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Abstract

Background A workplace-based primary prevention intervention be an effective approach to reducing the inci-
dence of hypertension (HTN). However, few studies to date have addressed the effect among the Chinese working
population. We assessed the effect of a workplace-based multicomponent prevention interventions program for car-
diovascular disease on reducing the occurrence of HTN through encouraging employees to adopt a healthy lifestyle.

Methods In this post hoc analysis of cluster randomized controlled study, 60 workplaces across 20 urban regions

in China were randomized to either the intervention group (n =40) or control group (n=20). All employees in each
workplace were asked to complete a baseline survey after randomization for obtaining sociodemographic informa-
tion, health status, lifestyle, etc. Employees in the intervention group were given a 2-year workplace-based primary
prevention intervention program for improving their cardiovascular health, including (1) cardiovascular health educa-
tion, (2) a reasonable diet, (3) tobacco cessation, (4) physical environment promotion, (5) physical activity, (6) stress
management, and (7) health screening. The primary outcome was the incidence of HTN, and the secondary out-
comes were improvements of blood pressure (BP) levels and lifestyle factors from baseline to 24 months. A mix effect
model was used to assess the intervention effect at the end of the intervention in the two groups.

Results Overall, 24,396 participants (18,170 in the intervention group and 6,226 in the control group) were included
(mean [standard deviation] age, 39.3 [9.1] years; 14,727 men [60.4%)]). After 24 months of the intervention, the
incidence of HTN was 8.0% in the intervention groups and 9.6% in the control groups [relative risk (RR) =0.66, 95%
Cl,0.58~0.76, P<0.001]. The intervention effect was significant on systolic BP (SBP) level (3= —0.7 mm Hg, 95%
Cl,—1.06~ —0.35; P<0.001) and on diastolic BP (DBP) level (3= — 1.0 mm Hg, 95% Cl,—1.31~ —0.76; P<0.001). More-
over, greater improvements were reported in the rates of regular exercise [odd ratio (OR)=1.39, 95% Cl, 1.28 ~1.50;
P<0.001], excessive intake of fatty food (OR=10.54, 95% Cl, 0.50~0.59; P<0.001), and restrictive use of salt (OR=1.22,
95% Cl, 1.09 ~ 1.36; P=0.001) in intervention groups. People with a deteriorating lifestyle had higher rates of develop-
ing HTN than those with the same or improved lifestyle. Subgroup analysis showed that the intervention effect of

BP on employees with educational attainment of high school above (SBP: 5= —1.38/—0.76 mm Hg, P<0.05; DBP:
B=—226/—-0.75 mm Hg, P<0.001), manual labor workers and administrative worker (SBP: = —1.04/— 1.66 mm Hg,
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P<0.05; DBP: = —1.85/—0.40 mm Hg, P<0.05), and employees from a workplace with an affiliated hospital (SBP:
B=—2.63 mm Hg, P<0.001; DBP: 8= —1.93 mm Hg, P<0.001) were significantly in the intervention group.

Conclusions This post hoc analysis found that workplace-based primary prevention interventions program for cardi-
ovascular disease were effective in promoting healthy lifestyle and reducing the incidence of HTN among employees.

Trial registration Chinese Clinical Trial Registry No. ChiCTR-ECS-14004641.
Keywords Workplace-based, Multicomponent, Prevention interventions, Incidence of hypertension, Randomized

controlled, Post hoc analysis

Background

Hypertension (HTN) is the leading global preventable
risk factor for cardiovascular disease (CVD) and prema-
ture death [1, 2]. It is estimated that approximately 1.56
billion adults worldwide will be diagnosed with HTN
by 2025 [3]. The prevalence of HTN is high and increas-
ing in China, from 13.6% in 1991 to 23.2% in 2012 [4, 5].
Practice has proved that primary prevention measures
can effectively delay or avoid the occurrence of CVD risk
factors such as HTN, thus reducing the incidence and
mortality of CVD [6]. Studies showed that 40 to 70% of
the decrease in cardiovascular mortality in the USA from
1980 to 2000 can be attributed to risk factor control [7].
Therefore, timely primary prevention intervention may
be an economical and effective measure to reduce the
occurrence and development of chronic non-communi-
cable diseases such as HTN and CVD in China.

Employees account for more than 70% of the adult
population [8], and their health status is of great impor-
tance to the stability and development of society. How-
ever, studies showed that the cardiovascular health status
of occupational population worldwide is not ideal [9-13].
It is estimated that cardiovascular morbidity and death
cost the workplace up to $120 billion annually in the USA
[14]. Previous studies by our team showed that the preva-
lence of HTN was high among Chinese working popula-
tion, but rates of awareness, treatment, and control were
low [11]. Whether workplace-based primary prevention
intervention of CVD can help workers develop a healthy
lifestyle, improve their health level, and reduce the inci-
dence of CVD among the Chinese working population,
few studies to date have been designed [15].

