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Abstract

Aims/hypothesis Data are inconsistent regarding the associa-
tions between age, age at diagnosis of diabetes, diabetes
duration and subsequent vascular complications.

Methods The associations between age (or age at diagnosis),
diabetes duration and major macrovascular events, all-cause
death and major microvascular events were examined in
11,140 patients with type 2 diabetes randomly allocated to
intensive or standard glucose control in the Action in Diabetes
and Vascular Disease: Preterax and Diamicron Modified Re-
lease Controlled Evaluation (ADVANCE) trial. Rates were
calculated by 5 year baseline age (or age at diagnosis) and
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diabetes duration strata. Risks were estimated using Cox
models adjusted for treatment assignment and HbA .

Results The mean age (+SD) was 65.8+6.4 years, age at
diagnosis was 57.8+£8.7 years and diabetes duration was
7.946.4 years. Diabetes duration was associated with the risk
of macrovascular events (HR 1.13 [95% CI 1.08, 1.17]),
microvascular events (1.28 [1.23, 1.33]) and death (1.15
[1.10, 1.20]) whereas age (or age at diagnosis) was only
associated with the risk of macrovascular events (1.33 [1.27,
1.39]) and death (1.56 [1.48, 1.64]). No interaction was ob-
served between diabetes duration, age and the risk of
macrovascular events or death (both p>0.4). However, an
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interaction was observed between diabetes duration, age and
the risk of microvascular events (p=0.002), such that the
effects of increasing diabetes duration were greatest at youn-
ger rather than older age.

Conclusions/interpretation In patients with type 2 diabetes,
age or age at diagnosis and diabetes duration are independently
associated with macrovascular events and death whereas only
diabetes duration is independently associated with microvas-
cular events and this effect is greater in the youngest patients.

Keywords Age - Age at diagnosis of diabetes - Duration of
diabetes - Macrovascular complications - Microvascular
complications - Mortality - Type 2 diabetes

Abbreviations

ADVANCE Action in Diabetes and Vascular Disease:
Preterax and Diamicron Modified Release
Controlled Evaluation

UKPDS UK Prospective Diabetes Study

Introduction

Type 2 diabetes has long been regarded as a condition that
affects older people. However, this perception requires
modification as an increasing number of younger people
(aged 2040 years) are being diagnosed with the disease [1].
The 2013 International Diabetes Federation report on the
global prevalence of diabetes estimated that 382 million peo-
ple had diabetes, with the greatest number aged between
40 years and 59 years [1]. The report also found that 5.1
million deaths were attributable to diabetes, of which about
half were in people <60 years of age [1]. Given the shifting
age distribution globally and among people with diabetes, and
the increasing number of deaths due to diabetes, it is important
to better understand the impact of age, age at diagnosis and
diabetes duration on vascular complications and death.
Previous data have suggested that, in patients with diabe-
tes, age and age at diagnosis have varying effects on the risk of
vascular complications. Some studies have reported clear
effects of older age on the risk of myocardial infarction and
stroke in people with diabetes [2, 3]. Other studies have
reported independent effects of duration of diabetes [4], and
greater risks associated with early rather than late onset of
diabetes [5] that are accentuated in women [6]. The UK
Prospective Diabetes Study (UKPDS) reported increasing
baseline prevalence of myocardial infarction, but not retinop-
athy or microalbuminuria, with older age in patients newly
diagnosed with diabetes [7]. By contrast, after 6 years of
follow-up, younger age at diagnosis was related to an in-
creased risk of retinopathy and peripheral neuropathy but
not an increased risk of myocardial infarction and
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microalbuminuria [7]. These data suggested a complex inter-
play between the effects of age and age at diagnosis on
different vascular beds, with the authors proposing some
effect of the unquantified period of hyperglycaemia prior to
diagnosis.

