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ABSTRACT
Aims: To explore the influence of nine healthy lifestyle factors on the risk of type 2
diabetes mellitus in adults in Guizhou, China.
Methods: Data were obtained from a large population-based prospective cohort study
in Guizhou Province, China. A total of 7,319 participants aged ≥18 years without diabetes
at baseline were included in this study and were followed up from 2016 to 2020. A
healthy lifestyle score was calculated based on the number of healthy lifestyle factors.
Results: During an average of 7.1 person-years of follow-up, 764 participants were
diagnosed with type 2 diabetes mellitus. Compared with those of participants who scored
0–3 for a healthy lifestyle, the hazard ratios (95% confidence intervals) of those who
scored 4, 5, 6, and ≥7 were 0.676 (0.523–0.874), 0.599 (0.464–0.773), 0.512 (0.390–0.673),
and 0.393 (0.282–0.550), respectively, showing a gradual downward trend (P for trend
<0.01). More importantly, they had lower fasting and 2 h post-load plasma glucose levels
and fewer changes in plasma glucose levels during follow-up. If ≥7 healthy lifestyle factors
were maintained, 33.8% of incident diabetes cases could have been prevented. Never
smoking was the strongest protective factor against type 2 diabetes mellitus.
Conclusions: A healthy lifestyle can effectively decrease plasma glucose levels and
reduce the incidence of type 2 diabetes mellitus in adults in Guizhou, China. In addition,
not smoking may be an effective way to prevent type 2 diabetes mellitus.

INTRODUCTION
Diabetes is one of the fastest-growing diseases worldwide and
poses a serious challenge to global public health1,2, with approx-
imately 537 million adults (20–79 years) with diabetes in 2021
worldwide3. The largest number of patients with diabetes live
in China, causing a heavy burden of the disease on the country.
With economic development, lifestyle changes, and the acceler-
ation of population aging, the prevalence of diabetes is continu-
ously increasing in China. The latest research showed that its
prevalence in adults in China was 11.2%, according to the
World Health Organization4.
Studies have shown that a healthy lifestyle may reduce the

risk of type 2 diabetes mellitus5,6. A large prospective cohort
study observed that a healthy lifestyle increased life expectancy
free of diabetes by 10.3 years for men and 12.3 years for

women7. A cohort study in the United Kingdom showed that
the risk of diabetes in men was reduced by half owing to a
healthy lifestyle8. Another cohort study demonstrated that a
healthy lifestyle might contribute to diabetes prevention among
African Americans9. A prospective cohort study in China found
that the combination of the amount of physical activity, diet,
body mass index (BMI), and waist-to-hip ratio accounted for
72.6% of the etiology of diabetes10. Another study also estab-
lished that lifestyle factors were associated with an increased
diabetes burden in China11. The benefits of a healthy lifestyle
on glucose metabolism have also been demonstrated in preg-
nant women12,13. Several randomized controlled trials have
shown that the onset of type 2 diabetes mellitus can be delayed
or prevented via lifestyle intervention among people with
impaired glucose regulation, or even normal glucose tolerance
can be restored14–16.
However, most previous studies only focused on diet, physi-

cal activity, smoking, alcohol intake, and a few other factors.
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Furthermore, little is known about the effects of lifestyle on glu-
cose metabolism in ethnic minority regions in China. There-
fore, this study aimed to identify the influence of nine lifestyle
factors, such as smoking; alcohol intake; sedentary behavior;
sleep time; BMI; and the intake of vegetables, fruits, edible oils,
and salt, on the risk of type 2 diabetes mellitus in adults in
Guizhou Province, which has the lowest prevalence of diabetes
in China4. Furthermore, we assessed the contribution of healthy
lifestyle factors to the incidence of diabetes and the importance
of each constituent factor.

