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Context: The impact of older age and duration of diabetes mellitus on macrovascular complications
is unclear.

Objective: We tested the hypothesis that in older men, diabetes duration predicts incident car-
diovascular events and death, differently from prior myocardial infarction (MI) or stroke.

Design, setting and participants: Longitudinal cohort study of 11,728 community-dwelling men
aged �65 years in Perth, Western Australia, recruited in 1996–99.

Main outcome measures: We assessed all-cause mortality, and deaths or hospital admissions with
MI or stroke between recruitment and December 2010, analysing age-specific hazard and adjusting
for smoking, education, alcohol, exercise, BMI, hypertension and hypercholesterolemia.

Results: Among 1,433 (12.2%) men with diabetes, 208 (14.5%) reported age of onset of diabetes
�55 years, 451 (31.5%) 55–64 years, 679 (47.4%) 65–74 years with 95 (6.6%) �74 years. Diabetes
independently predicted increased all-cause mortality with hazard ratio (HR) of 1.37 (95% confi-
dence interval [CI]�1.15–1.62) for duration 5–9 years, 1.35 (1.18–1.55) for 10–14 years, 1.42 (1.22–
1.66) for 15–19 years and 1.75 (1.45–2.11) for 20–24 years. Mortality from MI was increased for
diabetes duration up to 25 years, while stroke-specific mortality increased progressively with di-
abetes duration. Prior MI or stroke predicted increased risk of subsequent events peaking after
10–20 years.

Conclusions: In older men, increasing duration of diabetes predicts stable increases in all-cause and
MI-related mortality and a progressively higher risk of stroke deaths. Prior MI was associated with
increased risk of subsequent MI, and prior stroke with subsequent stroke, particularly in the 10–20
years following the first event. Diabetes is a duration-dependent risk factor for cardiovascular
events which influences outcomes differently from prior vascular disease.
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The worldwide prevalence of diabetes mellitus is in-
creasing, partly as a result of increasing overweight

and obesity and also due to the increasing proportion of
older adults in whom the incidence of diabetes is highest
(1, 2). In 2011, 346 million people were living with dia-
betes, 90% of whom had type 2 diabetes (3). Diabetes is
associated with increased mortality from all-causes, and
from cardiovascular disease (CVD) and cancer (4–6). The
degree to which diabetes shortens life expectancy is a func-
tion of age. At 40 years age, diabetes reduces life expec-
tancy by six years, the disparity diminishing with age as life
expectancy falls until it is minimal at 90 years age (7). The
incidence of several diabetes-related vascular complica-
tions has declined between 1990 and 2010 but the burden
of ill-health attributable to diabetes-related complications
remains high as the prevalence of diabetes increases (8).

Despite the increasing proportion of older persons with
diabetes, the relationship between diabetes duration and
risk of major vascular complications in this population
remains unclear. In young adults with type 2 diabetes,
increasing duration of diabetes correlates with increased
carotid intima-media thickness (9). In adults newly diag-
nosed with type 2 diabetes, goals of therapy are to lower
blood glucose levels and thus prevent microvascular and
macrovascular complications (10). However, trials of in-
tensive glucose-lowering including older patients with
type 2 diabetes of longer duration failed to reduce cardio-
vascular events (11–13). Current recommendations for
care of patients with type 2 diabetes emphasize the need to
personalise therapy and suggest consideration of less strin-
gent targets for patients with advanced age and longer
duration of diabetes (14). Clarifying whether the risk of
major cardiovascular events in adults who are diagnosed
with diabetes in middle and older ages is stable over time,
or progressively increases with diabetes duration indepen-
dently of age, would inform evaluation of benefits vs risks
of treatments to lower vascular risk in the expanding pop-
ulation of older adults living with diabetes.

We tested the hypothesis that in older adults, duration
of diabetes influences the incidence of major cardiovas-
cular events independent of age and differently from prior
cardiovascular events. We compared the influence of di-
abetes duration on the incidence of myocardial infarction
(MI) and stroke, with the influence of prior MI and stroke
to determine whether these were comparable or distinct
risk predictors of death and cardiovascular events.

Materials and Methods

The recruitment of participants has been described in
depth previously (15, 16). Briefly, between March 1996

and January 1999, 19 352 men aged 65 years and older
were randomly selected from the electoral roll (enrolment
to vote being compulsory for Australian citizens) and in-
vited to join a screening trial for detection of abdominal
aortic aneurysm (AAA). The target population for the ini-
tial study was a random sample of community-dwelling
men aged � 65 years. Of these, 12 203 men (63.1%) at-
tended a clinic and completed a questionnaire that as-
sessed a range of demographic and clinical data. Each man
had their height, weight, and blood pressure (BP) mea-
sured, and completed a questionnaire assessing history
and lifestyle including: smoking status, alcohol consump-
tion, exercise, dietary habits, history of (or treatment for)
coronary heart disease (CHD), stroke or transient isch-
emic attack, hypertension, dyslipidemia or diabetes. Par-
ticipants were predominantly Caucasian. Men provided
written informed consent to participate in the study and to
have extended follow-up of their health outcomes. The
study was approved by the Human Research Ethics Com-
mittee of the University of Western Australia.

Diagnosis of diabetes mellitus
Questionnaire data were used to identify men with diabetes.

Men were asked (a) whether a doctor or nurse had told them they
had diabetes, if so their age when first told, (b) whether they had
ever been given advice or treatment for diabetes, if so their age
when this occurred, (c) what kind of advice or treatment they
received when diagnosed, and (d) what kind of advice or treat-
ment they were receiving for diabetes at the time of questioning.
Men who had been diagnosed with the condition, or reported use
of glucose-lowering medication were considered to have diabe-
tes. Duration of diabetes was determined by subtracting the pres-
ent age from the age of onset of diabetes.

