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Abstract
Background: Guidelines and studies provide conflicting information on whether 
type 2 diabetes (T2D) should be considered a coronary heart disease risk (CHD) 
equivalent in older adults.
Methods: We synthesized participant-level data on 82,723 individuals aged 
≥65 years from five prospective studies in two-stage meta-analyses. We estimated 
multivariable-adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) 
of T2D (presence versus absence) on a primary composite outcome defined as 
cardiovascular events or all-cause mortality. Secondary outcomes were the com-
ponents of the composite. We evaluated CHD risk equivalence by comparing out-
comes between individuals with T2D but no CHD versus CHD but no T2D.
Results: The median age of participants was 71 years, 20% had T2D and 17% had 
CHD at baseline. A total of 29,474 participants (36%) experienced the composite 
outcome. Baseline T2D was associated with higher risk of cardiovascular events 
or all-cause mortality versus no T2D (HR 1.44, 95% CI [1.40–1.49]). The associa-
tion was weaker in individuals aged ≥75 years versus 65–74 years (HR 1.32 [1.19–
1.46] vs. 1.56 [1.50–1.62]; p-value for interaction = .032). Compared to individuals 
with CHD but no T2D, individuals with T2D but no CHD had a similar risk of 
the composite outcome (HR 0.95 [0.85–1.07]), but a lower risk of cardiovascular 
events (HR 0.76 [0.59–0.98]).
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1   |   INTRODUCTION

Almost 20% of adults aged 65 years and older are estimated 
to be living with diabetes worldwide.1 Type 2 diabetes 
(T2D) is estimated to increase the risk for cardiovascular 
disease (CVD) and all-cause mortality by a factor between 
2 and 4 in the general population.2,3 However, the strength 
of the association in older adults (≥65 years) is less clear. 
The American Heart Association, American College of 
Cardiology and American Geriatrics Society have high-
lighted the need for clinical studies that better represent 
the broad spectrum of older adults and address knowledge 
gaps in the prognosis and CVD risk stratification in the 
older population.4 In fact, existing meta-analyses were lim-
ited to patients without established CVD and it is unclear 
whether the association between T2D and CVD or mortal-
ity may differ between those with and without preexisting 
CVD within older age groups.2,5 Evidence on differences 
by gender within older age groups is also sparse. While a 
meta-analysis evaluated sex-differences in cardiovascular 
mortality for patients with T2D in older age groups, non-
fatal CVD was not included and the population was again 
limited to patients without established CVD.5 Moreover, 
existing meta-analyses are primarily based on data from 
the early 2000s or older while important advances in dia-
betes management and CVD prevention have been made 
since then.2,5

In particular, it is controversial whether older adults 
with diabetes have a CVD risk similar to that of older 
adults with established coronary heart disease (CHD). 
While some current guidelines consider T2D to be a CHD 
equivalent in terms of CVD risk assessment,6,7 evidence 
on whether T2D confers a similar risk of CVD as estab-
lished CHD is conflicting with regards to older adults.8–11 
Limitations of previous studies on older adults included 
the exclusion of nonfatal CVD events,9 the absence of 

cause-specific mortality data,10 and a focus on gender-
specific study populations.11 A better understanding of 
the association between T2D and CVD and all-cause mor-
tality in older adults may contribute to improved CVD risk 
stratification of older individuals with T2D.

Pooling individual participant data from multiple stud-
ies is one powerful strategy to address these questions as it 
increases statistical power over single studies, while allow-
ing for harmonization of variable definitions and analysis 
methods across studies.12 Therefore, we pooled individual 
participant data from five prospective studies that were not 
included in previous meta-analyses to clarify the associa-
tion between T2D and CVD events and all-cause mortality, 
and the status of T2D as a CHD risk equivalent, in older 
adults aged ≥65 years. We further aimed to evaluate these 
associations across subgroups of age (65–74 vs. ≥75 years), 
gender and presence of established CVD. Additionally, we 
evaluated the association between HbA1c values and CVD 
events and all-cause mortality in this population.

2   |   METHODS

2.1  |  Study population

We included individual participant data from five pro-
spective studies conducted in the United States (US) and 
Europe: the Cohorte Lausannoise (CoLaus) study, a Swiss 
population-based cohort study of 6188 individuals aged 
35–75 years of which 915 participants aged ≥65 years were 
included13; the Health, Aging, and Body Composition 
(Health ABC) study, a US population-based cohort study of 
3075 community-dwelling individuals aged 70–79 years14; 
the Health and Retirement Study (HRS), a US longitudi-
nal panel study of over 37,000 individuals aged ≥50 years of 
which 16,781 participants aged ≥65 years were included15; 
the Optimising Therapy to Prevent Avoidable Hospital 

