Kar et al. BMC Nephrology ~ (2025) 26:168 BMC Neph ro|ogy
https://doi.org/10.1186/512882-025-04090-7

Check for
updates

Navigating the complexities of end-stage
kidney disease (ESKD) from risk factors

to outcome: insights from the UK Biobank
cohort

Debasish Kar'?", Richard Byng', Aziz Sheikh?, Mintu Nath?, Bedowra Zabeen®, Shubharthi Kar®, Shakila Banu®,
Mohammad Habibur Rahman Sarker®, Navid Khan, Durjoy Acharjee’, Shafiqul Islam® Victoria Allgar1, José
M. Ordéfez-Mena?, Aya El-Wazir’, Soon Song'®, Ashish Verma''!, Umesh Kadam'? and Simon de Lusignan?

Abstract

Background The global prevalence of end-stage kidney disease (ESKD) is increasing despite optimal management of
traditional risk factors such as hyperglycaemia, hypertension, and dyslipidaemia. This study examines the influence of
cardiorenal risk factors, socioeconomic status, and ethnic and cardiovascular comorbidities on ESKD outcomes in the
general population.

Methods This cross-sectional study analysed data from 502,408 UK Biobank study participants recruited between
2006 and 2010. Multivariable logistic regression models were fitted to assess risk factors for ESKD, with results
presented as adjusted odds ratio (@OR) and 95% confidence intervals (95% Cl).

Results A total of 1191 (0.2%) of the study participants reported ESKD. Diabetes increased ESKD risk by 62% [1.62
(1.36-1.93)], with early-onset diabetes (before age 40) conferring higher odds compared to later-onset (after age 40)
[2.26 (1.57-3.24)]. Similarly, early-onset hypertension (before age 40), compared to later onset (after age 40), increased
ESKD odds by 73% [1.73 (1.21-2.44)]. Cardiovascular comorbidities, including stroke, hypertension, myocardial
infarction and angina, were strongly associated with ESKD [5.97 (3.99-8.72), 5.35 (4.38-6.56), 4.94 (3.56-6.78), and
4.89 (3.47-6.81)], respectively. Males were at 22% higher risk of ESKD than females [1.22 (1.04-1.43)]. Each additional
year of diabetes duration increased ESKD odds by 2% [1.02 (1.01-1.03)]. Non-white ethnicity, compared to white and
socioeconomically most deprived, compared to the least deprived quintiles, were at 70% and 83% higher odds of
ESKD. Each unit of HbA1c rise increased the odds of ESKD by 2%. Compared to microalbuminuria, macroalbuminuria
increased the odds of ESKD by almost 10-fold [9.47 (7.95-11.27)] while normoalbuminuria reduced the odds by 73%
[0.27 (0.22-0.32)].
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Conclusions Early onset of diabetes and hypertension, male sex, non-white ethnicity, deprivation, poor glycaemic
control, and prolonged hyperglycaemia are significant risk factors for ESKD. These findings highlight the complexity of
ESKD and the need for multifactorial targeted interventions in high-risk populations.

Clinical trial number Not applicable.

Keywords Chronic kidney disease, Diabetes, End-stage kidney disease (ESKD), Renal replacement therapy (RRT)

Background

The rising prevalence of chronic kidney disease (CKD)
and end-stage kidney disease (ESKD) are significant
contributors to global mortality, morbidity and loss of
quality-adjusted life-years (QALY) [1, 2]. It poses a signif-
icant global public health challenge [3]. As of 2019, CKD
affected an estimated 13.4% of the global population (95%
CI 11.7-15.1), with the number of individuals requiring
renal replacement therapy (RRT) for ESKD estimated
between 4.9 and 7.1 million [4]. From 1990 to 2017, the
age-standardised incidence of ESKD treated with RRT
increased by 43.1% (95% UI 40.5-45.8), and renal trans-
plants saw a 34.4% increase (95% UI 29.7-38.9). Conse-
quently, ESKD became the 12th leading cause of global
mortality in 2015, up from the 17th in 1990 [5]. These
data do not account for the cardiovascular mortality
attributable to CKD and ESKD. Between 2005 and 2015,
the global prevalence of CKD mortality increased by
31.7%, and diabetic kidney disease (DKD) increased by
39.5%, making it the third most significant increase in
the primary cause of global deaths [6]. This trend starkly
contrasts other non-communicable diseases (NCDs). For
example, between 2005 and 2015, the QALY lost due to
cardiovascular disease (CVD) and chronic obstructive
pulmonary disease (COPD) fell by 10.2% and 3%, respec-
tively [6].