Definition of cardiovascular risk factors and
disease

Men were asked whether they had ever been told they had any
of the following: high BP, high cholesterol, angina, myocardial
infarction, heart bypass surgery, heart balloon angioplasty or
stroke. Men were asked whether in the last month they had been
taking tablets for BP, angina, or high cholesterol, and whether
they were on a diet prescribed by a doctor or dietician to lower
blood cholesterol levels.

Outcomes of interest
We assessed outcomes via the Western Australian Data Link-

age System (WADLS), which provides electronic linkage to re-
cords from death, hospital, and cancer registries and captures
admissions to all public and private hospitals in Western Aus-
tralia (17). WADLS linkage based on ICD-10 or equivalent cod-
ing has comparable accuracy to adjudication of medical records
(18). Occurrence of death was ascertained from WADLS, which
contains both the original death certificate and an ICD-10 coded
record generated from these data and from other sources, such as
the Australian Bureau of Statistics. Follow-up data were avail-
able until the 31st December 2010. The primary outcomes were
the occurrence of death from any cause, and incidence of hospital
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admissions or deaths associated with a recorded diagnosis of MI
or stroke.

Statistical analyses
We used Stata version 11.1 to analyze the data (StataCorp,

College Station, TX). Descriptive data are shown as number (%).
For survival analyses, we used age at risk as the analysis time so
that the baseline hazard in the regression models was the age-
specific hazard. All duration variables (time since onset of dia-
betes, or time since the occurrence of the initial MI or stroke)
were fitted as time-dependent to ensure that these variables ac-
curately reflected the duration of each exposure when outcome
events occurred. For example, a man who had diabetes for 20
years at study entry and died 10 years later; had duration of
diabetes of 30 years at the time of death. Cox proportional haz-
ards regression was used for analyses where all-cause mortality
was the outcome of interest. Competing risks regression was
used for the cause-specific analyses, according to the method of
Fine and Gray (19). For the outcome of deaths due to MI, and the
outcome of fatal and nonfatal MI, competing risks were non-
MI-related mortality. For the outcome deaths due to stroke, and
the outcome of fatal and nonfatal stroke, competing risks were
nonstroke-related mortality. Analyses were adjusted for smok-
ing, education, alcohol use, exercise, body mass index (BMI),
hypertension and elevated cholesterol. Results were tabulated or
plotted graphically using restricted cubic splines as hazard ratio
(HR) and 95% confidence interval (CI).

Results

Baseline characteristics of the study population
Complete baseline and follow-up data were available

for 11 728 men. There were 1433 men (12.2%) with di-
abetes of whom 208 (14.5%) reported their age of onset
as � 55 years, 451 (31.5%) as 55–64 years, 679 (47.4%)
as 65–74 years with 95 (6.6%) reporting onset at age � 74
years. The baseline characteristics of the study population
are shown in Table 1. Compared with nondiabetic men,
men with diabetes were more likely to have had an MI or
stroke above the age of 50 years, tended to be older when
stopping smoking, completed their education earlier, re-
ported higher alcohol consumption, less exercise, and had
greater prevalence of obesity and treatment for hyperten-
sion and high cholesterol. Age, exercise, BMI and treat-
ment modalities are shown in Table 2, stratified according
to age at diagnosis of diabetes.

All-cause mortality according to duration of
diabetes, MI or stroke

The mean (SD) duration of follow-up was 10.6 (3.8)
years (median 12.6 years, interquartile range 8.3–13.3
years). Diabetes was associated with increased all-cause
mortality with an age-specific HR of 1.37 (95% CI �

1.15–1.62) for diabetes duration of 5–9 years, 1.35 (1.18–
1.55) for 10–14 years, 1.42 (1.22–1.66) for 15–19 years

and 1.75 (1.45–2.11) for 20–24 years (Table 3). The time
since a prior MI was associated with all-cause mortality,
with the highest age-specific HR being 2.31 (95% CI �

1.61–3.30) within 5 years of the prior event. The time since
a prior stroke was associated with increased all-cause mor-
tality for a circumscribed period of 5–24 years after the
event (HR � 1.77, 95% CI � 1.48–2.10 at 5–9 years after
the stroke). When duration of diabetes was analyzed con-
tinuously, the age-specific HR and 95% CI rose to a pla-
teau after 20 years duration (Supplemental Figure S1, A).
Increasing interval since a prior MI was associated with
increased mortality risk, but mortality peaked at 10–15
years following a prior stroke and declined thereafter
(Supplemental Figure S1, B,C).

MI-specific mortality and events, according to
duration of diabetes, MI or stroke

The age-specific HR and 95% CI for fatal MI are shown
according to duration of diabetes, time since prior MI and
time since prior stroke (Figure 1, A-C). There was an in-
creased risk of fatal MI with diabetes duration up to 25
years. Risk of fatal MI increased following prior MI reach-
ing a higher plateau around 20 years (Figure 1B). Prior
stroke increased MI-specific mortality to a lesser degree
compared with prior MI.

When the combined endpoint of fatal and nonfatal MI
was analyzed (Figure 1, D-F), there was an increase in the
risk of MI with diabetes duration with a plateau at 20
years (Figure 1D). Prior MI increased the risk of subse-
quent MI with a clearly defined peak at 15–20 years (Fig-
ure 1E). Prior stroke increased the risk of subsequent MI
to a lesser extent than prior MI for a period of 5–24 years
after the stroke (Figure 1F).

Stroke-specific mortality and events, according to
duration of diabetes, MI or stroke

The age-specific HR and 95% CI for fatal stroke are
shown according to duration of diabetes, time since prior
MI and time since prior stroke (Figure 2, A-C). The risk of
fatal stroke increased progressively with duration of dia-
betes (Figure 2A). Prior MI was associated with a transient
and marginal increase in risk of fatal stroke (Figure 2B).
Prior stroke was associated with substantially increased
risk of subsequent fatal stroke peaking at 15 years after the
initial and diminishing thereafter (Figure 2C).