Number: HHSN271201300071C, IAG_
BSR06-11, N01-AG-6-2101, N01-AG-
6-2103, N01-AG-6-2106, OGHA_04-064, 
P01_AG005842, P01_AG08291, 
P30_AG12815, R01-AG028050, 
R21_AG025169, RAG052527A, 
U01AG009740, U01_AG09740-13S2 and 
Y1-AG-4553-01; Bundesministerium für 
Bildung und Forschung; Directorate-
General for Employment, Social 
Affairs and Inclusion, Grant/Award 
Number: 2015/0195, 2016/0135, 
2018/0285, 2019/0332 and 2020/0313; 
Staatssekretariat für Bildung, Forschung 
und Innovation, Grant/Award Number: 
15.0137; Max-Planck-Gesellschaft

Conclusions: T2D was associated with increased risk of cardiovascular events 
and all-cause mortality in older adults, but T2D without CHD conferred lower 
risk of cardiovascular events compared to CHD without T2D. Our results suggest 
that T2D should not be considered a CHD risk equivalent in older adults.
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Admissions in Multimorbid Older People (OPERAM) 
study, a multicentre randomized controlled trial assess-
ing the effectiveness of a computer software in reducing 
drug-related hospital admissions of 2008 participants 
aged ≥70 years with multimorbidity and polypharmacy in 
four European countries of which 1980 participants with 
follow-up data were included (this study was analysed as 
a cohort, as done previously,16 that is, both randomization 
arms were included given that there were no differences 
in drug-related hospitalizations and all-cause mortal-
ity after 1 year)17; and the Survey of Health, Ageing and 
Retirement in Europe (SHARE), a longitudinal panel study 
on over 140,000 individuals aged ≥50 years in 27 European 
countries and Israel of which 59,972 participants aged 
≥65 years were included.18,19 Studies are briefly described 
in the Appendix S1. All studies received ethical approval 
and obtained participant's informed consent. The pro-
tocol of the current study was approved by the cantonal 
ethics committee in Bern, Switzerland and is available on 
medRxiv.20

For the current analysis, we included participants aged 
65 years and older at baseline (see the Appendix  S1 for 
definitions of baseline for each study). Participants with 
type 1 diabetes were excluded. Figures S1 and S2 present 
flow diagrams of participant selection.

2.2  |  Definition of exposures

Baseline T2D was defined using any of the following cri-
teria: (i) Self-reported diabetes diagnosis or ascertained 
from medical records; (ii) Self-reported diabetes medica-
tion use or ascertained from medical records; (iii) Diabetes 
according to diagnostic criteria by the American Diabetes 
Association: HbA1c >6.5% (48 mmol/mol), fasting glu-
cose 126 mg/dL (≥7 mmol/L) or oral glucose tolerance test 
measurement 200 mg/dL (≥11 mmol/L).21 Baseline CHD, 
defined variably across studies, included at least myocar-
dial infarction or angina (see Table S1 for details).

2.3  |  Definition of outcomes

The primary outcome was a composite of time to CVD 
event (nonfatal myocardial infarction, nonfatal stroke or 
cardiovascular death) or all-cause mortality. We included 
all-cause mortality rather than CVD-related death alone 
given that older adults are at high mortality risk from var-
ious causes. The time-to-event analysis was censored at 
the time of the earliest occurrence of a CVD event, death, 
loss to follow-up or end of follow-up. Secondary outcomes 
were the components of the composite, that is, CVD 
events and all-cause mortality.

2.4  |  Statistical analysis

We imputed missing exposure and covariate data for each 
study using multiple imputation by chained equations 
and produced 20 complete datasets. Coefficients from sur-
vival models described below were combined across the 
imputed datasets using Rubin's rules.22

To assess the association between T2D and CVD events 
and all-cause mortality, we produced study-specific cu-
mulative incidence curves stratified by T2D status and 
performed a two-stage meta-analysis to estimate the as-
sociation. We estimated hazard ratios (HR) and 95% con-
fidence intervals (CIs) by fitting proportional hazards 
flexible parametric survival models (“Royston-Parmar” 
models) in each study.23 For the CVD events outcome, a 
cause-specific cumulative incidence function competing-
risk model was used with non-CVD death considered as 
a competing event.24 Study-specific HRs were combined 
using a random effects meta-analysis25 and displayed with 
forest plots. We quantified heterogeneity using I2, τ2 and 
via prediction intervals.

For the assessment of CHD risk equivalence, we cat-
egorized participants into four groups based on baseline 
presence of T2D and CHD: (i) no T2D or CHD, (ii) T2D 
but no CHD, (iii) CHD but no T2D and (iv) both T2D and 
CHD. We produced study-specific cumulative incidence 
curves stratified by participant group and computed HRs 
for individuals with T2D but no CHD versus CHD but no 
T2D using the same methods described above.

Descriptions of the additional analyses on the associ-
ation between HbA1c and outcomes are available in the 
Appendix S1.

