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Abstract: This paper aims to develop and analyze the effects of a socio-ecological model-based
intervention program for preventing metabolic syndrome (MetS) among office workers.
The intervention program was developed using regular health examinations, a “health behavior
and need” assessment survey among workers, and a focus group study. According to the type of
intervention, subjects took part in three groups: health education via an intranet-based web magazine
(Group 1), self-monitoring with the U-health system (Group 2), and the target population who received
intensive intervention (Group 3). The intervention programs of Group 1 and Group 2, which relied
on voluntary participation, did not show significant effects. In Group 3, which relied on targeted
and proactive programs, showed a decrease in waist circumference and in fasting glucose (p < 0.001).
The MetS score in both males (−0.61 ± 3.35 versus −2.32 ± 2.55, p = 0.001) and females (−3.99 ± 2.05
versus −5.50 ± 2.19, p = 0.028) also showed a statistically significant decrease. In light of the
effectiveness of the intensive intervention strategy for metabolic syndrome prevention among workers
used in this study, companies should establish targeted and proactive health care programs rather
than providing a healthcare system that is dependent on an individual’s voluntary participation.
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1. Introduction

Metabolic Syndrome (MetS) is a cluster of several metabolic abnormalities that are risk factors
associated with coronary artery disease. Thus, MetS has been shown to increase death rates associated
with diabetes mellitus (DM) and cardiovascular diseases (CVDs) [1–4]. The prevalence of MetS in
Korea is increasing along with an increasing rate in the worldwide population [5–7]. Of particular
concern, due to DM and CVDs, is the death rate of the adult population in Korea, which is reported to
be higher than the Organization for Economic Co-operation and Development (OECD) average [8].

About 65.9% of adults in Korea are employed [9] and Korea ranks third for the longest hours worked
among OECD countries [10]. In addition to bearing heavy workloads, Korean office workers experience
stress, smoke, drink frequently due to work dinners, and have less physical activity than other types of
workers due to the sedentary nature of their work [11,12]. Due to these work-related risk factors, high
MetS rates have been reported among Korean office workers [13,14]. This means that most of the adult
population in Korea is exposed to working conditions that place them at risk of chronic disease. Even
though improving health behavior for the prevention and management of MetS is important [15,16],
a structured Workplace Health Promotion Program (WHPP) is offered in very few companies in Korea.
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The comprehensive WHPP has been proposed by The American Heart Association (AHA) for the
prevention of cardiovascular disease [17]. The Centers for Disease Control and Prevention has asserted
that the use of effective workplace programs and policies can reduce health risks such as hypertension
(HTN), dyslipidemia, and DM, which improves the quality of life for workers [18]. The CDC has
promoted the WHPP as a planned, organized, and comprehensive set of programs, policies, benefits,
and environmental supports based on workers’ needs. Thus, workplaces may provide an important
and unique opportunity for promoting the adult population’s health [19,20].

For an effective WHPP, a socio-ecological approach that considers the many factors impacting
individuals’ health behavior is necessary [21]. The intervention program was developed using the
theoretical framework derived from the Socio-ecological Model (SEM) to prevent MetS among Korean
office workers. The SEM is based on the premise that an individual’s health behavior is affected
by various external systems and organizations; policies should take into account not only personal
characteristics but also interpersonal, organizational, social, and environmental factors [22]. In the
theoretical view provided by the SEM, it is crucial to identify not only the influence of individual
factors on workers’ health but also that of the work environment. In order to see substantial effects
from WHPP, it is necessary to provide a comprehensive program that includes workers’ participation,
peer-to-peer support, and the development of a healthy work environment. Based on the SEM, this
intervention program selected variables containing organizational and environmental factors, in
addition to personal demographic, psychological, and lifestyle variables.

In this study, a MetS prevention–intervention program among office workers was developed
utilizing the SEM. The results from the program will be used as a basis to establish a workplace
health management system. To this aim, this study introduces the development and implementation
of intervention strategies and its verified effects.

2. Materials and Methods

2.1. Study Design and Setting

In this study, we present the development and effects of a SEM-based intervention program for
preventing MetS among office workers. Due to the study’s quasi-experimental setup, a pre-test and
post-test design was used. This intervention study was conducted among 891 office workers employed
at a single firm in Seoul, South Korea.

2.2. Program Development

Four steps were taken in order to develop an effective intervention program. First, we conducted
a 10-year cohort analysis of regular health examinations to assess the MetS indicators of office workers.
In the case of male office workers, the results showed that the risk factors fasting glucose (FG), triglycerides
(TG) and waist circumference (WC) significantly increased with working years [23]. Second, we conducted
a factor analysis of the SEM variables to identify risk factors of MetS among the workers [24].

