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Abstract 

Background  We aimed to explore the three-way interaction among age, gender, and kidney function on the risk 
of all-cause mortality and cardiovascular mortality among patients with type 2 diabetes (T2D).

Methods  In a retrospective cohort study, patients aged > 40 years with T2D with serum creatinine and urine albumin 
measured from 2013 to 2019 were included from a multi-institutional diabetes registry. The exposure was estimated 
glomerular filtration rate (eGFR), outcomes were all-cause mortality (primary outcome) and cardiovascular disease 
(CVD) mortality (secondary outcome). We applied multivariable cox proportional hazards regression analysis to com-
pute the association between eGFR and mortality.

Results  A total of 36,556 patients were followed for up to 6 years during which 2492 (6.82%) died from all causes, 
and 690 (1.9%) died from CVD. We observed a significant three-way interaction (p = 0.021) among age (younger, < 65; 
older, ≥65 years), gender and eGFR for the risk of all-cause mortality. Using age- and gender-specific eGFR of 90 ml/
min/1.73m2 as the reference point, the adjusted hazard rate (HR) (95% CI) for all-cause mortality at eGFR of 40 ml/
min/1.73m2 was 3.70 (2.29 to 5.99) in younger women and 1.86 (1.08 to 3.19) in younger men. The corresponding 
adjusted HRs in older women and older men were 2.38 (2.02 to 2.82) and 2.18 (1.85 to 2.57), respectively. Similar 
results were observed for CVD deaths, although the three-way interaction was not statistically significant. Sensitivity 
analysis yielded similar results.

Conclusions  In this T2D population, younger women with reduced kidney function might be more susceptible 
to higher risks of all-cause mortality and CVD mortality than younger men.
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Introduction
Diabetes is a major public health problem globally [1]. 
Reduced kidney function is an established risk factor for 
all-cause deaths, cardiovascular disease (CVD) deaths, 
and end-stage kidney disease (ESKD)—with no excep-
tion for individuals with diabetes [2, 3]. Several studies 
and a meta-analysis of individual level data associate 
declines in estimated glomerular filtration rate (eGFR) 
below a threshold of about 75 ml/min/1.73m2 with 
increases in all-cause and CVD deaths [2]. Although 
men appear to be at higher absolute risk, hazard ratio 
curves associating all-cause and CVD mortality risk with 
reduced kidney function (lower eGFR range) are steeper 
in women, indicating accelerated risk relative to their 
male counterparts [4].

However, the relationship of gender with adverse out-
comes—including CVD and death—appears to be more 
complex in people with diabetes. Several studies show 
that compared to men, women with diabetes may be at 
increased risk of CVD (incident coronary heart disease 
[CHD], heart failure), all-cause death and CVD death [5, 6]. 
Studies also show that younger age confers an independent 
risk of all-cause death and CVD death in diabetic individu-
als compared to those without diabetes, and in particular in 
those with greater severity of kidney disease [7]. However, 
the relationship among kidney function, gender and age on 
all-cause and CVD mortality in individuals with diabetes 
remains unstudied.

Our main objective in the present analysis was to 
determine whether the association between eGFR on all-
cause mortality is modified by gender and age in individ-
uals with diabetes. The secondary objective was to assess 
the same association on the secondary outcome of CVD 
mortality.

Our working hypothesis was that age category would 
be a factor influencing risk relationships at the lower end 
of the eGFR range showing accelerated risk of all-cause 
and CVD mortality in younger diabetic women relative 
to their male counterparts.

Methods
Study population
Singapore is a multi-ethnic country with major eth-
nic groups of Chinese, Malays, and Indians. In 2017 
there were 18 polyclinics (primary care clinics) located 
throughout Singapore where about 60% of Singaporeans 
with hypertension and diabetes sought care. The 18 poly-
clinics were managed by two major healthcare groups 
prior to 2017, the SingHealth group and the National 
Healthcare group. The current study was derived from 
the electronic health records (EHR) of the SingHealth 
Diabetes Registry with the follow-up duration of 6 years 
[8]. Individuals with T2D receive annual blood and 

urine tests for serum creatinine and urine albumin, 
respectively.

Eligibility criteria for our study were individuals with 
type 2 diabetes (T2D) who had serum creatinine and 
urine albumin (quantitative or dipstick) recorded in EHR 
from the SingHealth Diabetes Registry in 2013. Baseline 
eGFR was calculated by Chronic Kidney Disease Epide-
miology Collaboration (CKD-EPI) equation based on 
serum creatinine levels [9]. This equation has been vali-
dated in the population in Singapore [10]. We excluded 
individuals having eGFR levels ≥120 mL/min/1.73 m2 as 
that could reflect spuriously low serum creatinine in frail 
or malnourished individuals, and also because hyper-
filtration may increase the risk of mortality among indi-
viduals with T2D [2, 11, 12]. The SingHealth Centralized 
Institutional Review Board granted ethics approval and 
consent waiver.