All models were adjusted for established CVD risk 
factors including age, gender, body mass index, smoking, 
alcohol consumption, prior CVD, as well as use of anti-
hypertensive and cholesterol-lowering drugs (including 
statins). Covariate definitions (Table  S2) and details on 
splines modelling for continuous variables (Appendix S1) 
are described in the Supplement. For the analyses on CHD 
risk equivalence, adjustment was made for prior stroke in-
stead of prior CVD.

We conducted prespecified subgroup analyses by age 
(<75 years vs. ≥75 years), gender (women vs. men) and 
prior CVD (yes vs. no). Effect modification was assessed 
by meta-analysing study-specific interaction terms of the 
exposure with the subgroup variables. We performed a 
series of prespecified and post hoc sensitivity analyses to 
assess robustness of our findings and explore potential 
sources of heterogeneity due to diabetes treatment and di-
abetes duration. Details are available in the Appendix S1.

Analyses were performed using R statistical software 
version 4.3.2. R packages used to conduct the analyses are 
listed in the Appendix S1.
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3   |   RESULTS

We included individual participant data from a total of 
82,723 participants. Study characteristics are summarized in 
Table 1. Median age across studies was 71 years (range: 65–
104) and 55% of participants were women. At baseline, 20% 
of participants had T2D, 26% had CVD and 17% had CHD. 
Overall, across all studies, a total of 465,038 person-years 
of follow-up were accumulated. During follow-up, 29,474 
(36%) participants experienced the composite outcome. 
Additionally, 14,112 (17%) and 24,941 (30%) participants ex-
perienced the outcomes of CVD events and all-cause mor-
tality, respectively. Baseline characteristics by diabetes status 
and for the analyses on HbA1c are presented in Tables S3 
and S4, respectively. The proportion of missing data for each 
variable and descriptive statistics of baseline characteristics 
after imputation are summarized in Table S5.

3.1  |  Type 2 diabetes and cardiovascular 
disease events and all-cause mortality

Cumulative incidence curves for the composite out-
come are shown in Figure S3. The incidence rate per 100 

person-years ranged from 4.1 (CoLaus) to 26.0 (OPERAM) 
in individuals without T2D and from 6.3 (CoLaus) to 33.8 
(OPERAM) in individuals with T2D (Table S6).

We found strong evidence that T2D was associated with 
increased risk of CVD events or all-cause mortality (HR 
1.44, 95% CI 1.40–1.49; Figure 1A). There was no evidence 
of heterogeneity across studies. T2D was also associated 
with increased risk of both components of the composite 
outcome. The HR was 1.34 (95% CI 1.25–1.43; Figure 1B) 
for CVD events and 1.48 (95% CI 1.41–1.56; Figure 1C) for 
all-cause mortality.

We found evidence for effect modification by age 
(<75 years vs. ≥75 years old) on the relative effect scale 
(p-value for interaction = .032; Figure  2A). Although the 
risk of CVD events or all-cause mortality was increased 
in both age groups, the association was stronger for in-
dividuals aged 65–74 years (HR 1.56, 95% CI 1.50–1.62; 
Figure S4A) compared to those aged ≥75 years at baseline 
(HR 1.32, 95% CI 1.19–1.46; Figure S4B). We also found 
evidence for a difference by age for the CVD events out-
come (p-value for interaction <.001; Table S7). There was 
also evidence suggesting an interaction with gender on 
the composite outcome (HR in men: 1.41, 95% CI 1.36–
1.47; HR in women: 1.47, 95% CI 1.40–1.55; p-value for 

T A B L E  1   Study characteristics at baseline of adults ≥65 years old.

Characteristics
CoLaus 
(N = 915)

HealthABC 
(N = 3075)

HRS 
(N = 16,781)

OPERAM 
(N = 1980)

SHARE 
(N = 59,972)

Overall 
(N = 82,723)

Age, years 70 [65, 75] 73 [68, 80] 71 [65, 104] 79 [70, 99] 70 [65, 104] 71 [65, 104]

Women 490 (53.6%) 1584 (51.5%) 9687 (57.7%) 883 (44.6%) 32,741 (54.6%) 45,385 (54.9%)

Type 2 diabetes 124 (13.6%) 719 (23.4%) 4573 (27.3%) 634 (32.0%) 10,097 (16.8%) 16,147 (19.5%)

Diabetes duration, years 0 [0, 34] 3 [0, 69] 9 [0, 86] 13 [0, 47] 11 [0, 92] 10 [0, 92]

Current smoker 164 (17.9%) 318 (10.3%) 1778 (10.6%) 157 (7.9%) 5550 (9.3%) 7967 (9.6%)

Weekly alcohol 
consumption, g ethanol

55 [0, 836] 0 [0, 392] 0 [0, 1760] 0 [0, 770] 8 [0, 5005] 4 [0, 5005]