Third, we conducted a health behavior and need assessment survey issued via the firm’s intranet to
determine appropriate intervention strategies. In order to implement a prevention program that meets
the needs of workers at the firm, we examined topics such as WHPP awareness, one’s participation
experience, why they participated, and what information they sought (response rate 36.1%). We found
that more than 50% of respondents answered “I don’t know” about WHPP, and about 30% reported
no experience. The most common reason for participating was “weight management”. There was
relatively high interest in monitoring one’s health through the U-health system. In this study, the
U-health system allows individuals to measure their own health information at the firm’s on-site
health clinic and a specially designed electronic device (“CADY U-Health Zone PRO STANDARD”)
allows individuals to access their information through a kiosk or personal computer using a personal
ID. Thus, this system allows for continuous self-monitoring of one’s own health.
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Fourth, a focus group study (FGS) was conducted, composed of personnel managers, the
company-affiliated occupational health nurse, and researchers. The FGS helped to improve managers’
awareness and create an intra-organizational support system, providing a foundation to create an
intervention program that could be implemented on site. Following the FGS, detailed information
about the intervention program was provided at the company’s labor council meeting and an
agreement was reached to commit to the intervention program.

The development and implementation process of this prevention program was based on the
theoretical framework of the SEM, in which individuals’ health behavior is not only affected by
individual characteristics but is also affected by various external factors [25]. Thus, it is important
to consider interpersonal, organizational, environmental, and overarching policy factors. Figure 1
presents the variables used in this study reflect the SEM.
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Figure 1. Intervention framework of the study.

2.3. Implementation Process

In this study, three prevention programs were implemented (Table 1). In the first program (Group 1,
the “health education group”), targeting all office workers in the firm, health education was distributed
via an intranet-based web-magazine. The second program provided further health education to
voluntary participants (Group 2, the “self-monitoring group”), who could use the U-health system
to self-monitor one’s health. These programs were provided to Group 1 and Group 2 for a total of
6 months (from November 2013 to April 2014). In the third program, subjects were the target population
who had over three MetS indicators or a BMI (Body Mass Index, defined as the body mass divided
by the square of the body height) greater than 25 kg/m2. For this “intensive intervention group”
(Group 3), the program was provided for a total of 10 weeks from (November 2013 to January 2014).

For Group 1, information on health promoting behavior was disseminated by a web-magazine
leaflet, provided once every two weeks. This health education included MetS-related diseases, as well
as understanding the impact of chronic stress, obesity, nutrition, exercise, drinking, and smoking on
MetS. Though the relative ease of distribution and production of material on health education via a
Web-magazine has its advantages, the material was provided in a manner that depends on voluntary
participation. We could only gauge use by total hits and thus could not accurately assess employees’
understanding or the application of its contents.

Group 2 used the health clinic’s U-Health System managed by the occupational health nurse.
Through the U-health system, one can voluntarily measure health indicators, and the nurse can provide
consultation regarding the measurement results and any changes. A total of 180 people participated in
this six-month-long prevention program. The advantages of the U-Health System are that individuals’
health information is guaranteed to be kept confidential and that all one’s health information can be
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self-monitored. This program has an inherent disadvantage because it too is dependent on individuals’
voluntary participation and interest; we cannot obligate participation.

Table 1. Intervention subjects and the methods of the study.

Subjects’ Characteristics Intervention Methods and Contents

Group 1 (n = 891; Health Education Group)
Whole office workers in the firm

• Health education
• Health education using Intranet (1 page-leaflets by webzine) for once in

2 weeks for 6 months (total 12 times)
• Health education contents consist of knowledge of MetS, and health

behaviors: chronic stress, obesity, nutrition, physical activity, drinking
behavior and smoking, etc.

Group 2 (n = 180; U-health System Group)
Voluntary participant using U-health system

• Health education + Using U-health system
• Using U-health system with personal health related goals: Blood Pressure;

Body Weight; Body Mass Index; Body Fat Percentage or Waist
Circumference etc.

