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ABSTRACT
BACKGROUND Evidence is limited regarding the impact of healthy lifestyle practices on the risk of subsequent cardiovascular events among patients with diabetes.
OBJECTIVES The purpose of this study was to examine the associations of an overall healthy lifestyle, deﬁned by
eating a high-quality diet (top two-ﬁfths of Alternative Healthy Eating Index), nonsmoking, engaging in moderate- to
vigorous-intensity physical activity ($150 min/week), and drinking alcohol in moderation (5 to 15 g/day for women and 5
to 30 g/day for men), with the risk of developing cardiovascular disease (CVD) and CVD mortality among adults with type
2 diabetes (T2D).
METHODS This prospective analysis included 11,527 participants with T2D diagnosed during follow-up (8,970 women
from the Nurses’ Health Study and 2,557 men from the Health Professionals Follow-Up Study), who were free of CVD and
cancer at the time of diabetes diagnosis. Diet and lifestyle factors before and after T2D diagnosis were repeatedly
assessed every 2 to 4 years.
RESULTS There were 2,311 incident CVD cases and 858 CVD deaths during an average of 13.3 years of follow-up. After
multivariate adjustment of covariates, the low-risk lifestyle factors after diabetes diagnosis were each associated with a
lower risk of CVD incidence and CVD mortality. The multivariate-adjusted hazard ratios for participants with 3 or more
low-risk lifestyle factors compared with 0 were 0.48 (95% conﬁdence interval [CI]: 0.40 to 0.59) for total CVD incidence, 0.53 (95% CI: 0.42 to 0.66) for incidence of coronary heart disease, 0.33 (95% CI: 0.21 to 0.51) for stroke
incidence, and 0.32 (95% CI: 0.22 to 0.47) for CVD mortality (all p trend <0.001). The population-attributable risk for
poor adherence to the overall healthy lifestyle (<3 low-risk factors) was 40.9% (95% CI: 28.5% to 52.0%) for CVD
mortality. In addition, greater improvements in healthy lifestyle factors from pre-diabetes to post-diabetes diagnosis
were also signiﬁcantly associated with a lower risk of CVD incidence and CVD mortality. For each number increment in
low-risk lifestyle factors there was a 14% lower risk of incident total CVD, a 12% lower risk of coronary heart disease, a
21% lower risk of stroke, and a 27% lower risk of CVD mortality (all p < 0.001). Similar results were observed when
analyses were stratiﬁed by diabetes duration, sex/cohort, body mass index at diabetes diagnosis, smoking status, and
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lifestyle factors before diabetes diagnosis.
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CONCLUSIONS Greater adherence to an overall healthy lifestyle is associated with a substantially lower risk of CVD
incidence and CVD mortality among adults with T2D. These ﬁndings further support the tremendous beneﬁts of
adopting a healthy lifestyle in reducing the subsequent burden of cardiovascular complications in patients with T2D.
(J Am Coll Cardiol 2018;71:2867–76) © 2018 by the American College of Cardiology Foundation.
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T

ABBREVIATIONS
AND ACRONYMS
AHEI = alternate healthy

ype 2 diabetes (T2D) has become a

to subsequent risk of CVD incidence and CVD mor-

global public health challenge, with

tality among patients with T2D participating in 2 large

approximately 422 million adults

prospective cohort studies.

living with diabetes worldwide in 2014 (1).

eating index

Cardiovascular disease (CVD) is the primary

BMI = body mass index
CHD = coronary heart disease
CI = conﬁdence interval

complication and the leading cause of death
in patients with diabetes (2). It is of particular
importance to identify cost-effective strate-

CVD = cardiovascular disease
HR = hazard ratio

gies to prevent or delay the development of
cardiovascular complications among patients

MI = myocardial infarction

with T2D.

T2D = type 2 diabetes

In addition to glycemic control, lifestyle
modiﬁcation is a fundamental component of diabetes
self-management (3). Healthy lifestyle behaviors,
including eating a high-quality diet, nonsmoking,
engaging in moderate to vigorous physical activity,
and drinking alcohol in moderation, have been associated with a lower risk of cardiometabolic diseases
and mortality in general populations (4,5), but the
evidence regarding the impact of an overall healthy
lifestyle after diabetes diagnosis on the risk of
subsequent cardiovascular events is limited (6).

METHODS
STUDY

POPULATION. The

NHS

(Nurses’

Health

Study) was established in 1976 with the enrollment of
121,700 U.S. female nurses age 30 to 55 years from 11
U.S. states (16). The HPFS (Health Professionals
Follow-Up Study) was initiated in 1986, enrolling
51,529 U.S. male health professionals age 40 to 75 years
from 50 U.S. states (17). The detailed information on
dietary and lifestyle factors, medical history, and disease status was updated every 2 to 4 years through
validated

questionnaires

(18).

