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Background: Type 2 diabetes (T2DM) is increasingly diagnosed in younger patients. The trajectory of complications
in patients diagnosed at a younger or older age is not well understood. We examine the associations between age,
age at diagnosis and diabetes duration and vascular complications in patients with T2DM.
Methods: A cross-sectional study of pre-specified demographic and clinical data, from 3419 adults with T2DM par-
ticipating in the Australian National Diabetes Audit (2015). Factors associated with diabetes complications were
analysed using logistic regression.
Results:Mean (±SD) current age was 62.9 ± 12.5 years, age at diagnosis was 49.4± 12.3 years andmean diabetes
durationwas 13.5± 9.4 years. Macrovascular complications weremore prevalent in patients whowere older at di-
abetes diagnosis whereas microvascular complications were more prevalent in patients who were younger at dia-
betes diagnosis. Age, age at diagnosis and diabetes duration were all independently associated with increased risk
of macrovascular complications after adjustment for sex, smoking, BMI and microvascular complications (all

p b 0.001). In contrast, only diabetes duration was independently associated with microvascular complications
after adjustment for sex, smoking, BMI and macrovascular complications (p b 0.001).
Conclusions: Age, age at diagnosis, and diabetes duration were all independently associated with macrovascular
complications whereas only diabetes duration was independently associated with microvascular complications.

© 2017 Elsevier Inc. All rights reserved.
1. Introduction

Traditionally a disease of middle and older age, type 2 diabetes
(T2DM) is increasingly diagnosed in younger patients.1,2 The care of pa-
tientswith type 2 diabetes and associated complications consumes signif-
icant healthcare resources and this is likely to rise exponentially given the
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increasing prevalence of T2DM. The pathogenesis of long-term vascular
complications of T2DM is not well characterised. Understanding the de-
velopment of vascular complications in people with diabetes enables di-
agnosis and intervention at an earlier stage of disease resulting in better
outcomes. This is particularly important for people diagnosedwith diabe-
tes at a younger age, who are likely to suffer vascular complications at an
earlier stage of life andwhen complications result in greater disability and
loss of productivity compared with older patients.

The literature contains few studies examining the relationship be-
tween age at diabetes diagnosis and long-term outcomes of patients
with type 2 diabetes, and these report inconsistent findings. Some stud-
ies have suggested that younger age at diabetes diagnosis is associated
with increased risk of complications3,4 but others have not.5 Additional-
ly, some studies have proposed that longer diabetes duration underlies
the greater risk of development of vascular complications observed in
patients diagnosed at a younger age.6
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Significant methodological heterogeneity complicates the interpre-
tation of such studies, with some studies adjusting the risk of vascular
complications for either age at diagnosis, diabetes duration or current
age, for two of three factors, or for all three. There is also considerable
variation in the definitions of “younger” and “older” age at diabetes di-
agnosis, with some studies defining “younger” as b30 years of age,
b40 years or b50 years of age. There are also somedifferences in thedef-
initions, categorisation and reporting of diabetes complications.

This study aimed to (1) determine the prevalence of vascular complica-
tions and (2) to examine the associations between age, age at diagnosis and
diabetesdurationandvascular complications inpatientswith type2diabetes.

2. Methods

2.1. Participants

This national, cross-sectional study examined de-identified data
from the 2015 Australian National Diabetes Audit (ANDA). Participants
were adult patientswith type 2 diabetes, presenting to one of 49 nation-
ally accredited diabetes centres. De-identified data were sourced from a
range of diabetes centres located in the community/primary care (n =
16) and secondary/tertiary care (n = 33), with patients under the
care of endocrinologists, general specialists and general practitioners.
Information was collected regarding all consecutive patients attending
a participating diabetes centre during the one-month survey period
(May or June 2015). Patients known to have type 1 diabetes, gestational
diabetes and secondarydiabeteswere excluded. Data fromprevious col-
lections (2013 and 2011) were also obtained for comparisons. The
Australian National Diabetes Audit received approval from the Monash
Health Human Research Ethics Committee.

2.2. Variables

Pre-specified demographic (date of birth, gender) and clinical vari-
ables (co-morbidities, date of diabetes diagnosis, diabetes complica-
tions, blood pressure, HbA1c, smoking status, medications) were
extracted. Health professionals from participating centres reviewed
the patients medical records including pathology results and recorded
the de-identified information in a standardised data collection form.
The participating centres were contacted to clarify all missing data, in-
valid entries and discrepancies. Ethics approval was obtained from the
Monash Health Human Research Ethics Committee.

Age at diabetes diagnosis was calculated as year of diabetes diagnosis
minus year of birth and categorised as b30 years, 30–49 years, 50–
64 years and N65 years and also analysed as a continuous variable. Diabe-
tes durationwas calculated as year of surveyminus year of diabetes diag-
nosis and categorised as b5 years, N5–10 years, N10–15 years and
≥15 years and analysed as a continuous variable. The main outcome var-
iables were macrovascular complications (defined as either cardiovascu-
lar, cerebrovascular or peripheral vascular disease) and microvascular
complications (defined as retinopathy, nephropathy or peripheral neu-
ropathy). Cardiovascular disease was defined as myocardial infarction,
angioplasty or coronary artery bypass graft as evidenced by medical doc-
umentation. Cerebrovascular disease was defined as cerebral stroke and
transient ischemicdisease due to vascular disease. Peripheral vascular dis-
ease was defined as absence of both dorsalis pedis and posterior tibial
pulses (either foot). Retinopathy was defined as any degree of retinopa-
thy on eye examination. End-stage kidney disease was defined by the
requirement for dialysis therapy or having undergone kidney transplan-
tation. Peripheral neuropathywas defined as reduced pinprick and vibra-
tion or monofilament sensation (both feet).