BMI, kg/m2 26.2 [15.5, 51.7] 26.9 [14.6, 52.0] 28.1 [11.0, 78.0] 26.2 [13.2, 98.0] 26.5 [12.5, 98.6] 26.8 [11.0, 98.6]

Antihypertensive 
treatment

396 (43.3%) 1672 (54.4%) 10,045 (59.9%) 1756 (88.7%) 26,958 (45.0%) 40,827 (49.4%)

Cholesterol-lowering 
treatment

242 (26.4%) 437 (14.2%) 7828 (46.6%) 1135 (57.3%) 15,906 (26.5%) 25,548 (30.9%)

Systolic blood pressure, 
mm Hg

139 [92, 218] 134 [77, 224] 131 [69, 233] 130 [62, 234] NA 132 [62, 234]

Total cholesterol, 
mmol/L

5.8 [2.1, 8.9] 5.2 [2.0, 11.4] 4.9 [1.6, 10.7] 3.8 [0.9, 9.9] NA 5.0 [0.9, 11.4]

HDL cholesterol, 
mmol/L

1.6 [0.8, 3.7] 1.3 [0.3, 4.2] 1.3 [0.3, 4.9] 1.1 [0.1, 4.4] NA 1.3 [0.1, 4.9]

Prior CVD 76 (8.3%) 921 (30.0%) 5883 (35.1%) 1267 (64.0%) 13,368 (22.3%) 21,515 (26.0%)

Coronary heart disease 52 (5.7%) 661 (21.5%) 1536 (9.2%) 675 (34.1%) 10,962 (18.3%) 13,886 (16.8%)

Stroke 13 (1.4%) 247 (8.0%) 1633 (9.7%) 518 (26.2%) 3795 (6.3%) 6206 (7.5%)

Follow-up time, years 13.4 [0.3, 18.0] 13.1 [0.0, 17.4] 6.9 [0.0, 15.2] 1.0 [0.0, 1.7] 4.8 [0.0, 14.6] 5.5 [0.0, 18.0]

Note: Values displayed as median [range] or n (%).
Abbreviations: BMI, body mass index; CVD, cardiovascular disease; HbA1c, haemoglobin A1c; HDL, high-density lipoprotein; NA, not available.
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interaction = .032; Figure 2A). No evidence was found for 
a difference by presence of baseline CVD (p-value for in-
teraction = .284; Figure 2A).

Sensitivity analyses using models adjusted for dif-
ferent sets of covariates (Figures  S5 and S6), using a 
noncompeting-risk flexible survival parametric model for 
the CVD events outcome (Figure S7), and excluding the 
OPERAM study (Table S8) yielded consistent results.

3.2  |  Coronary heart disease risk 
equivalence

Cumulative incidence curves for the composite out-
come for the four groups of individuals (i) without T2D 
or CHD, (ii) with T2D but no CHD, (iii) with CHD but 
no T2D and (iv) with both T2D and CHD are presented 
in Figure  S8. The incidence rate per 100 person-years 

F I G U R E  1   Association between T2D and CVD events and all-cause mortality outcomes. HR >1 indicates increased risk in individuals 
with T2D. Study-specific hazard ratios were estimated using flexible parametric survival models adjusted for age, gender, BMI, smoking, 
alcohol consumption, prior CVD, use of antihypertensive drugs and use of cholesterol-lowering drugs. A competing-risk model was used 
for the CVD events outcome (Panel B). Overall hazard ratios were calculated using a random-effects meta-analysis. BMI, body mass index; 
CVD, cardiovascular disease; HR, hazard ratio; PY, person-years at risk; T2D, type 2 diabetes.

Source
T2D
Events / PY

No T2D 
Events / PY

Multivariable−adjusted 
HR (95% CI)

 CoLaus (≥65 years)
Health ABC

 HRS
 OPERAM
 SHARE

Weight,
%

Overall
Prediction interval

81 / 1,280
571 / 6,898
2,733 / 27,366
172 / 509
3,801 / 48,180
7,358 / 84,233

369 / 9,016
1,565 / 26,702
6,315 / 83,749
292 / 1,121
13,575 / 260,830
22,116 / 381,418

1.30 (1.00 to 1.71)
1.41 (1.27 to 1.55)
1.42 (1.35 to 1.49)
1.47 (1.20 to 1.80)
1.47 (1.41 to 1.53)
1.44 (1.40 to 1.49)
        (1.38 to 1.51)

1.2
8.7

36.5
2.1

51.5

Heterogeneity: I² = 0%; τ² = 0; P = 0.76 0.5 0.7 1 1.4 2
HR

Lower risk
with T2D

Higher risk
with T2D

CVD events or all−cause mortality
(A)

Source
T2D
Events / PY

No T2D 
Events / PY

Multivariable−adjusted 
HR (95% CI)