METHODS
Study population
The data were obtained from the Guizhou Population Health
Cohort Study (GPHCS), a large population database that aimed
to investigate the epidemic of chronic diseases and risk factors.
Details regarding the GPHCS cohort have been published pre-
viously17. The baseline survey covered 12 districts in Guizhou
Province using multistage proportional stratified cluster sam-
pling from 2010 to 2012. We included a total of 9,280 perma-
nent residents aged ≥18 years in the study. The participants
were followed up from 2016 to 2020. Of these, 8,163 partici-
pants completed the follow-up (87.96%). In this study, we
excluded those who had been diagnosed with diabetes
(n = 809) or had missing diabetes data (n = 34) at baseline,
were lost to follow-up (n = 994), had died during the follow-
up period (n = 106), and had missing diabetes data at follow-
up (n = 18). Finally, the remaining 7,319 participants were
included in the analysis. The flow chart of the study is shown
in Figure 1. The study was approved by the Institutional
Review Board of the Guizhou Center for Disease Control and
Prevention (no. S2017-02). In addition, written informed con-
sent was obtained from all participants.

Assessment of lifestyle behaviors and other covariates
Information on smoking, alcohol consumption, educational
background, sedentary behavior, sleep status, history of diseases,
and family history of diabetes was collected from the self-
reported data of each participant. The food frequency question-
naire was used to assess the frequency and quantity of various
foods consumed in the past 12 months. The intake of edible oil
and salt in a family in the past 30 days was assessed using a
family questionnaire and then converted into daily intake for
each participant according to the number of people in a family.
After at least 10 h of overnight fasting, a 75 g oral glucose

tolerance test was conducted for each participant. A venous
blood sample was collected before and 2 h after glucose admin-
istration. Plasma glucose was detected using the hexokinase
method within 4 h. After centrifugation, serum separated from
the remaining blood samples was stored at –20°C and trans-
ferred to Guizhou Center for Disease Control and Prevention
to detect levels of triglycerides, total cholesterol, low-density
lipoprotein cholesterol, and high-density lipoprotein cholesterol
(Olympus 400 Analyzer; Beckman Coulter, Brea, CA, USA).

Body height, weight, and blood pressure were measured by
strictly and uniformly trained staff. BMI was calculated by
dividing the weight by height squared (kg/m2).
According to the recommendations of Chinese dietary guide-

lines18 and previous studies19–22, healthy lifestyle factors include
never smoking, never drinking, sedentary time <6 h/day, sleep-
ing time 7–9 h/day, having a BMI between 18.5 and 23.9 kg/
m2, vegetable intake ≥300 g/day, fruit intake ≥200 g/day, edible
oil intake ≤30 g/day, and salt intake ≤6 g/day. A healthy life-
style score was constructed based on these nine lifestyle factors.
For each healthy lifestyle, participants who met the standard
were assigned 1 point. Higher scores indicated healthier life-
styles than those with lower scores. Due to the small score
range, participants with a score of ≤3 were combined into one
group, and those with a score of ≥7 were combined into
another group.
Diabetes was defined as a fasting plasma glucose concentra-

tion of ≥7.0 mmol/L, 2 h glucose concentration of
≥11.1 mmol/L, or having been diagnosed with diabetes by
township or community and above hospitals. According to the
1999 World Health Organization criteria, impaired glucose tol-
erance is defined as a fasting plasma glucose concentration of
<7.0 mmol/L and a 2 h glucose concentration of 7.8–
11.0 mmol/L; impaired fasting glucose is defined as a fasting
plasma glucose concentration of 6.1–6.9 mmol/L and 2 h glu-
cose concentration of <7.8 mmol/L23,24. Lastly, hypertension
included those with a systolic blood pressure ≥140 mmHg and/
or diastolic blood pressure ≥90 mmHg, or self-reported hyper-
tension25.

Statistical analysis
The Statistical Package for the Social Sciences (version 23.0;
IBM Corporation, Armonk, NY, USA) and R (version 4.1.2;
Lucent Technologies Inc., Murray Hill, NJ, USA) were used to
perform statistical analyses. Person-years were used as the time
variable. The person-years were calculated from the baseline
survey to the onset of diabetes or the end of follow-up, and the
incidence density of different healthy lifestyle groups was calcu-
lated. A Cox proportional hazards regression model was used
to evaluate the risk of type 2 diabetes mellitus. The hazard ratio
and 95% confidence interval (CI) were calculated with a healthy
lifestyle score of 0–3 as reference.
The population attributable risk percentage (PAR%) was

