OPEN @ ACCESS Freely available online @ PLOS ‘ ONE

Joint Associations of Physical Activity and Hypertension
with the Development of Type 2 Diabetes among Urban
Men and Women in Mainland China

Fei Xu'*, Robert S. Ware?, Lap Ah Tse?, YouFa Wang®*, ZhiYong Wang’, Xin Hong’,
Emily Ying Yang Chan?, David W. Dunstan®, Neville Owen®

1 Nanjing Municipal Center for Disease Control and Prevention, Nanjing, China, 2 School of Population Health, The University of Queensland, Brisbane, Australia, 3 JC
School of Public Health and Primary Care, The Chinese University of Hong Kong, Hong Kong, China, 4 Department of International Health, Johns Hopkins Bloomberg
School of Public Health, University, Baltimore, Maryland, United States of America, 5 Baker IDI Heart and Diabetes Institute, Melbourne, Australia

Abstract

Background: Physical activity (PA) and hypertension (HTN) are important influences on the development of type 2 diabetes
(T2D). However, the joint impact of PA and HTN on T2D development is unknown.

Methods: Two community-based prospective cohort studies, with the same protocols, instruments and questionnaires,
were conducted among adults in urban areas of Nanjing, China, during 2004-2007 and 2007-2010. T2D was defined using
World Health Organization criteria based on physicians’ diagnosis and fasting blood glucose concentration. PA level
(sufficient/insufficient) and blood pressure status (hypertensive/normotensive) were assessed at baseline and the third year
of follow-up. We pooled and analyzed data from these two studies.

Results: Among 4550 participants aged 35 years or older, the three-year cumulative incidence of T2D was 5.1%. After
adjusting for potential confounders, participants with sufficient PA were less likely to develop T2D than those with
insufficient PA (OR=0.43, 95%Cl =0.27, 0.68) and those who were normotensive were less likely to develop T2D than those
who were hypertensive (OR=0.39, 95%Cl=0.29, 0.51). Compared to participants with insufficient PA and who were
hypertensive, those with sufficient PA and hypertension were at lower risk of developing T2D (OR = 0.36, 95%C| =0.19, 0.69),
as were those with insufficient PA who were normotensive (OR =0.37, 95%Cl =0.28, 0.50) and those with sufficient PA who
were normotensive (OR=0.19, 95%Cl=0.10, 0.37).

Conclusions: Insufficient PA was found to be associated with the development of T2D among adults with and without
hypertension. These findings support a role for promoting higher physical activity levels to lower T2D risk in both
hypertensive and non-hypertensive individuals.
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Introduction that the development of T2D was about 2.5 times more likely in
hypertensive persons than in their normotensive counterparts
[9,10]. Hypertension and T2D, as major components of the
metabolic syndrome, often co-exist, and lead to a worsening in

Hypertension (HTN) and type 2 diabetes (T2D) are two
common chronic conditions that have significant impacts on
health care systems in both the developed and developing world
[1-6]. In China, the prevalence of hypertension and diabetes
among adults in 2008 was estimated as 26.9% and 9.7%,
respectively [5,6]. China is estimated to contain one in five of
the worldwide population of adults with hypertension and one in
three with diabetes [7,8]. The Chinese prevalence estimates are
similar to those for the USA in 2004, which were 29.3% and 7.8%
[3,4]. Two large prospective cohort studies in the USA showed

cardiovascular prognosis and greater burden than do each of the
conditions individually [9,10]. Effective strategies to prevent 12D
in people with hypertension are urgently needed, especially in
countries with a high population prevalence of hypertension.

It is widely acknowledged that physical inactivity contributes to
an elevated risk of developing T2D [11,12,13]. Consequently,
current public health guidelines relating to PA emphasize the
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weekly participation in moderate-intensity physical activity for at
least 30 minutes on at least 5 days, and/or vigorous physical
activity for at least 20 minutes on at least 3 days as sufficient for
preventive benefits [13].

Although physical inactivity and hypertension have been
identified as two independent risk factors for T2D individually,
the joint associations of physical inactivity and hypertension with
the risk of developing T2D are unknown. We hypothesize that
physical inactivity and hypertension may exert additive impacts on
the development of T2D relative to each of them separately. The
aim of this study was to examine the joint association of physical
inactivity and hypertension on the risk of developing T2D, using
pooled data from two cohorts of adults living in a large regional
city in Mainland China.