• Regularly checking health indicators using U-Health System and motivating
by occupational nurse for 6 months (recommendation for check more than
1 times per 2 weeks)

• Self-monitoring health indicators by PC with keeping the personal privacy
of workersIndividualized health counseling about health status and trend
by occupational health nurse

Group 3 (n = 62; Target Population Group)
Workers with over 3 MetS indicators
(or/and) BMI ≥ 25

• Health education + Using U-health system + Intensive intervention program
• Intensive intervention program contents consist of group exercise for WC

control; daily activity monitoring; health consultation
• A round runs for 1 h × 2 times (/a week) × 10 weeks, total 2 rounds

(1st round n = 30, 2nd round n = 32)
• Intensive intervention program just after leaving work in workplace settings
• Intensive physical exercise program: “CORE training and cycling exercise

program” in workplace by certificated exercise trainer
• Using handheld daily activity tracker to improve daily activity rate
• Personal health education and consultation by occupational health nurse

from the company

An intensive strategy was used for Group 3 (target population) by comprehensive management
with the organizational support. In this program, subjects were able to improve their athletic ability
through the strengthening of basic physical fitness and form supportive bonds between team members
through group exercise classes. The program was performed under the guidance of two certified
exercise trainers for one hour, two times a week (for a total of 20 times). Additionally, structured
exercises and diet plans were made available in order to achieve a balanced body composition and
reduce central obesity (WC). Considering accessibility and usability, an on-site exercise program was
conducted shortly after office hours. In addition, in order to promote daily physical activity and
encourage lasting healthy behaviors, participants utilized a handheld daily activity tracker (“TANITA
FB-730”). The data was collected and patterns of physical activity could be self-monitored by this
individualized, wearable electronic device. The data on one’s physical activity is stored on the
tracker itself and can be uploaded so that employees can check their progress easily. By continuously
monitoring subjects’ participation rates in the program and their physical activity, the occupational
health nurse could give individual fringed health counseling. The counseling was offered with flexible
schedules if the participant requested.

This intervention program was approved by the Institutional Review Board (IRB, 1040548-KU-IRB-
13-12-A-2). Permission was also obtained from the president of the company, the director of the
occupational health center in the company, and participants of this study.

2.4. Measurement

For Group 1 and Group 2, we used MetS indicators (obtained by BP measurement, anthropometric
measurement and blood tests) from regular health examinations. We analyzed the health examinations
results from 2013 (pre-intervention) and 2014 (post-intervention), which were conducted at the
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company-designated general hospital, in accordance with the Korean Occupational Safety and Health
Act. We also collected health screening questionnaire data which was checked just before the health
examination. For Group 3, additional health examinations were given pre- and post-intervention. Also,
in order to understand subjects’ individual and organization-related health behavioral characteristics,
we conducted intranet-based health behavioral surveys between April and June 2013 (pre-intervention)
and May and August 2014 (post-intervention).

Measured MetS indicators from Group 1 and Group 2’s regular health examinations included
those obtained from blood tests (FG, HDL-C, and TG), anthropometric measurements (WC), and a
blood pressure (BP) measurement. MetS indicators were based on the criteria set by The National
Cholesterol Education Program Adult Treatment Panel III (NCEP-ATP III) [26]. We based the WC on
the lower criteria set by the Korean Society for the Study of Obesity (KSSO), which takes into account
the body type of Korean people [27]. Of the five MetS indicators (WC, BP, FG, TG, HDL-C), if three
or more of the following conditions are met, subjects were defined as having MetS: WC over 90 cm
(male), 85 cm (female); BP over 130/85 mmHg or medicated; FG over 100 mg/dL or medicated; TG
over 150 mg/dL or medicated; or HDL-C less than 40 mg/dL (male), 50 mg/dL (female) or medicated.

Through the Intranet-based health behavioral survey, we were able to examine the SEM variables
which included individual factors and organizational factors of health behavioral characteristics.
The individual factors examined were general health status, general self-efficacy, stress level,
knowledge of MetS, and health behaviors including physical activity, sleep quantity, and diet.
To measure general health status, subjects were asked to rate their general perception of their own
health using a five-point Likert response scale. A 10-item scale was used to assess a general sense of
perceived self-efficacy [28] and each item used a four-point Likert response scale. The reliability in its
development was represented as Cronbach’s alpha coefficients for 0.75, and 0.89–0.90 in this study. For
Stress level, respondents rated both their general stress level and work-related stress level on a scale
from 1 (low) to 7 (high) points. To measure knowledge of MetS, we took the sum score from a total of
six questions that assessed respondents’ MetS-related health knowledge where subjects were asked to
ascertain whether statements made about MetS were true or false. The Cronbach’s alpha coefficients of
knowledge of MetS was 0.70–0.79. Physical activity was measured by the number of times a week that
a respondent participated in at least 30 minutes of vigorous physical activity. For sleep quantity, two
response choices were given: 7–8 h (good) or something else (fair). To measure diet, we summed the
scores of 10 questions that asked about subjects’ eating habits with response choices being yes (over
five times a week) or no (less than four times a week). The Cronbach’s alpha coefficients of diet was
0.62–0.79. Organizational factors were examined using three variables: organizational commitment, job
satisfaction, and job stress. Organizational commitment was assessed using a four-point Likert scale in
response to two statements and was calculated as one variable by summing these ratings. A higher
score indicated greater commitment to the organization [29]. In this study, the Cronbach’s alpha
coefficients of organizational commitment were 0.60–0.74. Job satisfaction was measured using a single
question with responses ranging from very dissatisfied to very satisfied. Job stress was measured
using the Korean Occupational Stress Scale-Short Form (KOSS-SF) [30]. The KOSS-SF consists of
7 subscales with 24 items: job demands (4 items), insufficient job control (4 items), inadequate social
support (3 items), job insecurity (2 items), organizational system (4 items), lack of rewards (3 items),
and occupational climate (4 items). Each question used a four-point Likert response scale and the sum
of the scores for each subscale was converted to a 100-point system. The reliability in its development
was represented as Cronbach’s alpha coefficients of 0.51–0.82. In this study, the internal reliability
coefficient was 0.66–0.67.