calculated to evaluate the effect of an increasing number of
healthy lifestyle factors on the incidence of type 2 diabetes melli-
tus under the assumption of causality. Considering the distribu-
tion of the number of healthy lifestyle factors in our study
population, PAR% and 95% CI for participants maintaining ≥4,
≥5, ≥6, and ≥7 healthy lifestyle factors were estimated respec-
tively.
In addition, we subtracted one of the nine healthy lifestyle

factors at a time and calculated the hazard ratio and 95% CI
for incident type 2 diabetes mellitus to assess the importance of
each healthy lifestyle factor.
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Several sensitivity analyses were conducted: (i) participants
who had been diagnosed with diabetes for more than 5 years
at follow-up were excluded; (ii) participants with prediabetes at
follow-up were excluded; (iii) participants with hypertension at
baseline were excluded; (vi) the cutoff value of sedentary time
from 6 to 8 h/day was adjusted; (v) ethnicity was adjusted as a
confounding factor. A two-sided P-value <0.05 was considered
statistically significant.

RESULTS
Baseline characteristics of participants
A total of 7,319 participants with an average age of
43.7 – 14.9 years were included in this study. The average
follow-up was 7.1 – 1.3 person-years. During the follow-up
period, 764 participants were diagnosed with type 2 diabetes
mellitus. According to whether diabetes occurs at follow-up
and considering healthy lifestyle scores, the baseline characteris-
tics of participants are shown in Tables 1 and 2, respectively.
Among those diagnosed with diabetes during the follow-up
period, the proportion of young people; urban population; and
participants with appropriate sleep time, never smoking, having
optimal BMI, meeting the intake standards of fruit, edible oil,
and salt was lower, while the proportion of participants with a
low education level accompanied with dyslipidemia and hyper-
tension was higher (P < 0.05 or 0.01). There was no significant

difference in the proportion of participants with sedentary time
<6 h/day, high vegetable intake, never drinking, and a family
history of diabetes, regardless of whether diabetes occurred
(P > 0.05). With the increase in healthy lifestyle scores, the
proportion of men, urban population, combined dyslipidemia,
and hypertension decreased, and the proportion of young peo-
ple, participants with a low education level, sedentary time
<6 h/day, appropriate sleep time, optimal BMI, never smoking,
never drinking, and meeting the intake standards of vegetable,
fruit, edible oil, and salt gradually increased (all P < 0.01).

The influence of each healthy lifestyle factor on the risk of
type 2 diabetes mellitus
The influence of each healthy lifestyle factor on the risk of type
2 diabetes mellitus is shown in Figure 2. Never smoking, never
drinking, appropriate sleep time, optimal BMI, low intake of
edible oil and salt, and high fruit intake were protective factors
against type 2 diabetes mellitus. Subgroup analysis showed that
optimal BMI and low intake of edible oil and salt were protec-
tive factors for men; appropriate sleep time, optimal BMI, low
intake of edible oil and salt, and high fruit intake were protec-
tive factors for women; and optimal BMI, low salt intake, and
high fruit intake were protective factors for urban participants.
The protective effect of a healthy lifestyle was consistent
between the total participants and rural participants.

Excluded (n=1961)

Diagnosed with diabetes at baseline(n=809)

Missing diabetes data at baseline(n=34)

Lost to follow-up(n=994)

Died during the follow-up period(n=106)

Missing diabetes data at follow-up(n=18)

Participants with diabetes

(n=764)

Participants without diabetes

(n=6555)

Participants included in the analysis

(n=7319)

Participants enrolled in GPHCS

(n=9280)