From January 2013 to December 2014, we conducted a
program in order to improve overall employees’ cardio-
vascular health and blood pressure (BP) control among
employees with HTN using a multicomponent interven-
tion strategy that combined workplace wellness program
and guidelines-oriented HTN management interven-
tion. In previous study, the effectiveness of BP control
among employees with HTN was proofed [16]. In the
present study, among the overall employees without
HTN who received workplace-based primary prevention

intervention only, the incidence of HTN and the adoption
of healthy lifestyle were assessed by a post hoc analysis.

Methods

Study design

Our study was a post hoc analysis of cluster randomized
controlled study, full details of study design and proto-
col have been published previously [16]. Briefly, twenty
urban medical institutions [Chinese center for disease
control and prevention (CDC) or class III hospitals] were
selected as subcenters, each consisting of 2 to 4 work-
places, which were comparable in sector, ownership, size,
economic level, and medical condition. These workplaces
covered private enterprises in manufacturing industry,
state-owned enterprises (mining, manufacturing, power
supply, transport and post, and others), universities and
research institutes, and were not medical institutions.
Considering the intervention benefits and ethical issues,
we took the workplace as the randomized unit and con-
ducted a 1:2 cluster randomized controlled method in
each subcenter, two workplaces randomly were selected
as the intervention group and the other as the control
group. The group randomization was undertaken by our
statistician (Z.C.) in the coordinating center, who was
not involved in the trial and was blind to the workplaces.
Finally, 40 workplaces were randomly assigned to the
intervention group and 20 to the control group. There
were about 500 employees in each workplace and at
least 50 eligible HTN patients. After randomization, the
baseline survey was completed. Intervention was carried
out separately for overall employees and HTN patients:
primary prevention of CVD for overall employees. On
the basis of primary prevention, HTN management for
patients with HTN. The intervention lasted for 2 years,
and participants completed standardized questionnaires
at the beginning and end of the intervention under the
guidance of the researchers.

Participants

In our study, all employees in the workplace were poten-
tial participants. The inclusion criteria were as follows:
(1) fixed employees of the workplace; (2) signed voluntar-
ily a consent form to participate in the program within
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2 years; (3) avoided to interrupt the participation due to
long-term leave, going abroad, retirement or resignation
within 2 years. And exclusion criteria were as follows:
(1) acute myocardial infarction (<3 months) and stroke
(<3 months) patients in the acute stage; (2) pregnant
women, nursing mothers; (3) not cooperate (intelligence,
hearing, physical activity barriers) significantly; (4) with
severe disease, life expectancy less than 2 years; (5) medi-
cal personnel.

According to previous published study [16], the preva-
lence of HTN in the workplace was 25.2% [13]. Consid-
ering the actual size of the workplace and the dropout
of the participants, a total of 45,000 source populations
were planned to be enrolled at the time of study design
to ensure a required sample size of hypertensive patients
could be screened.

Out of 42,349 employees who completed the baseline
survey in 2012 with an overall follow-up rate of 92.57%,
24,396 employees were included in the final analysis after
excluding 3147 employees who lost to follow-up (partici-
pants who did not participate in the last data collection),
2874 with incomplete information (participants whose
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first data cannot be matched with the last data), 3773
individuals whose HTN was not defined by existing data
(variables necessary to define HTN were missing), and
8159 who had HTN at baseline (Fig. 1).

Intervention

The intervention lasted 2 years with involving all partici-
pants. Based on the recommendations of the American
Heart Association and the China Guidelines for Pre-
vention of CVD [14], we developed a workplace-based
primary prevention interventions program aimed at
improving employees’ cardiovascular health, including
(1) cardiovascular health education, (2) a reasonable diet,
(3) tobacco cessation, (4) physical environment promo-
tion, (5) physical activity, (6) stress management, and (7)
health screening.