In the case of Group 3’s intensive intervention program, for participants who received extra health
examinations pre- and post- intervention we measured MetS indicators including WC, and BP. We also
measured FG, HDL-C, and TG which uses peripheral blood. The medical lab technicians performed
the hematologic exam using a portable clinical chemistry analyzer (“SAMSUNG LABGEOpt10”).
The measured MetS indicators were used to calculate a MetS score, or continuous metabolic syndrome



Int. J. Environ. Res. Public Health 2017, 14, 878 6 of 14

score [31]. This MetS score is calculated by summing the values of the z-scores of five MetS indicators.
A lower score indicates a positive effect of the intervention. The MetS was calculated as follows: In the
case of men, z-score = [(40 − HDL-C)/9.0] + [(TG − 150)/81.0] + [(FG − 100)/11.3] + [(WC − 90)/7.7]
+ [(MAP * − 100)/9.1], and for women, z-score = [(50 − HDL-C)/14.1] + [(TG − 150)/81.0] + [(FG −
100)/11.3] + [(WC − 85)/9.0] + [(MAP − 100)/9.1]. Mean Arterial Pressure * (MAP) was calculated as
“Diastolic BP+1/3 × (Systolic BP − Diastolic BP)”.

2.5. Statistical Analysis

The collected data was analyzed using the IBM SPSS statistical package (ver. 21; sSPSS Inc.,
Chicago, IL, USA). Frequencies, percentages, means and standard deviations are presented for each
of the general characteristics for each group of subjects. In the descriptive analysis of the indicators,
the mean and standard deviations are shown for the continuous variables and the frequencies and
percentages are shown for the categorical variables. To test the effect of the intervention program for
each of the groups, we conducted t-tests for continual variables and McNemar tests for categorical
variables. The level of statistical significance was defined as a p-value < 0.05.

3. Results

Of the company’s 891 employees, subjects included in the final analysis were those who received
pre- and post-intervention general health examinations (for Groups 1 and 2) and extra health
examinations (for Group 3) as well as respondents to the intranet-based health behavioral survey:
Group 1 (n = 449, 50.4% indicate the response rate of those who completed both health examinations
and the survey among the participants in each group), Group 2 (n = 75, 41.7%), Group 3 (n = 41, 66.1%).
Results for the general characteristics and demographics for each group are found in Table 2.

Table 2. Baseline general characteristics of the study population.

Characteristics
Group 1 (n = 449) a Group 2 (n = 75) a Group 3 (n = 41) a

Mean ± SD or n (%)

Age (Years) 35.31 ± 7.74 32.92 ± 7.07 36.49 ± 8.25

Gender
Male 331 (73.7) 55 (73.3) 31 (75.6)
Female 118 (26.3) 20 (26.7) 10 (24.4)

Education
High school or lower 25 (5.6) 2 (2.7) 5 (12.2)
College or University 359 (80.0) 70 (93.4) 34 (82.9)
Graduate school 65 (14.5) 3 (4.0) 2 (4.9)

Marriage status
Unmarried 207 (46.2) 45 (60.0) 19 (46.3)
Married 241 (53.8) 30 (40.0) 22 (53.7)

Working type
Management 106 (23.6) 27 (36.0) 11 (26.8)
Sales 343 (76.4) 48 (64.0) 30 (73.2)

Years worked on the job 7.85 ± 7.63 6.07 ± 7.27 9.73 ± 9.51
a Numbers for characteristics do not total the same number due to missing data.