2.3. Statistical analysis

All patients with type 2 diabetes were included in the analyses. Cate-
gorical variables were reported as percentages, and differences between
subgroups were analysed using χ2 test. Continuous variables were
summarised as means with standard deviations (SD) or as medians with
interquartile ranges (IQR). Continuous data were tested for normality to
determine the appropriate method for parametric or non-parametric sta-
tistical analysis. Subgroup analyses were performed using ANOVA for nor-
mally distributed data and Mann-Whitney U/Kruskal-Wallis test for non-
parametric data as appropriate. Logistic regression was used to examine
the associationof dichotomousoutcomes (macrovascular andmicrovascu-
lar complications) and risk factors (current age, age at diagnosis anddiabe-
tes duration) The selection of variables was based on identifying all
measured clinical variables of known or suspected prognostic importance
for the outcomes of interest (and/or exhibiting p b 0.05 on univariate anal-
yses). Given that age is the sum of age at diabetes diagnosis and diabetes
duration, all three variables could not be analysed in the same model
due to collinearity (functional dependence). In otherwords, any individual
models could only test two variables but not all three variables. Pearson's
correlation co-efficient was calculated to measure linear dependence be-
tween variables. Model 1 contained current age and duration and model
2 contained age at diabetes diagnosis anddiabetes duration. Receiver oper-
ating characteristic (ROC) curves were plotted for each model and areas
under the curves (AUC) calculated for comparison. The interaction effect
of age and diabetes duration on the probability of macrovascular and mi-
crovascular complications was also assessed. A two-sided significance
level of 0.05 was considered statistically significant.

Sensitivity analyseswere conducted to 1) examine the effect of exclud-
ing participants with recent (within 12 months) diagnosis of diabetes, to
allow for time for complication screening to occur and therapeutic regi-
mens to be established and complications diagnosed and 2) examine the
effect of centre type (community/primary and secondary care) or cluster-
ing by centre. Data from2013 and2011were examined to investigate con-
sistency of the effects over time. Statistical analyses were performed using
Stata software version 14.2 (StataCorp, Texas, USA).

3. Results

3.1. Baseline characteristics

Data from 3419 participants were included in this study. Mean
(±SD) age was 62.9 ± 12.5 years and age at diagnosis was 49.4 ±
12.3 years, with 5.6%, 44%, 39% and 11% of patients reporting age at di-
agnosis as b30, 30–49, 50–64 and ≥65 years, respectively. Mean
(±SD) diabetes duration was 13.5 ± 9.4 years, with 18%, 19%, 20%
and 43% of participants reporting durations of b5 years, 5–9 years, 10–
14 years and ≥15 years, respectively. The clinical characteristics of the
participants are shown, stratified by age at diabetes diagnosis (Table 1).

Themean age of the participants at time of survey increased linearly
with age at diagnosis (p b 0.001) (Table 1). Age was positively correlat-
ed with age at diabetes diagnosis (Pearson correlation coefficient r =
0.71 p b 0.001) and diabetes duration (Pearson correlation coefficient
r = 0.38 p b 0.001). Diabetes duration was inversely correlated with
age at diagnosis (Pearson correlation coefficient r = −0.26 p b 0.001).
Retinopathy was reported by 20.5% of patients, peripheral neuropathy
by 26.7% and end stage renal failure by 5.8%. Cardiovascular disease
was reported by 12.0% of patients, cerebrovascular disease by 7.1% and
peripheral vascular disease by 5.8% of patients.

3.2. Macrovascular complications

Macrovascular complications were more prevalent in patients who
were older at diabetes diagnosis (Table 1). In univariable models, older
age, older age at diagnosis, longer diabetes duration,male sex, smoking sta-
tus, eGFR, BMI andprevalentmicrovascular diseasewere all associatedwith
an increased risk ofmacrovascular complications (all p b 0.05). Inmultivar-
iable models including age or age at diagnosis and diabetes duration in 1-
year increments, age, age at diagnosis and diabetes duration remained sig-
nificantly associatedwith an increased risk ofmacrovascular complications



Table 1
Patient characteristics by age at diabetes diagnosis.

Characteristic All participants Age at diabetes diagnosis (years) p valuea

b30 30–49 50–64 N65

Participants n (%) 3419 191 (5.6) 1512 (44.2) 1346 (39.4) 370 (10.8)
Current age (years), mean (SD) 62.9 (12.5) 43.4 (14.5) 57.4 (10.6) 67.7 (8.0) 77.4 (6.0) b0.001
Male, n (%) 1862 (53.9) 69 (36.5) 791 (53.0) 754 (56.6) 208 (56.7) b0.001
Age at diabetes diagnosis (SD) 49.4 (12.3) 24.3 (4.5) 41.4 (5.3) 56.2 (4.1) 70.2 (4.6) b0.001
Diabetes duration (years), mean (SD) 13.5 (9.4) 19.2 (9.4) 16.1 (9.7) 11.5 (7.5) 7.2 (5.4) b0.001
Initial visit n (%) 585 (17.3) 32 (17.5) 229 (15.7) 234 (17.9) 78 (21.9) 0.040
Complications

