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Young age at diabetes diagnosis amplifies the effect of diabetes
duration on risk of chronic kidney disease: a prospective cohort study
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Abstract
Aims/hypothesis We postulated that the increased lifetime risk of chronic kidney disease (CKD) in young-onset diabetes is
attributable to both long disease duration and more aggressive disease. We examined whether age at diabetes diagnosis modifies
the effect of diabetes duration on risk of CKD.
Methods We included 436,744 people with incident type 2 diabetes in the Hong Kong Diabetes Surveillance Database
(HKDSD) and 16,979 people with prevalent type 2 diabetes in the Hong Kong Diabetes Register (HKDR). We used Poisson
models to describe joint effects of age at diabetes diagnosis, diabetes duration and attained age on incidence of CKD in HKDSD.
We used Cox proportional hazards models to examine interaction effect of age at diabetes diagnosis and diabetes duration on risk
of CKD with adjustment for confounders in HKDR.
Results During a median follow-up of 5.3 years, 134,043 cases of CKD were recorded in the HKDSD. The incidence rate ratio
for CKD comparing people of the same attained age but diagnosedwith diabetes at ages 5 years apart was higher for people with a
younger age at diabetes diagnosis, but decreased with increasing age at diabetes diagnosis. During a median follow-up of
6.3 years, 6500 people developed CKD in the HKDR. The increased risk of CKD with longer diabetes duration decreased with
older age at diabetes diagnosis. The adjusted HR for CKD associated with 5 year increase in diabetes duration was 1.37 (95% CI
1.13, 1.65) in people with diabetes diagnosed at 20–29 years and 1.01 (95% CI 0.87, 1.18) in those diagnosed at ≥70 years.
Conclusions/interpretation Young age at diabetes diagnosis amplified the effect of increasing diabetes duration on increased risk
of CKD.
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Abbreviations
ACR Albumin/creatinine ratio
CKD Chronic kidney disease

HKDR Hong Kong Diabetes Register
HKDSD Hong Kong Diabetes Surveillance Database
HKHA Hong Kong Hospital Authority
OGLDs Oral glucose-lowering drugs
PWH Prince of Wales Hospital
SHR Sub-distribution HR

Introduction

The global epidemiology of diabetes is changing. Type 2
diabetes, once considered a disease of older adults, is increas-
ingly being diagnosed in young people [1–3]. The number of
young people, aged 20–39 years, living with type 2 diabetes
had more than doubled from 23 million in 2000 to 63 million
in 2013 worldwide, with the most rapid increases occurring in
the Western Pacific region [4]. Chronic kidney disease (CKD)
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is one of the major complications of diabetes and develops in
about 50% of people with diabetes throughout the life course
[3]. People with CKD may progress to develop kidney failure
requiring kidney replacement therapy. Chronic kidney disease
is also associated with ten- and threefold increased hazards of
all-cause mortality and atherosclerotic CVD, respectively [5].

People with younger age at diabetes diagnosis,
compared with those at older age of diagnosis, are at an
increased lifetime risk of microvascular complications
[6–12]. However, it is unclear whether this is fully attrib-
utable to longer disease exposure or the inherently aggres-
sive nature of young-onset diabetes. A meta-analysis
reported that each 1 year increase in age at diabetes diag-
nosis was associated with a 5% decreased risk of micro-
vascular disease after adjustment for current age, but with
a 5% increased risk when adjusting for diabetes duration
[12]. These findings indicate a complex interplay between
age at diabetes diagnosis, diabetes duration and age
attainment on the risk of complications. As age attainment
is the sum of age at diabetes diagnosis and diabetes dura-
tion with the three variables being linearly correlated,
disentangling true effect of age at diabetes diagnosis is
challenging and requires different approaches. We
hypothesised that younger age at diabetes onset increases
the susceptibility to CKD beyond the effect of longer
diabetes duration. To test this hypothesis, we examined

whether age at diabetes diagnosis modified the effect of
diabetes duration on the risk of CKD using data from both
territory-wide population-based and hospital registry-
based diabetes cohorts.