 CoLaus (≥65 years)
Health ABC

 HRS
 OPERAM
 SHARE

Weight,
%

Overall
Prediction interval

31 / 1,280
337 / 6,898
1,306 / 27,366
74 / 509
1,993 / 48,180
3,741 / 84,233

161 / 9,016
778 / 26,702
2,727 / 83,749
104 / 1,121
6,601 / 260,830
10,371 / 381,418

0.88 (0.58 to 1.35)
1.47 (1.28 to 1.67)
1.27 (1.18 to 1.36)
1.52 (1.11 to 2.09)
1.36 (1.29 to 1.43)
1.34 (1.25 to 1.43)
        (1.11 to 1.61)

2.5
17.6
34.3
4.2

41.4

Heterogeneity: I² = 55%; τ² = 0.002; P = 0.06 0.5 0.7 1 1.4 2
HR

Lower risk
with T2D

Higher risk
with T2D

CVD events
(B)

Source
T2D
Events / PY

No T2D 
Events / PY

Multivariable−adjusted 
HR (95% CI)

 CoLaus (≥65 years)
Health ABC

 HRS
 OPERAM
 SHARE

Weight,
%

Overall
Prediction interval

76 / 1,380
545 / 7,693
2,410 / 30,878
140 / 530
3,182 / 52,054
6,353 / 92,535

295 / 9,557
1,447 / 28,789
5,571 / 91,444
243 / 1,150
11,032 / 274,514
18,588 / 405,453

1.41 (1.06 to 1.87)
1.46 (1.32 to 1.62)
1.43 (1.36 to 1.50)
1.51 (1.20 to 1.88)
1.55 (1.47 to 1.62)
1.48 (1.41 to 1.56)
        (1.29 to 1.69)

3.0
17.3
36.8
4.7

38.1

Heterogeneity: I² = 20%; τ² = 0.001; P = 0.29 0.5 0.7 1 1.4 2
HR

Lower risk
with T2D

Higher risk
with T2D

All−cause mortality
(C)
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was lowest in individuals without T2D or CHD (range: 
4.0 [CoLaus]–23.5 [OPERAM]) and highest in individu-
als with both T2D and CHD (range: 9.3 [CoLaus]–42.2 
[OPERAM]; Table S6).

The HR for the composite outcome of CVD events or 
all-cause mortality was 0.95 (95% CI 0.85–1.07) for individ-
uals with T2D but no CHD compared to those with CHD 
but no T2D (Figure 3A). Heterogeneity was high across the 
studies (I2 = 78%), primarily driven by the two largest co-
horts HRS (HR 0.83; 95% CI 0.77–0.90) and SHARE (HR 
1.00; 95% CI 0.95–1.06). We found a differential association 
for CVD events versus all-cause mortality. Individuals with 
T2D but no CHD were associated with a lower incidence 
of CVD events compared to individuals with CHD but no 
T2D (HR 0.76, 95% CI 0.59–0.98; Figure 3B), while there 
was almost no evidence for a difference in the risk of all-
cause mortality (HR 1.06, 95% CI 0.95–1.19; Figure 3C).

Subgroup analyses of the composite outcome did not 
provide evidence for effect modification by age (p-value 
for interaction = .404; Figure  2B) or gender (p-value for 
interaction = .479; Figure  2B). There was also no evi-
dence for a difference by age for the CVD events outcome 
(Table  S7). Post hoc subgroup analyses provided weak 
evidence for a potential stronger association in patients 
using cholesterol-lowering drugs compared to those 
not using cholesterol-lowering drugs (HR 0.74 [95% CI 
0.54–1.01] versus HR 0.81 [95% CI 0.67–0.99]; p-value 
for interaction = .081). Sensitivity analyses adjusting for 

different sets of covariates (Figures S9 and S10), or using 
a noncompeting-risk flexible survival parametric model 
for the CVD events outcome (Figure S11), yielded results 
similar to the main analyses. Excluding the study with 
the shortest follow-up, OPERAM, did not change results 
(Table  S8). Post hoc analyses on the CVD events out-
come with T2D categorized by diabetes treatment (treated 
vs. untreated diabetes) or diabetes duration (<5 years, 
5–<10 years, ≥10 years) gave similar HRs across all cate-
gories with no reduction in heterogeneity between studies 
(Table S9). Conclusions were also unchanged in post hoc 
analyses comparing patients with T2D but no history of 
CVD (including CHD and stroke) to patients with history 
of CVD but no T2D (Figure S12).