Figure 1 | The flow chart of the study.
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Effect of healthy lifestyle score on type 2 diabetes mellitus
The results of Cox proportional hazards regression are pre-
sented in Table 3. In this study, the incidence of type 2 dia-
betes mellitus was 14.7/1,000 person-years. With the increasing
number of healthy lifestyle factors, the incidence of diabetes
gradually decreased. Compared with those of participants who
scored 0–3 for a healthy lifestyle, the hazard ratios of those
who scored 4, 5, 6, and ≥7 were 0.676 (95% CI: 0.523–0.874),
0.599 (95% CI: 0.464–0.773), 0.512 (95% CI: 0.390–0.673), and
0.393 (95% CI: 0.282–0.550), respectively, showing a gradual

downward trend (P for trend <0.01). Compared with that in
participants with a score of only 0–3 healthy lifestyle factors,
the risk of developing diabetes in participants with a score of
≥7 healthy lifestyle factors decreased by 60.7%. The PAR% of
the incidence of type 2 diabetes mellitus was 10.5% (95% CI:
5.7–15.0%) if all participants maintained ≥4 healthy lifestyle fac-
tors. When the number of healthy lifestyle factors was increased
to ≥5, ≥6, or ≥7, the PAR% was 15.9% (95% CI: 8.8–22.5%),
23.3% (95% CI: 12.5–32.7%), and 33.8% (95% CI: 15.1–48.4%),
respectively. Subgroup analysis showed that higher healthy

Table 1 | Baseline characteristics of participants according to whether diabetes occurs at follow-up. Values are numbers (percentages)

Characteristic Total (n = 7,319) Diabetes (n = 764) Non-diabetes (n = 6,555) P value

Men 3427 (46.8) 371 (48.6) 3056 (46.6) 0.309
Age <45 years 4043 (55.2) 339 (44.4) 3704 (56.5) <0.01
Urban 2496 (34.1) 225 (29.5) 2271 (34.6) 0.004
Education years <9 years 4164 (56.9) 494 (64.7) 3670 (56.0) <0.01
Sedentary behavior <6 h/day 5922 (80.9) 627 (82.1) 5295 (80.8) 0.391
Sleep time 7–9 h/day 5723 (78.2) 565 (74.0) 5158 (78.7) 0.003
Never smoking 5240 (71.6) 522 (68.3) 4718 (72.0) 0.034
Never drinking 5002 (68.3) 508 (66.5) 4494 (68.6) 0.245
18.5 ≤BMI ≤23.9 kg/m2 4668 (63.8) 428 (56.0) 4240 (64.7) <0.01
Vegetable intake ≥300 g/day 4949 (67.6) 538 (70.4) 4411 (67.3) 0.080
Fruit intake ≥200 g/day 424 (5.8) 27 (3.5) 397 (6.1) 0.005
Edible oil intake ≤30 g/day 2542 (34.7) 226 (29.6) 2316 (35.3) 0.002
Salt intake ≤6 g/day 2110 (28.8) 182 (23.8) 1928 (29.4) 0.001
Dyslipidemia 4103 (56.1) 464 (60.7) 3639 (55.5) 0.006
Hypertension 1756 (24) 223 (29.2) 1533 (23.4) <0.01
Family history of diabetes 98 (1.8) 11 (2.0) 87 (1.8) 0.754

The information on family history of diabetes was missing in 1925 participants. BMI, body mass index.

Table 2 | Baseline characteristics of participants according to the healthy lifestyle scores. Values are numbers (percentages)

Characteristic Healthy lifestyle score P value

0–3 (n = 1,087) 4 (n = 1,534) 5 (n = 1,874) 6 (n = 1,780) 7– (n = 1,044)