Methods

Data source and study population Details on the Hong Kong
Diabetes Surveillance Database (HKDSD) [2, 13–15] and the
Hong Kong Diabetes Register (HKDR) [16, 17] have been
reported. Briefly, the Hong Kong Hospital Authority
(HKHA) is a statutory body established in 1990 that governs
all public hospitals and clinics and provides about 90% of total
health services in Hong Kong [18]. In 2000, the HKHA
adopted an electronic medical record system to capture clini-
cal information on all people attending public hospitals and
clinics. The HKDSD is a territory-wide cohort of people with
diabetes identified from the HKHA electronic medical record
system. Diabetes was ascertained using laboratory tests
(HbA1c ≥ 48 mmol/mol [6.5%] or fasting plasma glucose
≥7.0 mmol/l), prescription of insulin or oral glucose-
lowering drugs (OGLDs), and/or diagnosis codes for diabetes
by physicians [2]. Types of diabetes were identified using a
validated algorithm [19]. For this study, we included 436,744
people with incident type 2 diabetes in the HKDSD between
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2002 and 2015 who were aged 20 years or older and had no
CKD at the time of diabetes diagnosis. The participant selec-
tion for analysis in the HKDSD is shown in ESM Fig. 1.

The HKDR is a research-driven quality improvement
programme established in 1995 at the Prince of Wales
Hospital (PWH), the teaching hospital of the Chinese
University of Hong Kong. The HKDR consecutively enrolled
people with physician-diagnosed diabetes who were referred
to the PWH Diabetes and Endocrine Centre for comprehen-
sive assessment of metabolic control and diabetes complica-
tions. Referral sources included hospital-based specialty
clinics, community clinics and private general practitioners.
All people underwent structured evaluation at the time of
enrolment, including demographic status, age at diabetes diag-
nosis, medical history, drug use, anthropometric measure-
ments and laboratory tests. For this study, we included
16,979 people with type 2 diabetes enrolled in the HKDR
between 1995 and 2015 who were aged 20 years or older at
diabetes diagnosis and free of CKD at the time of enrolment.
The participant selection for analysis in the HKDR is shown in
ESM Fig. 2. In both HKDSD and HKDR, a larger proportion
of people with pre-existing CKD at baseline were excluded in
the group diagnosed with diabetes at an older than younger
age (ESM Table 1). Compared with those without CKD at
baseline, people with pre-existing CKD generally had a worse
metabolic profile and a higher prevalence of comorbidities
(ESM Table 2).

Outcome ascertainment Follow-up data including serial
measurements of serum creatinine and procedure codes for
both HKDSD and HKDR were retrieved from the HKHA
medical record system. Information on death was obtained
by linkage to the Hong Kong Death Registry using the unique
HongKong Identity Card number, which is compulsory for all
residents in Hong Kong [13]. People with incident CKD were
defined as having an eGFR <60 ml min−1 [1.73 m]−2 using the
CKD Epidemiology Collaboration formula [20], and requir-
ing dialysis (ICD-9 procedure code 39.95 or 54.98) or kidney
transplant (ICD-9 procedure codes: 55.6). The date of incident
CKD was the date of the first episode fulfilling the criteria of
CKD.

Statistical analysis Using population-based data of people
with incident type 2 diabetes from the HKDSD, we calculated
the incidence rates of CKD according to age at diabetes diag-
nosis, diabetes duration and age attainment (Fig. 1). People
were followed up from date of diabetes diagnosis to date of
first record of incident CKD, death or 31 December 2016,
whichever came first. Follow-up time was divided into 6-
month intervals by age attainment, diabetes duration and
calendar year. Poisson models were used to predict CKD inci-
dence rates for men and women separately. We fitted Poisson
models using the log of follow-up time as the offset variable