When the combined endpoint of fatal and nonfatal
stroke was analyzed (Figure 2, D-F), there was an increase
in the risk of stroke with diabetes duration plateauing at
20 years (Figure 2D). Prior MI modestly increased the risk
of stroke (Figure 2E). Prior stroke substantially increased
the risk of subsequent stroke again with a peak at around
15 years (Figure 1F).
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Analyses excluding men receiving insulin
These analyses were repeated after excluding all men

receiving insulin (N � 141), comprising men with type 1
diabetes or with type 2 diabetes receiving insulin therapy.
The results were essentially unchanged (data not shown).

Sensitivity analyses
Exclusion of men with CVD at baseline did not appre-

ciably alter the associations of diabetes duration with all-
cause mortality (data not shown). After excluding men
with prior CVD, the association of diabetes duration with

Table 1. Baseline characteristics of the study population, stratified according to absence of presence of diabetes.
Data are shown as N (%).

Prior diabetes p value

No Yes
10 295 (87.8) 1433 (12.2)

Age (years) 65–69 3913 (38.0) 561 (39.1) 0.138
70–74 3595 (34.9) 511 (35.7)
75–79 2181 (21.2) 267 (18.6)
80–84 606 (5.9) 94 (6.6)

Age at onset of 30–39 26 (1.8)
diabetes (years) 40–49 73 (5.1)

50–54 109 (7.6)
55–59 132 (9.2)
60–64 319 (22.3)
65–69 421 (29.4)
70–74 258 (18.0)
75� 95 (6.6)

Age at first MI No prior MI 9363 (90.9) 1224 (85.4) �0.001
(years) �45 12 (0.1) 3 (0.2)

45–49 43 (0.4) 13 (0.9)
50–54 94 (0.9) 32 (2.2)
55–59 186 (1.8) 32 (2.2)
60–64 214 (2.1) 47 (3.3)
65–69 194 (1.9) 43 (3.0)
70–74 129 (1.3) 27 (1.9)
75� 60 (0.6) 12 (0.8)

Age at first stroke No prior stroke 9639 (93.6) 1297 (90.5) �0.001
(years) �45 4 (0.0)

45–49 11 (0.1) 1 (0.1)
50–54 29 (0.3) 7 (0.5)
55–59 72 (0.7) 10 (0.7)
60–64 128 (1.2) 30 (2.1)
65–69 166 (1.6) 42 (2.9)
70–74 165 (1.6) 28 (2.0)
75� 81 (0.8) 18 (1.3)

Smoking Never Smoked 3099 (30.2) 354 (24.9) �0.001
�40 1552 (15.1) 197 (13.8)
40–49 1306 (12.7) 198 (13.9)
50–59 1585 (15.5) 276 (19.4)
60–69 1298 (12.7) 236 (16.6)
70� 256 (2.5) 22 (1.5)
Smoker 1153 (11.2) 140 (9.8)

Education Primary School 2306 (22.4) 377 (26.3) �0.001
Some High School 3928 (38.2) 511 (35.7)
Completed High School 2457 (23.9) 371 (25.9)
Completed University/Other Tertiary 1599 (15.5) 172 (12.0)

Alcohol Never 618 (6.0) 103 (7.2) �0.001
Former 1104 (10.7) 250 (17.4)
0–14 drinks/week 6700 (65.1) 906 (63.2)
15–28 drinks/week 1358 (13.2) 123 (8.6)
29 � drinks/week 515 (5.0) 51 (3.6)

Exercise (h/week) None 2626 (25.5) 401 (28.0) �0.001
�4 h/wk 2607 (25.3) 422 (29.4)
4 � h/wk 5062 (49.2) 610 (42.6)

BMI (kg/m2) Underweight 80 (0.8) 2 (0.1) �0.001
Normal 3213 (31.2) 294 (20.5)
Overweight 5243 (50.9) 737 (51.4)
Obese 1759 (17.1) 400 (27.9)

Hypertension No 3672 (35.7) 397 (27.7) �0.001
Low (treated) 1421 (13.8) 300 (20.9)
High (treated) 2065 (20.1) 409 (28.5)
High (untreated) 3137 (30.5) 327 (22.8)

High cholesterol No 7207 (70.0) 864 (60.3) �0.001
Yes (treated) 1526 (14.8) 341 (23.8)
Yes (untreated) 1562 (15.2) 228 (15.9)
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deaths from MI was accentuated for duration up to 20
years and attenuated thereafter (Figure 3A), while the as-
sociation of diabetes duration with stroke events (nonfatal
and fatal) became more prominent (Figure 3D).

Discussion

In community-dwelling men aged � 65 years, a diagnosis
of diabetes predicted increased all-cause mortality, and
incidence of MI and stroke. Increasing duration of diabe-
tes was associated with stable increases in age-specific

Table 2. Age, exercise level, BMI, and diabetes treatment, stratified by age at diagnosis of diabetes. Data are
shown as N (%).