Ethnic and socioeconomic disparities in kidney health
are significant contributors to global health inequal-
ity [7]. The upward trend in the prevalence of ESKD is
particularly pronounced in low- and middle-income
countries (LMICs) [8]. The impact of CKD and ESKD
on health-related quality of life (HRQoL) is substantial,
with costs rising perpetually as the disease progresses.
With the global rise in young-onset type 2 diabetes mel-
litus (T2DM), renal complications are developing at a
younger age [9, 10]. In privately funded LMICs, the cost
of RRT and renal transplant is often unaffordable, leading
to premature mortality and morbidity. Globally, between
2022 and 2027, the ‘Inside CKD’ microsimulation pro-
jected that the annual direct cost of CKD and RRT would
increase by 9.3%, from $372 billion to $406.7 billion. By
2027, patients receiving RRT are projected to constitute
5.3% of the CKD-diagnosed population but contribute
45.9% to the total cost [11]. The World Health Organi-
zation (WHO) has classed CKD as one of the priority
NCDs to tackle global health inequality [12]. It is also a

priority area for the United Nations Sustainable Develop-
ment Goal (SDG) for the LMICs [13].

However, tackling kidney health inequalities is com-
plex and requires a deeper understanding of its link with
cardiometabolic risk factors, ethnicity, socioeconomic,
cultural and lifestyle factors. Traditionally, people with
CKD used to die of CVD before developing ESKD [14].
Therefore, management of CVD risk factors such as
hypertension, hyperglycaemia and dyslipidaemia were
principal therapeutic intervention targets. However, in
recent years, due to an epidemiological shift in the dis-
ease prevalence of T2DM and CKD, despite managing
these risk factors, ESKD cases are rising. Notably, people
from minority ethnic backgrounds are developing ESKD
at a younger age, requiring RRT for a longer duration.
For instance, a recent observational study in East London
showed that people from black and minority ethnic back-
grounds were more likely to develop ESKD at a younger
age, require RRT for a longer duration, and die earlier
than those from white ethnicity [15]. Similar trends in
kidney health inequalities in minority ethnicities are
reported in the USA and globally [6, 16]. Therefore, a
more holistic and comprehensive strategy is needed to
understand the complex interplay of ethnicity, socio-
economic status and cardiorenal risk factors with ESKD
outcomes.

This study examines the relationship between ESKD
and risk factors, focusing primarily on the impact of car-
diometabolic and socioeconomic factors on ESKD out-
comes in the UK general population. The objectives are
to raise awareness among public and primary care pro-
viders while informing public health policymakers to
develop prevention strategies targeting key risk factors
early in the disease trajectory.

Methods

Design and setting

In this cross-sectional study, we utilised pseudonymised
data from UK Biobank, a population-based prospective
cohort linked to general practice, secondary care, and
mortality registry data from the Office for National Sta-
tistics (ONS). The UK Biobank is considered one of the
most comprehensive global data sources for biomedical
research [17]. The recruitment phase occurred between
March 1, 2006, and December 31, 2010, when eligible
participants aged 40—69 were invited to attend one of the
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22 assessment centres across the UK. At these centres,
participants completed a touchscreen-based question-
naire covering medical history, including smoking status,
alcohol consumption, diet, and exercise. Trained research
nurses collected anthropometric measurements, includ-
ing height, weight, and blood pressure, and collected
blood and urine samples for laboratory analysis [18]. The
study employed a cross-sectional design, relying solely on
baseline data from the UK Biobank without subsequent
follow-up for incident ESKD cases.

Outcome ascertainment, inclusion and exclusion criteria
Prevalent cases of ESKD were identified using self-
administered questionnaires. For this study, people who
reported ESKD at the first recruitment visit were the
group of interest. All the study participants (n=502490)
were eligible for inclusion. However, 82 participants
withdrew their consent before the study began and were
excluded from the analyses, leaving 502,408. A flow
chart showing the study participants’ selection process is
included. (Supplementary material - Fig. 1). At the assess-
ment visit, a qualified nurse checked the height, weight,
blood pressure, and waist circumference and took urine,
blood and saliva samples for analysis. They also verified
the responses given by the participants in the touch-
screen questionnaire.