and natural spline effects of age at diabetes diagnosis, duration
of diabetes and age attainment, with a linear effect of calendar
time. Although the Poisson models were over-parametrised
given the relationship between age at diabetes diagnosis, dura-
tion of diabetes and age attainment, they had no impact on the
predictions obtained because the predictions did not depend
on specific parametrisation [21]. We generated incidence rate
ratios of CKD between people of the same attained age but
with a 5 year separation in age at diabetes diagnosis (corre-
sponding to a 5 year difference in diabetes duration) over a
follow-up time of 10 years. For example, we computed the
rate ratio of CKD for people with diabetes diagnosed at age 25
vs 30 years when both had reached the same age anywhere
between 30 and 40 years (ESMFig. 3). The rate ratios of CKD
for the pair with diabetes diagnosis at age 25 vs 30 years were
then plotted against attained age from 30 to 40 years (Fig. 2).
These calculations were repeated for people diagnosed with
diabetes at age 35 vs 40 years, 45 vs 50 years, and so on. The
joint effects of age at diabetes diagnosis, diabetes duration and
attained age on incidence of CKD were described by compar-
ing the rate ratios of CKD between the different age pairs [21].
The same analyses were conducted for people diagnosed with
diabetes at ages 10 years apart with a follow-up time of
5 years.

Since the crude rate ratios might be affected by
confounders such as smoking, BMI, BP and other comorbid-
ities which were not available in the HKDSD, we verified
these findings by examining the hospital registry-based data
of people with prevalent type 2 diabetes from the HKDR who
had undergone comprehensive assessment at enrolment. We
examined whether the interaction effect of age at diabetes
diagnosis and diabetes duration on the risk of CKD was inde-
pendent of metabolic control, comorbidities, treatment and
other potential confounders. We performed a complete case
analysis excluding people with missing data at enrolment and
compared the characteristics of people with complete data
with those of the entire HKDR cohort. People were followed
up from enrolment until the first record of incident CKD,
death or 30 June 2017, whichever came first. We fitted Cox
proportional hazards models to estimated HRs for incident
CKD by diabetes duration at enrolment and adjusted for
potential confounders including age at diabetes diagnosis;
sex; smoking status; BMI; systolic BP; HbA1c; LDL-
cholesterol; HDL-cholesterol; log (triacylglycerols); eGFR;
log (urinary albumin/creatinine ratio [ACR]); history of
CVD, cancer, diabetic retinopathy and sensory neuropathy;
use of OGLDs, insulin, lipid-lowering drugs, BP-lowering
drugs and renin-angiotensin system inhibitors; and enrolment
year. We then compared the HRs across strata of age at diabe-
tes diagnosis (20–29, 30–39, 40–49, 50–59, 60–69 and
70 years or above). We applied a restricted cubic spline anal-
ysis with five knots at 10%, 25%, 50%, 75% and 90% through
the total distribution of diabetes duration and found that the
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shape of the association between diabetes duration and risk of
CKD was linear (p for non-linearity =0.96) (ESM Fig. 4).
Thus, we treated diabetes duration as a continuous variable
in Cox proportional hazards models and reported HRs for
incident CKD associated with each 5 year increase in diabetes
duration. There was no evidence of violation of the propor-
tional hazard assumption checked using Schoenfeld
residuals. To assess the effect of competing risk from
death on CKD risk, we further fitted Fine–Gray models
[22] to estimate sub-distribution hazard ratios (SHRs)
with death as the competing event. To assess the effect

of missing data, we used multiple imputation assuming
data were missing at random. The imputation model
included all covariates at enrolment as well as outcome
event (incident CKD) and follow-up time. Five imputed
datasets were generated to estimate the pooled HRs
[23]. We also performed a sensitivity analysis excluding
people who developed CKD within 1 year after diabetes
diagnosis to minimise the potential impact of reverse
causality. In addition, we compared the HRs for inci-
dent CKD associated with each 5 year increase in
diabetes duration across strata of age attainment at
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Fig. 1 Incidence rates of CKD in people with incident type 2 diabetes
according to age at diabetes diagnosis in the HKDSD. The curves repre-
sent the incidence rates of CKD inmen (blue lines) and women (red lines)
with type 2 diabetes diagnosed at the age of 20, 30, 40, 50, 60 and