The

cumulative

response rate was over 90% for both cohorts. More
details have been documented elsewhere (19,20).
In the current analysis, we included men and
women with incident diabetes diagnosed during
follow-up through 2012 (1980 for the NHS and 1986
for the HPFS as baseline, when validated food frequency questionnaires were ﬁrst administered). Par-

SEE PAGE 2877

ticipants were excluded if they had existing T2D,
Several trials that examined the efﬁcacy of multi-

CVD, or cancer at baseline; reported CVD or cancer

component

before T2D diagnosis during follow-up; reported

lifestyle

interventions

have

demon-

strated tremendous beneﬁts on reducing T2D risk and

implausible daily caloric intake (<500 or >3,500 kcal/

improving cardiovascular health among high-risk in-

day for women, and <800 or >4,200 kcal/day for

dividuals (7–12), although the long-term beneﬁts on

men); or had missing information on body mass index

reducing CVD events among diabetic patients were

(BMI), smoking status, alcohol intake, physical ac-

less established (6). Prospective observational studies

tivity, or dietary data at diabetes diagnosis. These

among diabetic patients thus far have largely focused

exclusion criteria were based on considerations of

on associations between healthy lifestyle practices

minimizing reverse causation bias and reducing the

and total mortality (13–15), but data speciﬁc for CVD

impact of measurement errors and missing data. After

risk are lacking. Importantly, little is known regarding

exclusions, 8,970 women in the NHS and 2,557 men in

whether improvements in lifestyle from pre-diabetes

the HPFS with incident T2D cases were included in

to post-diabetes diagnosis may yield cardiovascular

the ﬁnal analysis, with an average 13.3 years of

beneﬁts.

follow-up (Online Figure 1). When we modeled

To ﬁll these critical knowledge gaps, we prospec-

changes in lifestyle factors from pre-diabetes to post-

tively investigated healthy lifestyle practices after

diabetes diagnosis, participants with missing data of

diabetes diagnosis, as well as changes in lifestyle

lifestyle factors assessed before diabetes diagnosis

factors before and after diabetes diagnosis, in relation

were further excluded. To increase statistical power,
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T A B L E 1 Characteristics of Patients With Type 2 Diabetes

at Diagnosis

adherence to the recommended consumption levels,
0 for the least adherence to the recommendation. In
our analysis, AHEI was categorized in quintiles. A

Age, yrs

NHS
(n ¼ 8,970)

HPFS
(n ¼ 2,557)

62.5  9.1

63.0  8.8

healthy diet was deﬁned as an AHEI score in the top
40% of each cohort distribution (18,24). For smoking,

96.0

92.1

we deﬁned low risk as noncurrent smoking (24). We

Body mass index, kg/m2

30.9  6.1

29.1  4.6

classiﬁed low-risk physical activity as $150 min/week

Alternate Healthy Eating
Index score*

46.0  12.0

47.7  11.0

Physical activity, h/week

1.3  2.4

White

Alcohol consumption

2.5  4.3

of moderate- or vigorous-intensity activities (deﬁned
as intensity of activities $3 metabolic equivalents)
(25,26). Low-risk alcohol consumption was deﬁned as

49.2

75.9

7.6 (2.5–9.8)

13.4 (3.0–17.1)

moderate alcohol consumption: 5 to 15 g/day for

Current smoker

13.1

7.7

participants drank heavily in our cohorts; <1% of total

Hypertension

70.6

58.0

Hypercholesterolemia

58.1

52.2

participants drank alcohol >45 g/day at diabetes

Family history of diabetes

45.5

38.4

Family history of MI

28.1

33.2

For each low-risk lifestyle factor, the participant

Aspirin use

51.1

54.7

received 1 point if he or she met the criterion for the

Multivitamin use

53.8

52.9

low-risk category, or 0 points otherwise. The sum of the

Alcohol consumption among
drinkers, g/day

women and 5 to 30 g/day for men (27). Of note, few

diagnosis.

4 factors constituted a ﬁnal low-risk lifestyle score of
Values are mean  SD, %, or median (interquartile range). *The Alternate Healthy
Eating Index score ranged from 15.5 to 95.1, with a higher score indicating a
healthier diet.
HPFS ¼ Health Professionals Follow-Up Study; MI ¼ myocardial infarction;
NHS ¼ Nurses’ Health Study.

0, 1, 2, 3, or 4 (higher score for a healthier lifestyle) (27).
Our primary exposures of interest were lifestyle
factors assessed after diabetes diagnosis and changes
in lifestyle before and after diabetes diagnosis. The
pre-diabetes lifestyle factors were assessed from the

we pooled the participants from the 2 cohorts in the

most recent questionnaires before diabetes was

absence of heterogeneity of results.

ascertained (the mean duration from questionnaire

The present study was approved by the institu-

return to date of diagnosis was 11 months).

tional review boards at the Harvard T.H. Chan School

ASCERTAINMENT OF T2D. Participants who reported

of Public Health and Brigham and Women’s Hospital,

a physician’s diagnosis of diabetes on any of the

and the return of the questionnaires was considered

biennial questionnaires were mailed a validated

as implied consent.

supplementary questionnaire regarding diagnostic

DEFINITION OF LOW-RISK LIFESTYLE FACTORS. In

the current study, we considered 4 modiﬁable lifestyle
factors—diet, smoking status, alcohol consumption,
and physical activity. Details of the assessments of
individual lifestyle factors can be found in the Online
Appendix. Given that weight change is one of the
typical symptoms of diabetes, and treatment could
result in weight change after diagnosis as well, BMI

tests, symptoms, and hypoglycemic therapy. The
National Diabetes Data Group and ADA criteria were
applied to ascertain T2D diagnosis (Online Appendix).
In our validation studies, 98% (61 of 62 cases) of
diabetes cases conﬁrmed by the supplementary
questionnaire were reconﬁrmed by medical record
review in the NHS, and 97% (57 of 59 cases) were
reconﬁrmed in the HPFS (28,29).

may no longer serve as a valid measure of adiposity;

ASSESSMENT OF CVD AND MORTALITY. The out-

thus, BMI was not included in the lifestyle score to

comes of the current study were CVD incidence and

minimize reverse causation bias (21).