The health education included regularly organiz-
ing experts to give health lectures (at least half a year),
putting up posters (quarterly), sending text messages,
and distributing health education materials to educate
employees on the risks of prevention of CVD. A reason-
able diet included providing nutrition education and/or

Sample

contacted (n=45,000)

initially

Exclusion:

A

eDeclining to
participate(n=2,651)

/

Baseline study sample

Exclusion:
eIncomplete information

(n=42,349)
Exclusion:
oL ossing to follow-
up(n=3,147
¥ p( )
Complete the follow-up

(n=39,202)

Exclusion:

eHypertension couldn't

or incorrect (n=2,874)

be detemined(n=3,773)
ePatients with baseline
hypertension(n=8,159)

[ Final Sampl

e (n=2,4396)

]

Intervention group
(n=18,170)

y

Control group
(n=6,226)

Y

[ 1,254 developed hypertension ]

528 developed hypertension ]

Fig. 1 Flow chart of the participants selection process



Hu et al. BMC Medicine (2023) 21:214

healthy eating information (e.g., control the total calo-
ries, limit the intake of oil, pay attention to the calorie
distribution of three meals, nutrition balance) to employ-
ees and opening low-salt dishes windows (open at least
one); affordable and healthy foods (e.g., low-salt, low-
fat) were easily available, and participants were encour-
aged to make healthy food choices when eating lunch in
the staff canteen, advising families to use as little cook-
ing salt as possible (e.g., use a quantifiable salt spoon,
try not to drink soup, reduce the amount of sodium-salt
condiments such as glutamate, soy sauce, and so on). In
addition, employees were encouraged not to drink alco-
hol as far as possible. If they do, a small amount of alco-
hol should be taken: the daily alcohol intake for women
is less than 15 g/day, and for men, it is less than 25 g/
day, no more than twice a week (15 g alcohol=300 ml
beer/150 ml wine/50 ml low-alcohol liquor). With regard
to the smoking cessation section, we included dissemi-
nating the concept of smoking cessation, teaching meth-
ods and techniques for smoking cessation, distributing
information pamphlets on smoking cessation, and estab-
lishing tobacco control regulations to increase smoking
cessation rates among employees and to prohibit smok-
ing in the workplaces. Improving the physical environ-
ment included modifying workstations and office layouts
to reduce sedentary behavior and increase physical activ-
ity. The physical activity section encouraged participants
to increase physical activity and advocated to actively fit-
ness activities, for example, added sports facilities appro-
priately, encouraged to take elevators less and walk stairs
more, organized and advocated various forms of physi-
cal activities such as workplace exercises, sports meet-
ings, and regular group sports events (at least 2 items are
completed). Accessible indoor or outdoor sports facili-
ties, including indoor walking paths, were provided to
allow employees in regular physical activities, encourag-
ing employees to achieve their desired weight goals in a
healthy way [body mass index (BMI)<24 kg/m? waist
size: male <90 cm, women < 85 c¢m]. For the stress man-
agement section, relaxation techniques were provided
by the employees specialized in meditation, tai chi, or
deep breathing for coping with stress monthly. The health
screening section included annual health checkups and
feedback to identify key risk factors. Employees in the
control group were visited in the community health
centers (CHCs) at baseline and the end of the program,
receiving only routine care to prevention or treatment of
diseases and receiving no any intervention from the pro-
gram. The implementation for primary prevention had
been published previously [16].
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Definitions and measurements

Baseline and 2-year follow-up data of intervention and
control groups including information of sociodemo-
graphic characteristics, lifestyle behaviors, history of
disease, and other factors were collected by trained
health-care professionals at face-to-face visits using a
standardized questionnaire developed by the coordinat-
ing center. Then, height, weight, and BP were measured
for each participant. Two BP readings were taken on the
right arm of employees in a sitting position after rest-
ing for at least 5 min and 1-min interval by well-trained
staff, with an Omron automatic digital BP monitor device
(Omron HBP-1300; Omron, Kyoto, Japan) provided to all
workplaces. Participants were not allowed to drink tea/
coffee, smoke, and engage in any physical activity for
at least 30 min prior to measurement. If the difference
between the 2 measurements was greater than 5 mm Hg
for systolic blood pressure (SBP) or diastolic blood pres-
sure (DBP), a third measurement was taken and the last
2 measurements were recorded [17]. The average of two
readings was used for all analyses. Height was measured
without shoes using a standard right-angle device and
a fixed tape measure (to the closest 0.5 cm), and body
weight was measured without wearing heavy cloth-
ing using a weight measuring device (Vbody HBF-371,
Omron, Kyoto, Japan).