3.1. Program Effectiveness for Group 1 and Group 2

Upon the completion of the intervention program, we observed no significant positive changes in
MetS indicators for both Groups 1 and 2. Also, there was no significant change in the SEM variables in
Group 1. In Group 2, there was a significant increase in the mean diet score in Table 3.
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Table 3. Pre- and post-results of participants by regular health examinations (Group 1, Group 2).

Characteristics
Group 1 (n = 449) a Group 2 (n = 75) a

Pre Post
t p c Pre Post

t p c

Mean ± SD or n (%) b Mean ± SD or n (%) b

Waist circumference (cm) 81.07 ± 10.72 81.41 ± 10.76 −1.479 0.140 82.09 ± 10.60 82.53 ± 10.02 −0.733 0.466
Blood pressure (mmHg)

Systolic blood pressure 115.75 ± 12.80 116.40 ± 13.77 −1.229 0.220 116.10 ± 10.99 116.07 ± 12.84 0.022 0.982
Diastolic blood pressure 72.21 ± 9.62 75.13 ± 10.42 −6.433 <0.001 71.55 ± 7.89 73.73 ± 10.57 −2.080 0.041

Fasting glucose (g/dL) 93.28 ± 13.51 94.63 ± 18.00 −2.628 0.009 92.00 ± 9.39 94.85 ± 18.41 −1.344 0.183
Triglycerides (g/dL) 114.15 ± 92.63 119.63 ± 109.51 −1.546 0.123 100.00 ± 65.58 99.27 ± 68.98 0.127 0.900
HDL-cholesterol (g/dL) 55.60 ± 12.79 55.54 ± 13.47 0.160 0.873 55.88 ± 11.94 56.20 ± 12.51 −0.340 0.735

MetS indicators prevalence
Elevated waist circumference 86 (20.5) 84 (20.0) 0.878 18 (25.7) 17 (24.3) 1.000
Elevated fasting glucose 85 (19.4) 97 (22.1) 0.195 9 (12.2) 14 (18.9) 0.302
Elevated triglycerides 91 (20.9) 107 (24.6) 0.068 9 (12.2) 11 (14.9) 0.727
Reduced HDL-cholesterol 62 (14.3) 58 (13.3) 0.672 9 (12.2) 8 (10.8) 1.000
Elevated blood pressures 94 (21.3) 124 (28.1) 0.002 15 (20.8) 17 (23.6) 0.804

MetS prevalence 0.551 0.508
Less than 3 components 360 (85.7) 355 (84.5) 62 (91.2) 59 (86.8)
3 or more components * 60 (14.3) 65 (15.5) 6 (8.8) 9 (13.2)

Individual factors
General health status d 0.207 0.791

Bad 207 (68.3) 219 (72.3) 38 (61.3) 40 (64.5)
Good 96 (31.7) 84 (27.7) 24 (38.7) 22 (35.5)

General self-efficacy 29.09 ± 3.72 29.65 ± 3.46 −2.796 0.006 30.00 ± 4.01 29.56 ± 3.39 0.945 0.348
Stress level (1–14) 9.02 ± 2.32 8.91 ± 2.17 0.952 0.342 8.44 ± 2.15 8.45 ± 1.86 −0.075 0.940

General (1–7) 3.96 ± 1.37 3.86 ± 1.36 1.259 0.209 3.53 ± 1.28 3.45 ± 1.17 0.567 0.573
Work-related (1–7) 5.06 ± 1.26 5.04 ± 1.26 0.183 0.855 4.90 ± 1.33 5.00 ± 1.17 −0.704 0.484

Knowledge of MetS (0–6) 1.73 ± 1.77 1.51 ± 1.54 2.365 0.018 1.81 ± 1.59 1.52 ± 1.52 1.302 0.197
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Table 3. Cont.

Characteristics
Group 1 (n = 449) a Group 2 (n = 75) a

Pre Post
t p c Pre Post

t p c

Mean ± SD or n (%) b Mean ± SD or n (%) b

Individual factors
Physical activity (per week) 0.315 0.542

No 186 (41.4) 187 (41.6) 29 (38.7) 26 (34.7)
1–2 times 171 (38.1) 186 (41.4) 29 (38.7) 31 (41.3)
≥3 times 92 (20.5) 76 (16.9) 17 (22.7) 18 (24.0)

Sleep quantity (h) (3–10) 0.141 -
Others 213 (70.5) 225 (74.5) 39 (62.9) 40 (64.5)
Good sleep (7 or 8 h) 89 (29.5) 77 (25.5) 23 (37.1) 22 (35.5)