The Action in Diabetes and Vascular Disease: Preterax and
Diamicron Modified Release Controlled Evaluation
(ADVANCE) trial examined the effects of intensive glucose
control and blood pressure lowering on vascular complica-
tions and death in a broad range of people with established
type 2 diabetes from around the world [8, 9]. The purpose of
the present analysis was to examine the separate effects of age
or age at diagnosis and duration of diabetes, and any potential
interaction, on the risk of macrovascular and microvascular
events and all-cause mortality in a contemporary cohort with
type 2 diabetes.

Methods

Study design and participants ADVANCE was a factorial
randomised controlled trial evaluating the effects of intensive
blood glucose control and blood pressure lowering on vascu-
lar outcomes among people with type 2 diabetes. A detailed
description of the design has been published previously [10].
In brief, 11,140 individuals with type 2 diabetes aged 55 years
and older, and at elevated risk of cardiovascular disease as
indicated by a history of major macrovascular or major mi-
crovascular disease, a duration of diabetes of at least 10 years
or one additional risk factor for cardiovascular disease, were
enrolled from 215 centres in 20 countries. There were no
participant inclusion or exclusion criteria based on prior levels
of glycaemic control. Eligible participants were randomly
assigned either to an intensive glucose control regimen based
on treatment with gliclazide modified release (aiming for an
HbA,. level of <6.5% or 48 mmol/mol) or to a standard
glucose control regimen based on the local guidelines of
participating countries. In a factorial design, participants were
also randomly allocated to either a fixed combination of
perindopril and indapamide (4 mg/1.25 mg) or matching
placebo, after a 6 week active run-in period on perindopril
and indapamide (2 mg/0.625 mg). Approval for the trial was
obtained from each centre’s institutional review board and all
participants provided written informed consent.

Demographic and clinical variables Demographic and clini-
cal variables at baseline were collected as described previously
[10]. Age or age at diagnosis, and diabetes duration (calculated
as baseline age minus age at diagnosis), were considered in
5 year strata.

Outcomes The main outcomes of this study were
macrovascular events (cardiovascular death, non-fatal
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myocardial infarction or non-fatal stroke), death from any
cause, and microvascular events. Microvascular events
consisted of new or worsening nephropathy (development of
macroalbuminuria, defined as a urinary albumin:creatinine
ratio of >300 pg of albumin per milligram of creatinine
[33.9 mg/mmol], or doubling of the serum creatinine level to
at least 200 pumol/l [2.26 mg/dl], the need for renal-
replacement therapy, or death due to renal disease) or new or
worsening retinopathy (development of proliferative retinop-
athy, macular oedema or diabetes-related blindness or the use
of retinal photocoagulation therapy). All these events were
reviewed and validated by an independent endpoint adjudica-
tion committee.

Statistical analysis All 11,140 participants were included in
the analyses. Differences in variables at baseline between
subgroups of the study population were tested using linear
regression models for continuous risk factors and logistic
regression models for binary risk factors. Spearman correla-
tions were used to examine the correlation between the key
variables. Follow-up time for each participant was calculated
as time from registration date to date of event or date of
censoring. Cox proportional hazard models were used to relate
age or age at diagnosis and diabetes duration (as continuous
variables) to the study outcomes using a two-step approach.
Only the first event for each outcome was included in the
analysis. In the first step, crude rates and risk models adjusted
for randomised treatments (glucose control and blood pressure
lowering) were calculated. In the second step, models were
further adjusted for baseline HbA ;. levels. An interaction
between the effects of age and diabetes duration was tested
by adding an interaction term to the relevant Cox model. The
cumulative incidence of macrovascular and microvascular
events was also estimated using Fine and Gray’s test where
all-cause death was considered as a potential competing event
[11]. Sensitivity analyses were conducted to examine: (1) the
effect of adjustment for potential confounders that included
sex, systolic blood pressure, BMI, lipids, smoking status,
prevalent microvascular or macrovascular disease, renal func-
tion and urine albumin:creatinine ratio; (2) further adjustment
for mean HbA | level before the index event; and (3) the effect
of excluding participants with prevalent macrovascular or
microvascular disease at baseline depending on the specific
study outcome. A p value <0.05 was taken to indicate statis-
tical significance. All analyses were performed using SAS
software, version 9.2 (SAS Institute, Cary, NC, USA).