According to the Chinese BP measurement guide-
line [17], HTN was defined as SBP>140 mm Hg and/
or DBP>90 mm Hg, or taking antihypertensive medi-
cation, or self-reported previous medical diagnosis of
HTN, which was diagnosed by CHCs or other superior
medical institutions. BMI was calculated as the weight in
kilograms divided by height in meters squared (kg/m?),
and the BMI cutoff points for overweight (24~27.9 kg/
m?) and obesity (> 28 kg/m?) were based on the Working
Group on Obesity in China guidelines [18]. According to
previous report [11], smoking was defined as the use of
at least 1 cigarette per day, current alcohol as consump-
tion of at least 1 drink per week, regular exercise as more
than 30 min of physical activity at least 3 times a week,
stress perception as participants who reported perceiv-
ing high levels of stress, excessive intake of fatty food as
participants who reported regularly overconsumption of
fatty foods, and restrictive use of salt as participants who
reported restriction of salty food regularly.

Employees were divided into four groups by their
occupations, including manual labor workers (e.g.,
manufacturing, mining), desk job workers (e.g., cleri-
cal, professional technical), administrative workers (e.g.,
manager, director, supervisor), and others (e.g., porter,
security guard). In terms of affiliated hospital [19], the
workplaces were classified as those with an affiliated
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hospital (WAH) or without an affiliated hospital (WWH).
Details have been published previously [11].

Outcome measurements

In this post hoc analysis, we mainly conducted an explor-
atory analysis of the incidence of HTN, improvements of
BP levels, and lifestyle factors from baseline to 24 months
in the two groups. The primary outcome was 2-year inci-
dence of HTN, defined as the proportion of employees
who were free of HTN at baseline but developed HTN at
24 months. The secondary outcomes included changes of
BP level and rate of smoking, drinking, regular exercise,
overweight or obesity, stress perception, excessive intake
of fatty food, and restrictive use of salt from baseline to
24 months.

Statistical analysis

All employees who attended follow-up visits at
24 months and had complete primary outcome data and
other variables were included in the analysis. Consider-
ing the clustering effect, a mixed effects model with the
subcenters as random effect was performed to examine
the intervention effect on incidence of HTN and other
outcomes over time by additionally adjusting for age at
recruitment (continuous), sex (male or female), mari-
tal status (married or unmarried), educational attain-
ment (elementary or below, junior high school, college or
above), employment status (manual labor workers, desk
job workers, administrative workers, others), workplace-
affiliated hospital (WAH, WWH), history of dyslipidemia
(yes or no), history of diabetes (yes or no), history of CVD
(yes or no), family history of HTN (yes or no), and phar-
macological treatment (yes or no). The hierarchical sta-
tistical techniques were used to capture the heterogeneity
of workplace intervention. To handle the missing data
on outcome and other covariates, a multiple imputation
method was employed for sensitivity analyses to robust
the primary outcome analyses. Exploratory analysis was
also conducted in predefined subgroups, including sex,
age, marital status, educational attainment, employment
status, and workplace-affiliated hospital. The results were
reported as rate (%), mean, standard deviation (SD), and
95% confidence interval (CI) when appropriate. For con-
tinuous outcomes, intervention effect was defined as the
difference between the 2 groups, calculated as interven-
tion (values at 24 months minus values at baseline) minus
control (values at 24 months minus values at baseline).
For dichotomous outcomes, the incidence of HTN was
reported by relative risk (RR) and 95% Cls compared with
the control group, with the improvements of lifestyle fac-
tors by odds ratio (OR) and 95% CIs. All data analyses
were conducted using R version 4.1.0. A 2-tailed P value
less than 0.05 was considered statistically significant.
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Results

Basic characteristics of participants at the workplaces

The participants had a mean (SD) age of 39.3 (9.1) years
and were predominantly male (14,727 [60.4%]). At base-
line, 10,862 participants (46.6%) had obtained a col-
lege or above education, 11,725 (48.9%) were manual
labor workers, and 18,142 (74.4%) were from a work-
place with an affiliated hospital. The mean SBP/DBP was
118.5/74.7 mm Hg in the entire sample. There were sig-
nificant differences in age at recruitment, marital status,
education attainment, employment status, workplace-
affiliated hospital, the history of disease, SBP and lifestyle
factors between the intervention group and the control
group (Table 1). Baseline characteristics for participants
who failed to be matched were shown in Table S1.

Intervention effects on incidence of HTN, BP level

and lifestyle factors in the intervention and control groups
Compared with the 2-year incidence of HTN of 9.6% in
the control group, it was 8.0% in the intervention group,
and the overall intervention effect was higher (RR=0.66;
95% CI, 0.58 ~ 0.76; P<0.001). The intervention effect was
consistent across the subgroups examined, with adminis-
trative workers (RR=0.38; 95% CI, 0.27 ~0.53; P<0.001)
and worker with history of CVD (RR=0.38; 95% CI,
0.04~3.27; P=0.004) had the most significant effects
between the 2 groups (Table 2). Compare to people with
a same or improved lifestyle before and after the inter-
vention, those with a deteriorating lifestyle had a higher
incidence of HTN (Fig. 2; Table S2).