Age at diagnosis of diabetes p value

30–39 40–49 50–54 55–59 60–64 65–69 70–74 75�

26 (1.8) 73 (5.1) 109 (7.6) 132 (9.2) 319 (22.3) 421 (29.4) 258 (18.0) 95 (6.6)
Age (y) 65–69 16 (61.5) 39 (53.4) 60 (55.0) 64 (48.5) 180 (56.4) 202 (48.0) �0.001

70–74 8 (30.8) 25 (34.2) 31 (28.4) 48 (36.4) 99 (31.0) 150 (35.6) 150 (58.1)
75–79 2 (7.7) 8 (11.0) 12 (11.0) 17 (12.9) 31 (9.7) 58 (13.8) 86 (33.3) 53 (55.8)
80–84 1 (1.4) 6 (5.5) 3 (2.3) 9 (2.8) 11 (2.6) 22 (8.5) 42 (44.2)

Exercise (h/week) None 8 (30.8) 24 (32.9) 37 (33.9) 40 (30.3) 89 (27.9) 107 (25.4) 69 (26.7) 27 (28.4) 0.885
�4 h/wk 5 (19.2) 18 (24.7) 26 (23.9) 37 (28.0) 99 (31.0) 129 (30.6) 77 (29.8) 31 (32.6)
4 � h/wk 13 (50.0) 31 (42.5) 46 (42.2) 55 (41.7) 131 (41.1) 185 (43.9) 112 (43.4) 37 (38.9)

BMI (kg/m2) Underweight (�18.5) 1 (0.8) 1 (0.2) 0.347
Normal (18.5–24.9) 11 (42.3) 18 (24.7) 23 (21.1) 25 (18.9) 54 (16.9) 84 (20.0) 53 (20.5) 26 (27.4)
Overweight (25–29.9) 10 (38.5) 34 (46.6) 56 (51.4) 72 (54.5) 168 (52.7) 210 (49.9) 143 (55.4) 44 (46.3)
Obese (30�) 5 (19.2) 21 (28.8) 30 (27.5) 34 (25.8) 97 (30.4) 126 (29.9) 62 (24.0) 25 (26.3)

Treatment now None 3 (11.5) 2 (2.7) 6 (5.5) 6 (4.5) 14 (4.4) 46 (10.9) 20 (7.8) 11 (11.6) �0.001
Diet advice only 2 (7.7) 7 (9.6) 15 (13.8) 17 (12.9) 84 (26.3) 151 (35.9) 116 (45.0) 47 (49.5)
Tablets only 1 (3.8) 18 (24.7) 32 (29.4) 36 (27.3) 96 (30.1) 105 (24.9) 56 (21.7) 14 (14.7)
Insulin injections only 10 (38.5) 18 (24.7) 13 (11.9) 14 (10.6) 9 (2.8) 8 (1.9) 2 (0.8) 3 (3.2)
Diet advice & tablets 5 (19.2) 16 (21.9) 36 (33.0) 50 (37.9) 104 (32.6) 107 (25.4) 60 (23.3) 19 (20.0)
Diet advice & injections 5 (19.2) 12 (16.4) 7 (6.4) 9 (6.8) 12 (3.8) 4 (1.0) 4 (1.6) 1 (1.1)

Table 3. Age-specific hazard ratios for all-cause mortality according to duration of prior diabetes, time since prior
MI, and time since prior stroke. Number of deaths and duration of follow-up in person-years for each stratum are
shown. HR � hazard ratio, CI � confidence interval.

Duration
(years) Deaths Person-years HR (95% CI)

Prior
Diabetes

non
diabetic

4622 110 235.6 1.00 (ref)

�5 24 1176.0 0.93 (0.61 � 1.39)
5–9 144 3398.9 1.37 (1.15 � 1.62)
10–14 222 3752.4 1.35 (1.18 � 1.55)
15–19 170 2457.8 1.42 (1.22 � 1.66)
20–24 118 1385.1 1.75 (1.45 � 2.11)
25–29 64 731.8 1.72 (1.34 � 2.21)
30� 78 895.5 1.76 (1.40 � 2.20)

Prior MI no MI 4744 113 421.6 1.00 (ref)
�5 31 470.3 2.31 (1.61 � 3.30)
5–9 76 1805.1 1.31 (1.04 � 1.65)
10–14 142 2692.8 1.27 (1.07 � 1.51)
15–19 169 2510.4 1.41 (1.21 � 1.65)
20–24 140 1745.8 1.63 (1.37 � 1.93)
25–29 88 959.9 1.67 (1.34 � 2.06)
30� 52 427.2 1.81 (1.37 � 2.38)

Prior Stroke no Stroke 4901 117 115.1 1.00 (ref)
�5 28 721.3 1.18 (0.81 � 1.71)
5–9 134 1891.3 1.77 (1.48 � 2.10)
10–14 172 1938.8 1.62 (1.39 � 1.89)
15–19 108 1218.3 1.47 (1.21 � 1.78)
20–24 62 661.0 1.59 (1.24 � 2.05)
25–29 25 347.0 1.01 (0.68 � 1.50)
30� 12 140.5 1.26 (0.71 � 2.23)

Adjusted for smoking, education, alcohol use, exercise, BMI, hypertension, and cholesterol.
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mortality and mortality from MI in these older men. How-
ever increasing duration of diabetes was associated with
progressively higher mortality from stroke. The increased
incidence of fatal and nonfatal MI and stroke events was
stable with increasing diabetes duration. Prior MI and
stroke were associated with excess mortality risk; and with
increased incidence of subsequent MI and stroke peaking
at 10–20 years following the initial event. These results are
consistent with diabetes being a duration-dependent risk
factor for cardiovascular events in older men, which in-
fluences risk differently from prior MI or stroke.

Type 2 diabetes is a recognized predictor of mortality
from all causes including from CVD (4–7). However, the
evolution of diabetes-attributable risk over time remains
unclear. In a study of 14 374 adults aged 25–74 years,
age-adjusted mortality was higher for those with diabetes
duration � 15 years compared to 5–14 or � 5 years, but
the relative mortality risk attributable to diabetes was
lower in 65–74 year-old men and highest in 25–44 year
olds (4). Another study reported a higher absolute mor-
tality rate for the diabetic compared with the nondiabetic
population, with the increased relative mortality risk in

diabetic adults diminishing by the age of 75 years (20). The
AusDiab study reported increasing mortality over time,
with a steeper gradient for adults with diabetes and ele-
vated mortality risk in both 45–64 and � 65 year olds
(21). Therefore it was unclear whether increasing duration
of diabetes continues to contribute to increased mortality
in older adults, or whether this was overwhelmed by the
age-associated increase in mortality rate.