Results

The baseline characteristics of the study population by 5 year
strata of age and diabetes duration are shown in Tables 1 and 2,

respectively. Overall, the mean (+SD) age of the cohort was
65.8+6.4 years and the age at diagnosis was 57.8+8.7 years
(Table 1), with 21%, 18%, 22% and 39% of patients reporting
their age at diagnosis as <50, >50-55, >55-60 and >60 years,
respectively. The mean (+SD) diabetes duration was 7.9+
6.4 years, with 43%, 27%, 18% and 12% of patients reporting
a diabetes duration of <5, >5-10, >10-15 and >15 years,
respectively (Table 2). The mean diabetes duration of the
S-year age strata increased linearly from the youngest to the
oldest but only varied by 1.5 years across the age groups (p for
trend <0.0001, Table 1). The mean age of the groups by 5-year
diabetes duration strata was very similar, except for the group
with the longest diabetes duration (>15 years) who were on
average only 1.2—1.5 years older than the groups with shorter
diabetes duration (<15 years) (Table 2). By contrast, the mean
age at diagnosis of the group with the longest diabetes duration
(>15 years) was significantly lower than that of the groups
with shorter diabetes duration (p for trend <0.0001, Table 2).
Age, age at diagnosis and diabetes duration were all signifi-
cantly correlated (p<0.0001), with the strongest correlations
evident for age and age at diagnosis (Spearman correlation
coefficient 0.69), and diabetes duration and age at diagnosis
(Spearman correlation coefficient 0.65).

Macrovascular events and death After base adjustment for
randomised treatments and further adjustment for baseline
HbA . level, age, age at diagnosis and diabetes duration were
all associated with risks of macrovascular events and all-cause
death (all p<0.001; Tables 3 and 4, Fig. 1a—f). For each 5 year
increase in age (or age at diagnosis), the multiple adjusted
risks of macrovascular events and all-cause death were in-
creased by 33% and 56%, respectively (Tables 3 and 4). For
each 5 year increase in duration of diabetes, the multiple
adjusted risks of macrovascular events and all-cause death
were increased by 13% and 15%, respectively, when account-
ing for age (Table 3), or increased by 49% and 78%, respec-
tively, when accounting for age at diagnosis (Table 4). Com-
pared with the effects of a 1 SD increase in diabetes duration
on macrovascular events and all-cause death, which allows
some direct comparison of relative effects, the effects of a
1 SD increase in age and age at diagnosis were markedly
greater (Electronic Supplementary Material [ESM] Tables 1
and 2).

‘When the components of the macrovascular outcome (fatal
and non-fatal myocardial infarction or fatal and non-fatal
stroke) were examined separately, the associations were con-
sistent (ESM Table 3).

When the base models were adjusted for multiple po-
tential confounding covariates (sex, systolic blood pressure,
BMI, lipids, smoking status, prior microvascular disease
or macrovascular disease, renal function and urine
albumin:creatinine ratio) the associations were slightly atten-
uated but remained significant (ESM Table 4). When these
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Table 1 Baseline characteristics by 5 year age strata