Outcome assessment
Deaths were determined via linkage with the population-
based Singapore Registry of Births and Deaths. Linkage 
was accomplished by matching the National Registration 
Identity Card number assigned to each citizen or perma-
nent resident in Singapore and then verified by name. 
CVD mortality was identified as death from the follow-
ing International Classification of Disease (ICD) codes 
for primary cause of death: ICD-10 codes I00–125, 150, 
160–169, 170–171 for disease of circulatory system and 
R96 for sudden death.

Exposure assessment and study covariates
The primary exposure variable was eGFR calculated from 
CKD-EPI equation based on serum creatinine [9]. All 
available eGFR values were averaged for 2013 for each 
patient. Information on covariates was also obtained 
from EHR data. Albuminuria was categorised based on 
semi-quantitative measurement of microalbumin based 
on urinary dipstick with values 20 mg/L or higher cat-
egorized as abnormal [13]. Other covariates included 
age, gender, socioeconomic status, smoking, and clini-
cal information. Socioeconomic status was represented 
by living in rental housing (yes, no). Rental housing is a 
proxy indicator of low socioeconomic status in Singa-
pore as shown in some studies [14]. Smoking was dichot-
omised as yes (for current smokers) and no (for former 
and never smokers). Comorbidities included hyperten-
sion (yes, no) and history of cardiovascular disease (yes, 
no). Other clinical information included intakes of lipid 
and anti-hypertensive medication (yes, no), systolic blood 
pressure (mmHg), diastolic blood pressure (mmHg), as 
well as levels of high-density lipoprotein (HDL) choles-
terol (mmol/L), low-density lipoprotein (LDL) choles-
terol (mmol/L), and triglycerides (mmol/L). Body mass 
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index (BMI) was calculated as weight (kg) divided by 
height (m) squared. Creatinine measurements were cali-
brated to be traceable to isotope dilution mass spectrom-
etry (IDMS) standardization [15, 16].

Statistical analysis
Comparison of baseline characteristics was performed 
between men and women, stratified by age category 
(< 65 years, ≥65 years), using a chi-square test for cat-
egorical variables and an ANOVA F-test test for con-
tinuous variables. The effect size of standardized mean 
differences was estimated by Cramer’s V for counts and 
Cohen’s d for means. For Cramer’s V, absolute values of 
< 0.3, 0.3- < 0.5, and ≥ 0.5 represent small, medium, and 
large effect sizes, respectively [17]. For Cohen’s d, abso-
lute values of < 0.5, 0.5- < 0.8, and ≥ 0.8 represent small, 
medium, and large effect sizes, respectively [17].

The Cox proportional hazards model was used to esti-
mate hazard ratios for eGFR measurements in 2013 
associated with risks of all-cause mortality and CVD 
mortality during 2013 to 2019 after adjustment for study 
covariates: age, gender, ethnicity (Chinese, Malays, Indi-
ans, and others), living in rental housing, smoking, BMI, 
using lipid lowering medications, albuminuria, systolic 
blood pressure (BP), diastolic BP, history of hyperten-
sion, history of CVD, levels of HDL cholesterol, LDL 
cholesterol and triglycerides. The covariates included in 
the model were statistically significant based on univari-
ate analysis for at least one of the age group (< 65 years 
vs ≥ 65 years) when comparing between male and female. 
The model complies with the proportional hazards 
assumption.

For continuous eGFR, restricted cubic spline analy-
sis with four knots (5th, 25th, 75th, and 95th percentile) 
and their product with gender were fitted for all-cause 
mortality and CVD mortality. Gender-specific refer-
ence points were used (eGFR of 90 mL/min per 1.73 m2), 
and from this model, the interaction was evaluated as 
the ratio of hazard ratios in women versus men at each 
1 mL/min per 1.73 m2 of eGFR from 30 to 120 mL/min 
per 1.73 m2. To visually assess the main effect of gender 
on estimates of risk, analyses were repeated using a single 
eGFR reference point of 90 mL/min/1.73m2 in women. 
The two-way (eGFR×gender) and three-way interac-
tion among eGFR, gender, and age (< 65 vs ≥65 years) 
as product of eGFR×gender×age for the outcome of all-
cause mortality and CVD mortality were assessed in the 
restricted cubic spline analysis. Statistical significance 
was set at two-sided P < 0.05.