Men 853 (78.47) 880 (57.37) 813 (43.38) 584 (32.81) 297 (28.45) <0.01
Age <45 years 531 (48.85) 772 (50.33) 1004 (53.58) 1060 (59.55) 676 (64.75) <0.01
Urban 458 (42.13) 570 (37.16) 642 (34.26) 520 (29.21) 306 (29.31) <0.01
Education years <9 years 511 (47.01) 851 (55.48) 1107 (59.07) 1082 (60.79) 613 (58.72) <0.01
Sedentary behavior <6 h/day 811 (74.61) 1313 (85.59) 1699 (90.66) 1672 (93.93) 1009 (96.65) <0.01
Sleep time 7–9 h/day 565 (51.98) 1078 (70.27) 1514 (80.79) 1579 (88.71) 987 (94.54) <0.01
Never smoking 256 (23.55) 811 (52.87) 1360 (72.57) 1562 (87.75) 1013 (97.03) <0.01
Never drinking 307 (28.24) 875 (57.04) 1460 (77.91) 1595 (89.61) 1003 (96.07) <0.01
18.5 ≤BMI ≤23.9 kg/m2 431 (39.83) 815 (53.3) 1121 (59.88) 1390 (78.18) 911 (87.26) <0.01
Vegetable intake ≥300 g/day 457 (42.24) 868 (56.66) 1282 (68.81) 1418 (80.98) 924 (91.21) <0.01
Fruit intake ≥200 g/day 25 (2.32) 42 (2.77) 90 (4.84) 124 (7.07) 143 (13.94) <0.01
Edible oil intake ≤30 g/day 108 (9.94) 265 (17.28) 583 (31.11) 785 (44.1) 801 (76.72) <0.01
Salt intake ≤6 g/day 86 (7.92) 223 (14.54) 402 (21.45) 626 (35.17) 773 (74.04) <0.01
Dyslipidemia 700 (64.4) 916 (59.71) 1051 (56.08) 921 (51.74) 515 (49.33) <0.01
Hypertension 320 (29.44) 440 (28.68) 455 (24.28) 364 (20.45) 177 (16.95) <0.01
Family history of diabetes 21 (2.49) 19 (1.72) 24 (1.74) 17 (1.31) 17 (2.21) 0.317

The information on family history of diabetes was missing in 1925 participants. BMI, body mass index.
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lifestyle scores indicated a lower risk of type 2 diabetes mellitus
regardless of sex, age, and community. Furthermore, the nine
healthy lifestyle factors included in this study appeared to be
more effective in preventing type 2 diabetes mellitus in men
than in women (Figure 3). To assess the importance of each
healthy lifestyle factor, the hazard ratio and 95% CI for incident
type 2 diabetes mellitus were calculated after subtracting one of
the nine healthy lifestyle factors at a time. The results showed
that the hazard ratio changed with each factor subtracted; never
smoking was the strongest protective factor against type 2 dia-
betes mellitus (Figure 4).

Effect of healthy lifestyle score on plasma glucose levels
The association between healthy lifestyle scores and changes in
plasma glucose levels from baseline to follow-up is presented in
Table 4. No differences in fasting plasma glucose and 2 h post-
load plasma glucose were observed in each group at baseline.
Participants with a healthy lifestyle score of ≥4 had lower fast-
ing and 2 h post-load plasma glucose levels and fewer changes
in plasma glucose levels during follow-up than participants with
a healthy lifestyle score of 0–3.

Sensitivity analysis
In this study, sensitivity analysis showed that the results
obtained with each method were consistent with the main anal-
ysis results (Table S1).

DISCUSSION
In this study, we comprehensively explored the influence of
nine lifestyle factors on the risk of type 2 diabetes mellitus in
adults in Guizhou, China. From the results, we observed that
never smoking, never drinking, appropriate sleep time, optimal
BMI, low intake of edible oil and salt, and high fruit intake
were protective factors against type 2 diabetes mellitus. With
the increase in the number of healthy lifestyle factors, the risk
of type 2 diabetes mellitus gradually decreased, especially
among men. Compared with those in participants with a
healthy lifestyle score of only 0–3, the plasma glucose levels in
participants with a score of ≥4 were lower at follow-up, and
the risk of developing diabetes in participants with a score of
≥7 decreased by 60.7%. If ≥7 healthy lifestyle factors were
maintained, 33.8% of incident diabetes cases could have been
prevented. The strongest protective factor against diabetes was
never smoking.
Our results confirm that a healthy lifestyle can reduce the

risk of type 2 diabetes mellitus, which is consistent with previ-
ous studies6–10,26. A large prospective cohort study examined
the effects of five lifestyle factors (smoking, alcohol intake, BMI,
physical activity, and diet) on the risk of type 2 diabetes melli-
tus. The results showed that participants with more healthy life-
style factors had a lower risk of type 2 diabetes mellitus7. A 10
year cohort study showed that increased lifestyle scores, espe-
cially dietary fiber intake, were associated with a lower risk of
diabetes27. Li et al.6 analyzed two independent cohort studies

healthy lifestyle factors(total)

healthy lifestyle factors (gender)

healthy lifestyle factors (age)

healthy lifestyle factors (community)