After multiple imputation for missing data, the inci-
dence of HTN in both groups was increased. The inter-
vention effect of incidence of HTN was still significant in
two groups (RR=0.84, 95% CI: 0.76—0.93; P=0.001), with
robust effect in the other subgroups (Table S3).

Overall, the intervention effects were significant for
SBP level (5=-0.7, 95% CI,—1.06~ —0.35; P<0.001)
and DBP level (f=-1.0, 95% CI,—1.31~—-0.76;
P<0.001) in two groups. Participants in the interven-
tion group reported greater improvements in the rate
of regular exercise (OR=1.39, 95% CI, 1.28~1.50;
P<0.001) and excessive intake of fatty food (OR=0.54,
95% CI, 0.50~0.59; P<0.001) as well as a substantial
improvement in restrictive use of salt (OR=1.22, 95%
CI, 1.09~1.36; P=0.001) from baseline. Compared with
those in the control group, the intervention effect of
smoking, drinking, stress perception, overweight, or obe-
sity was insignificant (Table 3). Results adjusted for differ-
ent confounders are shown in Table S4. When smoking,
alcohol consumption and physical activity were analyzed
as continuous variables; the intervention effects of aver-
age number of cigarettes smoked per day (OR= —0.51,
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Table 1 Baseline characteristics for all participants who completed follow-up in the study
Variables Intervention group Control group Total P value
(n=18,170) (n=6,226) (n=24,396)
Age at recruitment, mean (SD), years 396 (9.1) 386(9.1) 393 9.1) <0.001
Sex 0.185
Male 11015 (60.6) 3712 (59.7) 14727 (60.4)
Female 7155 (39.4) 2510 (40.3) 9665 (39.6)
Marital status <0.001
Married 15375 (88.7) 5091 (854) 20466 (87.8)
Unmarried 1965 (11.3) 870 (14.6) 2835(12.2)
Education attainment <0.001
Middle school or below 3978 (22.9) 1102 (18.5) 5080 (21.8)
High school 5593 (32.3) 1767 (29.6) 7360 (31.6)
College or above 7770 (44.8) 3092 (51.9) 10862 (46.6)
Employment status <0.001
Manual labor worker 8992 (50.3) 2733 (44.7) 11725 (48.9)
Desk job worker 6527 (36.5) 2447 (40.0) 8974 (37.4)
Administrative workers 2054 (11.5) 582 (9.5) 2636 (11.0)
Others 301 (1.7) 356 (5.8) 657 (2.7)
Workplace-affiliated hospital <0.001
WAH 14066 (77.4) 4076 (65.5) 18142 (74.4)
WWH 4104 (22.6) 2150 (34.5) 6254 (25.6)
The history of disease
History of dyslipidemia 1124 (6.2) 328(5.3) 1452 (6.0) <0.001
History of diabetes 286 (1.6) 65 (1.0) 351 (14) <0.001
History of CVD 44(0.2) 16 (0.3) 60 (0.2) <0.001
Family history of hypertension 3144 (17.3) 1052 (16.9) 4196 (17.2) <0.001
Pharmacological treatment 294 (1.7) 106 (1.7) 400 (1.7) 0.788
Blood pressure, mean (SD), mm Hg
SBP 1186 (10.8) 118.2 (10.6) 118.5(10.7) 0.042
DBP 746 (7.9) 748 (7.8) 74.7 (7.9) 0.306
Lifestyle factors
Smoking 4629 (25.5) 1708 (27.5) 6337 (26.0) 0.003
Drinking alcohol 4365 (24.1) 1484 (23.9) 5849 (24.1) 0.732
Regular exercise 5816 (33.4) 1(34.3) 7937 (33.7) 0.187
Stress perception 5465 (30.2) 04 (33.9) 7569 (31.1) <0.001
Overweight or obesity 7079 (39.2) 46 (34.6) 9225 (38.0) <0.001
Excessive intake of fatty food 11441 (63.5) 2(61.4) 15253 (63.0) 0.004
Restrictive use of salt 2415 (13.3) 811 (13.0) 3226 (13.3) 0.554

Data are presented as No. (%) unless otherwise indicated

SBP Systolic blood pressure, DBP Diastolic blood pressure, SD Standard deviation, WAH Workplace with affiliated hospital, WWH Workplace without affiliated hospital

95% CI,—0.97 ~ —0.05; P=0.021) and weekly exercise
duration (OR=14.07, 95% CI, 8.32~19.79; P<0.001)
were significant and robust (Table S5). The results of
comparison between groups were shown in Table S5.