To evaluate the robustness of our results, we also 
included (i) a parsimonious model, (ii) a simplified model 
and (iii) a simplified model (excluding living in rental 
block). The parsimonious model adjusted for age, gender 

and albuminuria; the simplified model adjusted for age, 
gender, ethnicity, living in rental block, smoking, body 
mass index, lipid medications, hypertension medica-
tions, established CVD and albuminuria; the simplified 
model (excluding living in rental block) adjusted for all 
the covariates in the simplified model but excluded the 
variable on ‘living in rental block’. We conducted several 
sensitivity analyses including evaluations of: 1) Kaplan-
Meier curves for the survival probability of men and 
women for mortality stratified by eGFR categories in the 
full model (Supplemental Fig. S1); 2) two-way interac-
tion between eGFR×gender in the parsimonious model 
(Supplemental Fig. S2); 3) three-way interaction between 
eGFR×gender×age using a restricted cubic spline analy-
sis on continuous eGFR with knots at 30, 45, 90 and 
105 mL/min/1.73m2 in the full model (Supplemental Fig. 
S3); 4) three-way interaction between eGFR×gender×age 
in dataset including the average of at least two meas-
urments of eGFR for every patient during 2013 to 
2019 (N = 32,873) as the predictor variable in the full 
model (Supplemental Fig. S4); 5) three-way interaction 
between eGFR×gender×age primary analysis account-
ing for quantitative urine albumin creatinine ratio based 
on first available measurement between 2013 to 2019 
(N = 32,087) in the parsimonious model (Supplemental 
Fig. S5); 6) two-way interaction between eGFR×gender 
in the parsimonious model for CVD mortality out-
come (Supplemental Fig. S6); 7) three-way interaction 
between eGFR×gender×age in the full model for CVD 
mortality (Supplemental Fig. S7); 8) three-way interac-
tion between eGFR×gender×age in the simplified model 
(Supplemental Fig. S8); 9) three-way interaction between 
eGFR×gender×age in the simplified model (excluding liv-
ing in rental block) (Supplemental Fig. S9); 10) three-way 
interaction between eGFR×gender×age in the simpli-
fied model for CVD mortality (Supplemental Fig. S10); 
11) three-way interaction between eGFR×gender×age in 
the simplified model (excluding living in rental block) for 
CVD mortality (Supplemental Fig. S11).

All the models in the abovementioned sensitivity anal-
yses are for all-cause mortality outcome unless stated 
otherwise.

We also modelled eGFR as a categorical variable and 
compared the risks of all-cause mortality and CVD 
mortality among four categories of eGFR (< 30, 30- < 60, 
60- < 90, and 90–120 mL/min per 1.73 m2) strati-
fied by age and gender. Three-way interaction among 
eGFR, gender, and age (< 65 vs ≥65 years) as product of 
eGFR×gender×age for the outcome of all-cause mor-
tality and CVD mortality were assessed in the analy-
sis using categorical eGFR variable. In the unadjusted 
analysis (Table  2) and the simplified model (excluding 
living in rental block) (Table  3), eGFR between 90 and 
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119 mL/min per 1.73 m2 was used as reference in men 
and women. Rental block is excluded in Table  3 as its 
effect size in low. The sensitivity analysis using the cat-
egorical eGFR variable is shown in the simplified model 
(Supplemental Table S1).

For statistical significance of two-way and three-way 
interaction terms, a likelihood ratio test was used to 
compare a model with the interaction term and a nested 
model without the interaction term [18]. R studio (ver-
sion 4.1.1) was used as the statistical software for all data 
analyses.

Results
At baseline, 39,564 individuals were identified for eligibil-
ity screening. The final sample of 36,556 (92.3%) individ-
uals with T2D was included in the present analysis. The 
flowchart detailing the study design is shown in Fig.  1. 
During mean follow-up of 6 years, 2492 (6.8%) individu-
als died from all causes, of which 690 (27.7%) deaths were 
due to CVD.

Table  1 compare the baseline characteristics of indi-
viduals with T2D stratified by gender and age category 
(< 65 years, ≥65 years). Among the 36,556 participants, 
mean age was 64.7 (SD: 10.0) years, 47.4% were male, 
74.1% were Chinese, 12.7% were Malays, and 9.5% were 
Indians. Compared to men, women tended to smoke 

less and have higher HDL cholesterol in both age groups 
with significantly moderate to large effect sizes (Cohen’s 
d: < 65 years, 0.72; ≥65 years, 0.61). Younger women had 
lower diastolic BP compared to younger men, 69.3 (7.0) 
vs. 73.5 (6.7) mm Hg, respectively, (Cohen’s d, 0.61). No 
other covariates exhibited clinically important differ-
ences between men and women.