70 years, respectively, indicated by the dashed grey vertical lines. Each
curve shows the joint effects of age at diabetes diagnosis, diabetes dura-
tion and current age. The shaded areas represent the 95% CIs, estimated
using the R package Epi. The y-axis is on a natural logarithmic scale
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Fig. 2 Incidence rate ratios for CKD associated with 5 and 10 year longer
duration of diabetes in people with type 2 diabetes according to age at
diabetes diagnosis in the HKDSD. The curves represent the incidence rate
ratios for CKD associated with 5 year (a) and 10 year (b) longer duration
of diabetes. The dashed grey vertical lines in (a) show the rate ratios for
CKD comparing people with type 2 diabetes diagnosed at ages 25 vs 30,
35 vs 40, 45 vs 50, 55 vs 60, 60 vs 65, 65 vs 70 and 70 vs 75 years,
respectively, when they have both reached the same age as indicated by

the x-axis. The dashed grey vertical lines in (b) show the rate ratios for
CKD comparing people with type 2 diabetes diagnosed at ages 20 vs 30,
30 vs 40, 40 vs 50, 50 vs 60, 55 vs 65, 60 vs 70 and 65 vs 75 years,
respectively, when both have reached the same age as indicated by the x-
axis. Each curve thus shows the joint effects of age at diabetes diagnosis,
diabetes duration and current age. The blue lines represent men and red
lines represent women. The shaded areas represent the 95% CIs, estimat-
ed using the R package Epi. The y-axis is on a natural logarithmic scale
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enrolment. A two-sided significance level of 0.05 was
considered statistically significant. All analyses were
conducted wi th R sof tware , vers ion 3 .6 .1 (R
Foundation for Statistical Computing, Vienna, Austria).
This study was approved by the local Clinical Research
Ethics Committee.

Results

The HKDSD (population-based cohort) Among 436,744
people with newly diagnosed type 2 diabetes, 51.9% were
men and the mean age at diabetes diagnosis was 59.7 (SD =
11.8) years (Table 1). During a median of 5.3 years (total
2,573,633 person-years) of follow-up, 134,043 cases of
CKD (52.8% men) were recorded with an incidence rate of
52.1 per 1000 person-years. The incidence rates of CKD
declined during the first year after diabetes diagnosis and then
increased linearly by diabetes duration in both sexes and
across all age groups of diabetes diagnosis (Fig. 1). Men
generally had higher incidence rates of CKD than women at
any given age (Fig. 1 and Table 1). However, the absolute
difference in CKD rates between sexes diminished with
increasing age, particularly in old people aged 70 years or
above.

Figure 2 shows the joint effects of age at diabetes diagno-
sis, a 5 or 10 year difference in duration of diabetes and
attained age on incidence of CKD by sex. The rate ratios for
CKD comparing people of the same attained age but with a
5 year difference in duration of diabetes (longer vs shorter)
started below 1.0 and ranged between 1.0 and 1.5 after the first
half year of diagnosis (Fig. 2a). The rate ratios for CKD asso-
ciated with 5 year longer diabetes duration diminished with
older age at diabetes diagnosis. For example, men at the
attained age of 34 years and diagnosed with diabetes at age
of 25 years had 25% (rate ratio 1.25, 95% CI 1.20, 1.29)
higher risk of CKD compared with men at the same age attain-
ment (current age 34 years) but diagnosed with diabetes at age
of 30 years (corresponding to a 5 year difference in diabetes
duration). By comparison, the rate ratio for CKD was 1.05
(95% CI 1.02, 1.09) between men aged 79 years and diag-
nosed with diabetes at ages of 70 vs 75 years. A similar pattern
as in decreasing rate ratio with increasing age at diabetes diag-
nosis was observed for a 10 year difference in diabetes dura-
tion on the risk of CKD (Fig. 2b). The effect of both a 5 year
and a 10 year difference in duration of diabetes on the risk of
CKD was greater among women than men (Fig. 2).

