
Articles

904	 www.thelancet.com/diabetes-endocrinology   Vol 12   December 2024

Lancet Diabetes Endocrinol 
2024; 12: 904–14

Published Online 
October 23, 2024 

https://doi.org/10.1016/
S2213-8587(24)00242-0

See Comment page 869

Faculty of Medicine, University 
of Sydney, Sydney, NSW, 

Australia (B Lin MD); Diabetes 
Trials Unit, Oxford Centre for 
Diabetes, Endocrinology and 

Metabolism, Radcliffe 
Department of Medicine, 

University of Oxford, Oxford, 
UK (B Lin, R L Coleman MSc, 

Prof R R Holman FRCP, 
Prof A I Adler MD); Clinical Trial 

Service Unit & Epidemiological 
Studies Unit, Nuffield 

Department of Population 
Health, University of Oxford, 

Oxford, UK (F Bragg MD); 
Health Data Research UK 

Oxford, University of Oxford, 
Oxford, UK (F Bragg); 

Experimental Medicine 
Department, Sapienza 

University of Rome, Rome, 
Italy (E Maddaloni MD)

Correspondence to: 
Prof Amanda Adler, Diabetes 
Trials Unit, Oxford Centre for 
Diabetes, Endocrinology and 

Metabolism, Radcliffe 
Department of Medicine, 

University of Oxford, 
Oxford OX3 7LJ, UK 

amanda.adler@dtu.ox.ac.uk

Younger-onset compared with later-onset type 2 diabetes: 
an analysis of the UK Prospective Diabetes Study (UKPDS) 
with up to 30 years of follow-up (UKPDS 92)
Beryl Lin, Ruth L Coleman, Fiona Bragg, Ernesto Maddaloni, Rury R Holman, Amanda I Adler

Summary
Background Younger-onset type 2 diabetes is associated with accelerated complications. We assessed whether 
complications and mortality rates differed for younger age compared with older age at diagnosis over 30 years of 
follow-up.

Methods In this study, we used data from the UKPDS, collected between 1977 and 2007, of participants aged 
25–65 years with newly diagnosed type 2 diabetes with younger-onset (younger than 40 years) or later-onset (40 years 
or older), and without diabetes autoantibodies. We analysed standardised mortality ratios (SMR) using UK general 
population data, and incidence rates of prespecified outcomes by 10-year age intervals at diagnosis.

Findings Of 4550 participants testing negative to all measured autoantibodies, 429 (9·4%) had younger-onset type 2 
diabetes. 2704 (59·4%) were male, and mean HbA1c was 76 mmol/mol (SD 24·6). The median follow-up was 17·5 years 
(IQR 12·7–20·8). SMR for younger-onset type 2 diabetes was higher (3·72 [95% CI 2·98–4·64]) compared with later-
onset type 2 diabetes (1·54 [1·47–1·61]). The incidence rate was higher for all outcomes in later-onset type 2 diabetes, 
except for microvascular disease (younger-onset 14·5 (11·9–17·7) vs later-onset 12·1 (11·3–13·0) per 1000 person-
years). However, at any given age, the 5-year incidence of any diabetes-related endpoint, all-cause mortality, 
microvascular disease, and myocardial infarction was higher with younger age at diagnosis. Annual mean HbA1c was 
higher in the first 20 years in younger-onset compared with later-onset type 2 diabetes. Among participants 
randomised to intensive versus conventional glycaemic control, we observed no interactions by subgroup of 
younger-onset versus later-onset type 2 diabetes for any outcome.

Interpretation The risk of dying relative to the general population is even greater for people diagnosed with type 2 
diabetes at younger ages. The increased risk of complications and poorer glycaemic control in younger-onset 
type 2 diabetes calls for the development of services to identify and manage these individuals.

Funding National Institute of Health and Care Research’s Biomedical Research Centre.

Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 
license.

Introduction
Over the past 30 years, the number of young adults 
diagnosed with type 2 diabetes has increased markedly 
worldwide.1–3 Since 1990, the annual incidence has 
increased by over 50%,4 and type 2 diabetes has overtaken 
type 1 diabetes as the predominant type of diabetes in 
adults aged 19–39 years in the UK.3,5 Although tradition-
ally considered a disease of people of middle and older 
age, younger-onset type 2 diabetes is now recognised 
as a distinct, non-autoimmune phenotype of diabetes.6,7 
There is growing concern that early lifetime exposure 
to hyperglycaemia in younger-onset type 2 diabetes 
increases the cumulative risk of complications and 
reduces life expectancy; however, these risks need to be 
better characterised.3,6,8

Several studies, including the landmark Treatment 
Options for Type 2 Diabetes in Adolescents and Youth 
trial and the Search for Diabetes in Youth trial, report 
accelerated diabetes-related complications and higher 

mortality compared with age-matched younger people 
with type 1 diabetes.8–13 Evidence suggests that younger-
onset type 2 diabetes is more aggressive than later-onset 
disease with faster deterioration in β-cell function,14–17 and 
an even greater excess risk of complications such as 
cardiovascular disease and nephropathy.18,19 For any given 
age, those diagnosed with type 2 diabetes when young 
also have higher excess all-cause and cardiovascular-
related mortality compared with those diagnosed later.20–23 
There have been few prospective cohort studies specific 
to early-onset type 2 diabetes in adults, with most 
data derived from retrospective population audits or 
youth cohorts.6 Although countries such as Australia 
have published dedicated guidelines for younger-onset 
type 2 diabetes, the evidence base is poor because 
younger-onset type 2 diabetes remains under-represented 
in clinical trials.6,24

The UK Prospective Diabetes Study (UKPDS) was 
a multicentre randomised trial of glucose-lowering 
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therapy in adults aged 25–65 years with newly diagnosed 
type 2 diabetes that ran from December, 1977, to 
September, 1997. Because trial participants were newly 
diagnosed, we have a clear measure of the duration of 
diabetes during follow-up with prospective data on 
complications and risk factors. Previously published data 
from the UKPDS showed that age at diagnosis had 
varying effects on different types of diabetic tissue 
damage during the first 6 years of type 2 diabetes.25 In 
this extended analysis, we assess whether long-term 
complications and mortality rates differ between 
younger-onset compared with later-onset type 2 diabetes 
with up to 30 years of follow-up. We also explore the 
effect of randomised allocation within the UKPDS trial to 
intensive glycaemic control strategies compared with 
conventional strategies in adults with younger-onset 
versus later-onset type 2 diabetes.

Methods
Study design and participants
We did an observational analysis of UKPDS data with up to 
30 years of follow-up (median 17·5 years; range 0·31–30·0). 
The UKPDS protocol has been previously reported.26 
Briefly, 5102 adults aged 25–65 years with newly-diagnosed 
type 2 diabetes were recruited between Dec 8, 1977, and 
March 27, 1991.26,27 The original UKPDS trial aimed to 
assess whether an intensive blood-glucose control strategy, 
compared with a conventional strategy, would reduce 
the risk of microvascular and macrovascular clinical 

complications, and to examine the relative merits of 
available glucose-lowering therapies. The current analyses 
reflects the up-to-20 year interventional period, and 
the 10-year period following close-out of the trial on 
Sept 30, 1997, when all surviving participants entered 
a post-trial monitoring study until Sept 30, 2007.27 
Participants were included if they were aged 25–65 years, 
were newly diagnosed with diabetes, and had fasting 
plasma glucose of more than 6 mmol/L on two mornings 
1–3 weeks apart. The main exclusion criteria at recruit-
ment of the trial cohort were: severe vascular disease 
(myocardial infarction in the past year, current angina, 
or heart failure); accelerated hypertension; proliferative or 
preproliferative retinopathy; renal failure with plasma cre-
atinine of more than 175 μmol/L; other life-threatening 
disease such as cancer; an illness requiring systemic corti-
costeroids; an occupation precluding insulin treatment; 
unfamiliarity with English; and ketonuria greater than 
3 mmol/L suggestive of type 1 diabetes.