We observed a significant three-way interaction among 
age, gender and eGFR relative to risk of all-cause mortal-
ity (p = 0.021) (Fig. 2). As shown in Fig. 2 panel A, using 
eGFR of 90 mL/min/1.73m2 as the reference point in 
younger men (aged < 65 years), younger women (aged 
< 65 years) had progressively higher risk of mortality at 
eGFR levels less than 70 ml/min/1.73m2. However, both 
older men and women (aged 65 years or older) had sig-
nificantly higher risks of all-cause mortality at eGFR less 
than 90 mL/min/1.73m2 (Fig. 2 panel A).

As shown in Fig.  2 panel B, using eGFR of 90 mL/
min/1.73m2 as the reference point in both younger 
(aged < 65 years) men and women, the hazard curves 
for all-casue mortality demonstrated the lowest risks at 
the highest eGFR levels and showed a steeper rise with 
decreasing eGFR in younger women (aged < 65 years) 
compared to younger (aged < 65 years) men. Among 
older (aged 65 years or older) women and men, the risks 
of all-cause mortality were similar at eGFR < 90 mL/

Fig. 1  Participant selection flowchart
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min/1.73m2 (Fig. 2 panel B). Using age- and gender-spe-
cific eGFR of 90 ml/min/1.73m2 as the reference point, 
the adjusted hazard rate (HR) (95% CI) for all-cause 
mortality at eGFR 40 was 3.70 (2.29 to 5.99) in younger 
women and 1.86 (1.08 to 3.19) in younger men. The cor-
responding adjusted HR were 2.38 (2.02 to 2.82) and 2.18 
(1.85 to 2.57) in older women and older men, respectively.

The survival probabilities were lowest for older 
(> 65 years) men and younger (< 65 years) women with 
eGFR < 30 ml/min/1.73m2 (Supplemental Fig. S1). These 
results remained consistent in all sensitivity analyses 
of all-cause mortality with persistent significant inter-
action p-values (ranging from p = 0.03 to p < 0.001) in 

analyses of two-way interactions (eGFR×gender) and 
three-way interactions under various stratifications and 
use of differing eGFR knots in 1) a model using subjects 
with at least two measurments of eGFR (N = 32,873) 
and 2) a model replacing presence of dipstick albumi-
nuria by quantitative urine albumin-to-creatinine ratio 
(N = 32,087) (Supplemental Figs. S2 to S5, S8 and S9).

When analyzing eGFR as a categorical variable, 
we observed consistent results for all-cause mortal-
ity (Table  2). For example, when using eGFR of 90 
to 120 mL/min/1.73m2 as the reference in younger 
(aged < 65 years) women and men, younger women 
with eGFR < 60 to 30 mL/min/1.73m2 exhibited a 

Table 1  Baseline characteristics by age and gender

Abbreviations: CVD cardiovascular disease, SBP Systolic blood pressure, DBP Diastolic blood pressure, HDL high-density lipoprotein, LDL low-density lipoprotein
a Data are count (percentage) and mean (SD). Note: Missing values imputed in mean (SD) calculation except for body mass index
d 5025 (13.7%) missing values were imputed with the national cutoff of body mass index between moderate and high risk of weight-related health problems [3] 
(27.5 kg/m2)
e 716 (1.96%) missing values were imputed with the mean value of systolic blood pressure (132.3 mmHg)
f 719 (1.97%) missing values were imputed with the mean value of diastolic blood pressure (69.5 mmHg)
g 152 (0.42%) missing values were imputed with the mean value of HDL cholesterol (1.314 mmol/L)
h 205 (0.56%) missing values were imputed with the mean value of LDL cholesterol (2.393 mmol/L)
i 87 (0.24%) missing values were imputed with the mean value of triglycerides (1.541 mmol/L)

Characteristics Overall N = 36,556 < 65 years ≥65 years

Male n = 9376 Female n = 8974 Male n = 7966 Female n = 10,240

Age (years), Mean (SD) 64.7 (10.0) 56.2 (5.9) 57.0 (5.5) 72.3 (5.9) 73.2 (6.1)

Ethnicity, n (%)

  Chinese 27,185 (74.1) 6790 (72.4) 5733 (63.9) 6466 (81.2) 8196 (80.0)

  Malay 4640 (12.7) 1188 (12.7) 1779 (19.8) 673 (8.5) 1000 (9.8)

  Indian 3464 (9.5) 1032 (11.0) 1113 (12.4) 586 (7.4) 733 (7.2)

