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Abstract

Background To explore whether healthy lifestyle factors (HLFs) predict a lower risk of major macrovascular
and microvascular events and death in people with type 2 diabetes (T2D) with a high risk of vascular complications.

Methods Post hoc analyses of 11,133 participants with T2D in the Action in Diabetes and Vascular Disease: Preterax
and Diamicron Modified Release Controlled Evaluation (ADVANCE) trial who were assigned a score ranging from 0

to 4 based on the number of baseline HLFs: never smoked, moderate-to-vigorous physical activity, ideal waist/hip
ratio, and low-to-moderate alcohol consumption. Multivariable Cox models were used to determine associations of 0,
1,2,and >3 HLFs with vascular events and all-cause mortality.

Results Compared to participants with no HLFs, hazard ratios for participants with 3 or 4 HLFs were 0.68 (95%
confidence interval [CI] 0.57-0.81) for the composite of major macrovascular or microvascular events, 0.58 (0.46-0.75)
for major macrovascular events, 0.78 (0.61-0.99) for microvascular events, and 0.48 (0.37-0.63) for all-cause mortal-
ity during a median follow-up of 5 years. Each increment in HLF score was significantly associated with lower rates

of these outcomes. There was no heterogeneity in the effect on any outcome by HLF across randomized intensive
blood glucose control and blood pressure lowering treatments.

Conclusions HLFs are associated with lower risks of major macrovascular and microvascular events and lower rates
of death in high-risk adults with T2D.
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Background

Type 2 diabetes (T2D) is a global public health issue with
its prevalence rising worldwide, such that an estimated
1.31 billion people will be affected by 2050 [1]. Macrovas-
cular complications, such as stroke and coronary artery
disease, along with microvascular complications such as
diabetic nephropathy and retinopathy, are the leading
causes of death and disability in people with T2D [1-4].
Thus, early detection and effective intervention are cru-
cial for improving health outcomes and quality of life.

Recent prospective observational studies indicate
that an overall healthy lifestyle that includes not smok-
ing, engaging in moderate to vigorous physical activity,
adopting a healthy diet, and maintaining an ideal body
weight, is associated with lower risks of macrovascu-
lar and microvascular complications in adults with T2D
without established cardiovascular disease (CVD) [5-8].
Although other studies demonstrate variable rates of dia-
betes-related complications by ethnicity and comorbid
vascular complications [9-11], there are limited data on
the relation of healthy lifestyle factors (HLFs) and diabe-
tes complications in adults with T2D patients who are at
high-risk of CVD and across different ethnicities.

The Action in Diabetes and Vascular Disease: Preterax
and Diamicron Modified Release Controlled Evaluation
(ADVANCE) trial, as well as other studies, have shown
that intensive glycemic and blood pressure (BP) manage-
ment are effective in reducing macrovascular and micro-
vascular complications in T2D [12-14]. However, to our
knowledge, whether an overall healthy lifestyle modifies
the effects of glucose and BP control in those with T2D is
uncertain. Therefore, the aim of this study was to explore
whether HLFs predict a lower risk of major macrovascu-
lar and microvascular events and death, and to determine
if HLFs modify the effects of intensive glucose and BP
control on outcomes in people with T2D with a high risk
of vascular complications.

Methods

Study design

ADVANCE was a 2Xx2 factorial randomized controlled
trial of intensive blood glucose control and BP lowering
in patients with T2D, as described elsewhere [12—-14]. In
brief, a total of 11,140 adults (age >55 years) with T2D,
and a history of major macrovascular or microvascular
disease or at least one other risk factor for CVD, were
recruited from 215 collaborating centers in 20 countries
from Asia, Australasia, Europe, and North America.
After a 6-week run-in period, participants were ran-
domly assigned to a fixed combination of perindopril and
indapamide (2 mg/0.625 mg for the first three months
and 4 mg/1.25 mg thereafter) or a matching placebo,
and to either an intensive glucose control strategy (target
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hemoglobin Alc of<6.5%) or standard glucose control
(with target glycated hemoglobin levels defined according
to local guidelines) [12—14]. Ethics approval for the study
was obtained from each center, and all participants pro-
vided written informed consent. The study is registered
at ClinicalTrials.gov (registration no. NCT00145925).