After a 3–4-month dietary run-in period, participants 
with a fasting plasma glucose (FPG) level between 
6·0 mmol/L and 15·0 mmol/L were randomly assigned to 
either a conventional glycaemic control strategy (primarily 
with diet) or an intensive glycaemic control strategy 
(sulfonylurea or insulin or, if >120% of ideal bodyweight, 
metformin). Participants with a FPG of more than 
15·0 mmol/L were allocated to intensive therapy and 
not eligible for randomisation. Those with a FPG less 
than 6·0 mmol/L were allocated to diet, but could be 

Research in context

Evidence before this study
To review the evidence surrounding the natural history of 
disease in people with younger-onset (<40 years) compared 
with later-onset (≥40 years) type 2 diabetes, we searched 
PubMed from database inception to May 1, 2024, using the 
following search terms: “young-onset” or “early-onset” or 
“young adult” AND “type 2 diabetes”. Younger-onset type 2 
diabetes is more aggressive than later-onset disease with β-cell 
function deteriorating faster, and is associated with more 
complications and reduced life expectancy. There have been 
few prospective cohort studies from time of diabetes diagnosis 
and specific to younger-onset type 2 diabetes in adults, with 
most data derived from retrospective audits or youth cohorts. 
To date, only one randomised controlled trial for adults with 
younger-onset type 2 diabetes has been published (DIADEM-I); 
and rarely do larger adult trials report on subgroup outcomes in 
their younger-onset cohort.

Added value of this study
The UK Prospective Diabetes Study (UKPDS) was a landmark 
randomised clinical trial with the longest follow-up ever 
evaluated in a trial of glycaemic control and diabetes 
complications. We report on the mortality and complication 
rates in younger-onset, compared with later-onset, type 2 
diabetes from time of diagnosis to up to 30 years of follow-up 

in the UKPDS cohort. This included 429 participants with 
younger-onset type 2 diabetes with a median follow-up of 
almost 20 years, which is double that of other prospective 
studies. We only included participants who tested negative to 
autoantibodies, and thus excluded those with latent 
autoimmune diabetes in adults who have a different risk of 
complications than type 2 diabetes. We found higher rates of 
incident diabetes-related complications, higher standardised 
mortality ratios, and persistently poorer glycaemic control 
among adults diagnosed with type 2 diabetes at a younger age 
compared with those diagnosed later in life. In our post-hoc 
analysis of the UKPDS trial—ie, the interventional period of the 
study—we found no significant interaction between age of 
onset (younger vs later) and allocated glycaemic control 
strategy (intensive vs conventional).

Implications of all the available evidence
The increased risk of complications, excess mortality, and 
poorer glycaemic control in younger-onset type 2 diabetes 
supports a need to develop services that proactively identify 
and manage these individuals over their lifetimes. There remain 
significant opportunities for dedicated clinical trials in 
younger-onset type 2 diabetes, and an overdue need for data to 
inform a tailored pharmacological approach.
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randomised if their FPG subsequently became 
6·0 mmol/L or higher. All UKPDS participants (including 
those who were not randomly assigned) were followed 
quarterly in UKPDS clinics. FPG and anthropometrics 
were measured at baseline, every 3 months until 1990, and 
then every 4 months to trial end in 1997. HbA1c and bio-
chemical measurements were collected at baseline then 
annually to trial end. All items were then collected 
annually until 2002.

Autoantibodies associated with diabetes (islet cell auto-
antigen, glutamic acid decarboxylase, or protein tyrosine 
phosphatase isoforms IA-2) were measured in 
5096 (99·9%) of 5102 UKPDS participants.28 To restrict 
this study to those with type 2 diabetes, we included only 
participants who tested negative for all measured auto
antibodies (n=4550). Younger-onset and later-onset type 2 
diabetes were defined as those diagnosed at an age 
younger than 40 years and 40 years or older, respectively.3 
The UKPDS study protocol was approved by the ethics 
committee of all 23 UKPDS clinical centres. All patients 
provided written informed consent to participate.

Outcomes
The study administrator obtained full documentation for 
all putative outcomes from hospitals and general practi-
tioners, whether reported at clinic visits or by means of 
questionnaires. The vital status of all participants still 
living in the UK was obtained from the Office of National 
Statistics. UKPDS Endpoint Committee members adjudi-
cated all outcomes using medical records masked to 
treatment allocation. We analysed the seven prespecified 

UKPDS aggregate outcomes: any diabetes-related 
endpoint (ie, sudden death, death from hyperglycaemia or 
hypoglycaemia, fatal or non-fatal myocardial infarction, 
angina, heart failure, fatal or non-fatal stroke, renal failure, 
amputation, vitreous haemorrhage, retinal photocoagula-
tion, blindness in one eye, or cataract extraction), 
diabetes-related death (ie, sudden death or death from 
myocardial infarction, stroke, peripheral vascular disease, 
renal disease, hyperglycaemia, or hypoglycaemia), death 
from any cause, myocardial infarction (ie, sudden 
death or fatal or non-fatal myocardial infarction), stroke 
(ie, fatal or non-fatal stroke), peripheral vascular disease 
(ie, amputation of at least one digit or death from 
peripheral vascular disease), and microvascular disease 
(ie, vitreous haemorrhage, retinal photocoagulation, or 
renal failure). Additionally, we analysed major adverse 
cardiovascular events, defined as unknown or sudden 
death, fatal or non-fatal myocardial infarction, or fatal or 
nonfatal stroke.

In this study, we estimated the absolute and adjusted 
incidence risk of each aggregate outcome over follow-up 
in the younger-onset and older-onset type 2 diabetes 
groups. Incidence rates were also plotted over time by 
10-year age intervals at diagnosis. Furthermore, we 
assessed the standardised mortality ratios for participants 
by younger-onset and later-onset type 2 diabetes, and by 
10-year age intervals at diagnosis. We also examined the 
mean annual values of key clinical and biochemical 
values over time (HbA1c, FPG, BMI, estimated insulin 
resistance [HOMA2-IR], and estimated percentage β-cell 
function [HOMA2-%B] using the Homeostasis Model 
Assessment version 2). Finally, we assessed whether 
there was an interaction between age of type 2 diabetes 
onset and the effect of randomisation to intensive or 
conventional glycemic control strategies.

Statistical analysis
We compared the younger-onset with the later-onset type 2 
diabetes groups using the t test for continuous variables, 
the Wilcoxon rank-sum test for non-normally distributed 
continuous variables, and χ² test for categorical variables.

We calculated absolute risk for each aggregate 
outcome as incidence rates per 1000 person-years over 
the total follow-up period in the younger-onset and later-
onset type 2 diabetes groups. We calculated follow-up as 
from the time of diagnosis to the occurrence of the 
endpoint of interest, or among people who did not have 
the endpoint, to censoring defined as death (for non-fatal 
endpoints), date of last contact, or Sept 30, 2007. We 
created Kaplan–Meier plots for each aggregate outcome. 
Missing data were not imputed. We used Poisson 
regression to calculate the incidence rates adjusted for 
sex, ethnicity, HbA1c, BMI, systolic blood pressure, 
low-density lipoprotein cholesterol, and smoking, all 
measured at baseline. We did not adjust for age because 
the main exposure, age of type 2 diabetes diagnosis, was 
also age dependent. We modelled competing risks for 

Figure 1: Trial profile
All participants allocated to conventional treatment (n=1041) were used as the comparator for the sulfonylurea or 
insulin treatment group. A subset of the participants allocated to conventional treatment who had an ideal body 
weight of more than 120% (n=379) were also used as the comparator group for the metformin intensive 
treatment group.