The HKDR (registry-based cohort) Of the 16,979 people with
complete data included in the analysis, 52.1% were men
(Table 1). The mean ages at diabetes diagnosis and at enrol-
ment were 51.0 (SD = 11.0) and 57.2 (SD = 10.9) years,
respectively. People diagnosed with diabetes at younger

age were younger, had longer diabetes duration, poorer
glycaemic control, higher eGFR and BMI, lower systol-
ic BP and urinary ACR, and were less likely to have
comorbidities but were more likely to use insulin at
enrolment (ESM Table 3). Distribution of characteristics
of people with complete data and those of the entire
cohort including people with missing data was similar
(ESM Table 4).

During a median of 6.3 years (total 124,079 person-years)
of follow-up, 6500 people (51.4% men) developed CKD with
an incidence rate of 52.4 per 1000 person-years (Table 1).
Among people with incident CKD, 65.0% had albuminuria,
with the highest proportion in people with the youngest age at
diabetes diagnosis and decreasing proportions with increasing
age at diabetes diagnosis (ESM Table 5). After adjusting for
potential confounders, each 5 year increase in diabetes dura-
tion was associated with 23% (95% CI 20%, 26%) increased
risk of CKD, with the association significantly greater among
women (HR 1.32, 95% CI 1.28, 1.37) than men (HR 1.13,
95% CI 1.09, 1.17) (p for interaction <0.001) (Fig. 3 and ESM
Table 6). After stratification for age at diabetes diagnosis, the
effect of each 5 year increase in diabetes duration on risk of
CKDwas greatest in the group diagnosed with diabetes at 20–
29 years (HR 1.37, 95% CI 1.13, 1.65) and decreased with
increasing age at diabetes diagnosis (p for linear trend =0.003)
(Fig. 3 and ESM Table 6). In people diagnosed with diabetes
at 70 years or above, there was no significant association
between diabetes duration and risk of CKD (HR 1.01, 95%
CI 0.87, 1.18). The Fine–Graymodels yielded similar findings
to the Cox proportional hazards models after accounting for
competing risk from death (ESM Fig. 5). The results were
unchanged in sensitivity analyses using multiple imputation
for missing data (ESM Fig. 6) or excluding people (n = 42)
who developed CKD within 1 year after diabetes diagnosis
(data are not shown). The effect of each 5 year increase in
diabetes duration on risk of CKD did not decrease linearly
with increasing age attainment at enrolment (p for linear trend
=0.47) (ESM Fig. 7).

Discussion

Using data from both territory-wide population-based cohort
of people with incident diabetes and hospital registry-based
cohort of people with prevalent diabetes, we report two key
findings. First, our study provides evidence that younger age
at diabetes diagnosis affected the risk of CKD beyond the
effect of longer disease duration. Young age at diabetes
diagnosis amplified the effect of increasing diabetes
duration on increased risk of CKD, even after adjust-
ment for metabolic risk profile and other confounders.
Second, although men had a higher absolute incidence
of CKD than women, the adverse effect of increasing
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duration of diabetes on risk of CKD was greater for
women than men.

Comparison with other studies A number of studies have
sought to investigate the direct association between age at
diabetes diagnosis and risk of complications including death
[12]. Some data showed that age at diabetes diagnosis was
inversely associated with microvascular complications in the
univariable analysis, but was rendered non-significant upon
further adjustment for diabetes duration [7]. In a prospective
analysis of over 1 million people with type 2 diabetes in
Australia, the incidence rates of treated kidney failure were
higher in people with older age at diabetes diagnosis in the
first two decades of disease and reversed thereafter with
increasing diabetes duration [24]. The findings from these
studies suggested that the higher cumulative risks of kidney
complications in people with younger age at diabetes onset
were mainly driven by longer disease duration. In most of
these studies, the independent influence of younger age at
development of diabetes and duration of diabetes on the rate
of progression of complications have not been separately

examined and it remained unclear whether younger age at
diabetes diagnosis might interact with increasing diabetes
duration to increase the risk of kidney complications.