Methods
Study Design and Sample

The data used in this report were pooled from two three-year
community-based prospective cohort studies conducted in urban
areas of Nanjing, Mainland China, with the original purpose for
investigating the influence of lifestyle on the risk of developing
T2D. These two cohort studies shared the same methodology and
sampling approach which has been described in detail elsewhere
[14]. Briefly, there was a total of seven urban communities
included in this pooled study, with three in the first cohort (study
dating from July 2004 to July 2007) and four in the second cohort.
(July 2007 to July 2010). Adults were eligible to participate if they
were regular residents in the selected community, and aged 35
years or older. People were excluded if they had been previously
diagnosed with cancer or diabetes. The written informed consent
was obtained from each participant prior to the survey. Both
cohort studies were separately approved by the academic and
ethical committee of Nanjing Municipal Center for Disease
Control and Prevention (Nanjing CDC).

Outcome Variable

Apart from questionnaire and measurement on body weight
and height, we tested each participant’s blood glucose at the
baseline survey and then excluded those with T2D confirmed by
endocrinologist from the baseline. We re-tested each cohort
member’s blood glucose level at study end to identify the new
occurrence of T2D during the three-year follow-up period, while
the diagnosis of T2D was made by the endocrinologists according
to the fasting venous blood glucose concentration (tested with
Glucose Oxidase Method) and the presentation of clinical
symptoms relevant to diabetes based on the 1999 World Health
Organization criteria [15]. In addition, we provided each
participant with free fasting blood glucose tests in a designated
local hospital during the 3-year follow-up.

Exposure Variables

The information on self-reported PA in the past week was
collected using the validated Chinese short-version of the
International Physical Activity Questionnaire (IPAQ-CHN) [16].
The total PA time was calculated as the sum of the time spent in
moderate-intensity PA plus double the time spent in vigorous-
mtensity PA according to the recommendations by U.S. Depart-
ment of Health and Human Services [13]. Participants were
classified as having either sufficient (total PA time =150 minutes/
week) or insufficient (total PA time <150 minutes/week) PA [13].

Participants were recorded as being hypertensive if they had
been diagnosed by a registered hospital physician based on their
blood pressure status and clinical symptoms [17]. All participants
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prescribed antihypertensive drugs were asked to show their
personal medical records to confirm the previous diagnosis with
hypertension and then classified as being hypertensive.

We categorized participants according to their PA and blood
pressure status into four subgroups: (1) insufficient PA and
hypertension (reference group, ‘the highest risk group’), (2)
sufficient PA and hypertension, (3) insuflicient PA and normoten-
sion, and (4) sufficient PA and normotension (‘the lowest risk
group’).

Each participant’s height and weight were measured twice at
each visit following standardized procedures, and the mean of the
two readings was adopted for the calculation of BMI [weight (kg)/
height (m?)]. Following Chinese recommendations, participants
were classified as overweight (24= BMI <28), and obesity (BMI =
28) [18]. In addition, each participant’s information on smoking,
alcohol drinking, television viewing (a typical type and widely used
indicator of sedentary behavior), consumption of meat and
vegetables, and family history of T2D were also collected. A
participant was classified as a current smoker if he or she had
smoked at least one cigarette per day continuously for at least the
past year, or had smoked a total of at least eighteen packs in the
past year, and as an alcohol drinker if he or she drank alcohol an
average of two or more times per week for at least one year. We
adopted a validated Frequency Food Questionnaire (FFQ) to
gather information on dietary consumption including meat and
vegetables in a quantitative scale, but the collection of fruit was
based on the frequency of usage [19]. A participant who reported
having at least one parent diagnosed with T2D was recorded as
having a positive family history.