Definition of healthy lifestyle factors

In the present study, we pre-selected four lifestyle fac-
tors based on prior knowledge [5-8, 15, 16] and available
data in ADVANCE: smoking status, alcohol consump-
tion, level of physical activity, and waist/hip ratio (WHR).
Smoking status, alcohol consumption, and physical activ-
ity were self-reported using a standardized protocol, and
WHR was derived from measures (waist circumference
divided by hip circumference) at the initial registration
visit. WHR can be considered a measure of fat distribu-
tion that may be an indicator of a person’s overall physi-
cal health, lifestyle or behavior [7, 8, 15, 16]. HLFs were
defined as having: (i) never smoked [17]; (ii) a moderate-
to-vigorous level of physical activity (defined as moder-
ate or vigorous exercise > 15 min at least once per week)
[18]; (iii) low-to-moderate level of alcohol consumption
(defined as <21 drinks per week for men, <14 drinks per
week for women) [19, 20]; and (iv) an ideal WHR (defined
as<0.9 cm/cm in men,<0.85 cm/cm in women) [21, 22].
A total score for HLF was calculated, whereby 1 point
was given to those achieving each individual factor, such
that the total score ranged from 0 to 4. Thus, a higher
score indicated greater adherence to a healthy lifestyle.

Outcomes

The primary outcome was a composite of major macro-
vascular and microvascular events. Major macrovascular
events were defined as death from a cardiovascular cause,
nonfatal myocardial infarction, or nonfatal stroke. Major
microvascular events were defined as new or worsen-
ing nephropathy (development of macroalbuminuria,
doubling of the serum creatinine to a level of at least
200 pmol/L, need for renal replacement therapy, or death
due to renal disease) or retinopathy (development of pro-
liferative retinopathy, macular edema, diabetes mellitus—
related blindness, or retinal photocoagulation therapy).
Secondary outcomes were major macrovascular events,
major microvascular events, all-cause mortality, new or
worsening nephropathy, new or worsening retinopathy
and cardiovascular death separately.

Statistical analyses

Participants were categorized into four groups based on
overall HLF score (0, 1, 2, and >3). Baseline character-
istics across categories were summarized as mean and
standard deviation (SD) or median and interquartile
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interval (IQI), as appropriate, or frequency (%) and
compared using ANOVA, Wilcoxon rank-sum, or chi-
squared tests, as appropriate. Cumulative incidence rates
of study outcomes across HLF categories were estimated
using Kaplan—Meier curves and compared using log-rank
tests. Cox proportional hazards models quantified asso-
ciations between each HLF (never smoked compared to
previous or current smoking, moderate to vigorous level
of physical activity compared to no or low physical activ-
ity, low to moderate level of alcohol consumption com-
pared to no or higher alcohol consumption, and ideal
WHR compared to non-ideal WHR) and HLF score with
(0 as the reference) the primary outcome, as well as HLF
score and secondary outcomes. Cox proportional hazard
models were built based on prior studies and differences
in baseline characteristics. Two model adjustment strate-
gies were applied: Model 1 adjusted for age, sex, glucose
treatment group allocation, and BP treatment group allo-
cation, Model 2 further adjusted for region of residence
(Asia vs not), history of macrovascular disease, history of
microvascular disease, duration of diabetes, heart rate,
creatinine clearance, currently treated hypertension, any
lipid lowing treatment, any antiplatelet, metformin, any
sulphonylureas, total cholesterol, triglyceride and hemo-
globin Alc. Hazard ratios (HRs) and 95% confidence
intervals (CIs) for the four categories of overall HLF
scores and per each increment of overall HLF score were
calculated.

Tests of the homogeneity of the treatment effects
of intensive glucose control and intensive BP lower-
ing intervention on primary and secondary outcomes
according to the HLF score were conducted by adding
an interaction term in the Cox regression models. Sepa-
rate analyses were undertaken for the two randomized
interventions in ADVANCE: the BP lowering treatment
results were obtained from the database locked at the end
of the follow-up for this intervention (median follow-up
of 4.4 years); and at the end of the trial (median 5 years)
for the intensive glucose control strategy [14].

To assess the generality of the association between
overall HLF and primary and secondary outcomes, sub-
group analyses were conducted in multivariable-adjusted
models stratified by age (>65 vs.<65 years, median), sex
(women, men), region of residence (Asia vs. not), diabe-
tes duration (>7 vs.<7 years, median), history of mac-
rovascular disease, and history of microvascular disease.
All analyses were performed with Stata 17.0 (Stata Corp,
College Station, TX, USA).