  Others 1267 (3.5) 366 (3.9) 349 (3.9) 241 (3.0) 311 (3.0)

Rental housing, n (%) 2183 (6.0) 447 (4.8) 548 (6.1) 501 (6.3) 687 (6.7)

Smoking, n (%) 2873 (7.9) 1653 (17.6) 135 (1.5) 943 (11.8) 142 (1.4)

Body mass index (kg/m2), Mean (SD)d 26.2 (4.0) 26.7 (3.8) 27.1 (4.6) 25.2 (3.4) 25.6 (4.0)

Lipid medications, n (%) 31,409 (85.9) 7826 (83.5) 7578 (84.4) 6923 (86.9) 9082 (88.7)

Hypertension, n (%) 34,987 (95.7) 8763 (93.5) 8306 (92.6) 7819 (98.2) 10,099 (98.6)

History of cardiovascular disease, n (%) 6755 (18.5) 1607 (17.1) 682 (7.6) 2461 (30.9) 2005 (19.6)

Albuminuria, n (%)

  Abnormal 20,971 (57.4) 4491 (47.9) 4726 (52.7) 4840 (60.8) 6914 (67.5)

eGFR (mL/min per 1.73 m2), Mean (SD) 84.6 (19.5) 91.3 (15.5) 96.6 (15.5) 73.7 (17.8) 76.5 (19.0)

eGFR (mL/min per 1.73 m2), n (%)

   < 30 268 (0.7) 11 (0.1) 15 (0.2) 92 (1.2) 150 (1.5)

  30 - < 60 4452 (12.2) 402 (4.3) 330 (3.7) 1745 (21.9) 1975 (19.3)

  60 - < 90 14,562 (39.8) 3128 (33.4) 1722 (19.2) 4581 (57.5) 5131 (50.1)

  90 - < 120 17,274 (47.3) 5835 (62.2) 6907 (77) 1548 (19.4) 2984 (29.1)

SBP (mmHg), Mean (SD)e 130.1 (11.5) 128.6 (11.0) 128.7 (11.7) 130.4 (11.5) 132.6 (11.4)

DBP (mmHg), Mean (SD)f 69.1 (7.2) 73.5 (6.7) 69.3 (7.0) 67.7 (6.7) 66.0 (6.3)

HDL cholesterol (mmol/L), Mean (SD)g 1.37 (0.4) 1.22 (0.3) 1.44 (0.3) 1.30 (0.3) 1.51 (0.4)

LDL cholesterol (mmol/L), Mean (SD)h 2.31 (0.7) 2.41 (0.7) 2.40 (0.7) 2.18 (0.6) 2.23 (0.6)

Triglycerides (mmol/L), Mean (SD)i 1.42 (0.7) 1.52 (0.8) 1.43 (0.7) 1.33 (0.6) 1.41 (0.6)
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significantly higher mortality risk (HR, 3.01 [95% con-
fidence interval: 1.84, 4.94]) compared to their male 
counterparts (HR, 1.44 [0.88, 2.38]) (Table  2). How-
ever, the mortality risks were comparable in older 
(65 years or older) women and men with eGFR < 60 
to 30 mL/min/1.73m2 (HRs, 3.03 [2.47, 3.71] and 2.05 
[1.69, 2.47], respectively) (Table  2). These results 
remained consistent when for absolute mortality 
rates (expressed incidence per as 1000 person years) 
(Table 2) and for mortality risk inthe simplified model 
(excluding living in rental block) (Table 3) and the sim-
plified model (Supplemental Table S1).

Similar to all-cause mortality, the association 
between eGFR and CVD mortality was more pro-
nounced for women with higher risks at the lowest 
eGFR levels and generally steeper declines in risk with 
increasing eGFR levels. The gender×eGFR interac-
tion was statistically significant (p < 0.001) (Supple-
mental Fig. S6). However, the three-way interaction of 
age×gender×eGFR for CVD mortality did not achieve 
statistical significance in the main analysis (Supple-
mental Figs. S7, S10 and S11).