Characteristic Age (years) p for trend
<60 >60-65 >65-70 >70-75 >75
Participants (1) 2,647 2,651 3,180 1,885 777
Age (years), mean (SD) 57.3 (1.8) 63.2 (1.5) 67.9 (1.4) 72.6 (1.4) 78.1 (2.2) <0.0001
Female, n (%) 1,097 (41.4) 1,210 (45.6) 1,352 (42.5) 757 (40.2) 317 (40.8) 0.1195
Age when diabetes first diagnosed (years), 49.9 (6.0) 55.4(6.3) 59.9 (6.6) 64.2 (6.9) 69.2 (7.7) <0.0001
mean (SD)
Diabetes duration (years), mean (SD) 74 (5.8) 7.8 (6.1) 8.0 (6.5) 8.4 (6.7) 89 (7.4) <0.0001
Prior vascular disease
History of major macrovascular 916 (34.6) 842 (31.8) 927 (29.2) 630 (33.4) 275 (35.4) 0.4840
disease, n (%)
History of myocardial infarction, n (%) 58 (2.2) 75 (2.8) 101 (3.2) 88 (4.7) 47 (6.0) <0.0001
History of stroke, n (%) 80 (3.0) 92 (3.5) 157 (4.9) 91 (4.8) 56 (7.2) <0.0001
History of major microvascular 263 (9.9) 304 (11.5) 304 (9.6) 189 (10.0) 95 (12.2) 0.6787
disease, n (%)
History of macroalbuminuria, n (%) 90 (3.4) 101 (3.8) 87 (2.7) 90 (4.8) 36 (4.6) 0.0645
History of microvascular 184 (7.0) 215 (8.1) 224 (7.0) 109 (5.8) 63 (8.1) 0.4223
eye disease, n (%)
Blood glucose control
HbA . (%), mean (SD) 7.7 (1.7) 7.6 (1.6) 7.4 (1.5) 7.4 (1.5) 72(1.4) <0.0001
HbA |, (mmol/mol), mean (SD) 60.9 (18.5) 59.5(17.3) 57.8 (16.3) 57.0 (15.9) 55.6 (14.9) <0.0001
HbA . (%), median (IQR) 7.4 (6.5, 8.6) 7.2 (6.5,84) 7.2 (6.4,8.1) 7.1 (6.4, 8.0) 7.0 (6.4, 7.8)
HbA . (mmol/mol), median (IQR) 57.4(47.5,70.5) 55.2(47.5,68.3) 55.2(46.4,65.0) 54.1(46.4,63.9) 53.0(46.4,61.7)
Fasting blood glucose (mmol/l), mean (SD) 8.8 (3.0) 8.6 (2.8) 8.4(2.7) 8.2 (2.6) 8.1(24) <0.0001
Other major risk factors
Systolic blood pressure (mmHg), mean (SD) 140.7 (20.8) 143.9 (20.9) 145.4 (21.3) 149.6 (22.1) 150.8 (22.2) <0.0001
Diastolic blood pressure (mmHg), 83.1(10.9) 80.9 (10.7) 79.7 (10.8) 79.6 (10.9) 78.1 (10.9) <0.0001
mean (SD)
History of currently treated 1,760 (66.5) 1,823 (68.8) 2,198 (69.1) 1,322 (70.1) 552 (71.0) 0.0025
hypertension, 1 (%)
Current smoking, n (%) 712 (26.9) 430 (16.2) 345 (10.8) 150 (7.9) 45 (5.8) <0.0001
Total cholesterol (mmol/l), mean (SD) 53(1.3) 53(1.2) 51(1.2) 5.1(1.1) 5.1(1.1) <0.0001
LDL-cholesterol (mmol/l), mean (SD) 32(1.1) 32 (1.1) 3.1(1.0) 3.0(1.0) 3.1(1.0) <0.0001
HDL-cholesterol (mmol/l), mean (SD) 1.2 (0.3) 1.3(04) 1.3(0.4) 1.3(0.3) 1.3(0.3) <0.0001
Triacylglycerol (mmol/l), mean (SD) 22(1.5) 2.0(1.4) 1.9 (1.1) 1.8 (1.0) 1.7 (0.9) <0.0001
Urinary albumin:creatinine 6.1 (12.9) 6.1 (13.6) 5.1 (10.8) 6.7 (14.6) 6.8 (14.9) 0.3313
ratio (mg/mmol), mean (SD)
Urinary albumin:creatinine ratio (mg/mol), 1.7 (0.8, 4.9) 1.7 (0.8, 4.4) 1.6 (0.8, 3.9) 1.9 (0.9, 4.7) 1.8 (0.8, 5.0)
median (IQR)
Microalbuminuria, 7 (%) 727 (27.5) 655 (24.7) 776 (24.4) 489 (25.9) 210 (27.0) 0.4274
Serum creatinine (1mol/l), mean (SD) 81.5 (25.0) 84.5(23.2) 87.1(23.2) 91.0 (24.8) 97.4 (36.2) <0.0001
BMI (kg/m?), mean (SD) 29.0 (5.7) 284 (5.4) 28.1(5.0) 28.1 (4.7) 27.7 (4.5) <0.0001
Waist circumference (cm), mean (SD) 99.1 (14.2) 97.9 (13.3) 98.4 (12.8) 98.8 (12.2) 98.8 (11.9) 0.8800

IQR, interquartile range

models were further adjusted for mean HbA . level before the
index event, the associations remained evident, except for that
between duration of diabetes and macrovascular events,
which became marginally non-significant (ESM Table 4).