Exposures and covariates

Smoking status was categorised into current smokers
(those who smoked at the time of the assessment visit),
ex-smokers (those who had regularly smoked in the past
but had abstained for at least a year), and non-smok-
ers (those who had never smoked). This classification
focused solely on active cigarette consumption, excluding
other forms of nicotine use, such as e-cigarettes and pas-
sive smoking. Participants reported the age at which they
started and stopped smoking, allowing the calculation of
smoking duration in years.

Urinary albumin concentration (UAC) was mea-
sured from spot urine samples. Using the Kidney Dis-
ease Improving Global Outcomes (KDIGO) guidelines,
UAC values were categorised as normoalbuminuria
(<20 mg/L), microalbuminuria (20-200 mg/L), and mac-
roalbuminuria (>200 mg/L) [19]. Glycaemic status was
defined using the International Expert Committee (IEC)
criteria: HbAlc values of <42 mmol/mol indicated nor-
moglycaemia, 42—-47 mmol/mol indicated prediabetes,
and =48 mmol/mol indicated diabetes [20].

Body mass index (BMI) was calculated using the for-
mula (weight in kg/height in m?®) and categorised into
four groups: underweight (<20 kg/m?®), normal weight
(20-25 kg/m?), overweight (>25 — <30 kg/m?), and obese
(230 kg/m?). Socioeconomic status was assessed using
the Townsend deprivation indices [21], incorporating
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data on participants’ postal codes, employment status,
educational attainment, car ownership, and household
income. For deprivation, participants were stratified into
five quintiles: most deprived, more deprived, moderately
deprived, less deprived, and least deprived. Diabetes and
hypertension duration were calculated based on the age
of diabetes and hypertension diagnoses and when the
assessment visit was attended.

Statistical analyses

People who reported ESKD and those who did not were
grouped into ESKD and non-ESKD groups to determine
their cardiorenal and sociodemographic characteristics.
Descriptive statistics were used to summarise the data,
with categorical variables presented as frequencies and
percentages. Numerical variables were reported as mean
and standard deviation (SD) for normally distributed
data or median and interquartile range (IQR) for non-
normally distributed data. The normality of numerical
data was assessed using histogram visual inspection and
the Kolmogorov-Smirnov test. A two-way Student’s t-test
was applied to numerical variables with a parametric dis-
tribution for significance testing, while the Wilcoxon test
was used for non-parametric distributions.

Participants were categorised into two groups based
on their questionnaire responses: ESKD and non-ESKD.
A Chi-squared test was used to assess the significance of
differences in categorical variables between these groups.
Missing data were handled using multiple imputations by
chained equations (MICE). Multivariable logistic regres-
sion models were employed to identify the relationship
between cardiorenal risk factors and ESKD, where ESKD
was a binary outcome. In Model 1, adjustments were
made for age, sex, HbAlc, body mass index (BMI), sys-
tolic blood pressure (SBP), cholesterol levels, deprivation
status, and smoking status. Model 2 included adjust-
ments for age, sex, urinary albumin concentration (UAC),
waist circumference, and the ages at which diabetes and
hypertension were diagnosed. Model 3 adjusted for sex,
albuminuria, history of stroke, hypertension, myocardial
infarction, angina, weight category, and diabetes status.
Finally, Model 4 incorporated age, sex, ethnicity, duration
of diabetes and hypertension, and deprivation status.

The results were expressed as adjusted odds ratios
(aOR) with 95% confidence intervals (95% CI) and p-val-
ues indicating statistical significance. We fitted multivari-
able logistic regression models and presented the results
using forest plots, displaying adjusted odds ratios and
95% confidence intervals. For reporting our findings, we
followed the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) guidelines [22].
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Role of funding source

The funders were not involved in the conceptualisation,
study design, data collection, analysis, or interpreta-
tion. AE had access to the complete dataset and verified
its accuracy. DK had access to all data and took the final
responsibility for the decision to submit the manuscript
for publication.