3.3  |  HbA1c and cardiovascular disease 
events and all-cause mortality

Figure 4 presents the HR of different HbA1c values com-
pared to a reference of 7.5% in older adults with T2D. 
There was a nonlinear relationship with the composite 
outcome; HbA1c values between 6.0% and 7.0% were as-
sociated with the lowest risk of CVD events or all-cause 
mortality (Figure 4A). Regarding CVD events, analyses re-
vealed an approximately linear relationship with HbA1c 
(Figure  4B). Analysis using a linear model gave a HR 
of 1.07 (95% CI 1.02–1.12) for each 1%-point increase in 

F I G U R E  2   Association between 
(A) T2D versus no T2D and (B) T2D and 
no CHD versus CHD and no T2D and 
CVD events or all-cause mortality among 
subgroups. Subgroup hazard ratios were 
estimated for each study using flexible 
parametric survival models adjusted for 
the same covariates as the main model 
and combined using a random-effects 
meta-analysis. For the interaction p-
values, interaction terms between the 
exposure and the subgroup were included 
in the study-specific models and meta-
analysed using a random-effects model. 
*Excluding CoLaus as the maximum age 
was 75 years in this cohort. CHD, coronary 
heart disease; CVD, cardiovascular 
disease; HR, hazard ratio; T2D, type 2 
diabetes; PY, person-years at risk.

Subgroup

Age

Events / PY

  <75 years
  ≥75 years

Subgroup 
HR (95% CI)

Gender

p−value for 
interaction

  Men
  Women
Baseline CVD
  No
  Yes

13,579 / 325,323
15,895 / 140,328

14,798 / 201,849
14,676 / 263,802

19,139 / 359,845
12,287 / 105,806

1.56 (1.50 to 1.62)
1.32 (1.19 to 1.46)*

1.41 (1.36 to 1.47)
1.47 (1.40 to 1.55)

1.43 (1.35 to 1.51)
1.43 (1.37 to 1.49)

0.032*

0.032

0.284

0.5 0.7 1 1.4 2
HR

Lower risk 
with T2D

Higher risk
 with T2D

Subgroup analyses of the association between T2D and CVD events or all−cause mortality
(A)

Subgroup

Age

Events / PY

  <75 years
  ≥75 years

Subgroup 
HR (95% CI)

Gender

p−value for 
interaction

  Men
  Women

4,617 / 86,297
5,909 / 50,061

5,563 / 65,949
4,963 / 70,409

0.85 (0.79 to 0.92)
0.95 (0.76 to 1.18)

0.94 (0.85 to 1.05)
0.95 (0.82 to 1.10)

0.404

0.479

0.5 0.7 1 1.4 2
HR

Lower risk with
T2D & no CHD

Higher risk with 
T2D & no CHD

Subgroup analyses of the association between T2D & no CHD vs CHD & no T2D 
and CVD events or all−cause mortality

(B)
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HbA1c. All-cause mortality was lowest for HbA1c values 
between 6.0% and 7.0% (Figure 4C).

Subgroup analyses on the composite outcome did not 
show evidence for a difference by age, gender or presence 
of baseline CVD (Figure S13). Further investigation of the 
CVD events outcome also did not provide evidence for a 

difference by age (Figure S14). Consistent with the main 
analysis, analysis using categorized HbA1c demonstrated 
higher risks for CVD events or all-cause mortality for 
HbA1c levels ≥7.5%–<8.4% (HR 1.18; 95% CI 1.05–1.32) 
and ≥8.5% (HR 1.34; 95% CI 1.17–1.54) compared to lev-
els <7.5%. Sensitivity analyses excluding participants using 

F I G U R E  3   Association between T2D and no CHD versus CHD and no T2D and CVD events and all-cause mortality outcomes. HR >1 
indicates increased risk in individuals with T2D and no CHD. T2D and no CHD: Participants with T2D but no established CHD at baseline; 
CHD and no T2D: Participants with established CHD but no T2D at baseline. Study-specific hazard ratios were estimated using flexible 
parametric survival models adjusted for age, gender, BMI, smoking, alcohol consumption, prior stroke, use of antihypertensive drugs and 
use of cholesterol-lowering drugs. A competing-risk model was used for the CVD events outcome (Panel B). Overall hazard ratios were 
calculated using a random-effects meta-analysis. BMI, body mass index; CHD, coronary heart disease; CVD, cardiovascular disease; HR, 
hazard ratio; PY, person-years at risk; T2D, type 2 diabetes.

Source
T2D & no CHD 
Events / PY

CHD & no T2D 
Events / PY

Multivariable−adjusted 
HR (95% CI)

 CoLaus (≥65 years)
 Health ABC
 HRS
 OPERAM
 SHARE

Weight,
%

Overall
Prediction interval

71 / 1,173
383 / 5,196
1,703 / 21,636
87 / 308
2,464 / 36,358
4,708 / 64,670

25 / 395
372 / 4,628
1,742 / 13,481
109 / 342
3,570 / 41,114
5,818 / 59,960

0.81 (0.51 to 1.29)
1.06 (0.91 to 1.23)
0.83 (0.77 to 0.90)
1.04 (0.77 to 1.39)
1.00 (0.95 to 1.06)
0.95 (0.85 to 1.07)
        (0.65 to 1.39)