Results

Among 11,140 participants with T2D in ADVANCE,
there were 11,133 (mean [SD] age 65.8 [6.4] years, 4731
[42.5%] women) with available data for the present study
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(7 patients were excluded due to lack of baseline WHR
data). Table 1 shows the distribution of number of HLFs;
only 125 patients had all 4 HLF variables. In compari-
son to patients with fewer HLFs, those with higher HLF
scores tended to be female and were recruited from
Asia, had fewer co-morbidities related to macrovascular
and microvascular diseases, and had a lower use of met-
formin, sulphonylureas, lipid lowering and antiplatelet
medicines. Patients with a higher HLF score also tended
to have lower body-mass index (BMI), waist circumfer-
ence, hemoglobin Alc, triglycerides, creatinine clear-
ance, urine albumin-to-creatinine ratio, and heart rate
(Table 1).

During a median follow-up of 5 years, 2123 (19.1%)
composite major macrovascular and microvascular
events were observed. The associations between indi-
vidual HLF and the composite endpoint are shown in
Additional file 1: Table S1. Never smoking (HR 0.90, 95%
CI 0.82-1.00) compared to previous or current smoking,
moderate-to-vigorous physical activity (HR 0.80, 95%CI
0.73-0.88) compared to no or low physical activity, and
low-to-moderate alcohol consumption (HR 0.86, 95% CI
0.77-0.96) compared to no or higher alcohol consump-
tion, were all independently associated with a lower risk
of the composite endpoint after adjustment for con-
founders (Model 2).

Figure 1A shows the Kaplan—Meier curves for compos-
ite endpoint by the HLF scores. Participants with more
HLF had a lower cumulative incidence rate of composite
events (log-rank P<0.0001). Compared to participants
without any HLF, those with a 1, 2, and > 3 HLF score had
a 16% (HR 0.84, 95% CI 0.74-0.97), 28% (HR 0.72, 95%
C10.63-0.83) and 32% (HR 0.68, 95% CI 0.57-0.81) lower
risk of composite events after adjustment for confound-
ers (Model 2), respectively (Table 2). Moreover, HLFs
were associated with a dose-dependent reduction in the
composite events; each increment in HLFs score was
associated with a 13% (HR 0.87, 95% CI 0.83—-0.92) lower
risk of composite events (Table 2).