CVD mortality. Incident CVD was deﬁned as fatal and

Diet quality was assessed using the 2010 Alternate

nonfatal coronary heart disease (CHD) (including

Healthy Eating Index (AHEI) score (22), which was

coronary artery bypass graft surgery and nonfatal

based on the U.S. Department of Agriculture Healthy

myocardial infarction [MI]) and fatal and nonfatal

Eating Index, designed to measure adherence to U.S.

stroke. We requested permission to review medical

dietary guidelines (23). We included 10 dietary factors

records when participants reported cardiovascular

in the diet quality score: vegetables, fruits, whole

events on any biennial questionnaires. Physicians

grains, nuts, polyunsaturated fatty acids, long-chain

blinded

omega-3 fatty acids, red and processed meats, trans

reviewed all medical records. Nonfatal MI was ascer-

fat, sugar-sweetened beverages, and sodium. Each

tained according to the World Health Organization

component was scored with a range from 0 to 10

criteria, including typical symptoms, elevated cardiac

based on consumption level, with 10 indicating a full

enzyme levels, and electrocardiographic ﬁndings

to

the

participant

questionnaire

data
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T A B L E 2 Hazard Ratios (95% CIs) of CVD, CHD, and Stroke Incidence According to Individual and Combined Lifestyle Factors After

Diabetes Diagnosis
CVD Incidence
Person-Years

Cases

CHD Incidence

HR* (95% CI)

Cases

HR* (95% CI)

Stroke Incidence
Cases

HR* (95% CI)

Cigarette smoking
Never

66,079

902

1.00 (ref)

696

1.00 (ref)

217

1.00 (ref)

Past

72,009

1,108

1.09 (0.99–1.19)

917

1.14 (1.03–1.26)

207

0.91 (0.75–1.11)

Current 1–14 cigarettes/day

5,669

124

1.78 (1.47–2.16)

94

1.74 (1.40–2.17)

31

1.88 (1.28–2.76)

Current $15 cigarettes/day

7,209

177

2.09 (1.76–2.47)

137

2.09 (1.73–2.54)

43

2.08 (1.47–2.95)

0

81,615

1,286

1.00 (ref)

1,015

1.00 (ref)

288

1.00 (ref)

1.0–4.9

37,982

533

0.89 (0.80–0.99)

423

0.86 (0.77–0.97)

116

0.99 (0.79–1.24)

5.0–14.9

18,333

304

0.93 (0.81–1.06)

249

0.90 (0.78–1.05)

61

1.06 (0.79–1.41)

$15.0†

13,035

188

0.73 (0.62–0.86)

157

0.71 (0.59–0.85)

33

0.78 (0.53–1.14)

0

85,436

1,421

1.00 (ref)

1,112

1.00 (ref)

326

1.00 (ref)

0.1–0.9

28,895

396

0.94 (0.84–1.06)

323

0.98 (0.86–1.11)

78

0.82 (0.63–1.06)

1.0–3.4

14,680

220

1.02 (0.88–1.18)

183

1.05 (0.90–1.24)

39

0.87 (0.62–1.23)

$3.5

21,955

274

0.87 (0.76–0.99)

226

0.88 (0.76–1.02)

55

0.86 (0.64–1.17)

Alcohol consumption, g/day

Physical activity, h/week

Alternative healthy eating
index, quintiles
Q1

31,223

517

1.00 (ref)

400

1.00 (ref)

121

1.00 (ref)

Q2

30,389

487

0.97 (0.86–1.11)

397

1.02 (0.89–1.18)

100

0.87 (0.66–1.13)
0.83 (0.63–1.09)

Q3

30,208

437

0.89 (0.79–1.02)

348

0.91 (0.79–1.05)

92

Q4

30,604

474

0.93 (0.82–1.06)

379

0.96 (0.83–1.10)

101

0.88 (0.67–1.15)

Q5

28,542

396

0.84 (0.74–0.97)

320

0.87 (0.75–1.02)

84

0.78 (0.59–1.04)

Number of low-risk factors‡
None

6,443

148

1.00 (ref)

113

1.00 (ref)

38

1.00 (ref)

1

63,036

987

0.62 (0.52–0.74)

782

0.64 (0.52–0.78)

212

0.52 (0.36–0.74)

2

56,610

840

0.55 (0.46–0.66)

658

0.56 (0.45–0.69)

199

0.54 (0.38–0.78)

3 or more

24,877

336

0.48 (0.40–0.59)

291

0.53 (0.42–0.66)

49

0.33 (0.21–0.51)

*Adjusted for age (years), sex (men or women), ethnicity (Caucasian, African American, Hispanic, or Asian), body mass index at diabetes diagnosis (<25.0, 25.0 to 29.9, 30.0 to
34.9, or $35.0 kg/m2), menopausal status (women only), family history of diabetes (yes/no), family history of myocardial infarction (yes/no), current aspirin use (yes/no),
current multivitamin use (yes/no), and diabetes duration (years). Individual lifestyle factors were mutually adjusted. †<1% of the patients had alcohol consumption >45 g/day
at diabetes diagnosis. ‡Low-risk lifestyle factors: nonsmoking, moderate to vigorous physical activity ($150 min/week), high-quality diet (top two-ﬁfths of Alternative Healthy
Eating Index), and moderate alcohol consumption (5 to 15 g/day for women and 5 to 30 g/day for men).
CHD ¼ coronary heart disease; CI ¼ conﬁdence interval; CVD ¼ cardiovascular disease; HR ¼ hazard ratio.