The difficulty in dissecting out the contribution of di-
abetes duration to the risk of macrovascular events is two-
fold. Firstly, age, age at onset of diabetes and duration of
diabetes are inter-related, as age is the sum of the other two
variables (22). Secondly, duration of diabetes increases
linearly with age. Therefore, these variables cannot be
modeledas independent factors.Usinganage-specificHR,
we found in older men consistent and stable increases in
risk of mortality, MI and stroke attributable to diabetes
with duration of five years or more. There was no decline
in the age-specific mortality relative to nondiabetic men
with increasing duration of diabetes, suggesting that the
influence of diabetes on mortality risk does not diminish
with age. Thus, models in which the excess in diabetes-
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Figure 1. Relative risk of MI-specific mortality (A-C) and incident fatal or nonfatal MI (D-F) according to diabetes duration (A,D), interval since first
MI (B,E) and interval since first stroke (C,F). The age-specific hazard is shown, adjusted for smoking, education, alcohol use, exercise, BMI,
hypertension, and cholesterol. 95% confidence intervals are portrayed as dotted lines.
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attributable mortality narrows with increasing age may
reflect the diminishing life expectancy of older adults
rather than a more benign course of diabetes. Our results
differ from trends observed for the contribution of other
risk factors to CVD-related deaths. For instance, the Pro-
spective Studies Collaboration reported that increasing
total cholesterol levels correlated with increased HR for
mortality from ischemic heart disease; at increasing age
strata the absolute HR was higher but the gradient of the
slope was less pronounced (23). The contribution of this
risk factor was attenuated in the oldest subjects who have
the highest background risk. In our study, the increase in
deaths and macrovascular events manifests relatively soon
after the diagnosis of diabetes and the influence of diabetes
on these outcomes is stable and durable even in older men.

These results contrast with findings from the Framing-
ham Heart Study in 588 adults with diabetes and a mean
age of 59 years in which risk of CHD death was increased
per 10-year increase in duration of diabetes, but all-cause
mortality was not (24). In a prospective study of 4045 men
aged 60–79 years followed for 9 years, men with later
onset of diabetes (diagnosed at � 60 years, corresponding

to duration of 4.9 years) had a CHD risk approximately
half that of men with earlier onset of diabetes (diagnosed
at � 60 years, corresponding to duration of 16.7 years)
(25). These studies identified either an earlier onset of di-
abetes or an extended duration of disease as a CHD risk
factor. Our results indicate that, in older men, at any given
age there is increased risk of death from any cause as well
as MI attributable to diabetes for duration greater than
five years. The increased risk for death from any cause
remains stable and does not diminish with further in-
creases in diabetes duration.

Analysis of risk according to duration of exposure pro-
vides additional information on the comparability of di-
abetes to prior MI as predictors for subsequent cardio-
vascular events. Previous studies have postulated the
equivalence of diabetes to prior MI as a predictor of car-
diovascular-related mortality (26, 27). However, other
studies indicated a greater influence of prior MI compared
to diabetes for CHD-related mortality or events (28, 29).
The Health Professionals Study of 51 316 men aged
40–75 years reported lower relative risks for fatal CHD in
men with diabetes compared to nondiabetic men with MI
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Figure 2. Relative risk of stroke-specific mortality (A-C) and incident fatal or nonfatal stroke (D-F) according to diabetes duration (A,D), interval
since first MI (B,E) and interval since first stroke (C,F). The age-specific hazard is shown, adjusted for smoking, education, alcohol use, exercise,
BMI, hypertension, and cholesterol. 95% confidence intervals are portrayed as dotted lines.
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(28). In that study the relative risks for all-cause mortality
were comparable for both groups. Lee et al followed
13 790 adults aged 45–64 years from the Atherosclerosis
Risk in Communities Study for an average of nine years,
finding an almost two-fold higher risk of fatal or nonfatal
MI for those with MI and no diabetes compared to those
with diabetes (29). Our results indicate that the contribu-
tions of diabetes and prior MI to subsequent CVD event
risk differ not only in magnitude but also over the course
of time following the diagnosis of diabetes, MI or stroke.

In our study diabetes was associated with a modest
increase in the age-specific risk of MI-specific mortality
and MI events in men, which was apparent after five years
diabetes duration and stable thereafter. By contrast, prior
MI was associated with a larger age-specific risk of MI-
related deaths and events, and this peaked 15–20 years
after the initial MI and subsequently declined. These find-
ings extend the previous report by Vaccaro et al in which
age-adjusted mortality risk in middle-aged men with dia-
betes was consistently lower compared to men with prior
MI over an extended duration of follow-up (30). Our re-
sults contrast with the study by Pajunen et al in in which
diabetes conferred a lower risk than prior MI in men
aged � 64 years, but a slightly higher risk in men aged �

65 years (31). However, in that study the numbers of men
in the 65–74 year age stratum was limited.

Zoungas and colleagues recently reported an associa-
tion of diabetes duration with the risk of macrovascular
events, microvascular events and death in participants in
the ADVANCE trial (32). In that study, age or age at
diagnosis and diabetes duration were related to study out-

comes and all participants had type 2 diabetes as an in-
clusion criterion for the parent trial. Our approach differs
as we studied a population-based cohort of older men,
allowing us to assess the excess risk attributable to diabe-
tes and the influence of diabetes duration on deaths, MI
and stroke compared to men without diabetes. Further-
more, we compared associations of diabetes, prior MI and
prior stroke with these outcomes according to duration of
time elapsed since the diagnosis of diabetes, and the oc-
currence of first MI or stroke.