4550 with type 2 diabetes and without diabetes 
 autoantibodies included in this study

5102 participants enrolled in UKPDS

3834 with type 2 diabetes eligible for randomisation

552 excluded because one or more diabetes 
 autoantibodies tested positive

716 not eligible for randomisation because fasting 
 blood glucose was 6 mmol/L or >15 mmol/L 

2793 allocated to intensive treatment
 2475 assigned sulfonylurea or insulin
    318 assigned metformin (ideal body 
 weight >120%)

1420 allocated to conventional treatment
 1041 as the comparator for 
 sulfonylurea or insulin
 379 with ideal body weight of >120% as 
 the comparator for metformin
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each outcome by fitting flexible parametric survival 
models to create stacked cumulative incidence graphs.29 
To assess the effect of age at diagnosis further, we 
divided participants by age at diagnosis into 10-year age 
groups (25–35, 36–45, 46–55, and 56–65 years). In each 
of these groups, we calculated the incidence of diabetes-
related complications and mortality in successive 5-year 
intervals over the 30-year follow-up period.

We calculated standardised mortality ratios (SMRs) for 
younger-onset and later-onset type 2 diabetes, and by 
10-year age intervals at diagnosis. Follow-up data were 
split into 1-year intervals, recording attained age, sex, 
and calendar year. For each interval, we merged corre-
sponding annual UK general population mortality rates 
(matched by age, sex, and calendar year) to compute the 
expected number of deaths. UK population mortality 
rates were derived from the Office of National Statistics 
census data.30,31 We calculated the SMRs by dividing 
observed deaths in UKPDS participants by expected 
deaths in the UK population. We then used Poisson 
regression models to examine SMRs by age group of 
diagnosis.

We calculated the annual mean values of key clinical 
and biochemical variables including HbA1c, FPG, BMI, 
and homoeostasis model assessment-estimated insulin 
resistance and β-cell function (HOMA2-IR and 
HOMA2-%B)32 separately by age at diagnosis (10-year age 
groups: 25–35, 36–45, 46–55, and 56–65 years). We present 
the trajectory of HbA1c, fasting blood glucose, HOMA2-IR, 
HOMA2-%B, and BMI across the 30-year follow-up period.

We tested whether the magnitude of the effect of the 
intensive compared with the conventional glycaemic 
control strategy differed significantly between younger-
onset and later-onset type 2 diabetes among 3834 UKPDS 
participants testing negative to all diabetes autoanti
bodies, and who were randomised in the glucose control 
trial. We used Cox proportional hazards modelling 
to evaluate the effect of previous randomisation to 
an intensive or a conventional policy for glycaemic 
control on all outcomes within the younger-onset and 
later-onset type 2 diabetes subgroups. We tested for 
interaction using the χ² test for heterogeneity in the 
association between randomisation and outcomes by 
young-onset and later-onset subgroup. Analyses were 
done with STATA version 17.0 (StataCorp, College Station, 
TX, USA).

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report.

Results
Of 5102 participants enrolled in the UKPDS trial, we 
included 4550 participants with type 2 diabetes and 
without diabetes autoantibodies, and who participated 
in a 3-month dietary run-in and follow-up (figure 1). 

Overall, 429 (9·4%) of 4550 had younger-onset type 2 
diabetes diagnosed at a mean age of 35·1 years (SD 3·5), 
and 4121 (90·6%) had later-onset type 2 diabetes 
diagnosed at a mean age of 53·8 years (6·7; table 1). At 
the time of diagnosis of type 2 diabetes, participants 
with younger-onset type 2 diabetes were more frequently 
of Asian or Indian ethnicity (100 [23·3%] of 
429 participants with younger-onset type 2 diabetes vs 
373 [9·1%] of 4121 with older-onset type 2 diabetes; 
p<0·001); younger-onset type 2 diabetes had a higher 
mean BMI (30·6 kg/m² vs 29·0 kg/m²; p<0·001) and 
a higher proportion of participants with obesity 
(50·8% vs 35·2%; p<0·001), a lower mean HbA1c 

Total (n=4550) Younger-onset 
type 2 diabetes 
(n=429)

Later-onset type 2 
diabetes (n=4121)

p value

Demographics

Age, years 52·0 (8·5) 35·1 (3·5) 53·8 (6·7) ..

Sex

Male 2704 (59·4%) 270 (62·9%) 2434 (59·1%) 0·12

Female 1846 (40·6%) 159 (37·1%) 1687 (40·9%)

Ethnicity ·· ·· ·· <0·001

White 3662 (80·5%) 303 (70·6%) 3359 (81·5%) ..

Black 376 (8·3%) 23 (5·4%) 353 (8·6%) ..

Asian Indian 473 (10·4%) 100 (23·3%) 373 (9·1%) ..

Other 39 (0·9%) 3 (0·7%) 36 (0·9%) ..

Socioeconomic status ·· ·· ·· 0·03

Professional 186 (4·1%) 15 (3·5%) 171 (4·1%) ..

Managerial 911 (20·0%) 90 (21·0%) 821 (19·9%) ..

Skilled 1883 (41·4%) 177 (41·3%) 1706 (41·4%) ..

Partially skilled 1077 (23·7%) 106 (24·7%) 971 (23·6%) ..

Unskilled 327 (7·2%) 17 (4·0%) 310 (7·5%) ..

Data missing 166 (3·6%) 24 (5·6%) 142 (3·4%) ..

Clinical

BMI, kg/m² 29·1 (5·5) 30·6 (6·6) 29·0 (5·4) <0·001

 Underweight, <18·5 17 (0·4%) 6 (1·4%) 11 (0·3%) ..

 Normal, ≥18·5 to <25 983 (21·6%) 85 (19·8%) 890 (21·8%) ..

 Overweight, ≥25 to <30 1883 (41·4%) 120 (28·0%) 1763 (42·8%) ..

 Obesity, ≥30 1667 (36·6%) 218 (50·8%) 1449 (35·2%) ..

Waist-to-hip ratio 0·91 (0·08) 0·92 (0·08) 0·91 (0·07) 0·006

Systolic blood pressure, 
mm Hg*

136·0 (19·5) 126·8 (16·1) 136·9 (19·6) <0·001

Smoking ·· ·· ·· <0·001

Never 1618 (35·6%) 185 (43·1%) 1433 (34·8%) ..

Former 1546 (34·0%) 88 (20·5%) 1458 (35·4%) ..

Current 1384 (30·4%) 156 (36·4%) 1228 (29·8%) ..

Data missing .. ·· 2 (<1·0%) ..

Alcohol ·· ·· ·· 0·71

None 1106 (24·3%) 113 (26·3%) 993 (24·1%) ..

Social 2519 (55·4%) 218 (50·8%) 2301 (55·8%) ..

Regular 752 (16·5%) 79 (18·4%) 673 (16·3%) ..

Dependent 61 (1·3%) 6 (1·4%) 55 (1·3%)

Data missing .. .. 1 (<1·0%) ..

(Table 1 continues on next page)
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(8·7% vs 9·2%; 71·6 vs 77·1 mmol/mol; p<0·001), 
a higher median HOMA2-IR (1·8 vs 1·6, p<0·001), 
higher HOMA2-%B (55·9% vs 49·3%, p<0·001), higher 
median fasting triglycerides (1·85 vs 1·69 mmol/L; 
p<0·001), and lower mean low-density lipoprotein 
cholesterol (3·5 vs 3·7 mmol/L; p<0·001) than those 
with later-onset type 2 diabetes.