(30). Nonfatal stroke was deﬁned based on the Na-

Person-time was calculated from the date of a

tional Survey of Stroke criteria, requiring evidence of

diabetes diagnosis to the date of CVD diagnosis,

neurological deﬁcits with sudden or rapid onset,

death, or the end of follow-up (June 30, 2014, for the

which persisted for at least 24 h or until death (31).

NHS; January 30, 2014, for the HPFS), whichever

The diagnosis of coronary artery bypass graft surgery

came ﬁrst. Cox proportional hazards models were

was based on self-report, for which the validity had

applied to calculate hazard ratios (HRs) and 95%

been demonstrated (32). Deaths were identiﬁed by

conﬁdence intervals (CIs) for the associations of each

searching the National Death Index, or reports by

individual lifestyle factor and the overall healthy

next of kin or postal authorities. The follow-up rate

lifestyle score (counted as the number of low-risk

for death in the NHS and HPFS was over 98%. Fatal

factors and categorized as 0, 1, 2, or $3) with the

CHD was deﬁned if CHD was listed as the cause of

risk of total CVD, CHD, stroke incidence, and CVD

death on the death certiﬁcate and the history of CHD

mortality. Individual lifestyle factors and the overall

was evident through reviewing hospital records or

healthy lifestyle score were modeled as time-varying

autopsy reports. Similarly, fatal stroke was identiﬁed

variables. Changes in lifestyle score from pre-diabetes

and conﬁrmed by reviewing death certiﬁcates, hos-

to post-diabetes diagnosis were deﬁned as the abso-

pital records, or autopsy records. CVD mortality was

lute difference of the low-risk lifestyle score (time-

deﬁned using International Classiﬁcation of Diseases-

varying post-diabetes low-risk lifestyle score minus

8th Revision codes of 390-458 or 795 (21).

pre-diabetes low-risk lifestyle score). The linear trend
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hypercholesterolemia, use of antihypertensive or

T A B L E 3 Hazard Ratio (95% CI) of CVD Mortality According

to Individual and Combined Lifestyle Factors After

cholesterol-lowering drugs, and diabetes medication

Diabetes Diagnosis

use. To control for confounding by glucose control,
the self-reported levels of glycated hemoglobin

CVD Mortality

PersonYears

Cases

Never

72,333

320

1.00 (ref)

lifestyle from pre-diabetes to post-diabetes diagnosis,

Past

79,909

457

1.27 (1.09–1.47)

the healthy lifestyle score before diabetes diagnosis

Current 1–14 cigarettes/day

6,284

35

1.57 (1.10–2.24)

was further adjusted for in the multivariate model. In

Current $15 cigarettes/day

7,989

46

2.21 (1.60–3.04)

the current study, the proportional hazards assump-

0

92,009

555

1.00 (ref)

1.0–4.9

41,150

163

0.82 (0.69–0.99)

5.0–14.9

19,652

73

0.62 (0.48–0.80)

$15.0

13,705

67

0.81 (0.62–1.07)

95,684

629

1.00 (ref)

population-attributable risk (PAR) to estimate the

0.1–0.9

31,717

121

0.79 (0.65–0.97)

percentage of CVD mortality in the study population

1.0–3.4

15,973

46

0.65 (0.48–0.88)

that theoretically would not have occurred if all in-

$3.5

23,142

62

0.62 (0.47–0.82)

dividuals had been in the low-risk category ($3 low-

Q1

34,514

213

1.00 (ref)

Q2

33,691

188

0.97 (0.79–1.19)

diagnosis (<65 or $65 years), BMI at diabetes diag-

Q3

33,219

168

0.90 (0.74–1.11)

nosis (<25.0, 25.0 to 29.9, or $30.0 kg/m 2), smoking

Q4

33,781

158

0.84 (0.68–1.04)

status after diabetes diagnosis (never smoker, past

Q5

31,312

131

0.77 (0.62–0.97)

smoker, or current smoker), diabetes duration (<5, 5

7,215

47

1.00 (ref)

(HbA1c) were further adjusted in a subset of the study

HR* (95% CI)

participants (n ¼ 4,650). In the analysis of changes in

Cigarette smoking

Alcohol consumption, g/day

tion was tested by using a likelihood ratio test
comparing models with and without multiplicative
year, and we did not ﬁnd evidence of violation of the
proportional hazards assumption. We calculated

Physical activity, h/week
0

Alternative healthy eating
index, quintiles

risk factors) (33).
Analyses were further stratiﬁed by age at diabetes

Number of low-risk factors†
None

interaction terms between exposure and calendar

to 9, or $10 years), sex/cohort (women/NHS, men/
HPFS), and the lifestyle score before diabetes diag-

1

70,510

442

0.63 (0.46–0.86)

2

62,348

294

0.46 (0.34–0.64)

nosis. The p values for the product terms between the

3 or more

26,443

75

0.32 (0.22–0.47)

continuous lifestyle score and stratiﬁcation variables

40.9 (28.5–52.0)

were used to estimate the signiﬁcance of interactions.

*Adjusted for age (years), sex (men or women), ethnicity (Caucasian, African
American, Hispanic, or Asian), body mass index at diabetes diagnosis (<25.0, 25.0
to 29.9, 30.0 to 34.9, or $35.0 kg/m2), menopausal status (women only), family
history of diabetes (yes/no), family history of myocardial infarction (yes/no),
current aspirin use (yes/no), current multivitamin use (yes/no), and diabetes
duration (years). Individual lifestyle factors were mutually adjusted. †Low-risk
lifestyle factors: nonsmoking, moderate to vigorous physical activity ($150 min/
week), high-quality diet (top two-ﬁfths of Alternative Healthy Eating Index), and
moderate alcohol consumption (5 to 15 g/day for women and 5 to 30 g/day for
men). ‡PAR: theoretically attributable to nonadherence to 3 or more low-risk
lifestyle factors.

ducted to demonstrate the robustness of our ﬁndings.