During a median follow-up of 5 years, 1145 (10.3%)
major macrovascular and 1131 (10.2%) major micro-
vascular events, and 1031 (9.3%) all-cause deaths were
observed. Kaplan—Meier curves show that participants
with more HLF had significantly lower cumulative inci-
dence rates of major macrovascular events (Fig. 1B, log-
rank P<0.0001), major microvascular events (Fig. 1C,
log-rank P=0.0104) and all-cause mortality (Fig. 1D,
log-rank P<0.0001). After adjustment for confounders
(Model 2), compared to participants without any HLFs,
those with 2, and>3 HLFs had 34% (HR 0.66, 95% CI
0.55-0.79), and 42% (HR 0.58, 95% CI 0.46-0.75) lower
risk of major macrovascular events; 23% (HR 0.77, 95%
CI 0.63-0.93), and 22% (HR 0.78, 95% CI 0.61-0.99)
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Table 1 Baseline characteristics of ADVANCE participants according to number of healthy lifestyle factors (HLFs)
Numbers of HLFs
Characteristics Total 0 1 2 >3 Pvalue
No. of patients 11,133 1,226 4,439 4,065 1,403
Age,y 65.8 (6.4) 65.3 (6.4) 65.8 (6.5) 65.8 (6.4) 66.0 (6.1) 0.063
Women, n (%) 4,731 (42.5) 375 (30.6) 1,977 (44.5) 1,790 (44.0) 589 (42.0) <0.001
Residence in Asia, n (%) 4,136 (37.2) 313 (25.5) 1,811 (40.8) 1,568 (38.6) 444 (31.6) <0.001
Medical and lifestyle history
Diabetes duration, y 79 (6.4) 7.5(6.3) 8.0 (6:4) 8.0(6.2) 79 (6.6) 0.077
History of macrovascular disease 3,586 (32.2) 482 (39.3) 1,482 (334) 1,264 (31.1) 358 (25.5) <0.001
History of microvascular disease 54(104) 138 (11.3) 479 (10.8) 426 (10.5) 1(7.9 0.011
Currently treated hypertension 7,651 (68.7) 825 (67.3) 3,095 (69.7) 2,799 (68.9) 932 (66.4) 0.082
Atrial fibrillation 700 (6.3) 72(5.9) 284 (6.4) 243 (6.0) 101 (7.2) 038
Heart failure 355(3.2) 40 (3.3) 153 (3.4) 131 (3.2) 31(2.2) 0.15
Never smoker 6,464 (58.1) 0(0.0) 2,333 (52.6) 2,861 (704) 1,270 (90.5) <0.001
Low to moderate alcohol drinking® 2,971 (26.7) 0(0.0) 721(16.2) 1,380 (33.9) 870 (62.0) <0.001
Body-mass index, kg/m? 283(5.2) 29.8 (5.5) 286(5.2) 27.9(5.1) 274 (5.0) <0.001
Waist measurement (cm) 98.5(13.1) 104.7 (12.8) 100.1 (12.6) 96.9 (12.8) 93.0(12.7) <0.001
Waist/hip ratio (cm/cm) 09(0.1) 1.0(0.1) 09(0.1) 09(0.1) 0.9(0.1) <0.001
Moderate to vigorous physical activityb 5,109 (45.9) 0(0.0) 1,079 (24.3) 2,722 (67.0) 1,308 (93.2) <0.001
Cardiovascular factors
Systolic BP, mm Hg 145.0 (21.5) 144.8 (22.2) 1453 (21.9) 145.1 (21.3) 143.9 (204) 0.21
Diastolic BR, mm Hg 80.6(10.9) 80.3(11.3) 80.8(11.0) 80.7 (10.9) 803 (10.6) 033
Heart rate, bpm 741 (12.1) 743 (12.4) 74.7 (12.1) 739(12.1) 72.8(11.6) <0.001
Blood glucose (mmol/l) 5(2.8) 8.6 (3.0 85(2.8) 85(27) 83(2.6) 0.008
Hemoglobin Alc, % 5(1.6) 6(1.6) 6(1.6) 5(1.5) 3(14) <0.001
Total cholesterol, mmol/L 2(1.2) 102 2(1.2) 2(1.2) 2(1.2) <0.001
Triglycerides, mmol/L 6(1.2-2.3) 8(1.3-24) 7(1.2-24) (1 2-2.3) 5(1.0-2.0) <0.001
LDL-cholesterol, mmol/L 1(1.0) 0(1.0) 1(1.0) 1(1.0) 1(1.0) 0.010
HDL-cholesterol, mmol/L 3(04) 2(0.3) 1.2(03) 3(04) 13(04) <0.001
Creatinine clearance 82.3(285) 87.1(30.2) 82.5(29.6) 1.2(27.5) 80.2 (26.1) <0.001
eGFR, ml/min/1.73 m? 785(17.8) 77.6(184) 78.1(183) 789(17.5) 794(16.2) 0.010
UACR, pg/mg 15.0 (7.1-39.8) .8(8.0-52.2) 16.0 (7.3-44.2) .1(6.9-34.8) 12.2 (6.2-28.3) <0.001
Randomized treatments
Perindopril-indapamide 5,565 (50.0) 598 (48.8) 2,261 (50.9) 2,010 (494) 696 (49.6) 041
Intensive blood glucose control 5,569 (50.0) 653 (53.3) 2,189 (49.3) 2,039 (50.2) 688 (49.0) 0.085
Prior use of medications
Any antiplatelet 5,196 (46.7) 643 (52.4) 2,065 (46.5) 1,873 (46.1) 615 (43.8) <0.001
Oral anticoagulant 408 (3.7) 54 (4.4) 151 (34) 145 (3.6) 58(4.1) 0.29
Any lipid lowing 3,930 (35.3) 511 (41.7) 1,564 (35.2) 1,358 (334) 497 (35.4) <0.001
Any insulin 159 (1.4) 11 (0.9) 63 (1.4) 65 (1.6) 20 (1.4) 035
Metformin 6,751 (60.6) 784 (63.9) 2,728 (61.5) 2,452 (60.3) 787 (56.1) <0.001
Any sulphonylureas 7,894 (70.9) 840 (68.5) 3,202 (72.1) 2,929 (72.1) 923 (65.8) <0.001

Values are mean (SD) for continuous variables (except for triglycerides and UACR), median (interquartile range) for triglycerides and UACR, and number (%) for

categorical variables

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

BP indicates blood pressure, eGFR estimated glomerular filtration rate, HDL high-density lipoprotein, HLFs healthy lifestyle factors, LDL low-density lipoprotein, UACR

urine albumin-to-creatinine ratio

2 Low to moderate alcohol drinking: defined as <21 drinks weekly for men and < 14 drinks for women

b Moderate to vigorous physical activity: defined as moderate or vigorous exercise > 15 min at least once per week
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B. Macrovascular events
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Fig. 1 Kaplan—-Meier curves for cumulative incidence rates of study outcomes across HLFs score. A Composite macrovascular and microvascular
events; B Major macrovascular events; C Major microvascular events; D All-cause mortality

lower risk of major microvascular events; 43% (HR
0.57, 95% CI 0.47-0.69), and 52% (HR 0.48, 95% CI
0.37-0.63) lower risk of all-cause mortality, respectively.
Additionally, each one-point increase in HLF score was
significantly associated with reduced risks of major mac-
rovascular events, major microvascular events, and all-
cause mortality (Table 2). Similar results were observed
for adoption to HLF and lower risk of new or worsening
nephropathy, and cardiovascular death, but not new or
worsening retinopathy in patients with T2D (Additional
file 1: Table S2).