Statistical Analysis

Descriptive statistics and three-year cumulative incidence rates
of T2D are reported. We investigated the effect of PA and
hypertension status on T2D using univariate and multivariate
logistic regression models to obtain the odds ratio (OR) and the
95% confidence interval (95% CI). We also included a PA/HTN
interaction term in the multivariate logistic regression models to
examine the multiplicative interaction between PA and HTN on
the risk of T2D. In addition, multivariate logistic regression
analyses were further performed to estimate the effect of PA and
HTN in these three pairs (sufficient PA and hypertension,
insufficient PA and normotension, and sufficient PA and
normotension) by using the pair “insufficient PA and hyperten-
sion” as the reference group. Classical influential factors that were
regarded as the potential confounding factors were age, gender,
educational attainment, BMI category, family history of diabetes,
cigarette smoking, alcohol drinking, TV viewing, vegetable intake
and meat consumption. Data analyses were conducted using SPSS
21.0 IBM Corp, Armonk, NY, USA).

Results

Over both three-year studies, 6,309 were eligible to participate,
5,659 (89.7%) participated at baseline and 4,550 (80.4% of
baseline) completed the follow-up survey. Participation and follow-
up percentages for the 2004-07 and 2007-10 cohorts were 91.8%
(2677/2915) and 81.3% (2177/2677), and 87.9% (2982/3394)
and 79.6% (2373/2982) respectively. Overall, participants fol-
lowed-up were similar to those who were not in terms of age (mean
[SD] =51.8[10.6] years vs. 51.1 [10.2] years) and gender (42.9%
men vs. 43.2% men).

Selected baseline characteristics of participants according to
PA/hypertension category and the diabetes status at the three-year
of follow-up are shown in Table 1. The mean [SD] age for
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participants was 51.8[10.6], while 10.9% of participants were
classified as obese, 32.2% identified having hypertension and
16.5% engaging sufficient PA.

The three-year cumulative incidence of T2D was 5.1%
(95%CI=4.5, 5.8). There were no statistically-significant differ-
ences by gender, time spent in viewing TV, and intake of meat and
percentage of obesity between those who developed and did not
develop T2D during the follow-up period. However, compared to
their counterparts who did not develop 12D, those who developed
T2D tended to be older, have lower educational attainment and
consume less vegetables.

Table 2 presents the separate association of PA and hyperten-
sion with subsequent T2D. The cumulative incidence of T2D was
9.0% (95%CI=7.6, 10.6) among those with hypertension and
3.2% (95%CI=2.7, 3.9) for those with normal blood pressure,
while for participants with insufficient PA it was 5.6%
(95%CI=4.9, 6.4) and for those with sufficient PA it was 2.8%
(95%CI = 1.8, 4.3). After adjustment for potential confounders, the
odds of participants with sufficient physical activity being newly
diagnosed with T2D were approximately half those of participants
with insufficient physical activity being newly diagnosed
(OR=0.43, 95%CI=0.27, 0.68), while those without hyperten-
sion were significantly less likely to have subsequent T2D
(OR =0.39; 95%CI=0.29, 0.51) compared to their counterparts
with hypertension. The interactions between PA and hypertension
(P=0.39), gender and PA (P =0.72), and gender and hypertension
(P=0.59), on the risk of developing T2D were not statistically
significant.

The joint influence of PA and hypertension on the risk of
developing T2D is displayed in Table 3. Compared to the
reference group with both insufficient PA and hypertension,
participants with sufficient PA and hypertension were at lower risk
of developing T2D (OR =0.39, 95%CI=0.21, 0.73), and those
with insufficient PA and normal blood pressure were also less likely
to develop T2D (OR=0.32, 95%CI=0.24, 0.42), while those
recording sufficient PA and normal blood pressure were least likely
to develop T2D (OR=0.19, 95%CI=0. 10, 0.36). These

estimates were unaffected by adjustment for potentially confound-

overall sample population in urban areas of Nanjing, China*.

Physical Activity, Hypertension and Diabetes

ing variables. When the data were analyzed in men and women
separately, similar graduated associations were found.