No interaction was observed between the effects of age or
age at diagnosis and diabetes duration on the risks of
macrovascular events and all-cause death (all p for interaction
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>(.098, Tables 3 and 4). Across all strata, older age, older age
at diagnosis and longer diabetes duration increased the risks of
macrovascular events and all-cause death (Figs 2a, b and
3a, b).

When participants with a history of macrovascular disease
at baseline were excluded from analyses, the results were
unchanged (ESM Table 5).
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Table 2 Baseline characteristics by strata of diabetes duration
Characteristic Diabetes duration (years) p for trend
0-5 >5-10 >10-15 >15
Participants (1) 4,824 3,005 1,985 1,324
Age (years), mean (SD) 65.6 (6.4) 65.8 (6.3) 65.5(6.3) 67.0 (6.4) <0.0001
Female, n (%) 2,016 (41.8) 1,293 (43.0) 891 (44.9) 533 (40.3) 0.6836
Age when diabetes first diagnosed (years), mean (SD) 63.1 (6.6) 57.7 (6.6) 52.8 (6.4) 46.5 (7.4) <0.0001
Prior vascular disease
History of major macrovascular disease, n (%) 1,566 (32.5) 996 (33.1) 570 (28.7) 456 (34.4) 0.6619
History of myocardial infarction, n (%) 135 (2.8) 103 (3.4) 70 (3.5) 61 (4.6) 0.0015
History of stroke, n (%) 161 (3.3) 158 (5.3) 85(4.3) 72 (5.4) 0.0007
History of major microvascular disease, n (%) 362 (7.5) 278 (9.3) 269 (13.6) 246 (18.6) <0.0001
History of macroalbuminuria, n (%) 140 (2.9) 104 (3.5) 90 (4.5) 70 (5.3) <0.0001
History of microvascular eye disease, 7 (%) 229 (4.7) 185 (6.2) 189 (9.5) 192 (14.5) <0.0001
Blood glucose control
HbA . (%), mean (SD) 7214 7.6 (1.5) 7.8 (1.6) 79 (1.7) <0.0001
HbA . (mmol/mol), mean (SD) 55.5(15.8) 59.9 (16.8) 61.9 (17.8) 62.3 (18.4) <0.0001
HbA . (%), median (IQR) 6.9 (6.3,7.8) 7.3 (6.6, 8.4) 7.5(6.7, 8.6) 7.5 (6.7, 8.6)
HbA . (mmol/mol), median (IQR) 51.9 (45.3,61.7) 56.3 (48.6,68.3) 58.5(49.7,70.5) 58.5(49.7,70.5)
Fasting blood glucose (mmol/l), mean (SD) 8.0 (2.5) 8.8 (2.8) 9.0 (3.0) 89 (3.1) <0.0001
Other major risk factors
Systolic blood pressure (mmHg), mean (SD) 1442 (21.3) 1454 (21.4) 145.3 (21.6) 146.5 (22.7) 0.0005
Diastolic blood pressure (mmHg), mean (SD) 81.2 (10.9) 80.9 (10.9) 80.0 (10.8) 79.0 (11.2) <0.0001
History of currently treated hypertension, 7 (%) 3,260 (67.6) 2,110 (70.2) 1,365 (68.8) 918 (69.3) 0.1562
Current smoking, n (%) 895 (18.6) 443 (14.7) 222 (11.2) 122 (9.2) <0.0001
Total cholesterol (mmol/l), mean (SD) 53(1.3) 53(12) 5.1(1.2) S5.1(L.1) 0.0046
LDL-cholesterol (mmol/l), mean (SD) 32 (1D 32 (1.1 3.1(1.0) 3.0 (1.0) 0.0022
HDL-cholesterol (mmol/l), mean (SD) 1.2 (0.4) 1.3 (0.4) 1.3 (0.4) 1.3 (0.3) 0.0296
Triacylglycerol (mmol/l), mean (SD) 2.2(1.5) 2.0 (1.4) 1.9 (1.1) 1.8 (1.0) <0.0001
Urinary albumin:creatinine ratio (mg/mol), mean (SD) 5.1 (11.7) 5.9 (12.6) 6.7 (14.5) 7.8 (15.7) <0.0001
Urinary albumin:creatinine ratio (mg/mol), median (IQR) 1.5 (0.7, 3.8) 1.7 (0.8,4.7) 1.8 (0.9, 4.9) 2.1(1.0,5.9)
Microalbuminuria, 7 (%) 1,133 (23.5) 801 (26.7) 519 (26.1) 404 (30.5) <0.0001
Serum creatinine (pmol/1), mean (SD) 85.7 (23.8) 86.2 (23.6) 87.0 (29.9) 89.6 (27.2) <0.0001
BMI (kg/m?), mean (SD) 289 (5.2) 28.4 (5.0) 27.7(5.2) 27.3 (5.3) <0.0001
Waist circumference (cm), mean (SD) 99.6 (13.1) 98.8 (13.2) 96.8 (13.1) 96.7 (12.5) <0.0001