Macrovascular complications 1096 (35.4) 41 (24.1) 435 (32.7) 448 (37.4) 137 (41.4) b0.001
IHD (MI/CAGS) 410 (12.0) 20 (11.5) 282 (21.1) 308 (25.8) 96 (29.2) b0.001
Stroke 248 (7.1) 8 (4.2) 96 (6.4) 103 (7.7) 28 (7.6) 0.223
PVD 233 (8.2) 0 (0.0) 26 (5.7) 129 (9.7) 254 (16.0) b0.001
Microvascular complications 1366 (44.1) 78 (45.4) 671 (49.4) 460 (39.0) 128 (39.9) b0.001
Retinopathy, n (%) 682 (20.5) 53 (28.7) 370 (25.8) 202 (15.7) 43 (12.2) b0.001
Peripheral neuropathy, n (%) 916 (26.7) 49 (26.5) 429 (29.0) 324 (24.3) 94 (25.9) 0.045
End stage renal failure, n (%) 196 (5.8) 11 (6.3) 104 (7.9) 66 (5.7) 17 (5.3) 0.118
eGFR, mean (SD) 208 (6.9) 90.3 (48.9) 78.5 (35.2) 71.3 (26.6) 64.8 (25.6) b0.001
Microalbuminuria, n (%) 248 (8.1) 16 (8.4) 262 (17.3) 273 (20.3) 69 (18.7) 0.001

Blood glucose control
HbA1c (%), mean (SD) 8.2 (1.8) 8.7 (2.0) 8.5 (1.9) 8.0 (1.7) 7.7 (1.7) b0.001
HbA1c (mmol/mol), mean (SD) 66.0 (19.3) 73.8 (18.3) 66.5 (20.1) 61.6 (18.2) 56.3 (15.8) b0.001

Other major risk factors
Systolic blood pressure (mm Hg), mean (SD) 132.8 (18.5) 130.2 (20.1) 132.0 (17.7) 133.1 (18.5) 135.0 (20.1) 0.0077
Diastolic blood pressure (mm Hg), mean (SD) 74.6 (10.6) 76.7 (11.6) 75.3 (10.4) 73.7 (10.5) 73.2 (10.8) b0.001
Antihypertensive therapy, n (%) 2583 (75.7) 111 (59.7) 1093 (74.0) 1036 (78.7) 296 (81.32) b0.001
Total cholesterol (mmol/l), mean (SD) 4.2 (1.2) 4.5 (1.2) 4.3 (1.2) 4.1 (1.1) 4.1 (1.1) b0.001
LDL-cholesterol (mmol/l), mean (SD) 2.1 (1.2) 2.3 (1.0) 2.2 (1.0) 2.1 (1.5) 2.0 (0.9) 0.0897
HDL-cholesterol (mmol/l), mean 1.1 (0.4) 1.1 (0.3) 1.1 (0.3) 1.2 (0.4) 1.2 (0.3) 0.0003
Triglyceride (mmol/l), mean (SD) 2.3 (2.0) 2.4 (2.1) 2.4 (2.3) 2.1 (1.7) 2.1 (1.4) 0.0042
Lipid lowering therapy, n (%) 2534 (72.9) 104 (54.5) 1095 (72.8) 1020 (76.2) 272 (73.5) b0.001
Current smoking, n (%) 1515 (50.9) 70 (40.9) 659 (50.8) 566 (49.7) 143 (45.3) 0.044
BMI (kg/m2), mean (SD) 33.2 (7.5) 35.2 (8.7) 33.9 (8.0) 32.9 (6.9) 30.7 (5.9) b0.001

BMI = Body Mass Index; HbA1c = haemoglobin A1c; IHD = ischemic heart disease.
a Continuous variables were summarised as means with standard deviations (SD) or as medians with interquartile ranges (IQR). Subgroup analyses were performed using ANOVA for

normally distributed data and Mann-Whitney U/Kruskal-Wallis test for non-parametric data as appropriate.
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(all p b 0.001) but BMI did not after adjustment for sex, smoking status,
eGFR and prevalent microvascular disease (Table 2 and Fig. 1).

Receiver operating characteristic (ROC) curves of models predicting
macrovascular complications and including either age and diabetes du-
ration, or age at diagnosis and diabetes duration were comparable
(AUC = 0.7508 for both models) indicating that both models approxi-
mated the data equally (Appendix D).

When the outcomes of coronary artery disease and cerebrovascular dis-
ease were examined separately the associations with age, age at diagnosis
and diabetes duration were consistent except that diabetes duration was not
associatedwithcerebrovasculardiseaseafter adjustment forage(AppendixC).

3.3. Microvascular complications

Microvascular complications were less prevalent in patients who
were older at diabetes diagnosis, albeit in the context of a shorter
disease duration (Table 1). In univariable models, older age, longer
diabetes duration, male sex, past smoking, eGFR and prevalent
macrovascular disease were all associated with increased risk of micro-
vascular complications (all p b 0.05). In contrast, older age at diagnosis
was associated with decreased risk of microvascular complications
(0.99 [0.98–0.99], p b 0.001). In multivariable models including age
and diabetes duration in 1-year increments, diabetes duration remained
significantly associatedwith an increased risk of microvascular complica-
tions but age and age at diagnosis did not after adjustment for sex,
smoking, eGFR and prevalent macrovascular disease (Table 2 and Fig. 1).