Any diabetes-related endpoint occurred in 202 (47·1%) 
participants with younger-onset type 2 diabetes and in 
3016 (73·2%) with later-onset type 2 diabetes over 
a median follow-up time of 18·0 years (IQR 13·9–21·0) 
and 17·4 years (IQR 12·6–20·8), respectively (table 2). 
The absolute and adjusted incidence rates were higher 
for all aggregate outcomes in those with later-onset 
type 2 diabetes, except for microvascular disease 
(adjusted risk 18·0 [95% CI 13·8–22·1] per 1000 person-
years for younger-onset type 2 diabetes vs 11·7 [10·7–12·7] 
per 1000 person-years for later-onset type 2 diabetes); 
appendix p 2). However, at any given age during follow-
up, the 5-year incidence of all aggregate clinical 

outcomes, particularly all-cause mortality, diabetes-
related mortality, and microvascular disease, was higher 
with younger age at diagnosis (figure 2). Stacked cumu-
lative incidence graphs show that the competing risks, 
namely deaths, are greatest in those with later-onset 
type 2 diabetes particularly for microvascular disease 
(appendix p 3).

A total of 2048 deaths occurred over 74 979 person-
years of follow-up. The crude mortality rate was lower 
in participants with younger-onset type 2 diabetes 
(10·4 per 1000 person-years) than later-onset disease 
(29·2 per 1000 person-years) given their younger 
attained age (table 3). However, the excess mortality 
associated with type 2 diabetes compared with the 
general population was higher in younger-onset type 2 
diabetes (SMR 3·72 [95% CI 2·98–4·64]) compared 
with later-onset type 2 diabetes (1·54 [1·47–1·61]). When 
we further stratified participants by 10-year cohorts of 
age at diagnosis, the SMR was highest (3·85 [2·62–5·66]) 
in the youngest group diagnosed with type 2 diabetes 
between ages 24–35 years and attenuated with increas-
ing age at diagnosis (table 4).

At 1-year after diagnosis, participants in all age groups 
showed a significant improvement in HbA1c, FPG, BMI, 
and HOMA2-%B compared with baseline once they were 
on established treatment (p<0·01). Thereafter, annual 
mean HbA1c, FPG, BMI, and HOMA2-IR were higher in 
the first 20 years of follow-up in those diagnosed with 
type 2 diabetes at younger compared with diagnosed at 
later ages (figure 3; appendix p 4). At 10 years’ follow-up, 
HbA1c, FPG, and BMI had increased more in participants 
diagnosed at a younger age (Ptrend across age groups <0·05). 
Although HOMA2-%B was higher at diagnosis in those 
with younger-onset type 2 diabetes, the decline in 
estimated β-cell function by 10 years after diagnosis was 
greater in those with younger age of type 2 diabetes 
diagnosis (Ptrend<0·001).

322 (75·1%) participants with younger-onset type 2 
diabetes and 3512 (85·2%) with later-onset type 2 diabetes 
were randomised to glycaemic control strategies 
(appendix p 7). We observed no significant interactions 
for all outcomes, that is, no difference in the magnitude 
of the treatment effect among participants with young-
onset versus later-onset diabetes (p for interaction >0·05). 
Among participants allocated to sulfonylurea or insulin 
therapy as compared with those allocated to conventional 
therapy, significant reductions in risk of diabetes-related 
death, death from any cause, myocardial infarction, and 
microvascular disease were observed in the later-onset 
type 2 diabetes group, but no significant risk reduc
tions or risk increases in the younger-onset type 2 
diabetes group (appendix p 5). Similarly, in the metformin 
group as compared with the conventional-therapy group, 
significant reductions in any diabetes-related endpoint, 
diabetes-related death, death from any cause, myocardial 
infarction, and major adverse cardiovascular events were 
observed in participants with later-onset type 2 diabetes. 

See Online for appendix

Total (n=4550) Younger-onset 
type 2 diabetes 
(n=429)

Later-onset type 2 
diabetes (n=4121)

p value

(Continued from previous page)

Biochemical

Fasting plasma glucose, 
mmol/L†

11·8 (3·7) 11·2 (3·4) 11·9 (3·7) <0·001

HbA1c‡ 9·1% (2·3) 8·7% (2·2) 9·2% (2·2) <0·001

HbA1c, mmol/mol‡ 76 (24·6) 71·6 (24·4) 77·1 (24·6) ..

HOMA2-IR§ 1·6 (1·1–2·2) 1·8 (1·2–2·6) 1·6 (1·1–2·2) <0·001

HOMA2-%B§ 49·9 (30·6–73·5) 55·9 (36·15–86·4) 49·3 (30·2–72·1) <0·001

Fasting triglycerides, 
mmol/L¶

1·73 (1·25–2·48) 1·85 (1·24–2·81) 1·69 (1·22–2·40) <0·001

Total cholesterol, mmol/L|| 5·6 (1·2) 5·4 (1·2) 5·6 (1·2) 0·003

Low-density lipoprotein 
cholesterol, mmol/L**

3·7 (1·1) 3·5 (1·0) 3·7 (1·1) <0·001

High-density lipoprotein 
cholesterol, mmol/L††

1·0 (0·3) 1·0 (0·3) 1·1 (0·2) <0·001

Estimated glomerular 
filtration rate, 
mL/min/1·73m2‡‡

81·3 (23·0) 94·0 (24·7) 80·0 (22·4) <0·001

Urine albumin to creatinine 
ratio§§

1·27 (0·60–3·35) 1·08 (0·52–2·95) 1·30 (0·61–3·42) 0·14

Data are mean (SD), n (%), or median (IQR). *Data missing for 604 (13·3%) participants (71 [16·6%] with younger-onset 
type 2 diabetes; 533 [12·9%] with later-onset type 2 diabetes). †Data missing for 12 (0·3%) participants (one [0·2%] with 
younger-onset type 2 diabetes; 11 [0·3%] with later-onset type 2 diabetes). ‡Data missing for 435 (9·6%) participants 
(40 [9·3%] with younger-onset type 2 diabetes; 395 [9·6%] with later-onset type 2 diabetes). §Insulin resistance and 
B-cell function (reported as percentage of a normal reference population) estimated with the Homeostasis Model 
Assessment Calculator version 2; data missing for 629 (13·8%) participants (65 [15·2%] with younger-onset type 2 
diabetes; 564 [13·7%] with later-onset type 2 diabetes). ¶Data missing for 340 (7·5%) participants (35 [8·2%] with 
younger-onset type 2 diabetes; 305 [7·4%] with later-onset type 2 diabetes). ||Data missing for 292 (6·4%) participants 
(27 [6·3%] with younger-onset type 2 diabetes; 265 [6·4%] with later-onset type 2 diabetes). **Data missing for 
431 (9·5%) participants (43 [10·0%] with younger-onset type 2 diabetes; 388 [9·4%] with later-onset type 2 diabetes). 
††Data missing for 385 (8·5%) participants (39 [9·1%] with younger-onset type 2 diabetes; 346 [8·4%] with later-onset 
type 2 diabetes). ‡‡Data missing for 24 (0·5%) participants (5 [1·2%] with younger-onset type 2 diabetes; 19 [0·5%] with 
later-onset type 2 diabetes); estimated glomerular filtration rate calculated with the Chronic Kidney Disease 
Epidemiology Collaboration formula. §§Data missing for 737 (16·2%) participants (72 [16·8%] with younger-onset 
type 2 diabetes; 665 [16·1%] with later-onset type 2 diabetes).