PAR‡, %

Several sensitivity/secondary analyses were con-

PAR ¼ population attributable risk; other abbreviations as in Table 2.

First, we used cumulative averages of AHEI score,
physical activity, and alcohol consumption since
diabetes diagnosis to construct the overall healthy
lifestyle score. Second, healthy body weight (18.5 #
BMI <25.0 kg/m 2) at diabetes diagnosis were included
in the low-risk lifestyle score. Third, we examined the
associations of different combinations of low-risk
factors with CVD incidence and mortality. Fourth,
the associations of low-risk lifestyle factors assessed

was tested by assigning a median value to each

before diabetes diagnosis with CVD incidence and

category as a continuous variable. The time-varying

mortality was analyzed. Fifth, we explored associa-

covariates assessed during follow-up were adjusted

tions of healthy lifestyle practices with CVD incidence

in the multivariate models. Missing data of the

and mortality among diabetic patients with hyper-

exposure and covariates during follow-up were

tension and/or hypercholesterolemia. Sixth, partici-

replaced by valid assessments in the previous 1 cycle

pants with missing data of exposure and covariates

only. In multivariate models, we adjusted for age,

during follow-up were excluded and analyses were

sex, ethnicity, diabetes duration, BMI at diabetes

repeated. Seventh, we conducted analyses using data

diagnosis, smoking status, alcohol consumption,

collected before and after 1998 (the median of follow-

physical activity, AHEI score, menopausal status

up time in HPFS), respectively. Last, we excluded

(women only), family history of diabetes, family

deaths that occurred within 4 years after diabetes

history

diagnosis to examine whether our analyses were

of

multivitamin

MI,
use,

current

aspirin

presence

of

use,

current

hypertension

or

impacted by reverse causation bias.
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T A B L E 4 Hazard Ratio (95% CI) of CVD Incidence and Mortality According to Changes in Healthy Lifestyle Score From Pre-Diabetes

to Post-Diabetes Diagnosis
CVD Incidence

CHD Incidence

Cases*

HR† (95% CI)

Decreased (3 to 1)

468

Unchanged (0 to 0)

1,278
427

Stroke Incidence

Cases

HR† (95% CI)

1.13 (1.00–1.27)

364

1.00 (ref)

1008

0.79 (0.70–0.89)

357

CVD Mortality

Cases

HR† (95% CI)

Cases*

HR† (95% CI)

1.10 (0.96–1.25)

112

1.24 (0.97–1.59)

275

1.61 (1.34–1.93)

1.00 (ref)

284

1.00 (ref)

411

1.00 (ref)

0.82 (0.72–0.94)

76

0.68 (0.52–0.89)

95

0.80 (0.66–0.96)

Changes in lifestyle score
(range)

Increased (1 to 3)

<0.001

<0.001

<0.001

<0.001

0.86 (0.80–0.92)

0.88 (0.82–0.95)

0.79 (0.68–0.91)

0.73 (0.66–0.82)

<0.001

<0.001

<0.001

<0.001

p value for trend
HRcontinuous‡
p value continuous

*After excluding the participants with missing information on lifestyle before and after diabetes diagnosis (n ¼ 375), there were 2,173 CVD incident cases and 781 CVD deaths.
†Low-risk lifestyle factors: nonsmoking, moderate to vigorous physical activity ($150 min/week), high-quality diet (top two-ﬁfths of Alternative Healthy Eating Index), and
moderate alcohol consumption (5 to 15 g/day for women and 5 to 30 g/day for men). The values were adjusted for age (yrs), sex (men or women), ethnicity (Caucasian, African
American, Hispanic, or Asian), body mass index at diabetes diagnosis (<25.0, 25.0 to 29.9, 30.0 to 34.9, or $35.0 kg/m2), menopausal status (women only), family history of
diabetes (yes/no), family history of myocardial infarction (yes/no), current aspirin use (yes/no), current multivitamin use (yes/no), diabetes duration (years), and healthy
lifestyle score before diabetes diagnosis. ‡Per 1-number increment in low-risk lifestyle factors.
Abbreviations as in Table 2.

All statistical analyses were performed with SAS
software, version 9.4 (SAS Institute, Cary, North
T A B L E 5 Stratiﬁed Analysis of the Association of CVD Incidence and Mortality With Per

Carolina). Two-sided p < 0.05 was considered statis-

1-Number Increment in Low-Risk Lifestyle Factors*

tically signiﬁcant.

CVD Incidence

CVD Mortality

RESULTS

Cases

HR†
(95% CI)

Cases

HR†
(95% CI)

<65

1,299

0.80 (0.74–0.86)

438

0.65 (0.56–0.74)

betes diagnosis are shown in Table 1. The proportions

$65

1012

0.92 (0.85–1.00)

420

0.78 (0.68–0.90)

of participants with 0, 1, 2, and $3 low-risk lifestyle

<25.0

465

0.85 (0.76–0.95)

245

0.64 (0.53–0.76)

34.6%, and 12.9% in women and 3.0%, 31.7%, 37.8%,

25.0-29.9

882

0.87 (0.80–0.95)

306

0.77 (0.66–0.90)

$30.0

964

0.79 (0.72–0.87)

307

0.68 (0.57–0.81)

and 27.4% in men, respectively.