Receiver operating characteristic (ROC) curves of models predicting
microvascular complications and including either age and diabetes du-
ration, or age at diagnosis and diabetes duration were comparable
(AUC = 0.7552 for both models) indicating that both models approxi-
mated the data equally (Appendix D).
When the outcomes of retinopathy, peripheral neuropathy and end
stage kidney disease were examined separately, the associations with
diabetes duration were consistent (Fig. 1).

3.4. Effect modification

There was no evidence of an interaction between age and diabetes
duration on the odds of macrovascular disease (p = 0.26). In sub
group analysis, for every 1 year increase in diabetes duration, the adjust-
ed odds ofmacrovascular diseasewere similarly increased by 2% in both
those aged b60 years and ≥60 years (macrovascular disease adjusted
OR 1.02 [1.01–1.03], p = 0.01 for those aged b60 years and 1.01
[0.99–1.04], p b 0.16 for those aged ≥60 years.

There was evidence of an interaction between age and diabetes du-
ration on the odds of microvascular disease (p = 0.004) such that the
effect of longer diabetes duration was greater in younger rather than
older patients. At each level of diabetes duration, the rate of increase
(slope) in the probability of microvascular disease was greater for
those aged b60 years than those aged ≥60 years (Fig. 2). In sub group
analysis, for every 1 year increase in diabetes duration, the adjusted
odds of microvascular disease were increased by 11% and 6% in those
aged b60 years and those aged ≥60 years respectively (microvascular
disease adjusted OR 1.11 [1.08–1.13] p b 0.001 for those aged
b60 years and 1.06 [1.05–1.08] p b 0.001 for those aged ≥60 years).

3.5. Sensitivity analyses

The associations between macrovascular or microvascular complica-
tions and current age, age at diagnosis and diabetes duration, did not
change in analyses excluding participantswith diabetes diagnosedwithin
12 months (Appendix B). Furthermore, the associations were similar



Table 2
Associations between age, age at diagnosis and diabetes duration, and macrovascular and microvascular complications.

Macrovascular complications

N = 2293 Univariable analysis Multivariable analysis

Model 1a (age and duration) Model 2a

(age at diagnosis and duration)

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

Age at diabetes diagnosis (years)
1 year increase 1.02 (1.01–1.02) b0.001 1.03 (1.02–1.04) b0.001

Current age (years)
1 year increase 1.05 (1.04–1.06) b0.001 1.03 (1.02–1.04) b0.001

Diabetes duration (years)
1 year increase 1.05 (1.04–1.06) b0.001 1.02 (1.00–1.03) 0.005 1.05 (1.03–1.06) b0.001

Sex
Female (ref)
Male 2.15 (1.85–2.51) b0.001 1.97 (1.61–2.41) b0.001 1.97 (1.61–2.41) b0.001

Smoking
Never (ref)
Past 2.00 (1.69–2.37) b0.001 1.68 (1.36–2.07) b0.001 1.68 (1.36–2.07) b0.001
Current 1.42 (1.11–1.82) 0.006 2.04 (1.49–2.79) b0.001 2.04 (1.50–2.79) b0.001

Last measured HbA1c (%)
Per 1% increase 0.99 (0.95–1.03) 0.564

BMI (kg/m2)
Per unit increase 0.99 (0.98–1.00) 0.008 1.01 (0.99–1.02) 0.315 1.01 (0.99–1.02) 0.310

eGFR (ml/min/1.72 m2)
Per unit increase 0.98 (0.98–0.98) b0.001 0.99 (0.99–0.99) b0.001 0.99 (0.99–0.99) b0.001

Microvascular complications
Nil (ref)
Previous 3.61 (3.08–4.23) b0.001 2.52 (2.06–3.08) b0.001 2.52 (2.06–3.08) b0.001

Microvascular complications

N = 2454 Univariable analysis Multivariable analysis

Model 1b (age and duration) Model 2b

(age at diagnosis and duration)

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

Age at diabetes diagnosis (years)
1 year increase 0.99 (0.98–0.99) b0.001 0.99 (0.99–1.00) 0.178

Current age (years)
1 year increase 1.03 (1.02–1.04) b0.001 0.99 (0.99–1.00) 0.172

Diabetes Duration (years)
1 year increase 1.08 (1.07–1.09) b0.001 1.07 (1.06–1.09) b0.001 1.07 (1.06–1.08) b0.001

Sex
Female (ref)
Male 1.37 (1.19–1.59) b0.001 1.28 (1.06–1.55) 0.009 1.28 (1.06–1.55) 0.009

Smoking
Never (ref)
Past 1.18 (1.01–1.39) 0.039 0.99 (0.81–1.21) 0.95 0.99 (0.81–1.21) 0.949
Current 0.91 (0.72–1.15) 0.428 1.12 (0.84–1.50) 0.452 1.12 (0.84–1.50) 0.451

Last measured HbA1c (%)
Per 1% increase 1.03 (0.99–1.07) 0.197

BMI (kg/m2)
Per unit increase 1.01 (0.99–1.01) 0.822

eGFR (ml/min/1.72 m2)
Per unit increase 0.98 (0.98–0.98) b0.001 0.99 (0.98–0.99) b0.001 0.99 (0.98–0.99) b0.001

Macrovascular complications
Nil (ref)
Previous 3.61 (3.08–4.23) b0.001 2.42 (1.99–2.94) b0.001 2.42 (1.99–2.94) b0.001

BMI = Body Mass Index; HbA1c = haemoglobin A1c; eGFR = estimated glomerular filtration rate.
a Models adjusted for sex, smoking, BMI, eGFR and microvascular complications.
b Models adjusted for sex, smoking, eGFR and macrovascular complications.
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whenweadjusted themodels for centre type or for the effect of clustering
by centre and when data from the audits completed in 2011 (n = 3357)
and 2013 (n = 2729) were analysed (data not shown).