Diabetes duration is a known determinant for CKD and
reflects the cumulative impact of high blood glucose and other
related aberrations on the kidney. In an analysis of data from
the ADVANCE RCT including 11,140 people with type 2
diabetes, age at diabetes diagnosis was not associated with
the risk of microvascular complications after adjustment for
baseline HbA1c levels [6]. An interaction was detected
between age at diabetes diagnosis and diabetes duration on
microvascular events, but detailed analysis was not report-
ed. In the present study, we compared the effect of diabe-
tes duration on the risk of CKD according to strata of age
at diabetes diagnosis. We adopted the approach used in
the study by Huo and colleagues [21]. We found that
the increased risk of CKD conferred by longer disease
duration amplified with younger age at diabetes diagnosis,
thus supporting our hypothesis that young-onset diabetes
heightens the propensity for kidney disease beyond the
effect of longer disease duration.

Age at diabetes
diagnosis

Both sexes

20−29

30−39

40−49

50−59

60−69
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Overall

Men

20−29

30−39

40−49
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70 or above

Overall

Women
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30−39

40−49
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60−69
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No. of events/people

88/375
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1.24 (1.16, 1.33)

1.24 (1.19, 1.30)

1.19 (1.14, 1.24)

1.15 (1.08, 1.22)

1.01 (0.87, 1.18)

1.23 (1.20, 1.26)

1.28 (0.97, 1.67)

1.17 (1.07, 1.29)

1.13 (1.06, 1.20)

1.13 (1.06, 1.20)

1.05 (0.96, 1.15)

0.94 (0.73, 1.21)

1.13 (1.09, 1.17)

1.68 (1.19, 2.36)

1.31 (1.18, 1.45)

1.33 (1.26, 1.42)

1.25 (1.18, 1.33)

1.25 (1.16, 1.35)

1.07 (0.87, 1.32)

1.32 (1.28, 1.37)

p value

<0.001

<0.001

<0.001

<0.001

<0.001

0.86

<0.001

0.077

<0.001

<0.001

<0.001

0.32

0.62

<0.001

0.003

<0.001

<0.001

<0.001

<0.001

0.49

<0.001

0.7 1.0 1.5 2.0

HR (95% CI)