Table 1: Baseline characteristics of participants with type 2 diabetes
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No significant risk reductions or risk increases were 
observed in those with younger-onset type 2 diabetes. We 
were unable to reject the (null) hypothesis of no treatment 
effect in the subgroup of younger-onset participants with 
type 2 diabetes. Participants randomised to intensive 
glucose control had lower HbA1c compared with those on 
conventional therapy in both the younger-onset and later-
onset type 2 diabetes subgroups (appendix p 6).

Discussion
In this large prospective 30-year follow-up of people with 
newly diagnosed type 2 diabetes in the UKPDS trial, we 
found that younger age at diagnosis was associated with 
a higher risk of incident diabetes-related complica
tions, excess mortality, and persistently poorer glycaemic 
control. The lower crude mortality rates of participants 
diagnosed younger-onset versus later-onset reflects that 
the younger-onset  group naturally remained younger 
during follow-up, and does not adjust for this attained 
age. Yet, participants with younger-onset type 2 diabetes 
had a higher SMR reflecting an almost four-fold relative 
increase in risk of death compared with the general UK 
population. At any given attained age during follow-up, 
up to the age 60 years for which we have data across all 
age groups, the 5-year incidence rate of all aggregate 
outcomes was higher in younger-onset type 2 diabetes 
compared with later-onset type 2 diabetes. In our post-hoc 
analysis of the UKPDS trial, that is, the interventional 
period of the study, we found no significant interaction 
between younger versus later age of onset and 
randomised glycaemic control strategy.

A strength of this study is having data from diagnosis of 
diabetes, recognising that we do not have information on 
the duration of diabetes before diagnosis. However, 
because the UK has universal health care that is free at 
the point of delivery, we assume that symptomatic people 
sought care. In our cohort, people with younger-onset 
had a lower HbA1c and higher HOMA2-%B (estimated 

β-cell function) than those with later-onset type 2 diabetes 
at diagnosis, suggesting a shorter or equal, but not longer, 
duration of pre-existing diabetes. This finding contrasts 
with observations from recent publications in which 
younger-onset cohorts have generally poorer glycaemic 
control at diagnosis.6 It is possible that rising obesity rates 
since the start of the UKPDS trial have contributed to 
relatively higher HbA1c levels at diagnosis. Another 
explanation could be that in most other studies, partici-
pants were not tested for pancreatic autoantibodies, and 
therefore might have included people with latent auto
immune diabetes in adults, who usually have higher 
HbA1c at diagnosis than antibody-negative people.33

Our finding that the risk of excess all-cause mortality is 
substantial and highest with younger-onset of type 2 
diabetes is largely consistent with previous reports.22,34–36 
This study offers evidence from a cohort of people with 
newly diagnosed diabetes, followed for a longer period 
than existing reports, and who have undergone antibody 
testing. The SMR of 3·85 in our participants diagnosed 
at ages 25–35 years was higher than those reported by 
databases from Australia (SMR 1·21 to 1·56) and 
Sweden (SMR 2·9).34,35 This might, in part, be because 
the UKPDS trial began in the 1970s when therapeutics 
and glycaemic targets were less well established. The 
difference in SMRs across populations might also relate 
to different death rates in the general population.

Our cohort had a median follow-up time of almost 
20 years, which is approximately double that of other 
studies from Australia, China, Hong Kong, Denmark, 
and Sweden.19–22,34,35,37–39 In an observational study of 
primary care in the UK using the Clinical Practice 
Research Datalink, people with type 2 diabetes diagnosed 
between 2000 and 2020 were followed for a median 
duration of 9·5 years.36 Thus, we might have captured 
more events in later decades of life for those diagnosed 
young, and been better placed to describe mortality with 
a longer follow-up time. Mortality risk has also been 

Patients with clinical outcome Absolute risk (incidence per 
1000 person-years, 95% CI)

Adjusted risk* (incidence per 
1000 person-years, 95% CI)

Younger-onset 
type 2 diabetes 
(n=429)

Later-onset 
type 2 diabetes 
(n=4121)

Younger-onset 
type 2 diabetes 
(n=429)

Later-onset type 2 
diabetes (n=4121)

Younger-onset 
type 2 diabetes 
(n=429)

Later-onset type 2 
diabetes (n=4121)

Any diabetes-related endpoint 202 (47·1%) 3016 (73·2%) 32·8 (28·6–37·7) 59·6 (57·5–61·8) 38·0 (31·9–44·1) 57·8 (55·5–60·1)

Diabetes-related death 46 (10·7%) 1079 (26·2%) 6·15 (4·61–8·21) 16·2 (15·3–17·2) 6·57 (4·20–8·94) 15·0 (13·9–16·0)

Death from any cause 78 (18·2%) 1970 (47·8%) 10·4 (8·29–12·9) 29·2 (27·9–30·5) 12·0 (8·8–15·1) 27·3 (25·9–28·7)

Myocardial infarction 65 (15·2%) 1121 (27·2%) 9·06 (7·10–11·6) 17·9 (16·9–19·0) 10·6 (7·59–13·5) 17·0 (15·8–18·1)

Stroke 10 (2·3%) 462 (11·2%) 1·36 (0·73–2·52) 7·23 (6·60–7·92) 1·27 (0·25–2·30) 6·51 (5·80–7·21)

Peripheral vascular disease 14 (3·3%) 138 (3·3%) 1·91 (1·13–3·22) 2·12 (1·80–2·51) 1·97 (0·67–3·27) 2·04 (1·66–2·43)

Microvascular disease 98 (22·8%) 729 (17·7%) 14·5 (11·9–17·7) 12·1 (11·3–13·0) 18·0 (13·8–22·1) 11·7 (10·7–12·7)

Major adverse cardiovascular 
event

75 (17·5%) 1485 (36·0%) 10·5 (8·37–13·2) 24·2 (23·0–25·5) 12·0 (8·81–15·2) 22·7 (21·4–24·1)

Data are n (%), unless stated otherwise. The median follow-up time for the younger-onset type 2 diabetes group was 18·0 years (IQR 13·9–21·0) and for the later-onset type 2 
diabetes group was 17·4 years (IQR 12·6–20·8). *Adjusted for baseline HbA1c, BMI, systolic blood pressure, low-density lipoprotein cholesterol, smoking status, sex and ethnicity.

Table 2: Aggregate outcomes from UKPDS from up to 30 years follow-up data
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assessed by predictive modelling of life expectancy, where 
in a study using large-scale European and American 
population data, every decade earlier in diagnosis 
conferred another 3–4 years of life lost to type 2 diabetes.40 
Collectively, these data support a need to develop strate-
gies that identify young adults with type 2 diabetes to 
prevent or delay complications including mortality. The 
implications of developing diabetes at a younger age 
include personal as well as potential societal conse-
quences with effects on the workforce.

Another strength of this study is that 99·9% of 
the UKPDS cohort had undergone testing for pancreatic 
autoantibodies, with 98·8% of these being within the 
first 2 years of diagnosis.28 Positivity to pancreatic 
autoantibodies identifies participants with latent 

autoimmune diabetes in adults who have a different risk 
of complications compared with people with type 2 
diabetes. Recognising, and in this study excluding, 
people with latent autoimmune diabetes in adults helps 
clarify the differences in the incidence rates of complica-
tions between younger-onset and later-onset type 2 
diabetes.41,42

Among outcomes, microvascular disease showed the 
greatest excess risk for incident complications in 
younger-onset type 2 diabetes compared with later-onset 
type 2 diabetes. Microvascular disease was the only 
aggregate outcome in which the absolute risk was higher 
after 20 years’ duration of diabetes despite participants 
being of lower attained age, which aligns with other 
studies examining retinopathy and nephropathy.21,22,39 It is 

Figure 2: Incidence rates of aggregate endpoints by 10-year age cohorts of age at diagnosis
Incidence rates (per 1000 person-years) of aggregate endpoints in four consecutive 10-year age cohorts of UKPDS participants at diagnosis and successive 5-year intervals over 30-years of follow-up. 
Each curve begins at the median age at diagnosis for each group: 32 years for the 25–35 year age group, 42 years for the 36–45 year age group, 51 years for the 46–55 year age group, 60 years for the 
56–65 year age group.