4. Discussion

In this study of 3419 Australian patients with T2DM, we demonstrate
that after accounting for other known risk factors, age, age at diagnosis,
anddiabetes durationwere independently associatedwithmacrovascular
complications whereas only diabetes durationwas independently associ-
ated with microvascular complications. These associations remained
consistentwhen the components of the composite outcomeswere exam-
ined individually. In addition, there was evidence of effect modification
such that the effect of longer diabetes duration on the risk of microvascu-
lar complications was greater in in those aged ≤60 years compared with
those aged ≥60 years.

The associations between increasing age or age at diagnosis and
macrovascular disease were maintained when other cardiovascular
risk factors were adjusted for. The inference here is that increasing age
is contributing to the increase in risk of macrovascular disease seen
with older age at diagnosis. Additionally, there appears to be an interac-
tion between age and diabetes duration, such that the increase in risk of



Fig. 1. The adjusted odds of macrovascular and microvascular complications by i) age and diabetes duration and ii) age at diabetes diagnosis and diabetes duration.
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macrovascular and microvascular complications attributable to in-
creased duration is greater for those diagnosed b60 years of age com-
pared to those diagnosed ≥60 years of age.

Our findings are clinically relevant as they may inform the risk status of
peoplediagnosedwithdiabetesat ayoungerorolder age. Intensiveglycaemic
management during the early stages of type 2 diabetes leads to fewer diabe-
tes complications, a concept known as metabolic memory.7 Screening for
type 2 diabetes allows the identification of these patients at an earlier stage
of the disease, so that they may benefit from intensive glycaemic control
andmanagement of cardiovascular risk factors over a longer period.

Screening for macrovascular complications is especially important
for older patients with diabetes who are at highest short-term absolute
risk. Our results, as well as those of other studies8 suggest that age re-
mains one of the most important risk factors for the development of
macrovascular complications. However, people diagnosed with diabe-
tes at a younger age have a longer duration of diabetes and a longer life-
time risk of developing significant complications, thus intensive
glycaemic control and optimisation of cardiovascular risk factors will
be of particular importance across their lifespan.

The findings of this study are somewhat consistent with those of the
UKPDS9 and ADVANCE8 trials but differ from those reported from studies
in Chinese, Hong Kong and Pima Indian populations.6,10,11 The UKPDS re-
ported that age at diabetes diagnosiswas not associatedwith an increased
risk of myocardial infarct, but that older age at diabetes diagnosis was a
predictor of retinopathy and neuropathy but not microalbuminuria.9

ADVANCE8 reported that macrovascular events were associated with
age, age at diagnosis and diabetes duration but that microvascular events
were only associated with diabetes duration. In contrast, the CNHSS,10
Hong Kong Diabetes Registry11 and Pima Indian6 studies, concluded
that patients diagnosed with diabetes at a younger age were at increased
risk of cardiovascular disease even after adjustment for diabetes duration.
As the studies weremethodologically similar, the differences may be due
to the ethnic diversity of the cohorts studied. Additionally, the CNHSS
study found the impact of age to be strongest for those with BMI b 24.
As themajority of patients in our studywere obesewe could not examine
this finding. We found that patients diagnosed with type 2 diabetes at a
younger age had a longer duration of diabetes andwere thus at increased
risk of both macrovascular and microvascular complications; this is con-
sistentwith several,12–14 but not all studies3,4 examining diabetic retinop-
athy and related eye complications. Another study comparing young
onset type 2 diabetes patients with type 1 diabetes patients of similar
age of onset, concluding that patients with type 2 diabetes had greater
mortality, primarily driven by cardiovascular deaths despite a shorter du-
ration of diabetes and similar glycaemic exposure.15

This is the first study to examine the associations between age, age at
diagnosis and diabetes duration in an Australian context. The strength of
this analysis includes a large dataset incorporating patients fromanation-
wide survey. The data are likely to be representative of patients seen in
diabetes centres throughout Australia with data collected from every
state and territory of the country and a stable dataset though the years.
The results from the 2015 collection were consistent with analyses of
data from 2013 and 2011 adding to the strength of our findings.