Never smoking

Never smoking

Never smoking

Never smoking

Never smoking

Never smoking

Never smoking

urban

rural

<45 years

≥45 years

male

female

Never drinking

0 0.5 1
HR

1.5 2

0 0.5 1
HR

1.5 2

0 0.5 1
HR

1.5 2

0 0.5 1
HR

1.5 2

Never drinking

Never drinking

Never drinking

Never drinking

Never drinking

Never drinking

Salt intake ≤6 g/d

Salt intake ≤6 g/d

Salt intake ≤6 g/d

Salt intake ≤6 g/d

Salt intake ≤6 g/d

Salt intake ≤6 g/d

Salt intake ≤6 g/d

18.5≤BMI<24 kg/m2

18.5≤BMI<24 kg/m2

18.5≤BMI<24 kg/m2

18.5≤BMI<24 kg/m2

18.5≤BMI<24 kg/m2

18.5≤BMI<24 kg/m2

18.5≤BMI<24 kg/m2

Sedentary time < 6 h/d

Sedentary time < 6 h/d

Sedentary time < 6 h/d

Sedentary time < 6 h/d

Sedentary time < 6 h/d

Sedentary time < 6 h/d

Sedentary time < 6 h/d

Edible oil intake ≤30 g/d

Edible oil intake ≤30 g/d

Edible oil intake ≤30 g/d

Edible oil intake ≤30 g/d

Edible oil intake ≤30 g/d

Edible oil intake ≤30 g/d

Edible oil intake ≤30 g/d

Sleep time≥8 h/d

Sleep time≥8 h/d

Sleep time≥8 h/d

Sleep time≥8 h/d

Sleep time≥8 h/d

Sleep time≥8 h/d

Sleep time≥8 h/d

Vegetable intake≥300 g/d

Vegetable intake≥300 g/d

Vegetable intake≥300 g/d

Vegetable intake≥300 g/d

Vegetable intake≥300 g/d

Vegetable intake≥300 g/d

Vegetable intake≥300 g/d

Fruit intake≥200 g/d

Fruit intake≥200 g/d

Fruit intake≥200 g/d

Fruit intake≥200 g/d

Fruit intake≥200 g/d

Fruit intake≥200 g/d

Fruit intake≥200 g/d

HR(95%CI)
0.850(0.729-0.990)

0.831(0.672-1.027)
0.845(0.689-1.037)
1.251(0.953-1.641)
0.843(0.680-1.045)

0.600(0.477-0.755)
0.513(0.398-0.661)
1.038(0.828-1.301)
0.566(0.302-1.060)
0.700(0.566-0.865)

0.860(0.427-1.732)
0.846(0.633-1.131)
1.025(0.777-1.354)

0.817(0.661-1.010)
0.797(0.645-0.985)

0.796(0.637-0.995)
1.028(0.827-1.278)

0.557(0.342-0.905)
0.628(0.513-0.768)

0.818(0.650-1.029)

0.795(0.635-0.995)
1.385(1.023-1.875)
0.775(0.603-0.996)

0.680(0.541-0.856)
0.581(0.454-0.742)
1.197(0.937-1.529)

0.710(0.430-1.174)
0.617(0.495-0.769)

0.887(0.685-1.15)

0.868(0.674-1.119)
0.731(0.578-0.925)
0.924(0.748-1.143)
0.747(0.569-0.980)
0.905(0.683-1.198)

1.090(0.830-1.431)
0.372(0.165-0.835)

0.701(0.548-0.898)

0.988(0.746-1.309)
0.929(0.706-1.224)

0.951(0.713-1.27)
0.912(0.677-1.23)

0.928(0.698-1.235)
0.697(0.513-0.945)
1.180(0.893-1.560)
0.555(0.310-0.994)
0.522(0.401-0.678)

0.802(0.668-0.962)
0.808(0.675-0.967)
1.058(0.825-1.359)
0.775(0.639-0.939)
0.629(0.522-0.757)
0.630(0.516-0.769)
0.987(0.816-1.194)
0.533(0.319-0.890)
0.744(0.622-0.890)