The characteristics of the study participants at dia-

Age at diabetes diagnosis, yrs

BMI at diabetes diagnosis, kg/m2

factors at diabetes diagnosis were 6.6%, 45.9%,

Smoking status‡

A total of 2,311 incident CVD cases (including 498

Never

902

0.86 (0.78–0.95)

320

0.70 (0.58–0.84)

stroke cases) and 858 CVD deaths were documented

Past

1,108

0.94 (0.86–1.02)

457

0.73 (0.64–0.85)

during

multivariate-adjusted HRs of total CVD, CHD, and

Current

a

mean

follow-up

of

13.3

years.

The

301

0.98 (0.82–1.18)

81

0.78 (0.53–1.15)

<5

1,093

0.85 (0.79–0.92)

160

0.64 (0.52–0.80)

lifestyle score are shown in Table 2. Comparing par-

5–9

586

0.87 (0.78–0.98)

210

0.73 (0.60–0.89)

$10

ticipants with a 0 low-risk lifestyle factor, the par-

632

0.81 (0.73–0.90)

488

0.70 (0.61–0.80)

1,624

0.81 (0.76–0.86)

648

0.67 (0.60–0.75)

687

0.92 (0.84–1.02)

210

0.81 (0.68–0.97)

<2

944

0.80 (0.72–0.89)

348

0.82 (0.69–0.98)

$2

1,229

0.90 (0.84–0.96)

433

0.70 (0.62–0.79)

stroke incidence by individual factors and the healthy

Diabetes duration, yrs

Sex/cohort
Women (NHS)
Men (HPFS)

ticipants with 3 or more low-risk lifestyle factors had
HRs of 0.48 (95% CI: 0.40 to 0.59) for total CVD
incidence, 0.53 (95% CI: 0.42 to 0.66) for CHD incidence, and 0.33 (95% CI: 0.21 to 0.51) for stroke inci-

Lifestyle score before T2D diagnosis§

*Low-risk lifestyle factors: nonsmoking, moderate to vigorous physical activity ($150 min/week), high-quality
diet (top two-ﬁfths of Alternative Healthy Eating Index), and moderate alcohol consumption (5 to 15 g/day
for women and 5 to 30 g/day for men). †Adjusted for age (yrs), sex (men or women), ethnicity (Caucasian, African
American, Hispanic, or Asian), body mass index at diabetes diagnosis (<25.0, 25.0 to 29.9, or $30.0 kg/m2),
current menopausal hormone use (yes/no), family history of diabetes (yes/no), family history of myocardial
infarction (yes/no), current aspirin use (yes/no), current multivitamin use (yes/no), and diabetes duration (yrs).
The strata variable was not included in the model when stratifying by itself. ‡Smoking status was not included in
the low-risk lifestyle factors. §After excluding the participants without data of covariates before diabetes
diagnosis, the total numbers of incident CVD cases and CVD deaths were 2,173 and 781, respectively.
BMI ¼ body mass index; other abbreviations as in Table 2.

dence (all p trend <0.001).
For low-risk lifestyle factors and CVD mortality, a
similar pattern of association was observed (Table 3).
Comparing participants who adhered to $3 low-risk
lifestyle factors with those who adhered to none,
the HR was 0.32 (95% CI: 0.22 to 0.47) for CVD mortality (p trend <0.001). The PAR for poor adherence to
an overall healthy lifestyle (deﬁned as <3 low-risk
factors) was 40.9% (95% CI: 28.5% to 52.0%) for CVD
mortality.
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C ENTR AL I LL U STRA T I ON Healthy Lifestyle and Cardiovascular Disease (CVD) Events Among Diabetic Patients

CVD Mortality

1.2
1

HR (95% CI) of CVD Mortality

HR (95% CI) of CVD Incidence

CVD Incidence
1

0.8
0.6

0.62

0.55

0.4

0.48

0.2
0

1.2
1

1
0.8

0.63

0.6

0.46

0.4

0.32

0.2

0
1
2
≥3
Number of Low-risk Lifestyle Factors

0

1
0
2
≥3
Number of Low-risk Lifestyle Factors

Liu, G. et al. J Am Coll Cardiol. 2018;71(25):2867–76.

Hazard ratio (HR) (95% conﬁdence interval [CI]) of cardiovascular disease (CVD) incidence and CVD mortality according to number of low-risk lifestyle factors among
patients with type 2 diabetes. Low-risk lifestyle factors: nonsmoking, moderate to vigorous physical activity ($150 min/week), high-quality diet (top two-ﬁfths of
Alternative Healthy Eating Index), and moderate alcohol consumption (5 to 15 g/day for women and 5 to 30 g/day for men). Multivariable model was adjusted for age
(years), sex (men or women), ethnicity (Caucasian, African American, Hispanic, or Asian), body mass index at diabetes diagnosis (<25.0, 25.0 to 29.9, 30.0 to 34.9,
and $35.0 kg/m2), menopausal status (women only), family history of diabetes (yes/no), family history of myocardial infarction (yes/no), current aspirin use (yes/
no), current multivitamin use (yes/no), and diabetes duration (years).