per 5-year increase in diabetes duration

Fig. 3 HRs for incident CKD
associated with 5 year increase in
diabetes duration in people with
prevalent type 2 diabetes stratified
by age at diabetes diagnosis in the
HKDR. The Coxmodels included
duration of diabetes, age at
diabetes diagnosis, sex, BMI,
HbA1c, LDL-cholesterol, HDL-
cholesterol, log (triacylglycerol),
systolic BP, eGFR, log (urinary
ACR), smoking status, history of
CVD, cancer, diabetic retinopathy
and sensory neuropathy, use of
OGLDs, insulin, lipid-lowering
drugs, BP-lowering drugs and
renin–angiotensin system
inhibitors and enrolment year.
The area of the square is
proportional to the size of the
study population. The horizontal
lines represent the 95% CIs of
HRs. The horizontal axis for HRs
is on a natural logarithmic scale.
All p values for interaction
between age at diabetes diagnosis
and diabetes duration on risk of
CKD in the groups of both sexes
and men and women separately
were <0.05
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Higher risk of CKD among people with young-onset diabetes
The mechanisms linking younger age at diabetes diagnosis
with higher risk for CKD are multifactorial. First, people with
young-onset diabetes have worse glycaemic control and
higher BMI compared with their late-onset counterparts [25,
26]. Other researchers have reported that beta cell function
declines at a faster rate in young people [27], who are also
more insulin resistant because of higher burden of obesity
[28]. Moreover, the responses to OGLDs differ by age at
diabetes diagnosis. Compared with late-onset diabetes, those
with young-onset diabetes have smaller responses to most
combinations of OGLDs, resulting in more rapid deterioration
in HbA1c and up to a threefold higher glycaemic burden over
their lifetime [29]. Second, people with young-onset diabetes
are more likely to have an unhealthy lifestyle (e.g. smoking)
and are less likely to receive medication treatments and
achieve targets for lipids [25], which are also risk factors for
CKD. This could be due to a combination of delay in seeking
medical care, poor medication adherence, clinical inertia and
lack of treatment guideline. However, the modifying effect of
age at diabetes diagnosis on disease duration remained signif-
icant when we adjusted for these risk factors, suggesting that
there are other contributory factors. Third, kidney tissues
might be more vulnerable to insults from high glucose milieu
when exposed at a younger age. More pronounced inflamma-
tory and fibrotic responses to glucose have been reported in
young individuals with diabetes [30]. Lastly, genetic variants
that predisposed to early diabetes development might increase
the susceptibility to kidney complications through non-
glucose mediating pathways [31, 32].

In contrast, among people diagnosed at 70 years of age or
older, longer duration of diabetes did not increase the risk of
CKD. In our previous analysis, we noted stable glycaemic
control in people diagnosed with diabetes aged 60 years and
glycaemic improvements in those diagnosed at older ages
[29]. In these older survivors, age-related factors and comor-
bid conditions were likely to be more important factors than
disease duration in the development of CKD. Moreover, the
proportion of people excluded from Cox regression analysis
because of pre-existing CKDwas 40% in the group diagnosed
with diabetes at age of 70 years or above vs 8% in the youn-
gest age group in the HKDR. This has resulted in a larger
proportion of healthier population being included in analysis
in the oldest comparedwith the youngest age group at diabetes
diagnosis. Although this is unlikely to invalidate our findings
as we focused on incident CKD and the prevalence of CKD is
high among old people regardless of diabetes status [3, 33], it
would be worthwhile to explore whether the association
between diabetes duration and risk of CKD reported in our
study applies to a relatively sick and older population. In the
HKDR, the diminishing effect of longer diabetes duration on
CKD with increasing age at diabetes diagnosis seemed to be
mainly driven by the results in the youngest and the oldest age

group, which had the smallest sample size. Although the abso-
lute differences in HRs across the middle-age groups were
small, a linear decrease in the point estimate of the effect with
increasing age at diabetes diagnosis was observed. Studies
with a larger population in the youngest and the oldest age
groups are warranted to confirm our findings.

We observed a surge in the incidence of CKD around the
time of diabetes diagnosis, which declined during the first half
year and increased in subsequent years in both men and
women (Fig. 1). We speculated that this early rise might be
due to detection of undiagnosed cases of CKD upon diagnosis
of diabetes when laboratory tests were performed. We noted
that people with younger age at diabetes diagnosis had a
higher initial eGFR at enrolment in the HKDR. Thus, upon
reaching CKD, the extent of eGFR decline would have been
greater in the younger than the older group. This suggests that
the actual adverse effect of younger age at diabetes diagnosis
on increased risk of CKD might be greater than that reported
in our study. Consistent with other studies showing that albu-
minuria is the most common initial manifestation of diabetic
kidney disease especially in young people, we also found a
higher proportion of albuminuric CKD in those diagnosed
with diabetes at a younger age [34].