We found that MI was a relatively weak predictor of
subsequent stroke, and vice versa. This may reflect the
differing aetiologies of these events and differences in the
underlying vascular territories. MI involves ischemic
events due to unstable atherosclerotic plaque and throm-
bosis in coronary arteries, while stroke can be either isch-
emic or hemorrhagic, and involves events arising in extra-
and intra-cranial arteries which exhibit differences in
anatomy, physiology and responses to risk factors (33,
34). Of note, increasing diabetes duration predicted a pro-
gressively increased risk of mortality from stroke, and a
stable increase in stroke events. The finding that diabetes-
associated risk of subsequent MI or stroke did not dimin-
ish with increasing duration of diabetes compared to the
peak in corresponding event risk 15 years after the initial
MI or stroke is of interest. This may reflect differences in
modulation of vascular pathophysiology by diabetes (35)
or possibly greater success of medical therapy for second-
ary prevention of MI and stroke (36). Improvements in
management of risk factors and overall medical care may
be contributing to a narrowing in the mortality gap be-
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Figure 3. Relative risk of MI-specific mortality (A), incident fatal or nonfatal MI (B), stroke-specific mortality (C) and incident fatal of nonfatal
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tween diabetic and nondiabetic individuals (37, 38), yet
extended duration of diabetes remains a contributor to
macrovascular events in the older demographic where its
prevalence is highest.

Strengths of our study include the large, population-
based sample, the focus on older men, the extended period
of follow-up, the characterization of comorbidities allow-
ing adjustment for other CVD risk factors in the analyses
and the integrity of the follow-up using data linkage via the
WADLS. Because the WADLS captures outcomes for the
entire state of Western Australia and few men of this age
emigrate, loss to follow-up due to cross-boundary flows is
minimal (17). As age is the sum of age at onset and dura-
tion of diabetes, we used age-specific hazard as the basis
for the analysis and duration of diabetes as the indepen-
dent variable, tabulating HR and CI. This approach offers
a means to dissect out the association of duration of dia-
betes to outcomes of interest at any given age. Adjustment
was made for other variables such as smoking, hyperten-
sion and hypercholesterolemia which could influence risk
of MI or stroke (39). We compared duration of diabetes
and interval of time since an initial MI or stroke, allowing
us to assess exposure over time to these three distinct con-
ditions. We acknowledge several limitations of our work.
Our study was observational in nature, therefore causa-
tion cannot be defined and there may be confounding from
unknown or unmeasured variables. Diagnoses of diabetes,
duration of disease and medications used to treat diabetes
were based on self-report, and the questionnaire did not
specify whether men were told they had type 1 or type 2
diabetes. Therefore, age of onset of diabetes may not have
been recalled accurately. While we did not seek verifica-
tion from treating physicians, we expect misclassification
of exposure to be nondifferential with respect to the out-
comes which would have attenuated the observed associ-
ations. Effect estimates may be less reliable at longer du-
ration of diabetes and intervals since prior MI or prior
stroke, as there are fewer men in these strata and hence
wider confidence intervals. Most of these men would have
had type 2 diabetes, with only a small minority requiring
insulin whether for �-cell failure or to optimize glycemic
control (40). Men who had type 1 diabetes would have
been on insulin therapy and exclusion of men receiving
insulin did not alter the findings. We did not collect blood
samples during recruitment in 1996–99, thus could not
measure HbA1c. However, a previous study in Western
Australia reported that older adults with diabetes tended
to have satisfactory HbA1c levels (41). The HIMS cohort
is almost entirely Caucasian therefore additional studies
are required to extend our findings to other populations.
Finally we cannot comment on the influence of diabetes
duration on these outcomes in women.

In conclusion, our results indicate that in men, diabetes
continues to function as either a marker for or a contrib-
utor to macrovascular events and mortality even in ad-
vanced old age. Increased longevity does not protect
against the higher risk of death, MI and stroke associated
with diabetes, once diabetes has been present for longer
than five years. Current guidelines support careful per-
sonalisation of glucose-lowering therapy in older persons
living with diabetes; and our findings indicate the risks of
macrovascular disease do not diminish with increasing
duration of disease. Additional research is warranted to
investigate how diabetes makes distinct contributions to
the pathophysiology of MI and stroke in the elderly and to
explore the scope for improving stroke prophylaxis in
older men with longer duration of diabetes.

Acknowledgments

We thank the staff and management of Shenton Park Hospital
for their support of the study, and the Data Linkage Unit, Health
Department of Western Australia for their assistance. We espe-
cially thank all the men and staff who participated in the Western
Australian Abdominal Aortic Aneurysm Program and the
Health In Men Study.

Address all correspondence and requests for reprints to: Bu
Beng Yeap MBBS, PhD, School of Medicine and Pharmacology,
level 2, T Block, Fremantle Hospital, Alma Street, Fremantle,
WA 6160, Australia, Tel: �61 8 9431 3229, Fax: �61 8 9431
2977, Email: byeap@cyllene.uwa.edu.au.

This work was supported by Funding: The Health In Men
Study was funded by Project Grants 279 408, 379 600, 403 963,
513 823, 634 492, 1 045 710 and 1 060 557 from the National
Health and Medical Research Council of Australia. BBY is re-
cipient of a Clinical Investigator Award from the Sylvia and
Charles Viertel Charitable Foundation, New South Wales, Aus-
tralia. JG is supported by fellowships and grants from the
NHMRC, Queensland Government and Townsville Hospital
Private Practice Fund. The funding sources had no involvement
in the planning, analysis and writing of the manuscript.