Results

The analysis included data from 502,408 participants who
completed the questionnaire and provided consent for
their data to be used in research. Within the ESKD group,
63.2% were male, compared to 45.6% in the non-ESKD
group. The mean age of study participants with ESKD
was 59 years, while those without ESKD had a mean age
of 57. Individuals from non-white ethnic backgrounds
comprised 12.97% of the ESKD group, constituting only
5.76% of the study population.

In the non-ESKD group, the distribution across
deprivation quintiles was relatively even. However,
in the ESKD group, 70% belonged to the moderate to
most deprived quintiles. Glycaemic status also differed
between the groups, with 26.1% of the ESKD cohort hav-
ing an HbAlc level within the diabetes or prediabetes
range, compared to 8.3% in the non-ESKD group. Fur-
thermore, 74.2% of individuals in the ESKD group were
classified as overweight or obese, compared to 66.9% in
the non-ESKD group. Smoking prevalence was higher
among those with ESKD, with 51.7% identified as cur-
rent or ex-smokers, compared to 45.1% in the non-ESKD
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cohort. Although creatinine levels are expected to be
higher in males due to more muscle mass, within the
ESKD cohort, female current smokers exhibited higher
creatinine levels than males (Fig. 1).

The median age of diabetes diagnosis was 46 years in
the ESKD group, compared to 54 years in the non-ESKD
group. Likewise, the median age of hypertension diagno-
sis was 42 years in the ESKD group and 50 years in the
non-ESKD group. The mean duration of diabetes and
hypertension in the ESKD group was 17.16 and 19.28
years, respectively, whereas in the non-ESKD group,
the mean duration was 10.63 and 14.42 years, respec-
tively. Missing data was analysed using multiple impu-
tations of chained equation (MICE), which showed that
the missingness was at random (MAR) (supplementary
material- Fig. 2). The logistic regression assumption of
multicollinearity was tested using the variance inflation
factor (VIF), which showed that all the models satisfied
this assumption (supplementary material). Statistical sig-
nificance was determined at a p-value of <0.05. The base-
line characteristics of the participants are summarised in
Table 1.

Model 1

Model 1 highlighted the impact of age, sex, BMI, blood
pressure, smoking status and deprivation on the risk of
ESKD. In this model, we fitted a multivariable logistic
regression model using ESKD as a binary outcome and all
the above as explanatory variables. Compared to the least
deprived quintile, the odds of ESKD in the most deprived
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Fig. 2 Forest plot showing the predictors of ESKD (Model 1) (Red - statistically significant, turquoise - statistically insignificant)

quintile were 1.83 (1.48-2.26) and compared to females,
the odds of ESKD in males were 1.48 (1.29-1.70). Each
unit of rise in HbAlc, ageing, BMI and SBP increased the
odds of ESKD, 1.03 (1.02-1.03), 1.03 (1.02-1.03), 1.01
(1.00-1.02), and 1.00 (1.00-1.01), respectively. Serum
cholesterol negatively correlated with ESKD 0.63 (0.59—
0.67). Smoking status did not have a statistically signifi-
cant association with ESKD odds (Fig. 2).

Model 2

This model explored the relationship between diabetes
and hypertension diagnoses, age, sex, UAC and waist cir-
cumference with ESKD. Compared to individuals who
developed diabetes and hypertension between 40 and
60, those who developed below 40 were at 2.26- and 1.73
times higher odds of ESKD, respectively. Individuals who
developed diabetes above the age of 60 were 64% less
likely to have ESKD compared to those who developed it
between 40 and 60 years. Age, male gender and hyper-
tension diagnosis above 60 did not have any statistically
significant relationship with ESKD. Individuals who
developed diabetes above 60, compared to those who
developed between 40 and 60, had a lower risk of ESKD,
0.36 (0.20-0.63) (Fig. 3).

Model 3

This multivariable logistic regression model showed that
compared to individuals with microalbuminuria, those
with macroalbuminuria had 9.47 times higher, and those

with normoalbuminuria had 73% lower odds of ESKD
[9.47 (7.95-11.27) and 0.27 (0.22-0.32)], respectively.
Likewise, in comparison to individuals with normal
weight, those in the underweight quartile were 2.21 times
higher, and those who were in the overweight and obese
quartile were 20% and 45% lower risk of ESKD. Com-
pared to individuals without, those with stroke, hyper-
tension, myocardial infarction, and angina had higher
odds of ESKD [5.97 (3.99-8.72), 5.35 (4.38-6.56), 4.94
(3.56-6.78), and 4.89 (3.47-6.81)], respectively. Males,
compared to females, were at 22%, and individuals with
diabetes, compared to those without, were at 62% higher
risk of ESKD (Fig. 4).

