s t-test.
bChi-square test.
BP, blood pressure; ACE inhibitor, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; SGLT2i, sodium glucose co-transport 2 inhibitor; BMI, body mass index.
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This study has several strengths, including a robust sample 
size that provides ample power to detect significant effects. The 
large, multi-ethnic patient cohort offers a representative real-
world snapshot of early-stage CKD patients in the southeast Asian 
region, enhancing the generalizability of the findings to this 
diverse population. The analysis was based on a comprehensive 
dataset combining clinical data from medical records and detailed 
documentation from program coordinators. This approach 

minimized missing data and ensured robust follow-up, facilitated 
by the program’s mandatory national reporting requirements, 
which ensured a high level of data completeness and accuracy. 
There are limitations to be acknowledged in this study. Firstly, as 
an observational study, we could not control the time between 
baseline and outcome determination, resulting in varying lengths 
of time between baseline and final measurement. This variability 
could impact results and introduce significant variation. To 

TABLE 2  Multivariable regression analysis showing variables associated with CKD progression.

p-value OR 95% CI

Lower Upper

Age 0.013 0.991 0.984 0.998

Male (ref = female) 0.058 1.12 1.00 1.25

Ethnicity <0.001

 � Chinese 1

 � Malay <0.001 1.52 1.35 1.72

 � Indian 0.538 0.94 0.78 1.14

 � Others 0.593 1.08 0.81 1.44

Polyclinic <0.001

 � Polyclinic A 1

 � Polyclinic B 0.061 1.12 0.99 1.34

 � Polyclinic C 0.473 1.06 0.90 1.26

 � Polyclinic D 0.006 0.80 0.68 0.94

 � Polyclinic E <0.001 0.58 0.48 0.70

 � Polyclinic F 0.002 1.33 1.11 1.59

Smoking status 0.009

 � Non-smoker 1

 � Smoker 0.002 1.26 1.09 1.47

 � Ex-smoker 0.704 1.03 0.87 1.22

Baseline eGFR (mL/min/1.73 m2) <0.001 0.968 0.965 0.972

Baseline albuminuria <0.001

 � Normo (A1) 1

 � Micro (A2) <0.001 1.41 1.18 1.70

 � Macro (A3) <0.001 4.19 3.45 5.10

Presence of diabetes at baseline (ref = no diabetes) <0.001 2.59 2.18 3.09

Presence of hypertension at baseline (ref = no hypertension) 0.004 1.69 1.18 2.41

Presence of hyperlipidemia at baseline (ref = no hyperlipidemia) 0.327 1.19 0.84 1.70

Baseline systolic BP (mmHg) 0.017 1.005 1.001 1.008

Baseline diastolic BP (mmHg) <0.001 0.989 0.983 0.995

BMI (kg/m2) <0.001 0.981 0.971 0.991

ACE-I/ARB use at baseline 0.001

 � Not on ACE-I/ARB 1

 � Not on max dose 0.495 1.06 0.90 1.25

 � Max dose 0.006 1.28 1.07 1.53

SGLT2i (ref = not on SGLT2i) 0.601 1.03 0.92 1.15

Counseling status (ref = not counseled) <0.001 1.84 1.59 2.12

BP, blood pressure; ACE inhibitor, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; SGLT2i, sodium glucose co-transport 2 inhibitor; BMI, body mass index.
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mitigate potential bias, we  enforced a minimum 6-month 
observation period, ensuring a more accurate representation of 
disease progression and program response. Secondly, missing 
data, primarily due to incorrect BMI recordings from machine 
errors, were excluded from analysis. Despite manual imputation 
of height values, some BMI values remained unresolved, 
particularly for patients with mobility issues. To maintain data 
integrity, patients with incomplete records were excluded. 
Multiple imputation methods were not employed due to concerns 
of introducing biases into regression analysis, particularly 
regarding BMI accuracy. Thirdly, this study would have missed 
patients who were on follow up with private general practitioner 
clinics or nephrologists for their CKD. Fourthly, some extent of 
selection bias may be introduced due to exclusion of patients with 
pre-diabetes (due to predefined inclusion criteria for the original 
cohort) and missing clinical parameters. Lastly, some variables 
that were important for CKD progression were not collected by 
the program and hence could not be  studied. These included 
information on patient’s diet, physical activity, medication 
adherence, LDL-Cholesterol levels, statin medication use, 
socioeconomic status, other cardiovascular co-morbidities, 
aetiology and family history of CKD. The study would have been 
strengthened by collecting data on these four variables at baseline 
(SGLT2i use, CKD counseling, BMI, smoking status), allowing for 
more accurate assessment of their impact on CKD progression.

5 Conclusion

Our study explored the factors affecting CKD progression among the 
early-stage CKD patients in a multi-ethnic population. Findings from this 
study mostly concur with existing evidence. Early-stage CKD patients 
who present with diabetes, hypertension, substantial proteinuria, are 
current smokers, of Malay ethnicity, and required maximum doses of 
ACE inhibitor/ARB at baseline were shown to have increased odds of 
CKD progression. This further supports the continued use of ACE 
inhibitor/ARB as a first line therapy in CKD management, including 
those of early-stage CKD. The study has also highlighted potential gaps in 
existing CKD counseling practices and usage of SGLT2i which may 
benefit from future evaluations to better assess its constraints. With 
appropriate interventions and management of risk factors, disease 
progression can be delayed in the early stages of CKD.
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