The results were largely unchanged with further

diabetic patients who maintained a lifestyle score <2

adjustment of the presence of hypertension or hy-

from pre-diabetes to post-diabetes diagnosis, those

percholesterolemia and use of antihypertensive or

who changed the lifestyle score from <2 to $2 before

cholesterol-lowering drugs (Online Table 1). In addi-

and after diabetes diagnosis had a 19% (95% CI: 8%

tion, the results did not materially change when dia-

to 29%) lower risk of CVD incidence and a 20% (95%

betes medication use and HbA1c levels were further

CI: 2% to 34%) lower risk of CVD mortality.

controlled for in a subset of the study participants

Consistent results were observed when analyses

(Online Table 2). No signiﬁcant interaction was

were stratiﬁed by age at diabetes diagnosis, BMI at

observed between lifestyle factors and HbA1c levels.

diabetes diagnosis, smoking status after diabetes

Greater improvements in lifestyle factors from

diagnosis (smoking status was excluded from the

pre-diabetes to post-diabetes diagnosis were also

healthy lifestyle score in this analysis), diabetes

signiﬁcantly associated with a lower risk of CVD

duration, sex/cohort, and number of low-risk lifestyle

incidence and mortality (Table 4). Comparing par-

factors before diabetes diagnosis (Table 5). No sig-

ticipants without changes in lifestyle, the partici-

niﬁcant interactions were detected between these

pants who improved their lifestyle had an HR of 0.79

stratifying variables and the low-risk lifestyle score

(95% CI: 0.70 to 0.89) for total CVD incidence, 0.82

(all p interaction >0.10).

(95% CI: 0.72 to 0.94) for CHD incidence, 0.68 (95%

In

secondary

analyses,

similar

results

were

CI: 0.52 to 0.89) for stroke incidence, and 0.80 (95%

observed when we used cumulative averages of AHEI

CI: 0.66 to 0.96) for CVD mortality (all p trend

score, physical activity, and alcohol consumption to

<0.001). For each number increment in low-risk

compute

lifestyle factors, there was a 14% lower risk of total

Comparing participants who adhered to $3 low-risk

CVD incidence, a 12% lower risk of CHD incidence, a

lifestyle factors with those who adhered to none,

21% lower risk of stroke incidence, and a 27% lower

the HRs were 0.46 (95% CI: 0.39 to 0.58) for CVD

risk of CVD mortality (all p < 0.001) (Table 4).

incidence and 0.31 (95% CI: 0.21 to 0.46) for CVD

Similar results were observed when a different

mortality. When 18.5 # BMI <25.0 kg/m 2 at diabetes

reference group was used: compared with the

diagnosis was also included in the low-risk lifestyle

the

overall

healthy

lifestyle

score.
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score, the results did not change materially (Online

Diabetes Prevention Study, lifestyle interventions

Table 3). The different combinations of low-risk life-

through improving diet quality and increasing phys-

style factors in relation to CVD incidence and CVD

ical activities over 6 years substantially reduced the

mortality are demonstrated in Online Table 4. When

incidence of diabetes, CVD, and total mortality among

we only considered diet and alcohol consumption in

individuals with impaired glucose tolerance (9,10). In

the healthy lifestyle score, comparing $1 with 0 low-

the Diabetes Prevention Program trial and the Finnish

risk lifestyle factors, the HRs were 0.91 (95% CI: 0.84

Diabetes Prevention Study, both conducted among

to 1.00) for CVD incidence and 0.81 (95% CI: 0.71 to

individuals at high risk of diabetes, lifestyle in-

0.94) for CVD mortality. When moderate physical

terventions, including improving diet quality and

activity was further included in the score, comparing

promoting

$2 with 0 low-risk factors, the HRs were 0.85 (95% CI:

signiﬁcantly improved CVD risk proﬁles and reduced

0.75 to 0.96) for CVD incidence and 0.53 (95% CI: 0.42

diabetes incidence (8,12,34), although CVD incidence

to

was not signiﬁcantly reduced (34,35), probably due to

0.66)

for

CVD

mortality.

Further

adding

nonsmoking to the lifestyle score yielded the same
estimates of associations as in Tables 2 and 3. For the

moderate

intensity

physical

activity,

relatively short follow-up duration.
Regarding

associations

between

lifestyle

and

associations of the lifestyle factors before diabetes

health outcomes among diabetes patients, previous

diagnosis with CVD incidence and mortality, similar

studies largely focused on associations of adhering

results were observed (Online Table 5). Online

to an overall healthy lifestyle with total mortality

Figure 2 shows that adherence to a healthy lifestyle

(13–15). Data linking lifestyle with incident CVD

is signiﬁcantly associated with a lower risk of subse-

events are sparse in observational studies, and

quent CVD events among diabetic patients with hy-

existing evidence from intervention studies in this

pertension and/or hypercholesterolemia. The results

regard is somewhat mixed (6,36,37). For instance, in

remained similar when analyses were stratiﬁed

the Steno-2 Study among 160 patients with T2D and

before/after 1998, when complete data were used, or

microalbuminuria, behavior modiﬁcation (i.e., im-

when deaths occurred within 4 years of diabetes

provements in diet quality and physical activity)

diagnosis were excluded.

together with use of medications (i.e., antihyper-

DISCUSSION

risk of CVD events after an average of 7.8 years of

In these 2 large prospective cohort studies among U.S.