Model 4

This model showed that after adjusting for sex, age, depri-
vation, ethnicity, diabetes and hypertension duration, the
odds of ESKD in non-white ethnicity were 70% higher
than in white ethnicity. Compared to females, males were
at 44% higher risk of ESKD. Each year of increase in dia-
betes duration was associated with a 2% increased risk
of ESKD. Duration of hypertension did not have any sta-
tistically significant association with ESKD. Intriguingly,
when age, ethnicity and deprivation were fitted in the
same model, ethnicity statistically significantly increased
the risk, ageing reduced the risk, and deprivation was not
a significant predictor of ESKD (Fig. 5).
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Table 1 Baseline characteristics of UK Biobank participants with and without ESKD
Variable name ESKD Non-ESKD Pvalue
(n=1191) (n=501,217)
Age (years) mean (SD) 58.97 (7.62) 57.04 (8.17) <0.001
Sex — Male (%) 753 (63.2) 228,329 (45.6) <0.001
UAC (mg/L) [median (IQR)] 86.20 (1840, 446.20) 11.50 (840, 19.40) <0.001
Cholesterol (mmol/L) Total cholesterol 499 (1.23) 5.69(1.14) <0.001
[mean (SD)] HDL 1.28 (0.40) 145 (0.38) <0001
LDL 3.05(0.88) 3.56(0.87) <0.001
Triglyceride 0.65 (0.34) 0.69 (0.30) <0.001
Creatinine (micromole/L) [(mean (SD)] 193.09 (189.78) 72.03 (15.06) <0.001
HbA1c (mmol/mol) [mean (SD)] 4142 (13.94) 36.12 (6.75) <0.001
BMI (kg/mz) [mean (SD)] 28.73 (5.82) 2743 (4.80) <0.001
Ethnicity n (%) White 1044 (87.65) 471,565 (93.86) <0.001
Black 50 (4.20) 8,008 (1.59) <0.001
Asian 53(4.45) 11,399 (2.27) <0.001
Mixed 4(0.33) 2,950 (0.59) <0.001
Other 38(3.19) 6,397 (1.27) <0.001
Deprivation quintiles (%) Least deprived 168 (14.1) 101,160 (20.2) <0.001
Less deprived 194 (16.3) 100,402 (20.1) <0.001
Moderately deprived 200 (16.8) 98,968 (19.9) <0.001
More deprived 260 (21.9) 100,238 (20.0) <0.001
Most deprived 367 (30.9) 99,826 (19.9) <0.001
SBP (mm of Hg) [mean (SD) 143.69 (21.83) 139.73 (19.69) <0.001
DBP (mm of Hg) [mean (SD) 81.10(11.48) 82.21(10.70) 0.001
Glycaemic status (HbATc-based) Normoglycaemia 785 (73.9) 426,721 (91.7) <0.001
[n (%)) Prediabetes 92 87) 21,208 (4.6) <0007
Diabetes 185(17.4) 17,271 (3.7) <0.001
BMI Status Underweight 41 (3.5) 11,663 (2.3) <0.001
[n )] Normal weight 259 (22.3) 153,313 (30.8) <0.001
Overweight 462 (39.7) 211,252 (42.4) <0.001
Obese 401 (34.5) 121,911 (24.5) <0.001
Smoking status Wish not to disclose 7(0.6) 2050 (0.4) <0.001
[n (%)] Non-smoker 567 (47.7) 272,906 (54.5) <0.001
Ex-smoker 488 (41.0) 172,535 (34.5) <0.001
Current smoker 127 (10.7) 52,835 (10.6) <0.001
Waist circumference (cm) [mean (SD)] 97.17 (15.55) 90.30 (13.48) <0.001
Age diabetes diagnosed (year) [median (IQR)] 46 (35, 55) 54 (45, 60) <0.001
Age hypertension diagnosed (year) [median (IQR)] 42 (32,52) 50 (41, 58) <0.001
Diabetes duration (years) [mean (SD)] 17.16 (14.49) 10.63 (13.53) <0.001
Hypertension duration (years) [mean (SD)] 19.28 (16.82) 14.42 (17.60) <0.001
Cardiovascular disease [n(%)] None 260 (21.9) 350,630 (70.1) <0.001
Hypertension 697 (58.6) 119,442 (23.9) <0.001
Angina 78 (6.6) 11,254 (2.2) <0.001
Stroke 48 (4.0) 6170 (1.2) <0.001
Heart attack 100 (8.4) 11,505 (2.3) <0.001