Themajority of patients in this study received diabetes care at tertiary
or specialised diabetes centres, and may have more severe disease com-
pared with community-treated patients. While this is a limitation, our
findings are in line with previously published large population based

Image of Fig.�1


Fig. 2. The interaction effect between age and diabetes duration on the probability of i) macrovascular (p = 0.55) and ii) microvascular complications (p = 0.001).
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epidemiological studies.3,8 Another limitation was the reliance on self-
report or medical records for the age at diagnosis, diabetes duration and
vascular complications. Recall may be less accurate for complications oc-
curring a long time ago, we were unable to independently confirm diag-
noses. Nevertheless, previous studies suggest the validity of self-
reported diabetes information.16,17 We did not determine the timing of
reported complications, so it is possible that some complications occurred
prior to the diagnosis of diabetes. This is more likely to be the case for
macrovascular complications, given that microvascular complications
are relativelymore specific for diabetes. Our study populationwas of lim-
ited ethnic diversity (mainly Caucasian), therefore wewere unable to ex-
plore the possibility that the effect of age of diagnosis and duration of
diabetes may differ across ethnic groups.10,18,19
5. Conclusions

In summary, in patients with type 2 diabetes, after adjustment for con-
founders, age or age at diagnosis and diabetes durationwere independently
associatedwithmacrovascular complicationsbut onlydiabetesdurationwas
independently associated with microvascular complications. Such data em-
phasise the importance of intensive management for all patients with type
2 diabetes, particularly those who have longer duration of diabetes.
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Macrovascular complications

N = 2071 Univariable analysis M
(

OR (95% CI) p value O

Age at diabetes diagnosis (years)
1 year increase 1.02 (1.01–1.02) b0.001

Current age (years)
1 year increase 1.04 (1.04–1.05) b0.001 1

Diabetes duration (years)
1 year increase 1.05 (1.04–1.05) b0.001 1

Sex
Female (ref)
Male 2.10 (1.79–2.46) b0.001 1

Smoking
Never (ref)
Past 1.98 (1.66–2.36) b0.001 1
Current 1.48 (1.14–1.93) 0.004 2

Last measured HbA1c (%)
Per 1% increase 0.99 (0.94–1.03) 0.422

BMI (kg/m2)
Per unit increase 0.99 (0.98–1.00) 0.036 1

eGFR (ml/min/1.72 m2)
Per unit increase 0.98 (0.98–0.99) b0.001 0

Microvascular complications
Nil (ref)
Previous 3.33 (2.82–3.92) b0.001 2

Microvascular complications

N = 2367 Univariable Analysis M
(

OR (95% CI) p value O

Age at diabetes diagnosis (years)
1 year increase 0.99 (0.98–0.99) b0.001

Current age (years)
1 year increase 1.02 (1.02–1.03) b0.001 0

Diabetes duration (years)
1 year increase 1.08 (1.07–1.09) b0.001 1

Sex
Female (ref)
Male 1.40 (1.21–1.63) b0.001 1
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ultivariable model 1a

age and duration)
Multivariable model 2a

(age at diagnosis and duration)

R (95% CI) p value OR (95% CI) p value

1.03 (1.02–1.04) b0.001

.03 (1.02–1.04) b0.001

.02 (1.00–1.03) 0.008 1.04 (1.03–1.06) b0.001

.93 (1.57–2.37) b0.001 1.93 (1.57–2.37) b0.001

.66 (1.34–2.06) b0.001 1.66 (1.34–2.06) b0.001

.02 (1.45–2.81) b0.001 2.02 (1.45–2.81) b0.001

.01 (0.99–1.02) 0.296 1.01 (0.99–1.02) 0.291

.99 (0.99–0.99) b0.001 0.99 (0.99–0.99) b0.001

.40 (1.95–2.95) b0.001 2.40 (1.95–2.95) b0.001

ultivariable model 1b

age and duration)
Multivariable model 2b

(age at diagnosis and duration)

R (95% CI) p value OR (95% CI) p value

0.99 (0.98–1.00) 0.045

.99 (0.98–1.00) 0.041

.07 (1.06–1.09) b0.001 1.06 (1.05–1.07) b0.001

.38 (1.15–1.65) 0.001 1.38 (1.15–1.65) 0.001
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Microvascular complications

N = 2367 Univariable Analysis Multivariable model 1b

(age and duration)
Multivariable model 2b

(age at diagnosis and duration)

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

Smoking
Never (ref)
Past 1.15 (0.97–1.36) 0.107
Current 0.99 (0.77–1.28) 0.941

Last measured HbA1c (%)
Per 1% increase 1.00 (0.96–1.05) 0.934

BMI (kg/m2)
Per unit increase 1.01 (0.99–1.02) 0.317

eGFR (ml/min/1.72 m2)
Per unit increase 0.98 (0.98–0.99) b0.001 0.99 (0.98–0.99) b0.001 0.99 (0.98–0.99) b0.001

Macrovascular complications
Nil (ref)
Previous 3.33 (2.82–3.92) b0.001 2.35 (1.94–2.85) b0.001 2.35 (1.94–2.85) b0.001

BMI = Body Mass Index; HbA1c = haemoglobin A1c; eGFR = estimated glomerular filtration rate.
a Models adjusted for sex, smoking, BMI, eGFR and microvascular complications.
b Models adjusted for sex, smoking, eGFR and macrovascular complications.