5.3
22.2
29.7
11.0
31.9

Heterogeneity: I² = 78%; τ² = 0.01; P = <0.01 0.25 0.5 1 2 4
HR

Lower risk with
T2D & no CHD

Higher risk with
T2D & no CHD

CVD events or all−cause mortality
(A)

Source
T2D & no CHD 
Events / PY

CHD & no T2D 
Events / PY

Multivariable−adjusted 
HR (95% CI)

 CoLaus (≥65 years)
 Health ABC
 HRS
 OPERAM
 SHARE

Weight,
%

Overall
Prediction interval

26 / 1,173
213 / 5,196
684 / 21,636
39 / 308
1,244 / 36,358
2,206 / 64,670

15 / 395
224 / 4,628
956 / 13,481
48 / 342
1,931 / 41,114
3,174 / 59,960

0.49 (0.25 to 0.94)
0.94 (0.78 to 1.14)
0.56 (0.50 to 0.63)
1.03 (0.66 to 1.59)
0.85 (0.79 to 0.91)
0.76 (0.59 to 0.98)
        (0.31 to 1.88)

9.6
23.3
25.6
15.1
26.4

Heterogeneity: I² = 91%; τ² = 0.064; P = <0.01 0.25 0.5 1 2 4
HR

Lower risk with
T2D & no CHD

Higher risk with
T2D & no CHD

CVD events
(B)

Source
T2D & no CHD 
Events / PY

CHD & no T2D 
Events / PY

Multivariable−adjusted 
HR (95% CI)

 CoLaus (≥65 years)
 Health ABC
 HRS
 OPERAM
 SHARE

Weight,
%

Overall
Prediction interval

67 / 1,232
366 / 5,664
1,490 / 23,546
71 / 319
2,050 / 38,776
4,044 / 69,537

18 / 460
345 / 5,138
1,571 / 15,901
89 / 353
2,934 / 44,969
4,957 / 66,821

1.31 (0.77 to 2.23)
1.16 (0.99 to 1.35)
0.93 (0.86 to 1.01)
1.07 (0.78 to 1.48)
1.10 (1.03 to 1.18)
1.06 (0.95 to 1.19)
        (0.75 to 1.50)

3.9
22.1
31.5

9.0
33.5

Heterogeneity: I² = 70%; τ² = 0.009; P = <0.01 0.25 0.5 1 2 4
HR

Lower risk with
T2D & no CHD

Higher risk with
T2D & no CHD

All−cause mortality
(C)
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insulin, sulfonylureas or glinides (Figure S15) and, for the 
CVD events outcome, using a noncompeting-risk survival 
model did not substantially change results (Figure S16).

Results for individuals without T2D and for the over-
all population are shown in Figures S17 and S18, respec-
tively. The relationship between HbA1c and CVD events 
and all-cause mortality was J-shaped in both populations 
with HbA1c values of 5.0%–5.7% being associated with the 
lowest risk of these outcomes.

4   |   DISCUSSION

In this analysis of individual participant data from five 
prospective studies, we firstly confirmed that T2D was as-
sociated with increased risk of CVD events and all-cause 
mortality in older adults. However, the magnitude of risk 
for these outcomes was lower in individuals aged ≥75 years 
compared to those aged 65–74 years. Secondly, we found 
that presence of T2D without established CHD conferred 
a lower risk for CVD events as having established CHD 
without T2D, suggesting that T2D may not be a CHD risk 
equivalent in older adults. Thirdly, we found that HbA1c 
values below 7.5% were associated with lower risk of CVD 
events and all-cause mortality compared to values of 7.5% 
and above among older adults with T2D.

Our finding that older adults with T2D but no CHD have 
on average a lower risk for future CVD events compared to 

those with established CHD without T2D challenges some 
current guidelines that consider T2D as a CHD risk equiv-
alent.6,7 Our results contrast those of two studies in older 
adults that demonstrated a comparable risk between dia-
betes and established CHD,9,10 and are in line with other 
studies in primarily middle-aged populations8 and older 
men.11 Unlike previous studies in older adults, our study 
was not limited by exclusion of nonfatal CVD events,9 lack 
of cause-specific death data10 or single-gender focus.11 To 
our knowledge, our study is the first individual participant 
data analysis of multiple studies to assess whether T2D is 
a CHD risk equivalent.