Disclosures: The authors declare that there is no conflict of
interest that could be perceived as prejudicing the impartiality of
the research reported.

References

1. Danaei G, Finucane MM, Lu Y, Singh GM, Cowan MJ, Paciorek CJ,
Lin JK, Farzadfar F, Khang Y-H, Stevens GA, Rao M, Ali MK, Riley
LM, Robinson CA, Ezzati M. National, regional, and global trends
in fasting plasma glucose and diabetes prevalence since 1980: sys-
tematic analysis of health examination surveys and epidemiological
studies with 370 country-years and 2.7 million participants. Lancet.
2011;378:31–40.

2. Kirkman MS, Briscoe VJ, Clark N, Florez H, Haas LB, Halter JB,
Huang ES, Korytowski MT, Munshi MN, Odegard PS, Pratley RE,

doi: 10.1210/jc.2014-3339 jcem.endojournals.org 9

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 18 January 2015. at 21:27 For personal use only. No other uses without permission. . All rights reserved.

mailto:byeap@cyllene.uwa.edu.au


Swift CS. Diabetes in older adults. Diabetes Care. 2012;35:2650–
2664.

3. World Health Organisation. Diabetes. (Fact sheet No. 312) WHO,
2011;.

4. Gu K, Cowie CC, Harris MI. Mortality in adults with and without
diabetes in a national cohort of the U.S. population, 1971–1993.
Diabetes Care. 1998;21:1138–1145.

5. Saydah SH, Eberhardt MS, Loria CM, Brancati FL. Age and burden
of death attributable to diabetes in the United States. Am J Epide-
miol. 2002;156:714–719.

6. Campbell PT, Newton CC, Patel AV, Jacobs EJ, Gapstur SM. Di-
abetes and cause-specific mortality in a prospective cohort of one
million U.S. adults. Diabetes Care. 2012;35:1835–1144.

7. The Emerging Risk Factors Collaboration. Diabetes Mellitus, fast-
ing glucose, and risk of cause-specific death. N Engl J Med. 2011;
364:829–841.

8. Gregg EW, Li Y, Wang J, Burrows NR, Ali MK, Rolka D, Williams
DE, Geiss L. Changes in diabetes-related complications in the United
States, 1990–2010. New Engl J Med. 2014;370:1514–1523.

9. Shah AS, Dolan LM, Kimball TR, Gao Z, Khoury PR, Daniels SR,
Urbina EM. Influence of duration of diabetes, glycemic control, and
traditional cardiovascular risk factors on early atherosclerotic vas-
cular changes in adolescents and young adults with type 2 diabetes
mellitus. J Clin Endocrinol Metab. 2009;94:3740–3745.

10. Holman RR, Paul SK, Bethel A, Matthews DR, Neil HAW. 10-year
follow-up of intensive glucose control in type 2 diabetes. N Engl
J Med. 2008;359:1577–1589.

11. The Action to Control Cardiovascular Risk in Diabetes Study
Group. Effect of intensive glucose lowering in type 2 diabetes.
N Engl J Med. 2008;358:2545–2559.

12. The ADVANCE Collaborative Group. Intensive blood glucose con-
trol and vascular outcomes in patients with type 2 diabetes. N Engl
J Med. 2008;358:2560–2572.

13. Duckworth W, Abraira C, Moritz T, Reda D, Emanuele N, Reaven
PD, Zieve FJ, Marks J, Davis SN, Hayward R, Warren SR, Goldman
S, McCarren M, Vitek ME, Henderson WG, Huang GD. Glucose
control and vascular complications in veterans with type 2 diabetes.
N Engl J Med. 2009;360:129–139.

14. Inzucchi SE, Bergenstal RM, Buse JB, Diamant M, Ferrannini E,
Nauck M, Peters AL, Tsapas A, Wender R, Matthews DR. Man-
agement of hyperglycemia in type 2 diabetes: a patient-centered
approach. Diabetes Care. 2012;35:1364–1379.

15. Norman PE, Jamrozik K, Lawrence-Brown MM, Le MT, Spencer
CA, Tuohy RJ, Parsons RW, Dickinson JA. Population based ran-
domised controlled trial on impact of screening on mortality from
abdominal aortic aneurysm. BMJ. 2004;329:1259.

16. Norman PE, Flicker L, Almeida OP, Hankey GJ, Hyde Z, Jamrozik
K. Cohort Profile: The Health In Men Study (HIMS). Int J Epide-
miol. 2008;38:48–52.

17. Holman CD, Bass AJ, Rosman DL, Smith MB, Semmens JB, Glas-
son EJ, Brook EL, Trutwein B, Rouse IL, Watson CR, de Klerk NH,
Stanley FJ. A decade of data linkage in Western Australia: strategic
design, applications and benefits of the WA data linkage system.
Aust Health Rev. 2008;32:766–777.

18. Barr ELM, Tonkin AM, Welborn TA, Shaw JE. Validity of self-
reported cardiovascular disease events in comparison to medical
record adjudication and a statewide hospital morbidity database:
the AusDiab study. Intern Med J. 2009;39:49–53.

19. Fine JP, Gray RJ. A proportional hazards model for the subdistri-
bution of a competing risk. J Am Stat Assoc. 1999;94:496–509.

20. Morgan CLL, Currie CJ, Peters JR. Relationship between diabetes
and mortality. Diabetes Care. 2000;23:1103–1107.

21. Barr ELM, Zimmet PZ, Welborn TA, Jolley D, Magliano DJ, Dun-
stan DW, Cameron AJ, Dwyer T, Taylor HR, Tonkin AM, Wong
TY, McNeil J, Shaw JE. Risk of cardiovascular and all-cause mor-
tality in individuals with diabetes mellitus, impaired fasting glucose,
and impaired glucose tolerance. Circulation. 2007;116:151–157.