Discussion

This study highlighted the multifactorial nature of end-
stage kidney disease (ESKD) and revealed substantial
variations in how cardiometabolic risk factors influence
ESKD outcomes. Descriptive analyses indicated that the
ESKD group had a higher proportion of males, individu-
als with higher deprivation scores, those with overweight
and obesity, and current or former smokers compared to

the non-ESKD group. While males are physiologically
expected to have higher creatinine levels, our findings
showed that female smokers had higher creatinine levels
than male smokers. Additionally, individuals with ESKD
who also had diabetes and hypertension were diagnosed
with these conditions at a younger age and had a longer
duration of disease compared to those without ESKD.
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Fig. 3 Forest plot showing the predictors of ESKD (Model 2) (Red - statistically significant, turquoise - statistically insignificant)
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Fig. 4 Forest plot showing the predictors of ESKD (Model 3) (Red - statistically significant)

Exploratory analyses revealed that socioeconomic
deprivation, non-white ethnicity, and male gender are
independently associated with ESKD. Likewise, cardio-
vascular comorbidities, including hypertension, angina,
myocardial infarction and stroke, increased the odds
of ESKD. Younger age at the onset of diabetes (<40
years) and more prolonged exposure to hyperglycaemia

predispose to ESKD. The strength of this study lies in its
size and comprehensive analyses using appropriate meth-
odology adjusting for potential confounders. This study
uses data from the general population and represents
patients encountered in primary care settings. This study
can raise awareness among primary care physicians and
the public to understand the complexity of ESKD and
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how they can work together to reduce the risk and pre-
vent the rising surge of ESKD.

However, this study has multiple limitations. Prevalent
ESKD cases are obtained from self-reported question-
naires at a single time point, which is open to recall bias.
Likewise, as we relied on the questionnaire for diabetes
diagnosis, which did not specify the types of diabetes,
stratified analysis was not possible. Although the albumin
creatinine ratio (ACR) is the gold standard for defining
microalbuminuria, the UK Biobank did not put ACR as
a separate variable, which led us to use UAC, which is
less reliable. The cross-sectional design of this study can
only suggest an association and no temporal relationship
can be ascertained. This study collected data from the
first visit when the participants had already been diag-
nosed with ESKD and were under treatment. Therefore,
the results may have been influenced by the disease, the
treatment, or both. Almost 94% of the study participants
were of white ethnicity, which limits the generalisability
of this study. Moreover, the participants were volunteers,
so the findings may not be comparable to the real-world
population.

The positive relationship between older age, HbAlc,
BMI, and male gender demonstrated in this study is in
keeping with current literature [23-25]. Previous studies
reported that although the prevalence of CKD is higher
in females, progression to ESKD is more frequent in
males [25]. However, the inverse relationship between
total cholesterol and ESKD is counterintuitive and con-
tradicts current knowledge, posing high cholesterol as a
risk factor for ESKD [26]. The ESKD cohort in the UK
Biobank was receiving secondary prevention drugs. Due
to the drug treatment, this study’s higher level of total

cholesterol was likely made up of a lower level of triglyc-
erides and LDL and a higher level of HDL cholesterol.
Previous research suggests that triglycerides and glycoxi-
dized LDL cholesterol may be more detrimental to reno-
vascular endothelium than total cholesterol, potentially
explaining the protective effect observed [27-29]. The
negative correlation between HDL levels and ESKD risk
is extensively reported in existing literature [30].

An important finding of this study is the heightened
risk of ESKD associated with young-onset diabetes. Cur-
rent opinions are divided on why ESKD risk is higher in
people with young-onset T2DM compared to adult onset.
Some experts concede that young-onset T2DM is a more
aggressive disease phenotype that causes micro- and
macrovascular complications at an early stage of disease
trajectory and progresses more rapidly than adult-onset
[31]. In contrast, others believe that prolonged exposure
to hyperglycaemia, regardless of the age of diabetes onset
is more detrimental to renal function [32]. This study
showed that both early onset and more prolonged expo-
sure to hyperglycaemia increase the risk of ESKD. These
findings have significant implications for public health
policy and practice.