Compared with standard glucose control, intensive glu-
cose control reduced composite events (HR 0.91, 95% CI
0.83-0.99), and major microvascular events alone (HR
0.87, 95% CI 0.78-0.98) (Fig. 2A). There was no evidence
of heterogeneity in the effect of randomized glucose
control treatment across subgroups by HLF score (all P
for interaction >0.573). Similarly, compared to placebo,

active BP lowering treatment lowered the risk of com-
posite events (HR 0.89, 95% CI 0.81-0.98), and all-cause
mortality (HR 0.84, 95% CI 0.74—0.97) (Fig. 2B). There
was no evidence of significant heterogeneity in the effect
of active BP lowering treatment by HLFs score on all
these outcomes (all P for interaction >0.270).

There were similar associations between HLFs and
lower risk of composite events observed in all subgroups
by age, region of residence, sex, diabetes duration, his-
tory of macrovascular disease and history of micro-
vascular disease, such that no significant interactions
between HLFs and subgroup variables were detected
(P-interaction >0.206 for all) (Table 3). A lower risk
of major macrovascular events, major microvascular
events, and all-cause mortality among patients with
higher HLFs scores were confirmed across all subgroups
(Additional file 1: Table S3-S5). There was a significant
interaction between overall HLFs and sex for the major
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Table 2 HRs (95% Cls) for primary and secondary outcomes by HLFs score in ADVANCE
Number of HLFs Per point
increase in
0 1 2 >3 P trend HLFs score

Combined macrovascular and microvascular events

Events, n (%) 286 (23.3) 907 (20.4) 716 (17.6) 214 (15.3)

Model 1 1.00 0.87 (0.76-1.00) 0.73 (0.64-0.84) 0.62 (0.52-0.74) <0.001 0.85(0.81-0.89)

Model 2 1.00 0.84 (0.74-0.97) 0.72 (0.63-0.83) 0.68 (0.57-0.81) <0.001 0.87 (0.83-0.92)
Macrovascular events

Events, n (%) 171 (14.0) 500 (11.3) 369 (9.1) 105 (7.5)

Model 1 1.00 0.81(0.68-0.97) 0.64 (0.54-0.77) 0.52 (0.40-0.66) <0.001 0.80 (0.75-0.86)

Model 2 1.00 0.81 (0.68-0.97) 0.66 (0.55-0.79) 0.58 (0.46-0.75) <0.001 0.83(0.78-0.89)
Microvascular events

Events, n (%) 140 (11.4) 480 (10.8) 390 (9.6) 121 (8.6)

Model 1 1.00 0.95(0.79-1.15) 0.83 (0.68-1.00) 0.73 (0.57-0.93) 0.001 0.89 (0.83-0.95)

Model 2 1.00 0.87 (0.72-1.06) 0.77 (0.63-0.93) 0.78 (0.61-0.99) 0.007 0.91 (0.85-0.97)
All-cause mortality

Events, n (%) 166 (13.5) 463 (104) 314(7.7) 88 (6.3)

Model 1 1.00 0.76 (0.64-0.91) 0.56 (0.46-0.67) 044 (0.34-0.57) <0.001 0.75(0.70-0.81)

Model 2 1.00 0.76 (0.64-0.91) 0.57 (0.47-0.69) 048 (0.37-0.63) <0.001 0.77 (0.72-0.83)

HLFs indicates healthy lifestyle factors

Model 1. Adjusted for age, sex, glucose treatment group allocation, and BP treatment group allocation

Model 2. Further adjusted for region of residence (Asia vs. not), history of macrovascular disease, history of microvascular disease, duration of diabetes, heart rate,
creatinine clearance, currently treated hypertension, any lipid lowing treatment, any antiplatelet, metformin, any sulphonylureas, total cholesterol, triglycerides and

hemoglobin Alc

macrovascular events (P=0.028 for interaction, Addi-
tional file 1: Table S3). The association between higher
baseline HLFs and reduced risk of major macrovascu-
lar events was significant only in men but not women.
There was no significant interaction (P interaction >0.05
for all) between overall HLFs and other subgroup vari-
ables for major macrovascular events (Additional file 1:
Table S3) as well as microvascular events (Additional
file 1: Table S4), and all-cause mortality (Additional file 1:
Table S5).