In
cid

en
ce

 (p
er

 1
00

0 
pe

rs
on

-y
ea

rs
)

50

0

100

150

200

250
Any diabetes-related endpoint Diabetes-related mortality All-cause mortality

50

0

100

150

200

250

9040 50 60 70 80

In
cid

en
ce

 (p
er

 1
00

0 
pe

rs
on

-y
ea

rs
)

30

In
cid

en
ce

 (p
er

 1
00

0 
pe

rs
on

-y
ea

rs
)

0

50

100

150

200

250

30 50 60 9040 70 80 30 50 60 9040 70 80

Age (years)

Age (years) Age (years)

Peripheral vascular disease

Major adverse cardiovascular event

Stroke

Myocardial infarction Microvascular disease 

Type 2 diagnosis at 25–35 years
Type 2 diagnosis at 36–45 years
Type 2 diagnosis at 46–55 years
Type 2 diagnosis at 56–65 years



Articles

www.thelancet.com/diabetes-endocrinology   Vol 12   December 2024	 911

unclear whether this was because of greater exposure to 
glycaemic burden, or an inherently more aggressive 
phenotype of young-onset type 2 diabetes for microvas-
cular complications. By following patients prospectively 
from time of diagnosis, we were able to study incident 
complications with minimal survival bias, a key 
advantage of this study. Two Australian studies have 
found that younger age of diagnosis was an independent 
predictor of nephropathy and retinopathy, even after 
adjusting for diabetes duration.22,38 We acknowledge that 
an inherent limitation in assessing complications by age 
groups is that competing risks, predominantly deaths, 
are more frequent in the later-onset type 2 diabetes age 
group compared with younger-onset type 2 diabetes. 
Because people with younger-onset type 2 diabetes are 
developing and living with microvascular complications, 
policy makers should consider implementing intensified 
screening protocols and follow-on treatment for eye and 
renal disease for patients with younger-onset type 2 
diabetes.3,6,24,39

The reasons for differing rates of outcomes in younger-
onset compared with later-onset type 2 diabetes are not 
completely understood and are likely multifactorial.3,6 It 
is possible that residual confounding exists, meaning 
that people diagnosed at a younger age differ fundamen-
tally in ways (either unmeasured or unknown), which 
themselves increase the risk of complications. These 
factors might include, for example, differences in social 
determinants or environmental exposures. Longer 
disease duration, and consequently prolonged exposure 
to hyperglycaemia, has been postulated as a key 
mechanism. In this study, disease duration was uniform 
over follow-up, as all participants were newly diagnosed. 
Glycaemic control, however, was worse with younger age 
at diagnosis over the first 20 years of follow-up. This 
mirrors the increase in excess-mortality risk seen with 
younger age, suggesting that hyperglycaemia might 
in part be responsible. In a prospective study of age-
matched youth-onset people with type 1 diabetes and 
type 2 diabetes, adjusting for HbA1c and metabolic risk 
factors mitigated the higher risk of cardiorenal complica-
tions seen in those with type 2 diabetes compared with 
type 1 diabetes.37 We know that intensive early control of 
diabetes is crucial for long-term outcomes.27 Despite 
younger and older participants being treated according to 
the same glucose-lowering protocol, the underlying 
reason for worse glycaemic control in our younger-onset 
type 2 diabetes cohort in the UKPDS trial compared with 
older patients could be related to compliance, faster 
decline in β-cell function as shown by the RISE consor-
tium,15 worsening obesity, or clinical progression of 
insulin resistance.17Alternatively, younger people might 
have poorer adherence than older people. Young adults 
have distinct psychosocial needs and face increasing 
challenges to self-management with little support even 
in our current health-care models.6 These challenges 
could include balancing the demands of managing 

diabetes with developing a career, family responsibilities, 
and health-related stigma.

Our post-hoc subgroup analyses of randomised trial 
participants showed no interaction between treatment 
effect and age of type 2 diabetes diagnosis (younger-
onset vs later-onset type 2 diabetes). Based on the 
uncertainty around the estimates of effectiveness, the 
results include the possibility of sizable benefits with 
sulfonylureas or insulin (95% CI 0·67 to 1·41) or with 
metformin (95% CI 0·46 to 1·85) for all-diabetes related 
endpoints (appendix p 5). Given this, one would continue 
to treat people with younger-onset diabetes with the 
same efforts and modalities as people with later-onset 
disease. Given our small sample size of young adults, we 
were unable to detect all but very large differences in 
outcomes. To date, there have been no long-term trials 
specific to young adult-onset type 2 diabetes showing 
effective treatment and durable glycaemic control; and 
rarely do larger adult trials report on subgroup outcomes 
in their younger-onset cohort.6 Only one randomised 
controlled trial for adults with younger-onset type 2 
diabetes has been published (DIADEM-I).43 The study 
was done in Qatar and recruited 158 participants aged 
18–50 years with recently diagnosed type 2 diabetes, and 
showed intensive lifestyle intervention compared 
with usual medical care (defined by American Diabetes 
Association diabetes guidelines) increased rates of 
diabetes remission and normoglycaemia at 12 months. 
The VERIFY trial has published subgroup results in 

Person-
years

Deaths 
observed

Deaths 
expected

Crude mortality 
rate (per 1000 
person-years)

SMR (95% CI)*

Younger-onset type 2 diabetes, 
 n=429

7535 78 21·0 10·4 3·72 (2·98–4·64)

Later-onset type 2 diabetes, 
n=4121

67 444 1970 1280·4 29·2 1·54 (1·47–1·61)

p value for difference between SMRs is <0·001. SMR=standardised mortality ratio. *Standardised mortality ratios were 
calculated using standard UK population mortality rates derived from the Office of National Statistics census data.

Table 3: Standardised mortality ratios in younger-onset and later-onset type 2 diabetes

Person-
years

Deaths 
observed

Deaths 
expected

SMR (95% CI)*

25–35 years, 
n=192

3328 26 6·8 3·85 (2·62–5·66)

36–45 years, 
n=809

14 562 185 75·1 2·46 (2·13–2·84)

46–55 years, 
n=1744

30 257 699 401·9 1·74 (1·61–1·87)

56–65 years, 
n=1805

26 832 1138 817·6 1·39 (1·31–1·48)

p value for trend across age groups for SMR is 0·039. SMR=standardised mortality 
ratio. *SMRs were calculated using standard UK population mortality rates 
derived from the Office of National Statistics census data. 

Table 4: Standardised mortality ratios by 10-year age cohorts of type 2 
diabetes diagnosis
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younger-onset type 2 diabetes that showed that early 
combination therapy with metformin and vildagliptin, 
compared with metformin plus placebo, improved 
glycaemic control, but, being placebo-controlled, did not 
address a clinically relevant question.44 Management has 
otherwise been largely informed by generalising from 

adult studies that largely consist of individuals with 
later-onset disease, or paediatric trials. There remain 
significant opportunities for therapeutic clinical trials of 
sufficient duration and size in younger-onset type 2 
diabetes, and an overdue need for data to inform 
a tailored pharmacological approach.