When we assessed the association between T2D 
but no CHD versus CHD but no T2D and CVD events 
and all-cause mortality outcomes, we found high het-
erogeneity across studies. However, this heterogeneity 
mainly stemmed from the lack of overlap in confidence 
intervals among studies due to very precise estimates. 
Indeed, all study results were consistent in direction 
for the CVD events outcome, except for the OPERAM 
study, whose effect, however, was imprecise and had 
minimal contribution to the overall results (Table S8). 
Our findings are relevant for CVD risk assessment in 
older adults with T2D26 and strengthen recent 2023 
CVD prevention guidelines from the European Society 
of Cardiology recommending risk stratification using 
scores to facilitate decisions on treating patients with 
T2D in primary prevention.27 Particularly, patients with 

F I G U R E  4   Association between HbA1c levels and CVD events and all-cause mortality outcomes in older adults with T2D. Hazard 
ratios for HbA1c were estimated for each study using flexible parametric survival models adjusted for age, gender, BMI, smoking, alcohol 
consumption, prior CVD, use of antihypertensive drugs and use of cholesterol-lowering drugs. A competing-risk model was used for the 
CVD events outcome (Panel B). HbA1c was modelled as a continuous variable using splines with three knots at the 10th, 50th and 90th 
percentile. Spline coefficients were combined using a multivariate random-effects meta-analysis model. Hazard ratios and confidence 
intervals were calculated in reference to an HbA1c value of 7.5%. BMI, body mass index; CVD, cardiovascular disease; HbA1c, haemoglobin 
A1c; T2D, type 2 diabetes.
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T2D but without major other cardiovascular risk factors 
are not considered equivalent to patients with estab-
lished CVD.

Consistent with previous research,2,3 we found that 
older adults with T2D had a higher risk of CVD events 
and mortality compared to older adults without T2D. 
However, the strength of association for CVD events in 
the present study (HR 1.34, 95% CI 1.25–1.43) was lower 
than a previous meta-analysis (HR of approximately 2 
for CHD and stroke outcomes in older age groups),2 po-
tentially influenced by our incorporation of more recent 
data. It is known that the association between presence 
of T2D and incidence of CVD has decreased over time,28 
possibly due to multifactorial approaches in CVD preven-
tion guidelines, including management of lipids, blood 
pressure and glycemia. Unlike previous studies, we used 
a competing-risk model, accounting for non-CVD deaths 
as competing events, which more accurately estimates the 
association between T2D and incidence of CVD events.29 
We also found a weaker association for participants aged 
≥75 years compared to 65–74 years at baseline. Notably, 
previous studies have shown that CVD and mortality risks 
attenuate with older age at diabetes diagnosis.30

Our finding of a nonlinear relationship between HbA1c 
and all-cause mortality is consistent with previous stud-
ies.31,32 Regarding CVD events, our results demonstrate 
that risk increased continuously with increasing HbA1c 
values, in agreement with a previous study in older adults.32 
While our results suggests lower CVD and mortality risk 
with HbA1c levels <7.5%, our study was not designed to 
assess causality. Results from clinical trials indicate that 
intensive glycemic control (HbA1c <6.0 to 6.5%) may in-
crease mortality and the risk for hypoglycemia.33 Further 
research should investigate whether current guideline rec-
ommendations for higher HbA1c targets of 8%–9% in older 
adults with poor or complex health34 are safe in terms of 
CVD events and all-cause mortality.

Our study has several strengths, including a large 
sample size of older adults and a long follow-up which 
increased statistical power. Access to individual partici-
pant data enabled us to standardize variable definitions, 
model nonlinear associations and explore heterogeneity 
via subgroup analyses. Our study also has certain lim-
itations. First, we did not conduct a systematic literature 
review to identify studies to be included in the analysis; 
this study was conducted with readily available cohorts 
of older adults for pragmatic reasons. We acknowledge 
that our included studies are mainly from the United 
States and Europe and findings need to be confirmed in 
other settings. Second, our included cohorts might not 
be representative of current populations in terms of T2D 
management using SGLT2 inhibitors or GLP1 receptor 

agonists which have shown to reduce CVD events in clin-
ical trials.27 Thus, associations may be weaker in more 
recent studies. However, the impact of intensive diabetes 
therapy in older adults is controversial.26 Future research 
should evaluate the cardiovascular preventative effects 
of these novel antidiabetic medications in older popula-
tions. Third, CVD events were self-reported in the HRS 
and SHARE cohorts, which may have resulted in misclas-
sification of the outcome. However, this would likely be 
nondifferential, potentially biasing the estimates towards 
the null, while we found an increased risk of CVD events. 
Fourth, due to differences in data collection across stud-
ies, we were unable to include further cardiovascular risk 
factors such as education in our analyses. Future studies 
should also evaluate additional interactions of interest, for 
example, with chronic kidney disease, to further explore 
CHD risk equivalence in patients with diabetes.

In conclusion, in this large individual participant data 
analysis of >80,000 older adults, we found that T2D was 
associated with increased risk of CVD events and all-cause 
mortality in older adults aged ≥65 years, but the magni-
tude of risk was smaller in individuals aged ≥75 years 
compared to those aged 65–74 years. Individuals with T2D 
without CHD had lower risk of CVD events compared 
to individuals with CHD without T2D. Our results sug-
gest that T2D may not be a CHD risk equivalent for CVD 
events in older adults.
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