Discussion

In the present analysis of over eleven thousand par-
ticipants with T2D and a high-risk of vascular compli-
cations from 20 countries in the ADVANCE trial, we
demonstrated that adoption of baseline HLFs defined by
never smoking, engaging in moderate-to-vigorous physi-
cal activity, low-to-moderate alcohol consumption, and
maintaining ideal WHR, was associated with a lower
risk of major macrovascular and microvascular events,
combined and individually. Moreover, the association
between HLFs and lower risk of adverse vascular out-
comes was consistent across various ages, in residents
of Asia vs not, and in individuals with prior macrovas-
cular or microvascular disease history. In addition, base-
line overall HLFs did not modify the treatment effect of

intensive BP lowering and intensive glycemic control,
although less consistent than intensive BP lowering, on
all the outcomes.

Recent studies indicate that greater adherence to HLFs
is associated with a reduced risk of major macrovascular
and microvascular complications in patients with T2D
without vascular disease [5-8, 23, 24]. For example, data
from Nurses’ Health Study and the Health Professionals
Follow-Up Study of 11,527 US females with T2D without
CVD found that adherence to a HLF, including having
a healthy diet, not smoking, engaging in moderate-to-
vigorous physical activity and drinking alcohol in mod-
eration, were significantly associated with a lower risk of
CVD events and microvascular complications [5, 7]. Our
study comprehensively investigated the association of
HLF with composite and separate major macrovascular
and microvascular events in adults with T2D. Compared
to participants without any HLE, those with two or more
HLFs were found to have lower risks of composite major
macrovascular and microvascular events, major macro-
vascular alone, major microvascular alone and all-cause
mortality. We also found a dose-dependent inverse rela-
tionship between HLF score and these outcomes.

This study addresses some of the limitations of prior
studies [5-8, 23] where people have been exclusively
recruited from a single country or were free from CVD.
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A

Intensive Standard
Group glucose control  glucose control HR (95% CI) P for interaction
Composite major macrovascular and 0.945
major microvascular events i
0 159(24.4) 127(22.2) — 1.10 (0.86, 1.39)
1 415(19.0) 492(21.9) —— 0.86 (0.75, 0.98)
2] 326(16.0) 390(19.3) —— 0.83 (0.71, 0.96)
>3 109(15.8) 105(14.7) —— 1.19 (0.90, 1.56)
Overall (I-squared = 63.3%, p = 0.043) <> 0.91 (0.83, 0.99)
Major macrovascular events 0.857
0 97(14.9) 74(12.9) —— 1.18 (0.87, 1.61)
1 238(10.9) 262(11.6) — 0.93(0.78, 1.11)
2 163(8.0) 206(10.2) — 0.76 (0.62, 0.94)
23 59(8.6) 46(6.4) ———  1.64(1.11,2.44)
Overall (I-squared = 78.2%, p = 0.003) C> 0.95 (0.84, 1.07)
Major microvascular events 0.573
0 78(11.9) 62(10.8) —_—— 1.05 (0.75, 1.47)
1 213(9.7) 267(11.9) ——] 0.83 (0.70, 1.00)
2 180(8.8) 210(10.4) — 0.87(0.71, 1.06)
23 55(8.0) 66(9.2) — 0.89 (0.62, 1.28)
Overall (I-squared = 0.0%, p = 0.688) <> 0.87 (0.78, 0.98)
All-cause mortality 0.598
0 86(13.2) 80(14.0) —— 0.93 (0.68, 1.27)
1 217(9.9) 246(10.9) —o- 0.92(0.77, 1.11)
2 151(7.4) 163(8.1) — 0.87 (0.70, 1.09)
=3 44(6.4) 44(6.2) —_—— 1.20 (0.78, 1.84)
Overall (I-squared = 0.0%, p = 0.634) <:> 0.93 (0.82, 1.05)
T T T T

.25 S

2 4

Favors intensive glucose control

Group Active Placebo

Composite major macrovascular and
major microvascular events

0 108(18.1) 137(21.8) ——
1 376(16.6) 391(18.0) —&
2 287(14.3) 322(15.7) —
>3 90(12.9) 88(12.5) —
Overall (I-squared = 0.0%, p = 0.694) <>
Major macrovascular events
0 68(11.4) 83(13.2) ——
1 217(9.6) 222(10.2) —
2 150(7.5) 171(8.3) —o
=3 45(6.5) 44(6.2) —
Overall (I-squared = 0.0%, p = 0.837) <>