IQR, interquartile range

Microvascular events After base adjustment for randomised
treatments, age at diagnosis and diabetes duration were asso-
ciated with risk of microvascular events (p<0.0001) but age
was not (p=0.2889) (Tables 3 and 4, Fig. 1g—i). After further
adjustment for baseline HbA . level, diabetes duration con-
tinued to be associated with risk of microvascular events
(p<0.0001, Table 4) but age at diagnosis was not
(p=0.2882, Table 4). For each 5 year increase in diabetes
duration, the multiple adjusted risk of microvascular events
was increased by 28% (Table 3).

‘When the components of the microvascular outcome (new
or worsening retinopathy and new or worsening nephropathy)

were examined separately, the associations were consistent
except that age was inversely associated with new or worsen-
ing retinopathy, such that after base and further adjustment for
baseline HbA |, older age was significantly associated with
lower risk of retinopathy (ESM Table 3).

An interaction was observed between the effects of age or
age at diagnosis and diabetes duration on the risk of micro-
vascular events (both p for interaction <0.05). Overall, for
every 5 year increase in age or age at diagnosis, the effect of a
5 year increase in diabetes duration was reduced, with greater
risks of microvascular events observed in those who were
younger rather than older for the same duration of diabetes
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Table 3 Hazard ratios of adverse outcomes associated with a 5 year increase in age or duration of diabetes

Effect of a 5 year Adjustments

increase in exposure
Base adjustment

Base plus baseline HbA .

HR (95% CI)* p value HR (95% CI) p value Interaction p value

Macrovascular events 0.8079

Age 1.32 (1.26, 1.38) <0.0001 1.33(1.27,1.39) <0.0001

Diabetes duration 1.17 (1.12, 1.22) <0.0001 1.13 (1.08, 1.17) <0.0001
All-cause death 0.6256

Age 1.55(1.48, 1.63) <0.0001 1.56 (1.48, 1.64) <0.0001

Diabetes duration 1.21 (1.15,1.26) <0.0001 1.15(1.10, 1.20) <0.0001
Microvascular events 0.0024

Age 0.97 (0.93, 1.02) 0.1962 0.98 (0.93, 1.02) 0.2889

Diabetes duration 1.31 (1.26, 1.36) <0.0001 1.28 (1.23,1.33) <0.0001

* Adjusted for randomised blood pressure and glucose treatment

(Tables 3 and 4). However, when the associations were exam-
ined in those with short duration of diabetes (05 years), there
was a weak positive relationship between age or age at diag-
nosis and microvascular events, whereas in those with long
duration of diabetes (>10 years) there was a clear negative
relationship between age or age at diagnosis and microvascu-
lar events (Figs 2c, 3c).