Discussion
Reduced kidney function measured using eGFR is 
associated with an increase in the risk of all-cause 
mortality and CVD mortality in patients with and 
without diabetes [3]. In our analysis of 36,556 patients 
with T2D in multi-institutional diabetes registry in 
Singapore followed for up to 6 years, we observed a 
statistically significant 3-way interaction among eGFR, 
gender and age indicating that younger women with 
lower eGFR are at 2 to 6 times higher risk of dying 
from any cause than the younger men counterparts. 
Our analysis accounted for several conventional CVD 
risk factors including BMI, BP, fasting glucose, cho-
lesterol levels, anti-hypertensive and lipid lowering 
medications, and proteinuria. No significant differ-
ences in mortality were observed in elderly women 
versus elderly men at low eGFR values. Although the 
3-way interaction test was not statistically significant 
for the outcome of CVD mortality—possibly due to the 
sample size, a similar pattern of relationships among 
gender, eGFR and age was observed. Our findings 
underscore the urgency of risk stratification in younger 

Fig. 2  Cox regression model all-cause mortality hazard curves adjusted for covariates characterizing 3-way interactions of eGFR, gender and age 
category (N = 36,556; years 2013–2019). A Reference is eGFR 90 mL/min/1.73m2 in men aged < 65 years. B Reference for men and women is eGFR 
90 mL/min/1.73m2 aged < 65 years. Model: Elapsed time to all-cause mortality = eGFR + age + gender + eGFR*age + eGFR*gender + age*gender + 
eGFR*age*gender + covariates. Covariates: ethnicity, living in rental block, smoking, body mass index, lipid medications, hypertension, established 
CVD, albuminuria, systolic blood pressure, diastolic blood pressure, high-density lipoprotein, low-density lipoprotein, and triglycerides. Restrictive 
cubic spline was applied to eGFR with knots at 5th, 25th, 75th and 95th percentile. Abbreviations: eGFR, estimated glomerular filtration rate. CVD, 
cardiovascular disease
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women with diabetes and low GFR for targeted efforts 
to prevent all deaths—including CVD deaths.

Several studies and meta-analyses have shown lin-
ear increases in all-cause mortality and CVD mortal-
ity with declines in eGFR beyond a threshold of about 
75 ml/min/1.73m2 [2, 3]. Although men appear to be at 
higher absolute risk, increases in risk of all-cause and 
CVD mortality as a function of declining eGFR occur at 
demonstrably accelerated rates in women relative to men 

[4]. Systematic reviews of studies in patients with diabe-
tes reveal that women are at substantially increased risk 
of death, CVD death and incident CVD (incident CHD, 
heart failure) compared with men, although there was 
significant heterogeneity in cause of death among studies 
[6, 19]. Of note, women with diabetes have been shown 
to have up to 40% greater risk of incident CHD com-
pared to diabetic men, in part due to an excess of CVD 
risk factors [5]. Other studies have shown that patients 

Table 2  Cox regression model eGFR hazard ratios for all-cause and CVD mortality among patients with type 2 diabetes stratified by 
age using 65 years as cut-off and gender, with eGFR between 90 and 119 mL/min per 1.73 m2 as reference (N = 36,556; years 2013–
2019)

Unadjusted model: Abbreviations: eGFR estimated glomerular filtration rate, CVD cardiovascular disease
a The incidence rate represented is for per 1000 person-years

eGFR 
categories 
(mL/min per 
1.73 m2)

< 65 years ≥65 years

Number 
of Deaths 
(incidence rate 
(%) Malea)

Hazard Ratio 
(95% CI) Male

Number 
of Deaths 
(incidence rate 
(%) Femalea)

Hazard Ratio 
(95% CI) 
Female

Number 
of Deaths 
(incidence rate 
(%) Malea)

Hazard Ratio 
(95% CI) Male

Number 
of Deaths 
(incidence rate 
(%) Femalea)

Hazard Ratio 
(95% CI) Female

All-cause 
mortality

  < 30 2 (31.25) 6.63 (1.64, 26.70) 5 (64.94) 22.88 (9.36, 
55.94)

32 (66.12) 4.19 (2.86, 6.13) 42 (51.92) 6.90 (4.89, 9.74)

  30 - < 60 17 (7.13) 1.44 (0.88, 2.38) 18 (9.23) 3.01 (1.84, 4.94) 333 (33.89) 2.05 (1.69, 2.47) 270 (23.65) 3.03 (2.47, 3.71)

  60 - < 90 103 (5.54) 1.12 (0.88, 1.43) 53 (5.17) 1.68 (1.22, 2.32) 536 (20.19) 1.20 (1.00, 1.44) 489 (16.30) 2.06 (1.71, 2.49)

  90 - < 120 172 (4.95) 1.00 (Reference) 127 (3.08) 1.00 (Reference) 152 (16.90) 1.00 (Reference) 141 (7.99) 1.00 (Reference)

CVD mortality

  < 30 1 (15.63) 9.58 (1.33, 69.14) 3 (38.96) 59.64 (18.16, 
195.91)

9 (18.60) 4.72 (2.28, 9.79) 17 (21.01) 14.43 (7.87, 26.48)