BP intervention effects on employees with different
characteristics

By analyzing the BP intervention effects on employees
with different characteristics, it was found that the net

increase of SBP and DBP of employees with educational
attainment of high school above (SBP: 5= —1.38/—0.76,
P<0.05; DBP: p=-226/-0.75, P<0.001), man-
ual labor worker and administrative worker (SBP:
pf=-1.04/-1.66, P<0.05 DBP: f=-1.85/-0.40,
P<0.05), and employees from a workplace with an affili-
ated hospital (SBP: = —2.63, P<0.001; DBP: 5= —1.93,
P<0.001) in the intervention group was significantly
lower than that in the control group (Fig. 3; Table S6).
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Table 2 Incidence of hypertension for employees after 2 years of intervention
Variables Change from baseline, % (95% Cl) Intervention effect
Intervention group Control group (n=5,179) RR (95% Cl) P value
(n=16,488)
Overall 1254 (8.0) 528 (9.6) 0.66 (0.58,0.76) <0.001
Sex
Male 959 (10.2) 394 (11.9) 0.69 (0.60,0.80) <0.001
Female 295 (4.7) 134 (6.2) 0.52(0.30,0.89) 0016
Marital status
Married 1027 (7.6) 41190 0.68 (0.59,0.79) <0.001
Unmarried 87 (5.2) 57 (7.6) 0.53(0.36,0.78) 0.001
Educational attainment
Middle school or below 228 (6.4) 63 (6.0) 0.71(0.45,1.10) 0.128
High school 416 (8.2) 172 (10.6) 0.63(0.50,0.79) <0.001
College or above 470(7.1) 233 (8.8) 0.57 (0.47,0.69) <0.001
Employment status
Manual labor worker 656 (8.3) 264 (10.5) 0.56 (0.44,0.71) <0.001
Desk job worker 394 (7.0) 144 (6.8) 0.77 (0.62,0.96) 0.020
Administrative workers 129 (7.4) 65 (13.9) 0.38(0.27,0.53) <0.001
Others 20(7.1) 23(7.0) 0.61(0.25,1.51) 0.287
Workplace-affiliated hospital
WAH 1011 (8.1) 349 (10.1) 0.72 (0.62,0.84) <0.001
WWH 243 (7.7) 179 (8.8) 0.01(0.00,0.15) 0.001
The history of disease
History of dyslipidemia 142 (13.9) 42(143) 0.97 (0.64,1.48) 0.892
History of diabetes 48 (18.0) 7 (28.3) 0.54(0.26,1.10) 0.090
History of CVD 8(20.0) 5 (3W 2) 0.38(0.04,3. 27) 0.381
Family history of hypertension 311 (11.1) 92 (10.1) 03 (0.76,1.39) 0.849
Pharmacological treatment 50(18.1) 12(12.6) 0.56 (0. 44071) <0.001
Lifestyle factors
Current smoking 431 (10.8) 173 (11.1) 0.63 (0.50,0.80) <0.001
Current drinking 445 (11.8) 185 (14.2) 0.52 (0.41,0.65) <0.001
Regular exercise 422 (8.1) 208 (10.8) 0.59 (0.48,0.73) <0.001
Stress perception 412 (8.5) 209 (11.5) 0.55 (0.44,0.68) <0.001
Overweight or obesity 711(11.6) 271 (14.2) 0.72 (0.60,0.87) 0.001
Excessive intake of fatty food 721 (7.3) 321 (96) 61(0.51,0.72) <0.001
Restrictive use of salt 129 (6.2) 61(8.5) 0.63(043,0.92) 0.008

Abbreviations: OR odds ratio, 95%Cl 95% confidence interval, WAH workplace with an affiliated hospital, WWH workplace without an affiliated hospital, CVD
cardiovascular disease. The multilevel model adjusted for age at recruitment, sex, marital status, educational attainment, employment status, workplace-affiliated
hospital, history of dyslipidemia, history of diabetes, history of CVD, family history of hypertension, pharmacological treatment

Discussion

In this cluster randomized controlled study with a work-
place-based primary prevention interventions program
of CVD, we found that a multicomponent intervention in
employees with primary care in workplace significantly
reduced the incidence of HTN and improved the level of
BP and healthy lifestyle habits at 24 months, compared
to usual care. Our study may help other workplaces with
similar conditions, in domestic or foreign, to design or

conduct their workplace wellness plan for improving
employees’ CVD health.