Coronary artery disease

N = 2296 Univariable analysis Multivariable model 1
(age and duration)

Multivariable model 2
(age at diagnosis and duration)

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

Age at diagnosis (years)
1 year increase 1.02 (1.01–1.03) b0.001 1.03 (1.02–1.04) b0.001

Current age (years)
1 year increase 1.04 (1.04–1.05) b0.001 1.03 (1.02–1.04) b0.001

Diabetes duration (years)
1 year increase 1.04 (1.03–1.05) b0.001 1.02 (1.01–1.03) 0.004 1.05 (1.03–1.06) b0.001

Sex
Female (ref)
Male 2.38 (1.99–2.84) b0.001 2.12 (1.69–2.66) b0.001 2.12 (1.69–2.66) b0.001

Smoking
Never (ref)
Past 2.24 (1.85–2.72) b0.001 1.80 (1.43–2.26) b0.001 1.80 (1.43–2.26) b0.001
Current 1.25 (0.93–1.69) 0.134 1.61 (1.13–2.29) 0.008 1.61 (1.13–2.30) 0.008

Last measured HbA1c (%)
Per 1% increase 0.97 (0.92–1.01) 0.151

eGFR (ml/min/1.72 m2)
Per unit increase 0.98 (0.98–0.99) b0.001 0.99 (0.99–0.99) b0.001 0.99 (0.99–0.99) b0.001

BMI (kg/m2)
Per unit increase 0.99 (0.97–1.00) 0.042 1.01 (0.99–1.02) 0.493 1.01 (0.99–1.02) 0.487

Microvascular complications
Nil (ref)
Previous 2.08 (1.75–2.48) b0.001 1.29 (1.03–1.61) 0.027 1.29 (1.03–1.61) 0.027

All models adjusted for sex, smoking, eGFR, BMI and microvascular complications; BMI = Body Mass Index; HbA1c = Haemoglobin A1c.

Cerebrovascular disease

N = 2450 Univariable analysis Multivariable model 1
(age and duration)

Multivariable model 2
(age at diagnosis and duration)

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

Age at diagnosis (years)
1 year increase 1.02 (1.01–1.03) 0.037 1.02 (1.00–1.04) 0.012

Current age (years)
1 year increase 1.04 (1.02–1.05) b0.001 1.02 (1.00–1.04) 0.014

Diabetes duration (years)
1 year increase 1.03 (1.02–1.05) b0.001 1.00 (0.99–1.02) 0.715 1.02 (1.00–1.04) 0.028

Sex
Female (ref)
Male 1.52 (1.11–2.08) 0.008 1.45 (1.04–2.01) 0.028 1.45 (1.04–2.01) 0.028

Smoking
Never (ref)
Past 1.43 (1.06–1.93) 0.020 1.18 (0.83–1.66) 0.357 1.18 (0.83–1.66) 0.357
Current 1.51 (1.00–2.28) 0.053 1.94 (1.19–3.14) 0.007 1.94 (1.20–3.15) 0.007

Appendix C. Associations between age, age at diagnosis and diabetes duration, and coronary artery disease, cerebrovascular disease, periph-
eral vascular disease, retinopathy, peripheral neuropathy and end-stage kidney disease
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Cerebrovascular disease

N = 2450 Univariable analysis Multivariable model 1
(age and duration)

Multivariable model 2
(age at diagnosis and duration)

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

Last measured HbA1c (%)
Per 1% increase 0.99 (0.91–1.06) 0.698

BMI (kg/m2)
Per unit increase 1.00 (0.98–1.02) 0.758

eGFR (ml/min/1.72 m2)
Per unit increase 0.98 (0.98–0.99) b0.001 0.98 (0.98–0.99) b0.001 0.98 (0.98–0.99) b0.001

Microvascular complications
Nil (ref)
Previous 2.28 (1.72–3.02) b0.001 1.66 (1.18–2.33) 0.004 1.66 (1.18–2.33) 0.004

All models adjusted for sex, smoking, eGFR and microvascular complications; BMI = Body Mass Index; HbA1c = haemoglobin A1c.

Peripheral vascular disease

N = 2474 Univariable analysis Multivariable model 1 (age and
duration)

Multivariable model 2 (age at
diagnosis and duration)

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

Age at diagnosis (years)
1 year increase 1.01 (1.00–1.02) 0.037 1.02 (1.01–1.04) b0.001

Current age (years)
1 year increase 1.04 (1.03–1.05) b0.001 1.02 (1.01–1.04) b0.001

Diabetes duration (years)
1 year increase 1.05 (1.03–1.06) b0.001 1.00 (0.99–1.02) 0.648 1.03 (1.01–1.04) 0.001

Sex
Female (ref)
Male 2.02 (1.58–2.59) b0.001 1.77 (1.35–2.31) b0.001 1.77 (1.35–2.31) b0.001

Smoking
Never (ref)
Past 1.73 (1.37–2.19) b0.001 1.54 (1.17–2.03) 0.002 1.54 (1.17–2.03) 0.002
Current 1.46 (1.05–2.04) 0.026 2.16 (1.46–3.21) b0.001 2.16 (1.46–3.21) b0.001

Last measured HbA1c (%)
Per 1% increase 1.02 (0.96–1.09) 0.450

BMI (kg/m2)
Per unit increase 0.99 (0.98–1.01) 0.507

eGFR (ml/min/1.72 m2)
Per unit increase 0.98 (0.98–0.99) b0.001 0.99 (0.99–1.00) b0.001 0.99 (0.99–1.00) b0.001

Microvascular complications
Nil (ref)
Previous 8.20 (6.24–10.79) b0.001 6.64 (4.85–9.10) b0.001 6.64 (4.85–9.10) b0.001

All models adjusted for sex, smoking, eGFR and microvascular complications; BMI = Body Mass Index; HbA1c = haemoglobin A1c.