Figure 3: Annual clinical and biochemical variables during follow-up from study entry of UKPDS participants by 10-year age cohorts of age at diagnosis
Mean fasting plasma glucose, HbA1c, BMI, and median HOMA2-IR and HOMA2-%B at annual follow-up in approximately four consecutive 10-year age cohorts: 
32 years for the 25–35 year age group, 42 years for the 36–45 year age group, 51 years for the 46–55 year age group, 60 years for the 56–65 year age group. Each curve 
starts at time of diagnosis and ends when number of data points are fewer than 10.
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The key strength of this study is the prospective study 
design and long follow-up of participants from time of 
type 2 diabetes diagnosis with detailed longitudinal data 
on glycaemic control and metabolic risk. This enabled 
us to examine disease progression including incident 
complications and deaths with minimal survival bias. 
Furthermore, we were able to describe the natural history 
of β-cell function and insulin resistance in younger-onset 
compared with later-onset type 2 diabetes. However, our 
study has several limitations. Because of the inherent 
increase in mortality and complications associated with 
increasing age, and its collinearity with age at diagnosis 
and diabetes duration, we chose to analyse our data 
descriptively and were unable to interrogate the effect of 
age of type 2 diabetes onset independent of chronological 
age. We had a relatively smaller number of participants 
with younger-onset type 2 diabetes with few events 
for specific outcomes such as stroke. The 20-year inter-
ventional trial largely predates the use of therapies that 
modify cardiometabolic and mortality risk such as 
GLP-1 receptor agonists and SGLT2i. However, most 
evidence for their cardiovascular benefit is from trials of 
older individuals. Although our UK cohort was largely 
White, younger-onset type 2 diabetes disproportionately 
affected those of Asian and Indian ethnicity, which is 
consistent with the literature.3 Further data in non-White 
ethnicities, and in low-income and middle-income 
countries, are needed. Lastly, in this study, we did not 
assess non-vascular complications of diabetes, such as 
liver disease and pregnancy-related morbidity.

In conclusion, in up to 30 years of UKPDS follow-up, 
we observed that people diagnosed with type 2 diabetes at 
a younger age showed a high risk of incident diabetes-
related complications, excess age-standardised mortality, 
and poorer glycaemic control compared with people with 
later-onset disease. There remains a paucity of dedicated 
clinical trial data to inform the care of patients with this 
distinct and aggressive phenotype of younger-onset 
type 2 diabetes. Our findings support the need to develop 
interventions and services that identify and support the 
health-care needs of these individuals over their lifetimes.
Contributors
BL: conceptualisation, formal analysis, methodology, software, 
visualisation, writing–original draft, and writing–review & editing. 
RLC: data curation, methodology, software, resources, supervision, 
validation, and writing–review & editing. FB: methodology, supervision, 
and writing–review & editing. EM: methodology, supervision, and 
writing–review & editing. RRH: conceptualisation, funding acquisition, 
investigation, methodology, supervision, and writing–review & editing. 
AIA: conceptualisation, funding acquisition, investigation, methodology, 
project administration, resources, supervision, and writing–review & 
editing. BL drafted the manuscript, which was critically revised by all 
authors who approved the final version and agreed to be accountable for 
it. BL did the data analysis and RLC verified the data. AIA had the final 
responsibility for the decision to submit for publication.

Declaration of interests
EM has received grants from scientific societies supported by Lilly and 
AstraZeneca; support for attending scientific meetings from Abbott 
and Theras; and honoraria or consulting fees from Lilly, Medical 
Technology and Devices, Merck, Pikdare, AstraZeneca, NovoNordisk, 

and Abbott. RRH has received honoraria from Lilly and consulting fees 
from Anji Pharmaceuticals, Novartis, and AstraZeneca. All other authors 
declare no competing interests.

Data sharing
The data that support the findings of this study are available from the 
corresponding author upon reasonable request, provided any costs 
incurred are covered.

Acknowledgments
AIA and RLC receive support from the National Institute of Health and 
Care Research’s Biomedical Research Centre. RRH is an Emeritus 
National Institute for Health and Care Research Senior Investigator.

References
1	 Holden SH, Barnett AH, Peters JR, et al. The incidence of type 2 

diabetes in the United Kingdom from 1991 to 2010. 
Diabetes Obes Metab 2013; 15: 844–52.

2	 Zghebi SS, Steinke DT, Carr MJ, Rutter MK, Emsley RA, 
Ashcroft DM. Examining trends in type 2 diabetes incidence, 
prevalence and mortality in the UK between 2004 and 2014. 
Diabetes Obes Metab 2017; 19: 1537–45.

3	 Magliano DJ, Sacre JW, Harding JL, Gregg EW, Zimmet PZ, 
Shaw JE. Young-onset type 2 diabetes mellitus—implications for 
morbidity and mortality. Nat Rev Endocrinol 2020; 16: 321–31.

4	 Xie J, Wang M, Long Z, et al. Global burden of type 2 diabetes in 
adolescents and young adults, 1990–2019: systematic analysis of 
the Global Burden of Disease Study 2019. BMJ 2022; 379: e072385.

5	 NHS Digital. Young people with type 2 diabetes, 2019–20. 
Aug 12, 2021. https://digital.nhs.uk/data-and-information/
publications/statistical/national-diabetes-audit-yt2/young-people-
with-type-2-diabetes-2019--20 (accessed July 1, 2023).

6	 Misra S, Ke C, Srinivasan S, et al. Current insights and emerging 
trends in early-onset type 2 diabetes. Lancet Diabetes Endocrinol 
2023; 11: 768–82.

7	 O’Rahilly S, Spivey RS, Holman RR, Nugent Z, Clark A, 
Turner RC. Type II diabetes of early onset: a distinct clinical and 
genetic syndrome? Br Med J (Clin Res Ed) 1987; 294: 923–28.

8	 Huo L, Harding JL, Peeters A, Shaw JE, Magliano DJ. Life 
expectancy of type 1 diabetic patients during 1997–2010: a national 
Australian registry-based cohort study. Diabetologia 2016; 
59: 1177–85.

9	 Dabelea D, Stafford JM, Mayer-Davis EJ, et al. Association of 
type 1 diabetes vs type 2 diabetes diagnosed during childhood and 
adolescence with complications during teenage years and young 
adulthood. JAMA 2017; 317: 825–35.

10	 Constantino MI, Molyneaux L, Limacher-Gisler F, et al. Long-term 
complications and mortality in young-onset diabetes: type 2 
diabetes is more hazardous and lethal than type 1 diabetes. 
Diabetes Care 2013; 36: 3863–69.

11	 Reynolds K, Saydah SH, Isom S, et al. Mortality in youth-onset 
type 1 and type 2 diabetes: The SEARCH for Diabetes in Youth 
study. J Diabetes Complications 2018; 32: 545–49.

12	 Dart AB, Martens PJ, Rigatto C, Brownell MD, Dean HJ, 
Sellers EA. Earlier onset of complications in youth with type 2 
diabetes. Diabetes Care 2014; 37: 436–43.

13	 Eppens MC, Craig ME, Cusumano J, et al. Prevalence of diabetes 
complications in adolescents with type 2 compared with type 1 
diabetes. Diabetes Care 2006; 29: 1300–06.

14	 Ke C, Stukel TA, Shah BR, et al. Age at diagnosis, glycemic 
trajectories, and responses to oral glucose-lowering drugs in 
type 2 diabetes in Hong Kong: a population-based observational 
study. PLoS Med 2020; 17: e1003316.

15	 RISE Consortium, RISE Consortium Investigators. Effects of 
treatment of impaired glucose tolerance or recently diagnosed 
type 2 diabetes with metformin alone or in combination with 
insulin glargine on β-cell function: comparison of responses in 
youth and adults. Diabetes 2019; 68: 1670–80.