  30 - < 60 8 (3.35) 1.98 (0.95, 4.15) 7 (3.59) 5.13 (2.25, 11.71) 95 (9.67) 2.38 (1.63, 3.48) 88 (7.71) 5.13 (3.33, 7.89)

  60 - < 90 37 (1.99) 1.17 (0.78, 1.77) 12 (1.17) 1.67 (0.85, 3.27) 143 (5.39) 1.31 (0.91, 1.88) 118 (3.93) 2.59 (1.71, 3.94)

  90 - < 120 59 (1.70) 1.00 (Reference) 29 (0.70) 1.00 (Reference) 37 (4.11) 1.00 (Reference) 27 (1.53) 1.00 (Reference)

Table 3  Cox regression simplified model (excluding living in rental block) eGFR hazard ratios for all-cause and CVD mortality among 
patients with type 2 diabetes stratified by age using 65 years as cut-off and gender, with eGFR between 90 and 119 mL/min per 
1.73 m2 as reference (N = 36,556; years 2013–2019)

Model: Elapsed time to all-cause/CVD mortality = eGFR + age + gender + eGFR*age + eGFR*gender + age*gender + eGFR*age*gender + covariates. Covariates: 
ethnicity, smoking, body mass index, lipid medications, established CVD, albuminuria. Abbreviations: eGFR estimated glomerular filtration rate, CVD cardiovascular 
disease

eGFR categories (mL/min per 
1.73 m2)

< 65 years ≥65 years

Male Female Male Female

All-cause mortality
  < 30 4.97 (1.23, 20.04) 18.22 (7.49, 44.32) 3.26 (2.22, 4.78) 5.73 (4.05, 8.10)

  30 - < 60 1.29 (0.79, 2.13) 2.75 (1.68, 4.51) 1.88 (1.55, 2.28) 2.63 (2.14, 3.22)

  60 - < 90 1.12 (0.88, 1.43) 1.64 (1.19, 2.25) 1.17 (0.98, 1.40) 1.92 (1.59, 2.32)

  90 - < 120 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

CVD mortality
  < 30 6.11 (0.84, 44.20) 40.63 (13.09, 126.15) 2.80 (1.35, 5.84) 10.02 (5.44, 18.46)

  30 - < 60 1.51 (0.72, 3.16) 4.03 (1.76, 9.22) 1.87 (1.27, 2.74) 3.87 (2.51, 5.97)

  60 - < 90 1.09 (0.73, 1.65) 1.50 (0.77, 2.95) 1.19 (0.83, 1.72) 2.22 (1.46, 3.37)

  90 - < 120 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
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with diabetes, compared to those without diabetes, were 
at higher risk of death from any cause, and that risk of 
cardiovascular death in patients with diabetes, compared 
to those without diabetes, begins to rise at a younger age, 
and in particular in those with greater severity of kidney 
disease [7].

CVD mortality rates continue to rise in younger 
women in many countries and is often neglected [20, 21]. 
The associations among gender, kidney function and age 
with all-cause and CVD mortality have not previously 
been reported in patients with diabetes per se. Our find-
ings are novel in elucidating the relationship between 
reduced kidney function and gender on excess mortality 
risk as modified by age: at lower eGFR, younger women 
compared to younger men have a significantly higher 
risk of death, while we found no significant difference in 
death risk between elderly women and elderly men.

The reasons for age-related effect modifications of the 
gender and eGFR relationship with mortality can poten-
tially be attributed to both biological factors as well as 
those related to access to the health systems. First, dia-
betes has been found to negate the protective effect of 
the female sex against coronary heart disease and death 
from cardiovascular disease [22]. Although our analy-
sis accounted for several conventional CVD risk factors, 
data on waist circumference or other measures of vis-
ceral adiposity, a known risk factor for cardiometabolic 
multimorbidity especially in Asians, were not available 
[23]. Second, low eGFR is associated with a host of “kid-
ney specific” factors which include increased activity of 
renin-angiotensin system, neurohormonal activation, 
water and sodium retention, inflammation, vitamin D 
deficiency, calcium and phosphorus dysregulation, and 
increased asymmetric dimethyl arginine (ADMA) with 
greater bioavailability of nitric oxide, leading to endothe-
lial dysfunction [24]. Studies show that endothelial dys-
function may develop at an earlier age in women relative 
to men who develop diabetes [25]. Third, women with 
diabetes and low eGFR are also likely to have history of 
inflammatory disorders such as rheumatoid arthritis, 
psoriasis, or lupus that are known to have robust associa-
tions with vascular disease and mortality that occur pref-
erentially at a younger age [26–28]. Fourth, and perhaps 
most concerning, is the possibility of gender-related bias 
in treatment of young women with diabetes and reduced 
kidney function. Unfortunately, treatment bias against 
women has been reported for several conditions globally, 
including in the United States. For example, the analy-
sis of the Atherosclerosis Risk in Communities (ARIC) 
Surveillance study conducted in 4 communities showed 
that young women with acute myocardial infarction were 
less likely to receive guideline-based therapies [29]. Of 