Discussion

This pooled analysis of data from 4,550 urban Chinese adults
revealed that those with sufficient PA had a significantly lower risk
of developing T2D than those with insufficient PA, and that those
with normal blood pressure were significantly less likely to develop
T2D than their hypertensive counterparts. We observed that the
odds of developing T2D decreased across the combined PA/
hypertension groups from insufficient-PA/hypertension, sufficient-
PA/hypertension, insufficient-PA/normotension, to sufficient-PA/
normotension — with the latter having the lowest risk. Moreover,
normotensive participants with insufficient PA were at similar risk
of developing T2D as those who were hypertensive and had
sufficient PA; and both were at significantly lower risk of
developing T2D  than their hypertensive counterparts with
msufficient PA. Having sufficient PA was associated with a 57%
reduction in the odds of developing T2D relative to those
recording mnsufficient PA. Normotensive participants demonstrat-
ed a 64% reduction in the odds of subsequent T2D compared to
hypertensive participants, while the odds of normotensive partic-
ipants who recorded sufficient PA developing T2D were 81%
lower than participants with insufficient PA and hypertension.
These findings suggest there may be joint protective benefit from
sufficient PA and normotension compared to insufficient PA or
hypertension individually in this population.

To the best of our knowledge, this is the first community-based
prospective cohort study examining the combined influence of PA
and hypertension on the risk of developing T2D. The findings may
be of significance for populations where obesity and its consequent
complications- particularly T2D- are becoming major public
health problems [5,6,8]. It emphasizes the particular importance
of physical activity participation among those for whom hyper-
tension places them at increased risk of developing T2D.

In the present study, hypertension was shown to be an
independent risk factor for T2D, consistent with previous studies
[9,10]. The association between hypertension and type-2 diabetes

Table 2. The separate association of physical activity and hypertension with subsequent diabetes at three-year follow-up among

Exposure variables N of participants

Participants who developed diabetes’

% (n) OR (95%Cl)
Model 1* Model 2°

Physical Activity '

Insufficient 3797 5.6 (211) 1.00 1.00

Sufficient 753 2.8 (21) 0.49 (0.31, 0.77) 0.43 (0. 27, 0.68)
Hypertension

Yes 1463 9.0 (132) 1.00 1.00

No 3087 3.2 (100) 0.34 (0.26, 0.44) 0.39 (0.29, 0.51)

overall sample population.

*Model 1: univariate logistic regression model.

smoking, alcohol drinking, TV viewing, vegetables intake and meat intake.

doi:10.1371/journal.pone.0088719.t002

PLOS ONE | www.plosone.org 4

* Odds ratio (OR) and 95% Cls were used to present the influence of baseline moderate physical activity and hypertension on subsequent diabetes, separately, among

Diabetes was diagnosed based on venous blood glucose test plus clinical symptoms by registered physicians according to the 1999 World Health Organization
diagnostic criterion. Participants with normal blood glucose values were treated as the reference.

*Model 2: multivariate logistic regression model with adjustment for age, gender, educational attainment, family history, PA/hypertension,body weight status, cigarette

[l Physical activity was categorized into ‘Sufficient’ and ‘Insufficient’ based on the recommendation (at least 150 minutes per week) for adults’
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Table 3. The joint influence of physical activity and hypertension on the risk of developing diabetes at three-year follow-up
among overall sample population in urban areas of Nanjing, China*.

Exposure variables N of participants

Participants who developed diabetes’

= 0 OR (95%Cl)
Model 1* Model 2°
Physical Activity' Hypertension
Overall
Insufficient Yes 1200 10.1 (121) 1.00 1.00
Sufficient Yes 263 42 (11) 0.39 (0.21, 0.73) 0.36 (0.19, 0.69)
Insufficient No 2597 3.5 (90) 0.32 (0.24, 0.42) 0.37 (0.28, 0.50)
Sufficient No 490 2.0 (10) 0.19 (0.10, 0.36) 0.19 (0. 10, 0.37)

*Model 1: univariate logistic regression model.

smoking, alcohol drinking, TV viewing, vegetables intake and meat intake.

doi:10.1371/journal.pone.0088719.t003

is complex and may involve several mechanisms. In addition to the
widely accepted role of aging and increased body weight,
hypertension may contribute to the onset of diabetes through
the following pathways: (1) reducing the delivery of insulin and
glucose by decreasing blood flow of skeletal muscle, the major
uptaker of body glucose, due to increased vasoconstriction and
vascular rarefaction; (2) diminishing insulin-sensitivity of skeletal
muscle slow-twitch fibers; and (3) decreasing insulin postreceptor
signaling through PI3K-Akt pathway. [20]. Hypertension and
T2D share many of the same contributing behavioral and
biological risk factors, such as obesity, physical inactivity, high-
dense-energy food and adverse levels of C-reactive protein, TNF-a
and IL-6 [21,22]. Hypertension and T2D may have an additive
effect on each other, with one condition both facilitating the onset,
and worsening manifestations, of the other [23].