16	 TODAY Study Group. Effects of metformin, metformin plus 
rosiglitazone, and metformin plus lifestyle on insulin sensitivity 
and β-cell function in TODAY. Diabetes Care 2013; 36: 1749–57.

17	 Fan Y, Fan B, Lau ESH, et al. Comparison of beta-cell function 
between Hong Kong Chinese with young-onset type 2 diabetes 
and late-onset type 2 diabetes. Diabetes Res Clin Pract 2023; 
205: 110954.



Articles

914	 www.thelancet.com/diabetes-endocrinology   Vol 12   December 2024

18	 Hillier TA, Pedula KL. Complications in young adults with 
early-onset type 2 diabetes: losing the relative protection of youth. 
Diabetes Care 2003; 26: 2999–3005.

19	 Zhao M, Song L, Sun L, et al. Associations of type 2 diabetes onset 
age with cardiovascular disease and mortality: the Kailuan study. 
Diabetes Care 2021; 44: 1426–32.

20	 Færch K, Carstensen B, Almdal TP, Jørgensen ME. Improved 
survival among patients with complicated type 2 diabetes in 
Denmark: a prospective study (2002–2010). J Clin Endocrinol Metab 
2014; 99: E642–46.

21	 Huo L, Magliano DJ, Rancière F, et al. Impact of age at diagnosis 
and duration of type 2 diabetes on mortality in Australia 1997–2011. 
Diabetologia 2018; 61: 1055–63.

22	 Al-Saeed AH, Constantino MI, Molyneaux L, et al. An inverse 
relationship between age of type 2 diabetes onset and complication 
risk and mortality: the impact of youth-onset type 2 diabetes. 
Diabetes Care 2016; 39: 823–29.

23	 Sattar N, Rawshani A, Franzén S, et al. Age at diagnosis of type 2 
diabetes mellitus and associations with cardiovascular and mortality 
risks: findings from the Swedish National Diabetes Registry. 
Circulation 2019; 139: 2228–37.

24	 Wong J, Ross GP, Zoungas S, et al. Management of type 2 diabetes 
in young adults aged 18–30 years: ADS/ADEA/APEG consensus 
statement. Med J Aust 2022; 216: 422–29.

25	 Davis TM, Stratton IM, Fox CJ, Holman RR, Turner RC. UK 
Prospective Diabetes Study 22. Effect of age at diagnosis on diabetic 
tissue damage during the first 6 years of NIDDM. Diabetes Care 
1997; 20: 1435–41.

26	 Turner R, Holman R, Matthews D, et al. UK Prospective Diabetes 
Study (UKPDS). VIII. Study design, progress and performance. 
Diabetologia 1991; 34: 877–90.

27	 Holman RR, Paul SK, Bethel MA, Matthews DR, Neil HAW. 10-year 
follow-up of intensive glucose control in type 2 diabetes. 
N Engl J Med 2008; 359: 1577–89.

28	 Davis TM, Wright AD, Mehta ZM, et al. Islet autoantibodies in 
clinically diagnosed type 2 diabetes: prevalence and relationship 
with metabolic control (UKPDS 70). Diabetologia 2005; 
48: 695–702.

29	 Hinchliffe SR, Lambert PC. Extending the flexible parametric 
survival model for competing risks. Stata J 2013; 13: 344–55.

30	 Office for National Statistics. England and Wales population 
estimates 1838 to 2014. July 6, 2015. https://www.ons.gov.uk/
peoplepopulationandcommunity/populationandmigration/
populationestimates/adhocs/004358englandandwalespopulation 
estimates1838to2014 (accessed July 1, 2023).

31	 Office for National Statistics. Deaths registered by single year 
of age, UK 2020. 2022. https://www.ons.gov.uk/
peoplepopulationandcommunity/birthsdeathsandmarriages/
deaths/datasets/deathregistrationssummarytablesenglandandwales 
deathsbysingleyearofagetables (accessed July 1, 2023).

32	 Levy JC, Matthews DR, Hermans MP. Correct homeostasis model 
assessment (HOMA) evaluation uses the computer program. 
Diabetes Care 1998; 21: 2191–92.

33	 Hawa MI, Buchan AP, Ola T, et al. LADA and CARDS: a prospective 
study of clinical outcome in established adult-onset autoimmune 
diabetes. Diabetes Care 2014; 37: 1643–49.

34	 Harding JL, Shaw JE, Peeters A, Guiver T, Davidson S, Magliano DJ. 
Mortality trends among people with type 1 and type 2 diabetes in 
Australia: 1997–2010. Diabetes Care 2014; 37: 2579–86.

35	 Waernbaum I, Blohmé G, Östman J, et al. Excess mortality in 
incident cases of diabetes mellitus aged 15 to 34 years at diagnosis: 
a population-based study (DISS) in Sweden. Diabetologia 2006; 
49: 653–59.

36	 Barker MM, Davies MJ, Sargeant JA, et al. Age at type 2 diabetes 
diagnosis and cause-specific mortality: observational study of 
primary care patients in England. Diabetes Care 2023; 46: 1965–72.

37	 Fan Y, Lau ESH, Wu H, et al. Higher incidence of 
cardiovascular-kidney complications in Chinese with youth-onset 
type 2 diabetes versus youth-onset type 1 diabetes attenuated by 
control of cardio-metabolic risk factors: a population-based 
prospective cohort study in Hong Kong. Diabetes Res Clin Pract 
2023; 202: 110728.

38	 Wong J, Molyneaux L, Constantino M, Twigg SM, Yue DK. Timing 
is everything: age of onset influences long-term retinopathy risk in 
type 2 diabetes, independent of traditional risk factors. Diabetes Care 
2008; 31: 1985–90.

39	 Wu H, Lau ESH, Yang A, et al. Young age at diabetes diagnosis 
amplifies the effect of diabetes duration on risk of chronic kidney 
disease: a prospective cohort study. Diabetologia 2021; 64: 1990–2000.

40	 Kaptoge S, Seshasai S, Sun L, et al. Life expectancy associated with 
different ages at diagnosis of type 2 diabetes in high-income 
countries: 23 million person-years of observation. 
Lancet Diabetes Endocrinol 2023; 11: 731–42.

41	 Maddaloni E, Coleman RL, Pozzilli P, Holman RR. Long-term risk of 
cardiovascular disease in individuals with latent autoimmune 
diabetes in adults (UKPDS 85). Diabetes Obes Metab 2019; 21: 2115–22.

42	 Maddaloni E, Coleman RL, Agbaje O, Buzzetti R, Holman RR. 
Time-varying risk of microvascular complications in latent 
autoimmune diabetes of adulthood compared with type 2 diabetes in 
adults: a post-hoc analysis of the UK Prospective Diabetes Study 
30-year follow-up data (UKPDS 86). Lancet Diabetes Endocrinol 2020; 
8: 206–15.

43	 Taheri S, Zaghloul H, Chagoury O, et al. Effect of intensive lifestyle 
intervention on bodyweight and glycaemia in early type 2 diabetes 
(DIADEM-I): an open-label, parallel-group, randomised controlled 
trial. Lancet Diabetes Endocrinol 2020; 8: 477–89.

44	 Chan JCN, Paldánius PM, Mathieu C, Stumvoll M, Matthews DR, 
Del Prato S. Early combination therapy delayed treatment escalation 
in newly diagnosed young-onset type 2 diabetes: a subanalysis of 
the VERIFY study. Diabetes Obes Metab 2021; 23: 245–51.


	Younger-onset compared with later-onset type 2 diabetes: an analysis of the UK Prospective Diabetes Study (UKPDS) with up to 30 years of follow-up (UKPDS 92)
	Introduction
	Methods
	Study design and participants
	Outcomes
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