Diet (scores) (0–10) 4.89 ± 2.30 5.12 ± 3.02 −1.481 0.140 4.69 ± 2.54 5.81 ± 3.97 −2.358 0.022

Organizational factors
Organizational commitment 6.08 ± 1.06 6.07 ± 0.95 0.235 0.815 6.15 ± 0.97 5.82 ± 0.80 2.224 0.030
Job satisfaction e 0.470 0.503

Not satisfied 145 (48.5) 154 (51.5) 31 (50.0) 35 (56.5)
Satisfied 153 (51.2) 146 (48.8) 31 (50.0) 27 (43.5)

Job stress
Job demand 54.27 ± 12.38 54.18 ± 11.41 0.107 0.915 55.26 ± 11.64 56.87 ± 11.90 −0.894 0.375
Insufficient job control 56.65 ± 14.90 57.95 ± 14.57 −1.514 0.131 57.31 ± 15.36 57.16 ± 15.06 0.079 0.938
Inadequate social support 64.39 ± 15.60 64.35 ± 14.23 0.038 0.970 60.43 ± 18.43 58.48 ± 16.34 0.980 0.331
Job insecurity 42.52 ± 22.55 47.94 ± 23.04 −3.367 0.001 41.52 ± 20.20 51.46 ± 24.25 −2.572 0.013
Organizational system 54.36 ± 15.98 54.77 ± 14.20 −0.464 0.643 52.49 ± 16.66 54.53 ± 16.82 −0.952 0.345
Lack of rewards 57.40 ± 16.25 56.69 ± 14.50 0.773 0.440 55.36 ± 18.24 57.50 ± 16.68 −0.900 0.372
Occupational climate 36.13 ± 17.13 37.84 ± 17.73 −1.564 0.119 39.91 ± 19.21 42.54 ± 20.64 −0.828 0.411

SD = Standard deviation; BMI = Body mass index; HDL-cholesterol = high-density lipoprotein cholesterol; MetS = metabolic syndrome; * Metabolic syndrome was defined as having at
least three of five components; a Numbers for characteristics do not total the same number due to missing data; b Paired t-tests for continual variables between groups; McNemar tests
were conducted for categorical variables between groups; c p value for McNemar test or paired t-test; d Bad: very poor, poor, fair; Good: good, very good; e Not satisfied: Very dissatisfied,
dissatisfied, fair; Satisfied: satisfied, very satisfied.
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3.2. Program Effectiveness for the Target Population (Group 3)

After the intervention, there was a significant reduction in the mean WC (89.96 ± 9.87 vs.
86.93 ± 9.79) and FG (93.44 ± 11.78 vs. 84.56 ± 9.55) in Group 3 (p < 0.001). Also, as a result of
the intensive intervention program, the number of subjects with each of the MetS indicators was
either reduced (WC, BP, FG, HDL-C) or stayed the same (TG). In particular, the mean decrease of
WC, as well as the corresponding WC risk factor condition and elevated waist circumference, showed
a statistically significant decrease (p = 0.002). MetS prevalence decreased by about 9.8% between
pre-intervention (n = 17, 41.5%) and post-intervention (n = 13, 31.7%). The MetS score (MetS risk
converted into a continuous z-score) showed a significantly decreased mean for both men (−0.61 ± 3.35
vs. −2.32 ± 2.55, p = 0.001) and women (−3.99 ± 2.05 vs. −5.50 ± 2.19, p = 0.028), which indicates that
the intensive intervention program improved each MetS indicator and resulted in a reduction in the
prevalence of MetS, in Table 4.

Table 4. Pre- and post-results of the target population group (Group 3, n = 41) a.

Characteristics
Pre-Intervention Post-Intervention

t p c

Mean ± SD or n (%) b

Waist circumference (cm) 89.96 ± 9.87 86.93 ± 9.79 −4.363 <0.001
Blood pressure (mmHg)
Systolic blood pressure 126.13 ± 12.68 125.05 ± 13.49 −0.596 0.555
Diastolic blood pressure 84.68 ± 10.91 85.13 ± 10.75 0.329 0.744
Fasting glucose (g/dL) 93.44 ± 11.78 84.56 ± 9.55 −4.16 <0.001
Triglycerides (g/dL) 155.44 ± 90.31 146.61 ± 71.59 −0.871 0.39
HDL-cholesterol (g/dL) 52.39 ± 13.52 55.97 ± 10.99 1.533 0.134