Previous epidemiological studies have demonstrated that PA
contributes to the reduction in the risk of developing 12D [11,12].
Hypertension is a strong and independent risk factor for T2D [13—
18,24]. Thus, it is possible that the impact of physical activity on
subsequent T2D might be different for those with and without
hypertension.

Strengths of this study include its large community-based
sample size, prospective design, high recruitment and follow-up
percentages, assessment of PA using a widely used questionnaire,
validation of hypertension and T2D using medical records, and
analytic adjustment for potentially confounding variables. Our
findings have emerged through using data derived from two
separate community-based cohorts which were designed and
administered by the same research team using the same study
protocol and methodology (including sampling approaches,
mstruments, and questionnaires) [14]. Only urban participants
were recruited in order to ensure comparable socio-economic

References

1. Ginter E, Simko V (2012) Global prevalence and future of diabetes mellitus. Adv
Exp Med Biol 771: 35-41.

2. Centers for Disease Control and Prevention (CDC) (2012) Increasing prevalence
of diagnosed diabetes—United States and Puerto Rico, 1995-2010. MMWR
Morb Mortal Wkly Rep 61: 918-21.

PLOS ONE | www.plosone.org

* Odds ratio (OR) and 95% Cls were used to present combined influence of baseline moderate physical activity and hypertension on subsequent diabetes.
Diabetes was diagnosed based on venous blood glucose test plus clinical symptoms by registered physicians according to the 1999 World Health Organization
diagnostic criterion. Participants with normal blood glucose values were treated as the reference.

$Model 2: multivariate logistic regression model with adjustment for age, gender, educational attainment, family history of diabetes, body weight status, cigarette

Il Physical activity was categorized into ‘Sufficient’ and ‘Insufficient’ based on the recommendation (at least 150 minutes per week) for adults’.

status of participants between study cohorts, while three-year
interval between two studies minimized the differences in
participants’ lifestyle and behavioral pattern.

Limitations of the study are that the three year follow-up period
is relatively short when investigating a chronic condition such as
T2D. Although the overall sample size was large, there were only
753 participants meeting the level of sufficient PA in the sample
population, which resulted in a small number of participants with
newly-identified T2D in the sufficient-PA/hypertension and the
sufficient-PA/normotension subgroups over the three-year follow-
up period.

In conclusion, this study provides evidence to support the
hypothesis that physical inactivity in combination with hyperten-
sion may additively increase the risk of developing T2D. Because
hypertension is an independent risk factor for T2D, and shares
common modifiable risk factors with T2D, those with hyperten-
sion may stand to gain significant benefit in reducing their risk of
developing T2D through regular physical activity participation.

Acknowledgments

This manuscript shared the same dataset with our previous paper,
published in Asia-Pacific Journal of Public Health, regarding the combined
influence of physical activity and family history on the risk of developing
type 2 diabetes.

Author Contributions

Conceived and designed the experiments: FX LAT YFW ZYW XH
EYYC. Performed the experiments: FX LAT YFW ZYW XH EYYC.
Analyzed the data: FX RSW. Wrote the paper: FX RSW LAT ZYW XH.
Ciritical revision of the manuscript: YFW EYYC DWD NO. Study
supervision: NO.

3. Ong KL, Cheung BM, Man YB, Lau CP, Lam KS (2007) Prevalence,
awareness, treatment, and control of hypertension among United States adults
1999-2004. Hypertension 49: 69-75.

4. Ong KL, Cheung BM, Wong LY, Wat NM, Tan KC, et al. (2008) Prevalence,
treatment, and control of diagnosed diabetes in the U.S. National Health and
Nutrition Examination Survey 1999-2004. Ann Epidemiol 18: 222-229.

February 2014 | Volume 9 | Issue 2 | 88719



. Yang W, Lu J, Weng ], Jia W, Ji L, et al. (2010) Prevalence of diabetes among

men and women in China. N Engl ] Med 362:1090-101.