note, only a minority of patients with CKD who present 
with acute myocardial infarction (AMI) report the typi-
cal symptoms of chest, arm, shoulder, or neck pain [29, 
30]. Our findings underscore the urgency to increase 
awareness of healthcare providers to high risk of death in 
young women with diabetes and CKD.

Lifestyle plus pharmacotherapy targeting blood pres-
sure lowering preferably with Renin-angiotensin-aldos-
terone system inhibitor, lipid lowering, and antidiabetic 
agents including Sodium-glucose Cotransporter-2 inhibi-
tors, glucagon-like peptide 1 agonists, as well as non-
steroidal mineralocorticoids optimize CVD and kidney 
risk reduction in patients with diabetes and CKD [29, 
31]. Our findings have tremendous implications for clini-
cal practice and policy, and underscore the need for risk 
stratification of younger women with diabetes and lower 
eGFR and prompt institution of targeted strategies to 
prevent deaths. Awareness and prompt recognition of 
acute events is important for timely interventions for 
revascularization and secondary prevention [30].

Our study has several limitations. First, inherent to 
analysis of clinic-based registry and EHR is the possi-
bility of an informed-presence bias as individuals who 
are ill (e.g. lower eGFR) are likely to seek healthcare, 
and get tested more frequently across a variety of set-
tings (emergency room, outpatient clinic, hospital) com-
pared to those who are not, with the greater possibility 
of detecting potentially spurious associations [32, 33]. 
However, we accounted for the presence of co-morbidi-
ties (hypertension, CVD), clinical factors (BP, lipids) and 
related medications. Therefore, we believe our findings 
are generalizable to the vast majority of patients with 
diabetes in Singapore. Second, information on educa-
tion and physical activity was not available in the regis-
try. These components of socioeconomic and lifestyle 
factors are associated with all-cause and CVD mortality 
[34]. However, our main findings of effect modification of 
the association between eGFR level and gender by age on 
mortality risk were consistent after accounting for BMI, 
housing type, smoking status, as well as clinical risk fac-
tors for CVD. Third, only semi-quantitative as opposed 
to quantitative measures of albuminuria were available 
for the vast majority of patients in 2013. The latter has a 
continuous, linear relationship with mortality and CVD 
deaths [2]. However, several studies have shown excel-
lent validity of the semi-quantitative tests compared 
to quantitative methods [13, 35]. Moreover, sensitivity 
analysis accounting for ACR obtained during 2013 to 
2019 yeilded consistent results. Fourth, the study find-
ings might not be broadly applicable to other populations 
due to the specific healthcare settings within the diabetes 
group studied, potentially influencing the main results. 
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Moreover, even though our study had a relatively sizable 
sample, there were fewer participants with low eGFR, 
notably in younger age strata. Furthermore, the number 
of deaths among younger women and men was limited. 
This scarcity influenced the precision of estimating mor-
tality risks associated with low eGFR.

Additionally, our study lacked sufficient power to 
detect three-way interactions for specific causes of mor-
tality, such as CVD deaths. Nevertheless, the risk esti-
mates indicate a similar relationship and trends between 
CVD deaths and overall mortality, with younger women 
exhibiting a higher risk of CVD-related deaths compared 
to men with reduced eGFR levels.

Major strengths of our study include a large and well 
characterized cohort of patients with diabetes, follow-up 
over 6 years, linkage to the comprehensive national dis-
ease registry for death and cause of death records, and 
serum creatinine measurements being standardized to 
IDMS [9]. Moreover, sensitivity analysis using categori-
cal cut-points and spline models with different knots for 
eGFR yielded consistent results. Thus, we believe our 
findings are robust.

Conclusion
In conclusion, among patients with diabetes, we found a 
higher mortality of women compared to men confined 
to those with reduced kidney function and at younger 
age. No differences in mortality were observed in the 
elderly women vs men. Our results indicate that younger 
women with diabetes reduced kidney function are a 
very high-risk group deserving of special study and that 
patients’ age and kidney function must be considered 
in assessments of gender-based differences in mortal-
ity in patients with diabetes. Our results underscore the 
urgency of creating awareness among the providers and 
patients of gender-related disparities observed at low 
eGFR in patients with T2D.
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