MetS indicators prevalence
Elevated waist circumference 26 (68.4) 16 (42.1) 0.002
Elevated fasting glucose 10 (27.0) 6 (16.2) 0.219
Elevated triglycerides 16 (44.4) 16 (44.4) 1
Reduced HDL-cholesterol 9 (25.0) 7 (19.4) 0.688
Elevated blood pressures 22 (57.9) 20 (52.6) 0.688

MetS prevalence 0.344
Less than 3 components 19 (52.8) 23 (63.9)
3 or more components * 17 (47.2) 13 (36.1)

MetS score(z-score)
Male (n = 31) −0.61 ± 3.35 −2.32 ± 2.55 −3.586 0.001
Female (n = 10) −3.99 ± 2.05 −5.50 ± 2.19 −2.620 0.028

Individual factors
General health status d 0.109
Bad 30 (78.9) 26 (68.4)
Good 8 (21.1) 12 (31.6)
General self-efficacy 29.08 ± 2.76 30.05 ± 2.94 −1.81 0.079
Stress level (1–14) 9.08 ± 1.62 8.86 ± 1.67 0.796 0.431
General (1–7) 4.11 ± 0.99 3.86 ± 1.03 1.222 0.23
Work-related (1–7) 4.97 ± 0.90 5.00 ± 1.03 −0.19 0.85
Knowledge of MetS (0–6) 2.56 ± 1.73 2.71 ± 1.27 −0.482 0.632
Physical activity (per week) 0.376
No 14 (34.1) 9 (22.0)
1–2 times 20 (48.8) 22 (53.7)
≥3 times 7 (17.1) 10 (24.4)
Sleep quantity (h) (3–10) 0.508
Others 29 (78.4) 26 (70.3)
Good sleep (7 or 8 h) 8 (21.6) 11 (29.7)
Diet (scores) (0–10) 4.47 ± 1.86 4.42 ± 2.38 0.151 0.881
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Table 4. Cont.

Characteristics
Pre-Intervention Post-Intervention

t p c

Mean ± SD or n (%) b

Organizational factors
Organizational commitment 6.22 ± 0.71 6.14 ± 1.03 0.572 0.571
Job satisfaction e 0.581
Not satisfied 14 (37.8) 17 (45.9)
Satisfied 23 (62.2) 20 (54.1)

Job stress
Job demand 57.43 ± 9.58 53.83 ± 10.50 2.053 0.047
Insufficient job control 56.98 ± 11.87 63.29 ± 13.68 −2.6 0.013
Inadequate social support 62.46 ± 11.82 67.57 ± 16.43 −1.667 0.104
Job insecurity 39.64 ± 21.28 42.34 ± 17.83 −0.758 0.454
Organizational system 55.86 ± 12.69 54.95 ± 12.02 0.384 0.703
Lack of rewards 55.86 ± 12.69 61.56 ± 14.49 −2.522 0.016
Occupational climate 34.91 ± 17.77 31.08 ± 12.98 1.432 0.161

SD = Standard deviation; BMI = Body mass index; HDL-cholesterol = high-density lipoprotein cholesterol; MetS =
metabolic syndrome. * Metabolic syndrome was defined as having at least three of five components. a Numbers for
characteristics do not total the same number due to missing data. b Paired t-tests for continual variables between
groups; McNemar tests were conducted for categorical variables between groups. c p value for McNemar test or
paired t-test. d Bad: very poor, poor, fair; Good: good, very good. e Not satisfied: Very dissatisfied, dissatisfied, fair;
Satisfied: satisfied, very satisfied.

In addition, among the SEM variables of health behavioral characteristics there was an improvement
in individual factors such as general health status, general self-efficacy, stress level, knowledge of MetS,
physical activity level, sleep quantity, and diet score between pre- and post-interventions. However,
these changes were not statistically significant. Among the changes of the job stress component, such
as job demand, insufficient job control, and lack of rewards, only job demand showed a statistically
significant reduction (p = 0.047).

4. Discussion

In this study, we developed, implemented, and examined the effect of workplace-based MetS
prevention programs. The theoretical framework of the interventions was developed using the SEM,
which comprehensively takes into account individual, organizational and environmental variables
that affect one’s health behavior. We attempted three different intervention strategies. The results did
not show significant improvement in MetS indicators in Group 1 and Group 2, who both received
a passive intervention dependent on voluntary participation. However, Group 3, who received the
intensive intervention accomplished with the company’s systematic support and management, showed
a statistically significant reduction between pre- and post-intervention WC and FG. Further, the MetS
score’s post-intervention means for both men and women significantly decreased. In sum, a tailored
and intensive WHPP, targeted at the at-risk population, based on active participation, and implemented
with the organization’s systematic support and management, was effective.