(Action for Health in Diabetes) trial among 5,145

men and women with incident diabetes, we found

overweight or obese patients with T2D, an intensive

that an overall healthy lifestyle after diabetes diag-

lifestyle

nosis,

diet,

through decreased caloric intake and increased

nonsmoking, engaging in moderate- to vigorous-

physical activity resulted in signiﬁcant improve-

intensity physical activity, and drinking alcohol in

ments in body weight, HbA1c, systolic blood pres-

moderation, was signiﬁcantly associated with a lower

sure, and high-density lipoprotein cholesterol at 4

risk of CVD incidence and CVD mortality (Central

years of follow-up (38), but the risk of cardiovascular

Illustration). This association was independent of

events did not change signiﬁcantly (37). For these

established CVD risk factors, including diabetes

intervention studies among diabetic patients, the

duration, BMI, medication use, and lifestyle before

relatively short intervention or follow-up duration,

diabetes diagnosis. In addition, greater improve-

small between-group differences in lifestyle change,

ments in these lifestyle factors from pre-diabetes to

or varied adherence of the participants may at least

post-diabetes diagnosis were also signiﬁcantly asso-

partially explain the inconsistent ﬁndings.

tensive drugs and aspirin) signiﬁcantly reduced the
follow-up (36). In contrast, in the Look AHEAD

deﬁned

as

eating

a

high-quality

ciated with a lower risk of subsequent CVD events.

intervention

focusing

on

weight

loss

In the current study, we addressed a few major

COMPARISON WITH OTHER STUDIES. It is well-

limitations in previous studies by using repeated as-

established that a healthy lifestyle is associated with

sessments (every 2 to 4 years) of dietary and lifestyle

a lower risk of cardiometabolic diseases and mortality

factors to capture potential variations of lifestyle

in largely healthy populations (4,5). Several lifestyle

practices, examining both CHD and stroke incidence

intervention trials among individuals who are at an

and CVD mortality, and evaluating associations of an

elevated risk of developing diabetes or CVD demon-

overall healthy lifestyle. Moreover, we further illus-

strated beneﬁcial effects of lifestyle modiﬁcation on

trated that improvements in lifestyle behavior from

reducing diabetes risk and improving cardiovascular

pre-diabetes to post-diabetes diagnosis were also

health (8–12). For example, in the China Da Qing

associated with a signiﬁcantly lower risk of subsequent
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CVD events. Our ﬁndings were in line with those

susceptibility, medication use, or psychosocial stress;

observed in the ADDITION-Cambridge (Anglo-Danish-

residual confounding due to measurement errors of

Dutch Study of Intensive Treatment in People with

covariates; or chance in the current study. Last, the

Screen Detected Diabetes in Primary Care–Cambridge)

low-risk lifestyle factors considered in the current

study among 867 newly diagnosed diabetic patients, in

analysis may not necessarily represent all healthy

which a greater number of healthy behavior changes

behaviors.

within the ﬁrst year of diagnosis were associated with a

IMPLICATIONS OF FINDINGS. Our study has pro-

lower risk of cardiovascular outcomes (39). Overall,

vided further evidence to suggest that adopting an

our ﬁndings and existing evidence suggest that

overall healthy lifestyle, consisting of eating a

adhering to an overall healthy lifestyle before and after

high-quality diet, nonsmoking, engaging in moderate

diabetes diagnosis can signiﬁcantly aid in the preven-

to vigorous physical activity, and drinking alcohol in

tion of CVD complications among patients with T2D.

moderation, could be an affordable and effective

STUDY

prevention strategy for patients with T2D to reduce

STRENGTHS

AND

LIMITATIONS. The

strengths of our study included a relatively large
sample size, long-term follow-up with a high followup rate (>90%), repeated assessments of dietary and
lifestyle factors before and after diabetes diagnosis,
and adjudicated disease outcomes.
Several limitations should be discussed as well.
First, the study participants were all health professionals, and most were Caucasians. Although the
relative homogeneity could alleviate confounding by
socioeconomic status, caution must be taken when
generalizing the ﬁndings to other ethnic groups.
Second, the diabetic patients in our study were
diagnosed during an extended period of time since
the 1980s. The risk proﬁle of diabetic patients might
signiﬁcantly change over time due to better control of
blood lipids and other risk factors in recent years,
although similar results were found in analyses
stratiﬁed before/after 1998. Third, measurement errors in self-reported assessments of dietary and lifestyle factors were inevitable, although our validation
studies demonstrated reasonable validity of questionnaire assessments of these factors. In addition,
such measurement errors were likely to be nondifferential in this prospective study, and thus would

the risk of developing cardiovascular complications.

CONCLUSIONS
Our ﬁndings indicate that adherence to a healthy diet
and lifestyle after diabetes diagnosis is associated
with a substantially lower risk of CVD incidence and
CVD mortality among adults with incident diabetes.
In

addition,

greater

improvements

in

lifestyle

behavior from pre-diabetes to post-diabetes diagnosis
are also associated with a lower risk of subsequent
CVD events. These ﬁndings further support the current recommendation that patients with diabetes
should practice a healthy lifestyle to improve their
health and maintain a lower risk of developing cardiovascular complications.
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be more likely to bias the associations toward the
null. Fourth, our study did not have direct measurements of glycemic control and severity of diabetes.
However, the results remained similar when we
further adjusted for duration of diabetes, use of insulin

and

hypoglycemic

medications,

and

self-

reported HbA1c levels, suggesting that our ﬁndings
are unlikely to be explained by confounding due to
the severity of diabetes. Fifth, interpreting the population attributable risk assumes a causal relationship
between the low-risk lifestyle factors and CVD risk.
This is a big assumption because our ﬁndings were
based on an observational study. In particular, we
could not exclude the role of confounding by genetic

PERSPECTIVES
COMPETENCY IN PATIENT CARE AND PROCEDURAL
SKILLS: Adherence to a healthy diet and lifestyle and correction
of past risk-prone behavior are associated with substantially
lower risks of CVD and related mortality among patients with
T2D.
TRANSLATIONAL OUTLOOK: Further research is needed to
identify the most effective strategies to encourage patients with
diabetes to adopt and maintain a healthy lifestyle.
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