Major microvascular events

0 52(8.7) 62(9.9) —
1 185(8.2) 196(9.0) —o
2 152(7.6) 170(8.3) —o
>3 50(7.2) 49(6.9) —
Overall (I-squared = 0.0%, p = 0.973) <>

All-cause mortality

Favors standard glucose control

HR (95% CI) P for interaction

0.371

0.77 (0.60, 1.00)
0.91 (0.78, 1.04)
0.91 (0.77, 1.06)
0.92 (0.69, 1.25)
0.89 (0.81, 0.98)

0.665

0.78 (0.56, 1.08)
0.93 (0.7, 1.12)
0.89 (0.71, 1.11)

— 0.92 (0.60, 1.41)

0.89(0.79, 1.01)

0.622

0.85 (0.58, 1.23)
0.89 (0.73, 1.09)
0.93 (0.74, 1.15)

— 0.94 (0.63, 1.40)

0.90 (0.79, 1.03)

0.270

0 63(10.5) 76(12.1) —_—— 0.83(0.59, 1.17)
i 193(8.5) 198(9.1) —— 0.93 (0.76, 1.14)
2 121(6.0) 154(7.5) —— 0.79 (0.62, 1.00)
=3 31(4.5) 43(6.1) ——e——r 0.66 (0.41, 1.05)
Overall (I-squared = 0.0%, p = 0.525) 0 0.84(0.74,0.97)
T T T T
25 35 1 2 4

Favors active

Favors placebo
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Fig. 2 A HRs (95% Cls) for the effect of intensive glucose control (vs standard control) on outcomes by HLFs score in ADVANCE. B HRs (95% Cls)
for the effect of active blood pressure lowering treatment (vs placebo) on outcomes by HLFs score in ADVANCE
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Table 3 HRs (95% Cls) for combined macrovascular and microvascular events by HLFs score in key ADVANCE subgroups

Number of HLFs
0 1 2 >3 P trend P for interaction
Combined macrovascular and microvascular events

Region of residence 0.329
Asia 1.00 0.90 (0.71-1.14) 0.76 (0.60-0.97) 0.75 (0.55-1.02) 0.007
Not Asia 1.00 0.81 (0.68-0.95) 0.69 (0.58-0.82) 0.65 (0.52-0.81) <0.001

Sex 0.301
Men 1.00 0.84 (0.72-0.98) 0.69 (0.58-0.81) 0.67 (0.54-0.84) <0.001
Women 1.00 0.88(0.67-1.14) 0.79 (0.60-1.03) 0.72 (0.51-1.00) 0.017

Age, years 0511
<65 1.00 0.90 (0.72-1.13) 0.71 (0.57-0.90) 0.79 (0.59-1.06) 0.004
>65 1.00 0.81 (0.68-0.96) 0.72 (0.60-0.86) 0.62 (0.49-0.78) <0.001

Diabetes duration, years 0.828
<7 1.00 0.73 (0.59-0.90) 0.66 (0.53-0.81) 0.63(0.48-0.84) <0.001
>7 1.00 0.92(0.77-1.10) 0.75 (0.62-0.90) 0.71 (0.56-0.90) <0.001

History of macrovascular disease 0.206
No 1.00 0.88 (0.73-1.06) 0.79 (0.65-0.96) 0.72 (0.57-0.91) 0.001
Yes 1.00 0.82 (0.67-1.00) 0.64 (0.52-0.79) 0.66 (0.49-0.88) <0.001

History of microvascular disease 0919
No 1.00 0.82 (0.70-0.95) 0.72 (0.62-0.84) 0.64 (0.53-0.79) <0.001
Yes 1.00 0.93 (0.69-1.26) 0.70 (0.51-0.95) 0.82 (0.54-1.24) 0.022

HLFs indicates healthy lifestyle factors. Models adjusted for age, sex, region of residence (Asia vs. not), history of macrovascular disease, history of microvascular
disease, duration of diabetes, glucose treatment group allocation, and BP treatment group allocation, heart rate, creatinine clearance, currently treated hypertension,
any lipid lowing treatment, any antiplatelet, metformin, any sulphonylureas, total cholesterol, triglycerides and hemoglobin A1c