Although some studies have focused on the effect of
workplace health promotion on BP, few studies looked
at the entire employees, let alone the incidence of HTN.
We have seen a significant reduction in the incidence of
HTN, which may be attributed to positive improvements
in healthy lifestyles, because we found that people with
deteriorating lifestyles had higher rates of developing
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Fig. 2 Effect of lifestyle changes on the incidence of hypertension after 2 years of intervention

Table 3 Changes in blood pressure level and lifestyle factors for employees in the study

No-yes Yes-yes No-no Yes-no

Regular exercise
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D: Stress perception

No-yes Yes-yes No-no Yes-no

Stress perception

G: Restrictive use of salt

No-yes  Yes-yes No-no Yes-no

Restrictive use of salt

Variables Intervention group (n=16,488) Control group (n=5,179) Intervention Effect®
Baseline, % 24 mo, % Baseline, % 24 mo, % B/OR (95% Cl) p value
SBP mean (SD), mm Hg 1186 (10.8) 120.1(11.8) 1182 (10.6) 120.5(12.2) —0.7 (= 1.06,—0.35) <0.001
DBP mean (SD), mm Hg 746 (7.9) 754 (8.7) 74.8 (7.8) 75.8 (8.6) —-1.0(=1.31,-0.76) <0.001
Lifestyle factors
Current smoking 255 24.1 275 24.1 0.9(0.80, 1.02) 0.094
Current drinking 241 215 239 204 0.93(0.84, 1.04) 0.194
Regular exercise 334 45.0 344 394 1.39(1.28, 1.50) <0.001
Stress perception 30.2 24.0 339 25.6 0.93(0.85, 1.02) 0.111
Overweight or obesity 39.2 40.2 347 36.6 0.91(0.81,1.01) 0.073
Excessive intake of fatty food 63.5 530 614 61.1 0.54(0.50, 0.59) <0.001
Restrictive use of salt 133 155 13.1 124 1.22(1.09, 1.36) 0.001

OR, odds ratio; 95%Cl, 95% confidence interval; SBP, systolic blood pressure; DBP, diastolic blood pressure; SD, standard deviation

2The multilevel model adjusted age at recruitment, sex, marital status, educational attainment, employment status, workplace-affiliated hospital, history of
dyslipidemia, history of diabetes, history of CVD, family history of hypertension, pharmacological treatment

HTN than those with an improved or same lifestyle
before and after the intervention. The effects of reducing
the incidence of HTN were significant across different

characteristics of the occupational population and were
most significant in those with a family history of CVD,
which was consistent with previous findings that familial
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aggregation of CVD and its role as an independent risk  the community population rather than the occupational
factor for CVD is well recognized [20, 21]. The guide- population [25-27], or patients with HTN rather than
lines for prevention show that lifestyle interventions can  the whole population. Our innovative extension of multi-
reduce BP, prevent or delay the occurrence of HTN, and  component primary prevention interventions to the
reduce the risk of CVD. Lifelong adherence to a healthy = workplaces, where workable approaches to creating a
lifestyle is the fundamental measure for the primary pre-  healthy environment based on the principle of adaptation
vention of CVD [6]. Practice has proved that primary to local conditions, appear to reinforce self-management
prevention measures can effectively delay or avoid the behaviors and promote positive lifestyle changes.

occurrence of cardiovascular events, so as to reduce the Moreover, we saw significant differences in BP lev-
incidence and mortality of CVD. Studies have shown that  els. Results from a meta-analysis of 147 randomized
cardiovascular deaths in Western countries have fallen by  trials showed there was a 22% reduction in coronary
40% ~70% attributed to risk factor control [7]. Currently, heart disease events and a 41% reduction in stroke for
there are limited studies on the impact of primary pre- a BP reduction of 10 mm Hg systolic or 5 mm Hg dias-
vention on the incidence of HTN in occupational popu-  tolic [28]. The Systolic Blood Pressure Intervention Trial
lations, some only targeted a single component [22-24],  (SPRINT) study also showed a 10% reduction in CVD