0.842(0.725-0.979)
1.130(0.931-1.372)
0.836(0.710-0.960)
0.699(0.598-0.816)
0.652(0.552-0.771)
1.031(0.882-1.206)
0.554(0.377-0.813)
0.661(0.572-0.765)

HR(95%CI)

HR(95%CI)

HR(95%CI)

Figure 2 | The influence of each healthy lifestyle factor on the risk of
type 2 diabetes mellitus.
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involving 558,302 Chinese participants. It was found that com-
pared with participants with an unhealthy lifestyle, those with a
healthy lifestyle had a significantly lower risk of type 2 diabetes
mellitus. The adjusted hazard ratio was 0.30 and 0.41, respec-
tively, and 0.30 for the combined cohort. Another community-
based study involving 11,596 Chinese adults aged ≥40 years
found that the risk of diabetes in participants with a high
healthy lifestyle score decreased by 32–44% when compared
with participants with a low score26.

Our findings showed that most of the nine healthy lifestyle
factors were protective against diabetes. In addition to never
smoking, never drinking, appropriate sleep time, high fruit
intake, and maintaining optimal weight, low intake of edible oil
and salt were also beneficial for glucose metabolism. However,
a sedentary time <6 h/day and vegetable intake ≥300 g/day had
no significant protective effect. Although sedentary behavior is
considered a risk factor for diabetes, some studies have reported
inconsistent results. For example, a case–control study found

Table 3 | Hazard ratios (95% confidence intervals) of incident diabetes and the healthy lifestyle scores

Healthy lifestyle score Cases Person-years of follow-up Incident density (/1,000 PYs) Hazard ratio (95% CI) P value

Total 764 51,924.01 14.71 NA NA
0–3 154 7,491.4 20.56 1.000 (ref) NA
4 181 10,684.93 16.94 0.676 (0.523–0.874) 0.003
5 183 13,247.53 13.81 0.599 (0.464–0.773) <0.01
6 160 12,805.24 12.49 0.512 (0.390–0.673) <0.01
7– 86 7,694.91 11.18 0.393 (0.282–0.550) <0.01
P for trend NA NA NA NA <0.01

Adjusted for age (<45/≥45 years), gender, community, education years (≥9/<9 years), family history of diabetes (no/yes), hypertension (no/yes), dys-
lipidemia (no/yes).
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Figure 3 | Subgroup analysis of the association between healthy lifestyle scores and the risk of type 2 diabetes mellitus.
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that there was no significant difference in sedentary time
between patients with type 2 diabetes mellitus and healthy con-
trols after adjusting for BMI28. Another study showed that the
total sedentary time was not associated with the development
of gestational diabetes mellitus29. Hsueh et al. also found no
significant correlation between total sedentary time and the risk
of type 2 diabetes mellitus. However, after specifying sedentary
behaviors, watching television ≥2 h/day was associated with a
high risk of type 2 diabetes mellitus30. In our study, we did not
observe that vegetable intake was associated with a lower risk

of diabetes, which is inconsistent with previous studies31,32. An
earlier meta-analysis showed that consuming more green leafy
vegetables reduces the risk of diabetes by 14%33. However,
Hamer et al.34 showed that an increase in vegetable intake did
not reduce the risk of diabetes. Another meta-analysis also
found no association between total vegetable intake and dia-
betes, but intake of root vegetables was associated with a lower
risk of diabetes35. A recent study also showed that vegetable
intake did not alter the gut microbiota or related metabolites to
reduce the risk of type 2 diabetes mellitus36. Although both
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Figure 4 | Hazard ratios (95% confidence intervals) associated with extreme categories (0–3 vs 7–9) of the nine healthy lifestyle factors after
subtraction of one factor at a time. Adjusted for age (<45/≥45 years), gender, community, education years (≥9/<9), family history of diabetes (no/
yes), hypertension (no/yes), dyslipidemia (no/yes), and corresponding subtracted components.