Participants in ADVANCE were from 20 countries across
four continents, and they had a high-risk of vascular
complications at baseline: 32% of patients had a history
of major macrovascular, 10.4% had microvascular disease
or at least one other risk factor for vascular disease. In
the subgroup analysis, we found a significant association
between HLFs and lower risk of composite major mac-
rovascular and microvascular events, and these events
separately, across both Asian and non-Asian populations,
irrespective of the presence or absence of macrovascular
or microvascular complications. These findings expand
the evidence for a general protective effect of maintaining
a HLF for the prevention of macrovascular and micro-
vascular complications in T2D. In present study, we also
found adoption to HLFs was associated with lower risk of
diabetic nephropathy but not diabetic retinopathy, which
was consistent with previous findings that baseline HLF
was more effective on diabetic nephropathy than diabetic
retinopathy [7, 8].

In subgroup analysis, we found the associations
between overall HLFs and major macrovascular events
differed between men and women, showing signifi-
cance only in men. The possible explanation is that
men had less baseline overall HLFs but more major

macrovascular events than women in ADVANCE. In
addition, we observed a similar reduction in all-cause
mortality and CVD-related deaths with each increase
in HLF score. These findings suggest that higher base-
line HLFs are associated with a reduced risk of all-cause
mortality, largely driven by a lower risk of CVD-related
death.

Evidence of lifestyle intervention on complications
in T2D has been inconsistent [25—-27]. Data from the
Steno-2 Study of 160 patients with T2D and microal-
buminuria indicates that target-driven behavior modifi-
cation and pharmacologic therapy significantly reduces
the risk of CV and microvascular events over approxi-
mately 8-years of follow-up [25]. Conversely, the Look
AHEAD (Action for Health in Diabetes) study enrolled
5145 adults with T2D and were overweight or obese to
show that an intensive lifestyle intervention focused on
weight loss did not reduce cardiovascular events after
a median of 9.6 years of follow-up [26, 27]. The differ-
ence in these findings may be partially attributed to
the distinct intervention strategies and small number
of participants. Our analysis suggests that that future
clinical research should focus on achieving multiple
healthy lifestyle benchmarks rather than any single one
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alone, which may represent a more effective strategy for
reducing the risk of diabetes complications.

Intensive blood glucose control and active BP lowering
treatment have been confirmed to be effective interven-
tions for reducing T2D complications [13, 14, 28]. In the
present analysis, we confirmed that the effectiveness of
both intensive blood glucose control and active BP low-
ering treatment in reducing composite major macrovas-
cular and microvascular events across the baseline HLFs.
There was no modification of the effect of intensive BP
lowering and blood glucose control treatment according
to the baseline overall HLF on the composite and indi-
vidual outcomes. Apart from an anomalous result show-
ing a higher risk of major macrovascular events for>3
HLFs in those on intensive glucose lowering compared to
standard glucose control. However, this is likely a chance
finding, and the p value did not indicate significant het-
erogeneity by HLF (p=0.857) in the glucose treatment
effect. Our findings suggest that both intensive BP lower-
ing, and blood glucose control treatment are effective in
reducing vascular complications and can be applied to all
people with T2D, regardless of level of HLF.

Major strengths of these analyses are the inclusion of a
large number of individuals with T2D and high athero-
sclerotic CVD risk from 20 countries across 4 continents,
with comprehensive baseline data on clinical parameters
and prespecified endpoints during follow-up. In addition,
we are the first to report that overall HLFs at baseline do
not modify the intensive blood glucose control and BP
lowering treatment effect on macrovascular and micro-
vascular complications in individuals with T2D. Even
so, there are several limitations. First, we did not collect
information on diet biomarkers nor daily dietary habits,
which is an important lifestyle factor associated with a
reduced risk of diabetic complications [29, 30], how-
ever we did include WHR, a measure of fat distribution,
which may be considered an indication for overall physi-
cal health. Second, our study consisted of post-hoc analy-
ses from a clinical trial population, although the results of
ADVANCE have been shown to be broadly generalizable
to those with T2D in community practice [31]. Finally,
the possibility of residual confounding could not be fully
eliminated in an observational analysis, despite several
important potential confounders being controlled for in
multivariable-adjusted models.

Conclusions

In summary, our study shows that adults with T2D
and a high CVD risk, who had a greater HLF score at
baseline, were at a lower risk of future composite major
macrovascular and microvascular events, major macro-
vascular alone, major microvascular alone and all-cause
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mortality. These associations were consistent across
different participant characteristics. The effects of
intensive blood glucose control and BP lowering treat-
ment on diabetic complications were consistent across
different numbers of overall HLFs.
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