Hu et al. BMC Medicine (2023) 21:214

risk for every 5 mm Hg drop in SBP [29]. Based on the
drop of 0.7 mmHg in SBP and 1.0 mmHg in DBP in our
study, the estimated reduction of CVD risk is about 10%;
this implies that the difference in BP resulting from the
intervention would yield significant cardiovascular risk
reduction benefits. Despite the significant improvement
in healthy lifestyles, SBP and DBP increased in both
groups after 2 years of primary prevention interventions
program compared to baseline. It is well known that BP
is influenced by many factors, such as age, obesity, vascu-
lar conditions, mental status, dietary habits, and genetics
[30]. At the same time, the participants of our study were
healthy occupational population, rather than patients
with HTN who need to lower their BP. Previous studies
had also shown that there was no change in both SBP and
DBP among participants in the healthy subgroup over the
6-year period [31]. Furthermore, we observed no signifi-
cant improvement or even a small increase in the rate of
overweight and obesity. The results of some weight loss
studies showed that the enthusiasm for lifestyle changes
waned over time [32, 33]. Adherence to long-term weight
loss (more than 6 months) was significantly reduced,
and BP increased with weight regain [34, 35]. This may
explain the insignificant effect on the rate of overweight
or obesity and the slight increase in BP in our study given
that weight loss ultimately depends on long-term lifestyle
changes [36]. This suggests that maintaining sustainable
weight loss at the workplace is a key component in reduc-
ing the prevalence of overweight and obesity.

In addition, we saw the significant intervention effects
on lifestyles, such as the reduced rates of excessive intake
of fatty food, restrictive use of salt, and the increased
rate of regular exercise. Systematic reviews of workplace
interventions have shown that a multicomponent inter-
vention would result in significant and positive changes
in behaviors [37]. Our study confirmed these findings
and showed greater effects than other related studies
[38—41]. This may be attributed to the guideline-oriented
standardized primary prevention intervention program
of CVD, which is a multicomponent integrated interven-
tion incorporating cardiovascular health education, salt
restriction, proper diet, body weight control, smoking
cessation, limiting alcohol consumption, physical envi-
ronment promotion, physical activity, stress manage-
ment, and health screening.

In our study, the intervention effect of BP was more
pronounced among those with higher educational attain-
ment. The studies found that the lower the educational
attainment, the lower the level of health literacy [42-
44]. Individuals with more educational attainment have
higher health literacy, which was independently asso-
ciated with better BP intervention effect in our study.
Therefore, health education targeted at the characteristics
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of employees should become an important part of work-
place wellness plan to comprehensively improve employ-
ees’ health literacy.

Recently published guidelines have highlighted the
importance of focusing on lifestyle interventions and risk
factor prevention and control [6]. Therefore, it is critical
to explore and popularize feasible models in enterprises
to reduce the incidence of HTN and CVD. As our study
indicated, implementing a workplace-based multicom-
ponent primary prevention interventions program for
CVD may significantly reduce the incidence of HTN and
improve healthy lifestyle habits. Extending this interven-
tion to other countries or less structured workplace set-
tings may help reduce HTN, CVD-related events, and
deaths among employees, improve employees’ health,
and enhance enterprise vitality.

Limitation

This study has several limitations. First, because we did
not collect data on the employers’ financial investment
in the intervention, we were unable to assess the effect
of money on changes in incidence of HTN between the
intervention and control groups. Second, data were only
collected at baseline and at the end of follow-up for the
intervention and control groups, making it difficult to
assess trends in outcome indicators during the interven-
tion. Third, the extent to which the workplaces adopted
the recommended interventions was not specific evalu-
ated, even though the conditions had been improved
based on the positive lifestyle changes. Fourth, this
study was designed as open label, with the participants
and other study investigators aware of intervention ran-
domization. Therefore, blinded evaluation may not be
feasible. We applied the outcome definition and assess-
ment methods (the measurement of BP and definition of
HTN) to minimize the subjective elements and ensure
that results were as robust as possible despite the lack of
blinding. In addition, significant differences of outcome
variables, such as SBP, smoking, stress perception, over-
weight or obesity, and excessive intake of fatty food were
observed between the intervention and control groups.
This reminds us to be careful when interpreting and
extrapolating the results. Finally, as a post hoc study of
a randomized controlled trial, the statistical power could
be insufficient. Since this was an exploratory research,
a new trial specifically designed was needed to further
answer this question.

Conclusions

Findings of this post hoc study suggested that a work-
place-based multicomponent cardiovascular primary
prevention interventions program is effective and can
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significantly reduce the incidence of HTN and lead to
positive healthy lifestyle changes. Such intervention
strategy may provide a reference model for workplaces
planning to implement health and wellness programs.

Abbreviation

BMI Body mass index

BP Blood pressure

CVvD Cardiovascular disease

CDC Chinese center for disease control and prevention
CHCs Community health centers

cl Confidence interval

DBP Diastolic blood pressure

HTN Hypertension

OR Odds ratio

RR Relative risk

) Standard deviation

SBP Systolic blood pressure

SPRINT Systolic Blood Pressure Intervention Trial
WAH Workplaces with an affiliated hospital
WWH Workplaces without an affiliated hospital
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