Table 4 | The association between healthy lifestyle scores and the changes in plasma glucose levels during follow-up

Healthy lifestyle score Baseline Follow-up Change in plasma glucose levels†

FPG 2hPG FPG 2hPG FPG 2hPG

0–3 5.03 – 0.75 5.52 – 1.44 5.72 – 1.80 7.11 – 2.62 0.71 – 1.92 1.59 – 2.88
4 5.04 – 0.72 5.54 – 1.38 5.62 – 1.58* 6.89 – 2.32* 0.59 – 1.71* 1.36 – 2.60
5 5.03 – 0.73 5.48 – 1.33 5.57 – 1.59* 6.89 – 2.63* 0.54 – 1.76* 1.43 – 2.84
6 5.07 – 0.75 5.49 – 1.31 5.51 – 1.48* 6.59 – 2.13* 0.45 – 1.69* 1.10 – 2.39*
7– 5.05 – 0.74 5.57 – 1.25 5.42 – 1.73* 6.64 – 2.54* 0.38 – 1.94* 1.04 – 2.83*
P value 0.539 0.360 0.001 <0.01 <0.01 <0.01

*P < 0.05, Compared with healthy lifestyle score of 0–3. †Changes in plasma glucose levels: plasma glucose levels at followed up minus plasma
glucose levels at baseline. 2hPG, 2 h post-load plasma glucose; FPG, fasting plasma glucose.
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sedentary time <6 h/day and vegetable intake ≥300 g/day were
not independently associated with the development of type 2
diabetes mellitus, it was found that the risk of type 2 diabetes
mellitus gradually decreased with the increase in the number of
healthy lifestyle factors based on the analysis of any combina-
tion of various healthy lifestyle factors. The possible reason was
that a certain healthy lifestyle factor had no significant effect on
diabetes, but synergy appeared to decrease the risk of type 2
diabetes mellitus. The exact mechanism was unclear.
Interestingly, our results showed that the nine healthy life-

style factors appeared to be more effective in preventing type 2
diabetes mellitus in men than in women. A possible reason is
that the progression of diabetes in men is more susceptible to
lifestyle. Previous studies have shown that there is a significant
difference in the risk of diabetes between men and women.
While the specific pathogenesis has not yet been elucidated, it
may be related to the different levels of sex hormones, nutri-
tional factors, and social and psychological factors37,38.
Notably, our results showed that never smoking was the

strongest protective factor against type 2 diabetes mellitus
among all healthy lifestyle factors. A large number of studies
have demonstrated that active and passive smoking are both
closely related to a higher risk of type 2 diabetes mellitus39–41.
Cigarettes may change body composition, cause adverse fat dis-
tribution, reduce insulin sensitivity, and damage pancreatic b-
cell function, thereby affecting glucose homeostasis40. A previ-
ous study found a linear dose–response relationship between
smoking and the risk of type 2 diabetes mellitus. Smoking
accounted for 18.8% and 5.4% of the etiology of type 2 diabetes
mellitus in men and women, respectively42. A recent cohort
study in Korea showed that after adjustment for multiple fac-
tors, compared with that among current smokers, the risk of
diabetes among quitters and non-smokers decreased by 14.2%
and 38.4%, respectively43. Pan et al.39 found that the risk of dia-
betes decreased with an increase in smoking cessation time
among former smokers.
The major advantages of our study are the large sample size,

relatively long follow-up time, and high follow-up rate. To our
knowledge, this is the first study to explore the influence of
nine healthy lifestyle factors on the risk of type 2 diabetes mel-
litus in an ethnic minority region in China. More importantly,
we analyzed the importance of each lifestyle factor, and five dif-
ferent methods were used for the sensitivity analysis to maxi-
mize the robustness of our results.
Nevertheless, this study has several limitations. First, lifestyle

factors depend on participants’ self-reports; therefore, measure-
ment errors are inevitable. Second, other lifestyle factors such
as intake of red meat, milk, seafood, and beverages were not
analyzed. Finally, our participants were permanent residents of
Guizhou Province, China, and the results may not be applicable
to other populations.
In summary, a healthy lifestyle can reduce the incidence of type

2 diabetes mellitus in adults in Guizhou, China. With the increas-
ing number of healthy lifestyle factors, the incidence of diabetes

gradually decreased. A healthy lifestyle, especially not smoking,
may be an effective way to prevent type 2 diabetes mellitus.
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