. Yang ZJ, Liu J, Ge JP, Chen L, Zhao ZG, et al. (2012) Prevalence of

cardiovascular disease risk factor in the Chinese population: the 2007-2008
China National Diabetes and Metabolic Disorders Study. European Heart
Journal 33: 213-220.

. Writing group of 2010 Chinese guidelines for the management of hypertension

(2011) 2010 Chinese guidelines for the management of hypertension. Chinese
Journal of Hypertension 19: 701-743.

. Chinese Diabetes Society (2010) China Guideline for Type 2 Diabetes. Peking

University Medical Press, Beijing.

. Gress TW, Nieto EJ, Shahar E, Wofford MR, Brancati FL (2000) Hypertension

and antihypertensive therapy as risk factors for type 2 diabetes mellitus.
N Engl ] Med 342, 905-912

. Weycker D, Nichols GA, O’Keeffe-Rosetti M, Edelsberg J, Vincze G, et al.

(2009) Excess risk of diabetes in persons with hypertension. Journal of Diabetes
and Its Complications 23: 330-336.

. Healy GN, Wijndaele K, Dunstan DW, Shaw JE, Salmon J, et al. (2008)

Objectively measured sedentary time, physical activity, and metabolic risk: the
Australian Diabetes, Obesity and Lifestyle Study (AusDiab). Diabetes Care 31:
369-371.

Sigal RJ, Kenny GP, Wasserman DH, Castaneda-Sceppa C (2004) Physical
activity/exercise and type 2 diabetes. Diabetes Care 27: 2518-39.

. U.S. Department of Health and Human Services (2008) 2008 Physical Activity

Guidelines for Americans. Available: http://www.health.gov/paguidelines.
Accessed on May 20, 2011.

. Xu F, Wang Y, Ware RS, Tse LA, Wang Z, et al. (in press) Joint impact of

physical activity and family history on development of diabetes among urban
adults in mainland china: a pooled analysis of community-based prospective
cohort studies. Asia Pac J Public Health.

PLOS ONE | www.plosone.org

20.

21.

22.

24.

Physical Activity, Hypertension and Diabetes

. World Health Organization (1999) Definition, diagnosis, and classification of

diabetes Mellitus and its complications. Geneva: World Health Organization.

Report of a WHO Consultation.

. Deng HB, Macfarlane DJ, Thomas GN, Lao XQ, Jiang CQ, et al. (2008)

Reliability and Validity of the IPAQ-Chinese: The Guangzhou Biobank Cohort
Study. Med Sci Sports Exerc 40: 303-307.

. Writing group of 2004 Chinese guidelines for the management of hypertension

(2004) Chinese guidelines for the management of hypertension. Chinese Journal
of Hypertension 12: 483-486.

. Cooperative Meta-analysis Group of China Obesity Task Force (2002)

Predictive values of body mass index and waist circumference to risk factors
of related disease in Chinese adult population. Chin J Epidemiol 23: 5-10.

. Xu LZ, Dibley MJ, D’Este C (2004) Reliability and validity of a food-frequency

questionnaire for Chinese postmenopausal women. Public Health Nutr 7: 91—
98.

Sowers JR (2004) Insulin resistance and hypertension. Am J Physiol Heart Circ
Physiol 286: H1597-H1602.

Abramson JL, Weintraub WS, Vaccarino V (2002) Association between pulse
pressure and C-reactive protein among apparently healthy US adults.
Hypertension 39:197-202.

Fernandez-Real JM, Vayreda M, Richart C, Gutierrez C, Broch M, et al. (2001)
Circulating interleukins 6 levels, blood pressure, and insulin sensitivity in
apparently healthy men and women. J Clin Endocrinol Metab 86:1154-1159.

. Lonati C, Morganti A, Comarella L, Mancia G, Zanchetti A (2008) Prevalence

of type 2 diabetes among patients with hypertension under the care of 30 Italian
clinics of hypertension: results of the (Iper)tensione and (dia)bete study. Journal
of Hypertension 26: 1801-1808.

DeFronzo RA, Bonadonna RC, Ferrannini E (1992) Pathogenesis of NIDDM. A
balanced overview. Diabetes Care 15: 318-68.

February 2014 | Volume 9 | Issue 2 | 88719