22. Idris I. Diabetes and cardiovascular risk equivalency: do age at di-

agnosis and disease duration affect risk stratification? Arch Intern
Med. 2011;171:410–411.

23. Prospective Studies Collaboration. Blood cholesterol and vascular
mortality by age, sex, and blood pressure: a meta-analysis of indi-
vidual data from 61 prospective studies with 55,000 vascular deaths.
Lancet. 2007;370:1829–1839.

24. Fox CS, Sullivan L, D’Agostino RB, Wilson PWF. The significant
effect of diabetes duration on coronary heart disease mortality. The
Framingham Study. Diabetes Care. 2004;27:704–708.

25. Wannamethee SG, Shaper AG, Whincup PH, Lennon L, Sattar N.
Impact of diabetes on cardiovascular disease risk and all-cause mor-
tality in older men. Arch Intern Med. 2011;171:404–410.

26. Haffner SM, Lehto S, Ronnemaa T, Pyorala K, Laakso M. Mortality
from coronary heart disease in subjects with type 2 diabetes and in
nondiabetic subjects with and without prior myocardial infarction.
N Engl J Med. 1998;339:229–234.

27. Schramm TK, Gislason GH, Kober L, Rasmussen S, Rasmussen JN,
Abildstrom SZ, Hansen ML, Folke F, Buch P, Madsen M, Vaag A,
Torp-Pedersen C. Diabetes patients requiring glucose-lowering
therapy and non-diabetics with a prior myocardial infarction carry
the same cardiovascular risk. Circulation. 2008;117:1945–1954.

28. Cho E, Rimm EB, Stampfer MJ, Willett WC, Hu FB. The impact of
diabetes mellitus and prior myocardial infarction on mortality from
all causes and from coronary heart disease in men. J Am Coll Car-
diol. 2002;40:954–960.

29. Lee CD, Folsom AR, Pankow JS, Brancati FL. Cardiovascular events
in diabetic and nondiabetic adults with or without history of myo-
cardial infarction. Circulation. 2004;109:855–860.

30. Vaccaro O, Eberly LE, Neaton JD, Yang L, Riccardi G, Stamler J.
Impact of diabetes and previous myocardial infarction on long-term
survival. Arch Intern Med. 2004;164:1438–1443.

31. Pajunen P, Koukkunen H, Ketonen M, Jerkkola T, Immonen-Raiha
P, Karja-Koskenkari P, Kuulasmaa K, Palomaki P, Mustonen J,
Lehtonen A, Arstila M, Vuorenmaa T, Lehto S, Miettinen H, Tor-
ppa J, Tuomilehto J, Kesaniemi YA, Pyorala K, Salomaa V. Myo-
cardial infarction in diabetic and non-diabetic persons with and
without prior myocardial infarction: the FINAMI Study. Diabeto-
logia. 2005;48:2519–2524.

32. Zoungas S, Woodward M, Li Q, Cooper ME, Hamet P, Harrap S,
Heller S, Marre M, Patel A, Poulter N, Williams B, Chalmers J.
Impact of age, age at diagnosis and duration of diabetes on the risk
of macrovascular and microvascular complications and dath in type
2 diabetes. Diabetologia. 2014;57:2465–2474.

33. Majesky MW. Developmental basis of vascular smooth muscle di-
versity. Arterioscler Thromb Vasc Biol. 2007;27:1248–1258.

34. Kim JS, Nah H-W, Park SM, Kim S-K, Cho KH, Lee J, Lee Y-S, Kim
J, Ha S-W, Kim E-G, Kim D-E, Kang D-W, Kwon SU, Yu K-H, Lee
B-C. Risk factors and stroke mechanisms in atherosclerotic stroke.
Stroke. 2012;43:3313–3318.

35. Williams KJ. Editorial: The mystery – and importance – of diabetic
atherosclerotic vascular disease. J Clin Endocrinol Metab. 2002;87:
33–34.

36. Ankam J, Feldman DI, Blaha MJ, Martin SS. Improving lipid control
following myocardial infarction. Curr Opin Cardiol. 2014;29:454–
468.

37. Dale AC, Vatten LJ, Nilsen TI, Midthjell K, Wiseth R. Secular de-
cline in mortality from coronary heart disease in adults with diabetes
mellitus: cohort study. BMJ. 2008;337:a236.

38. Nauta ST, Deckers JW, Akkerhuis KM, Van Domburg RT. Short-
and long-term mortality after myocardial infarction in patients with
and without diabetes. Diabetes Care. 2012;35:2043–2047.

39. Zhao W, Katzmarzyk PT, Horswell R, Wang Y, Johnson J, Cefalu
WT, Ryan DH, Hu G. Blood pressure and stroke risk among diabetic
patients. J Clin Endocrinol Metab. 2013;98:3653–3662.

40. Halban PA, Polonsky KS, Bowden DW, Hawkins MA, Ling C,
Mather KJ, Powers AC, Rhodes CJ, Sussel L, Weir GC. �-cell failure
in Type 2 diabetes: postulated mechanisms and prospects for pre-

10 Diabetes, myocardial infarction and stroke J Clin Endocrinol Metab

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 18 January 2015. at 21:27 For personal use only. No other uses without permission. . All rights reserved.



vention and treatment. J Clin Endocrinol Metab. 2014;99:1983–
1992.

41. Bruce DG, Davis WA, Davis TME. Glycemic control in older sub-

jects with Type 2 diabetes mellitus in the Fremantle Diabetes Study.
J Am Geriatr Soc. 2000;48:1449–1453.

doi: 10.1210/jc.2014-3339 jcem.endojournals.org 11

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 18 January 2015. at 21:27 For personal use only. No other uses without permission. . All rights reserved.