Retinopathy

N = 2338 Univariable analysis Multivariable analysis
(current age and duration)

Multivariable analysis
(age at diagnosis and duration)

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

Age at diagnosis (years)
1 year increase 0.97 (0.96–0.98) b0.001 0.98 (0.97–0.99) b0.001

Current age (years)
1 year increase 1.01 (1.01–1.02) b0.001 0.98 (0.97–0.99) b0.001

Diabetes duration (years)
1 year increase 1.08 (1.07–1.09) b0.001 1.08 (1.06–1.09) b0.001 1.05 (1.04–1.07) b0.001

Sex
Female (ref)
Male 1.25 (1.05–1.48) 0.011 1.42 (1.14–1.76) 0.002 1.42 (1.14–1.76) 0.002

Smoking
Never (ref)
Past 0.96 (0.79–1.17) 0.678
Current 0.76 (0.56–1.01) 0.062

Last measured HbA1c (%)
Per 1% increase 1.06 (1.01–1.11) 0.016 1.07 (1.00–1.13) 0.035 1.07 (1.00–1.13) 0.034

BMI (kg/m2)
Per unit increase 0.99 (0.98–1.01) 0.268

eGFR (ml/min/1.72 m2)
Per unit increase 0.99 (0.98–0.99) b0.001 0.99 (0.98–0.99) b0.001 0.99 (0.98–0.99) b0.001

Macrovascular complications
Nil (ref)
Previous 2.02 (1.69–2.42) b0.001 1.39 (1.12–1.74) 0.004 1.39 (1.12–1.74) 0.004

All models adjusted for sex, HbA1c, eGFR and macrovascular complications; BMI = Body Mass Index; HbA1c = haemoglobin A1c.
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Peripheral neuropathy

N = 2085 Univariable analysis Multivariable analysis
(current age and duration)

Multivariable analysis
(age at diagnosis and duration)

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

Age at diagnosis (years)
1 year increase 0.99 (0.99–1.00) 0.049 1.01 (1.00–1.02) 0.085

Current age (years)
1 year increase 1.03 (1.02–1.04) b0.001 1.01 (1.00–1.02) 0.080

Diabetes duration (years)
1 year increase 1.06 (1.05–1.07) b0.001 1.05 (1.03–1.06) b0.001 1.06 (1.04–1.07) b0.001

Sex
Female (ref)
Male 1.33 (1.14–1.55) b0.001 1.22 (0.98–1.51) 0.072 1.22 (0.98–1.51) 0.072

Smoking
Never (ref)
Past 1.18 (0.98–1.41) 0.084
Current 1.05 (0.80–1.38) 0.713

Last measured HbA1c (%)
Per 1% increase 1.08 (1.03–1.13) 0.001 1.06 (1.00–1.12) 0.054 1.06 (1.00–1.12) 0.054

BMI (kg/m2)
Per unit increase 1.02 (1.01–1.03) b0.001 1.04 (1.02–1.05) b0.001 1.04 (1.02–1.05) b0.001

eGFR (ml/min/1.72 m2)
Per unit increase 0.99 (0.98–0.99) b0.001 0.99 (0.99–1.00) b0.001 0.99 (0.99–1.00) b0.001

Macrovascular complications
Nil (ref)
Previous 3.28 (2.78–3.86) b0.001 2.57 (2.08–3.19) b0.001 2.57 (2.08–3.19) b0.001

All models adjusted for sex, HbA1c, BMI eGFR and macrovascular complications; BMI = Body Mass Index; HbA1c = haemoglobin A1c.

End stage renal disease

N = 2259 Univariable analysis Multivariable analysis
(current age and duration)

Multivariable analysis
(age at diagnosis and duration)

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

Age at diagnosis (years)
1 year increase 0.99 (0.98–1.00) 0.021 0.99 (0.97–1.01) 0.193

Current age (years)
1 year increase 1.02 (1.01–1.03) 0.001 0.99 (0.97–1.01) 0.187

Diabetes duration (years)
1 year increase 1.05 (1.04–1.07) b0.001 1.03 (1.01–1.05) 0.001 1.02 (1.00–1.04) 0.039

Sex
Female (ref)
Male 1.05 (0.79–1.39) 0.756

Smoking
Never (ref)
Past 1.09 (0.80–1.50) 0.580 1.00 (0.68–1.48) 0.992 1.00 (0.68–1.48) 0.993
Current 0.52 (0.28–0.96) 0.035 0.62 (0.32–1.23) 0.171 0.62 (0.32–1.23) 0.172

Last measured HbA1c (%)
Per 1% increase 0.86 (0.78–0.94) 0.001 0.86 (0.77–0.97) 0.011 0.86 (0.77–0.97) 0.011

BMI (kg/m2)
Per unit increase 0.96 (0.94–0.98) 0.001 0.95 (0.93–0.98) 0.001 0.95 (0.93–0.98) 0.001

Macrovascular complications
Nil (ref)
Previous 3.27 (2.43–4.39) b0.001 2.93 (2.01–4.28) b0.001 2.93 (2.01–4.28) b0.001

All models adjusted for sex, smoking, HbA1c, BMI and macrovascular complications; BMI = Body Mass Index; HbA1c = haemoglobin A1c.
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Appendix D. Receiver operator curves examining the effect of age and diabetes duration or age at diabetes diagnosis and duration on the risks
of i) macrovascular and ii) microvascular complications
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i) Macrovascular complications (models inclusive of sex, smoking,
BMI, eGFR and microvascular disease)
ii) Microvascular complications (models inclusive of sex, smoking,
eGFR and macrovascular disease)

Unlabelled image
Unlabelled image
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