When participants with a history of microvascular disease
at baseline where excluded from analyses, the results were
unchanged (ESM Table 5).

Competing risks In analyses taking account of all-cause death
as a potential competing risk, the results for macrovascular
and microvascular events (ESM Fig. 1) were almost identical
to those from the primary analysis (Fig. 1).

Discussion

The new data presented here from a very large and diverse
population of people with type 2 diabetes demonstrate that age
or age at diagnosis of diabetes and diabetes duration are
independently associated with the risk of macrovascular com-
plications and death, whereas only diabetes duration was
independently associated with the risk of microvascular com-
plications. We report no interaction between the associations
between age or age at diagnosis and diabetes duration on the
risk of macrovascular events and death but a clear interaction
between the associations between age or age at diagnosis and
diabetes duration on the risk of microvascular events. Older
age or age at diagnosis and longer diabetes duration propor-
tionally increased the risk of macrovascular events and death,

Table 4 Hazard ratios of adverse outcomes associated with a 5 year increase in age at first diagnosis of diabetes or duration of diabetes

Effect of a 5 year increase in exposure Adjustments

Base adjustment

Base plus baseline HbA .

HR (95% CI)* p value HR (95% CI) p value Interaction p value

Macrovascular events 0.0982

Age at diagnosis 1.06 (1.03, 1.10) 0.0007 1.33(1.27,1.39) <0.0001

Diabetes duration 1.17 (1.12, 1.22) <0.0001 1.49 (1.41, 1.58) <0.0001
All cause death 0.3919

Age at diagnosis 1.14 (1.10, 1.18) <0.0001 1.56 (1.48, 1.64) <0.0001

Diabetes duration 1.21 (1.15,1.26) <0.0001 1.78 (1.68, 1.90) <0.0001
Microvascular events 0.0164

Age at diagnosis 0.84 (0.81, 0.86) <0.0001 0.98 (0.93, 1.02) 0.2882

Diabetes duration 1.31 (1.26, 1.36) <0.0001 1.25(1.18,1.32) <0.0001

# Adjusted for randomised blood pressure and glucose treatment
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with the greatest risks observed in the oldest age groups with
the longest duration of diabetes. By contrast, the adverse
effects of longer diabetes duration on the risk of microvascular
events were reduced with older age or age at diagnosis, such
that the greatest risks of microvascular events were observed in
the youngest age groups with the longest duration of diabetes.

The most likely explanation for the findings is that
macrovascular events occur commonly in the general popula-
tion and are strongly age dependent. We might thus expect the
risk of macrovascular events to be related to age or age at
diagnosis of diabetes, with an added risk conferred by dura-
tion of diabetes. By contrast, microvascular events occur more
commonly in populations with diabetes and the risk of these
events might thus be expected to be predominantly related to
duration of diabetes.

Our findings are consistent with those of two previous
studies [12, 13]. Krolewski et al showed that microvascular
eye lesions occurred in people with type 1 diabetes after
sufficient intensity and duration of hyperglycaemia, and that
duration was more important than intensity, provided that the

intensity exceeded some threshold [12]. Jerneld and Algvere
reported that retinopathy in insulin-treated patients correlated
with duration of diabetes but not age at onset of diabetes [13].
Given that the diagnosis of type 2 diabetes is based on a
glucose threshold at which the risk of retinopathy is substan-
tively increased [14], it is reassuring that in our study age at
diagnosis and diabetes duration were related to risk of micro-
vascular events albeit with the effect of age at diagnosis
accounted for by glycaemic control.