The positive results among the at-risk population with an intensive intervention were consistent
with previous literature. For example, male workers diagnosed with MetS (n = 37) in Takimoto et al.’s
study, which reported improvement in body weight (BW), BMI, FG, HbA1c, and insulin levels for the
treatment group [32]. In Maruyama et al.’s study, MetS male office workers who had risk factors for
MetS (n = 26) were given an exercise program, diet improvement education and counseling, which
also resulted in an improvement in each of BW, BMI, FG, and insulin levels [33]. A workplace-based
exercise program showed similar changes in BW, body fat percentage, WC, TG, total cholesterol
(TC), HDL-C, and LDL-C for male workers who have risk factors for MetS (n = 26) in the study
conducted by Matsuo et al. [34]. Further, through a worksite intervention program that included the
provision of education, reform of eating habits, the promotion of physical activity, and counseling,
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overweight workers in Mache et al.’s study increased physical activity, improved their diet, and saw a
decrease in BMI [35]. Moreover, though subjects may already be diagnosed with MetS, an intensive
intervention tailored to those with risk factors was found to be generally effective in improving BW
and BMI and was effective in improving MetS indicators including WC. These results have been
consistently corroborated.

On the other hand, WHPP, a passive-based intervention which is reliant on voluntary participation,
had a relatively weak effect. In Engbers et al.’s systematic review of environmental modifications
strategies in WHPP, research studies found no evidence of improvement for health risk factors,
including cholesterol levels, BMI, and BP [36]. Further, Lemon et al. also suggested that when there is
organized and systematic management support for the voluntary participation-based WHPP, one could
expect a larger effect from the program [37]. That is, when an active, intensive intervention program is
implemented and takes into account individual and organizational factors, it can be considered more
effective for workers’ health promotion [17,38].

This study has several strengths. First, the results from the development and implementation of
intervention programs using three different strategies for the prevention of MetS among office workers
were presented. In this study, the WHPP’s success suggests the importance of an intensive intervention
program implemented with the systematic support and management of the company. Second, in the
process of developing and implementing these intervention programs based on the SEM, we actively
sought to reflect subjects’ needs (individual factors) and to elicit the support of colleagues and the
organization (organizational factors). Moreover, this study tried to reflect important considerations of
WHPP: workers’ privacy and flexibility. For example, the individual health counseling was offered
with flexible schedules when the participant requested and was based on their regularly monitored
health status. This study’s development process and results can be used as a good example for the
development and implementation of WHPP in Korea. Third, this study emphasized the occupational
health nurse’s role as responsible for the workers’ health as well as the important health care provider.

On the other hand, there are some limitations of this study. First, this study was conducted using
a non-randomized, quasi-experimental design where subjects were recruited on a voluntary basis,
which may have led to confounding bias. Furthermore, this research was only conducted within
group comparisons that would not reflect the significance of 3-group design. The SEM composed of
individual, organizational and environmental variables, which is the theoretical framework used in
this study, affects workers’ health status. From this perspective, organizational and environmental
strategies that affect the whole company members were the key components of the implementation
programs. Because of the diffusion problems with effectiveness of these strategies, the study was not
able to conduct implementation with three independent groups that can conduct analytic comparisons
between groups. Second, there were some statistically significant changes in SEM variables in Group 3
(e.g., job demand). It is hard to explain that the change among job stress variables is not consistent.
However, it is possible to suppose that the strategy contains motivated participation, peer group, and
organizational support in intensive intervention, possibly leading to a decrease in job demand. Third,
because this research was not carried out by the government but by private researchers through a
3-year research project, we experienced considerable difficulty and effort was required for change in
the corporate organization and workers’ health behavior. Even after the completion of the intervention
programs, workers recognized the need for an ongoing WHPP. Thus, in regard to the health promotion
of workers, an important achievement of this study is changing perceptions so that the occupational
health nurse can continue the WHPP. Finally, the study sample included only office workers in a single
firm of a country and the sample sizes of each group were quite different, which may have limited the
generalizability of the findings. In the future, we suggest repeated and continuous research based on
large populations in various settings.
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5. Conclusions

In conclusion, this study shows that the organization’s active support and systematic management
of at-risk individual’s strongly motivated participation and is very important for the implementation of
WHPP for the prevention of MetS among workers. This research suggests that intensive interventions
that are geared for the target population may be more effective than passive interventions that are
dependent on workers’ voluntary participation. We anticipate that the expansion of MetS prevention
programs in the workplace, using this study’s results, will be an opportunity to bring about a change
in the public perception of the importance of health care for workers, which is currently a health care
blind spot.
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