Young-onset T2DM poses unique challenges that
extend beyond deregulated glucose homeostasis. In
adult-onset T2DM, the annual rate of pancreatic B-cell
decline is approximately 7% [33, 34], while in young-
onset T2DM, it is between 20 and 35% [35, 36]. Although
treatment with insulin or metformin improves insulin
resistance in adults, pancreatic B-cell function contin-
ues to decline in young-onset T2DM despite being on
insulin and metformin [37]. Due to the rapid decline in
pancreatic B-cell in individuals with young-onset T2DM,
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oral hypoglycaemic drugs often become ineffective and
require earlier initiation of insulin therapy [38]. Due to a
physiological surge in circulating insulin antagonist hor-
mones such as growth hormone (GH), sex hormones and
cortisol during puberty [39], young and adolescents with
T2DM require higher doses of insulin to maintain eugly-
caemia [40, 41]. However, maintaining euglycaemia does
not always prevent vascular complications. Frequent
glycaemic oscillations and oxidative stress associated
with insulin therapy can lead to renovascular endothelial
damage, evidenced by a faster progression from micro-
albuminuria to macroalbuminuria in those who are on
insulin [42]. Although the precise mechanistic pathway is
unknown, insulin therapy is associated with microalbu-
minuria, an early sign of renovascular disease [43]. Poor
response to oral hypoglycaemic drugs and earlier initia-
tion of insulin may explain more aggressive renal disease
phenotype in young-onset T2DM.

Global T2DM management strategy heavily relies on
the findings of the United Kingdom Prospective Diabe-
tes Study (UKPDS). This landmark study ran for twenty
years, from 1977 to 1997, in 23 UK clinical sites. It first
showed that reducing HbAlc by 1% would reduce
microvascular complications by 37%. [44] Since then,
a glucocentric management strategy has been adopted
worldwide to prevent vascular complications. However,
the epidemiology of T2DM has evolved since UKPDS,
necessitating a fresh look at the emerging challenges. In
the UKPDS cohort, the mean age of study participants at
the diagnosis of T2DM was 52 years [45] and the preva-
lence of microalbuminuria ten years after the diagnosis of
T2DM was 25%.] [46]. In contrast, the Diabetes UK 2019
report suggested that a third of people may have already
developed one or more microvascular complications,
including microalbuminuria, when T2DM is diagnosed
[47].

Kidney health inequality is a leading contributor to
global health inequality. In the last 20 years, the global
prevalence of younger onset T2DM has increased sub-
stantially, particularly in LMICs. (9) For example, in
Bangladesh and India, the prevalence of T2DM among
individuals aged 5-19 has doubled over the past 20 years
[48]. In young and adolescents, T2DM incidence has sur-
passed type 1 diabetes mellitus (T1DM) [49]. The vas-
cular complication rates are reported to be significantly
higher in young onset T2DM than adult onset and T1DM
[50, 51]. The risk is significantly higher in people from the
black and minority ethnic background and they develop
ESKD at a younger age [52]. Alarmingly, the median age
of RRT initiation in Bangladesh is 49 years, compared to
64 years in the UK [53]. Therefore, public health policy
needs realignment to reduce kidney health inequality.

The impending epidemic of young-onset T2DM
and vascular complications are predictable. While
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high-income countries have already prioritised this and
allocated resources to research and manage this epi-
demic, LMICs are unprepared. Urgent action is needed
to develop an effective and affordable public health policy
by which the emerging challenges of the rising trend of
ESKD can be tackled on a global scale.

Conclusion

ESKD is a multifactorial condition predisposed by dia-
betes, hypertension, socioeconomic deprivation and
cardiovascular comorbidities. Early-onset diabetes and
hypertension significantly increase ESKD risk. Screen-
ing high-risk groups of people for microalbuminuria and
individually tailored, targeted management may reduce
the rising surge of ESKD cases worldwide. Support-
ing LMICs in prioritising renal health for public health
policy is pivotal in preventing avoidable mortality and
morbidity.
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