Our data further suggest that both the intensity of
hyperglycaemia and a more susceptible microvasculature
may explain the greater risk of microvascular complications
in younger than older people with type 2 diabetes. In support,
higher on average HbA,. and fasting glucose levels were
observed in the younger age groups despite on average shorter
diabetes duration. Clearly, when type 2 diabetes occurs in
younger people, good glycaemic control appears to be less
often achieved. Alternatively, individuals who develop type 2
diabetes at a younger age may have a different phenotype (a
combination of insulin resistance and a loss of beta cells) to
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Fig. 2 Annual rates of macrovascular events (a), all-cause death (b) and
microvascular events (¢) by 5 year strata of age and duration of diabetes.
Diabetes duration: black bars, 0—5 years; white bars, >5-10 years; dark
grey bars, >10-15 years; light grey bars, >15 years

those who develop type 2 diabetes at a more advanced age
(who predominately have a loss of beta cells), such that worse
glycaemic control and greater microvascular damage is
experienced.

Our findings are consistent with data from the UKPDS,
which reported no increase in prevalence of microvascular
complications with older age at diagnosis [7]. Furthermore, a
growing body of evidence suggests that type 2 diabetes diag-
nosed in young people is associated with a worse vascular risk
profile, higher complication rates and worse prognosis than
type 1 diabetes [15—17]. Our findings are also consistent with
a recent pooled analysis, which reported that the proportional
effects of vascular risk factors including systolic blood pres-
sure and total cholesterol declined with age, such that the
greatest relative risks were observed in the younger individ-
uals aged 55-64 years [18].
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Somewhat surprisingly in these observational analyses, age
did not have a separate effect on the risk of microvascular
events. One explanation may be that the effects of ageing on
the microvasculature are masked by the preclinical and clini-
cal phases of hyperglycaemia, which may have varied across
the age groups. Another is that people with diabetes diagnosed
later in life may not survive long enough for microvascular
complications to develop and/or to become clinically mani-
fest. Given that the findings were virtually identical when
accounting for the effect of death as a competing risk event,
this would seem unlikely.

These results support the need for more intensive surveil-
lance and glycaemic control to prevent major microvascular
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complications in younger people living with type 2 diabetes.
Given the legacy effects of intensive glucose control reported
by the post-trial follow-up of the UKPDS cohort [19], and
other studies that have suggested development of retinopathy
as early as 7 years before the diagnosis of type 2 diabetes [20],
arefocus towards intensive management of hyperglycaemia at
diagnosis, particularly in younger people, may be warranted
if the long-term risk of microvascular complications is
to be minimised. With the increasing number of non-
pharmacological and pharmacological approaches to improve
glycaemic control this objective should be achievable [21].

With respect to macrovascular complications, our findings
from patients with type 2 diabetes indicate that effective
prevention requires vigilance at all stages of the disease and
across all age groups. However, as the absolute event rates
were highest in the older age groups, surveillance for
macrovascular complications should be intensified with
increasing age.

Our findings should be interpreted in light of the strengths
and limitations of our study. The strengths include that the
data were derived from a large cohort of ethnically diverse
patients with type 2 diabetes who were prospectively followed
for 5 years and had comprehensive ascertainment and adjudi-
cation of vascular complications. The limitations include the
post hoc nature of the analysis and the highly selected study
population, which was enriched with patients with complica-
tions or at high risk of cardiovascular disease and excluded
patients on long-term insulin therapy. However, given the
similarities between our cohort and other community-based
observational cohorts of people with type 2 diabetes, we still
believe our findings are somewhat generalisable [22]. Another
limitation was our dependence on physician or patient report
ofage at first diabetes diagnosis (from which diabetes duration
was determined). Given the wide range of diabetes duration
represented in our cohort, this reporting may have been less
accurate in those with longer diabetes duration than shorter
diabetes duration. Moreover, we did not collect the original
test results with which the diagnosis was made.

In conclusion, in patients with type 2 diabetes, age or age at
diagnosis of diabetes and diabetes duration are independently
associated with the risk of macrovascular complications and
death. By contrast, only diabetes duration is independently
associated with the risk of microvascular complications, and
the effects of diabetes duration are greatest at younger rather
than older ages. Intensive glycaemic control of young people
diagnosed with type 2 diabetes is warranted early to minimise
the risk of microvascular complications.
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