Ahlqvist et al used data from Caucasians and revealed that
among the five clusters of diabetes, the cluster characterised
by severe insulin resistance and high BMI was associated with
the highest risk of CKD [35]. Obesity is common in young
people with diabetic kidney disease [36]. In the HKDR, partic-
ipants with younger age at diabetes diagnosis had higher BMI
than their older counterparts although the difference was only
modest. It is noteworthy that the relationship between BMI
and visceral adiposity varies across ethnic groups; East Asians
have more visceral fat than Caucasians with the same BMI
[37]. Hence, BMI may not be as effective in reflecting insulin
resistance in our Chinese population, and this may diminish
the association between BMI and CKD.

Sex difference in the effect of diabetes duration on risk of CKD
Male sex has been reported as an independent risk factor for
CKD [38–42]. In our study, the absolute incidence rates of
CKD were greater in men than women across almost the full
age spectrum. Diabetic kidney disease rarely developed
during childhood but might progress during puberty with a
surge of testosterone [31]. The latter might upregulate the
renin-angiotensin system to promote sodium reabsorption
and increase intraglomerular pressure in the kidney to drive
progression of kidney diseases in men [43]. The high levels of
oestrogen in women protect against the development of
kidney disease by attenuating the effect of profibrotic and
proinflammatory factors such as high blood glucose [42].
The decline of oestrogen after menopause in women, accom-
panied by an increase in risk of CKD, might have contributed
to the reduction in sex differences in CKD rates with

1997Diabetologia  (2021) 64:1990–2000



increasing age. Compared with men, women were less likely
to have risk factors such as smoking and the metabolic
syndrome, making diabetes duration a more prominent risk
factor for kidney disease [38].

Strengths and limitations The major strengths of this study
include the large sample size and long follow-up period. We
analysed two complementary cohorts with incident and prev-
alent diabetes who had a wide range of diabetes duration
which yielded consistent results. Our study also has limita-
tions. First, around 10% of people treated in the private sector
are not captured in the HKDSD [18]. Characteristics may
differ between people receiving care in the public and private
sector. In addition, the HKDR is a hospital registry-based
cohort and is not fully representative of the total population
with diabetes in HongKong. People in the HKDRwere gener-
ally sicker than those in the HKDSD. However, low represen-
tativeness does not necessarily hamper scientific inference
[44–46]. Controlling for confounding, the large number of
participants with different diabetes duration, and long-term
follow-up are expected to provide valid inferences. Second,
similar to most epidemiological studies, CKD was ascertained
based on a single eGFR measurement with potential misclas-
sification bias. Transient decline in eGFR due to acute kidney
injury or concurrent illnesses remained a possibility.
However, transient drops in eGFR due to acute kidney injury
were rare compared with drops due to CKD and were unlikely
to seriously impact the results. Third, we could not exclude
CKD due to causes other than diabetes. Nonetheless, people
with CKD often have mixed aetiologies including hyperten-
sion and obesity, and it is difficult to dissect the contribution
of each cause clinically. Fourth, in the HKDSD, lifestyle and
sociodemographic information was not available and we
could only describe the unadjusted effect of age at diabetes
diagnosis and diabetes duration on incident CKD. Although
most metabolic risk factors were available in the HKDR,
residual/unmeasured confounding (e.g. socioeconomic status
and psychosocial stress) remained possible [47]. Fifth, further
sub-analysis by stratifying CKD stages was not feasible
because of the very small event number in young people.
Finally, these findings from a predominantly Chinese popula-
tion might not generalise to other populations, although the
high risk for CKD in people with young-onset diabetes is now
well recognised [3].

In conclusion, our data suggest that the higher lifetime risk
of CKD among people with younger age at diabetes diagnosis
is not simply driven by prolonged disease duration. Young
age at diabetes diagnosis amplified the effect of increasing
diabetes duration on increased risk of CKD. In view of the
rising prevalence of young-onset diabetes, our findings have
important public and personal health implications. Intensive
control of risk factors, notably obesity and BP, and timely use
of organ-protective drugs in young people with diabetes is

needed to curb this rising burden of kidney disease. More
research is needed to understand the pathophysiology of
CKD in the context of early age of diabetes onset.
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