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ABSTRACT 

Background: Law enforcement officers (LEOs) have a high prevalence of metabolic 

syndrome, as defined by the clinical signs of increased waist circumference, elevated 

blood pressure and triglycerides, decreased HDL cholesterol and increased fasting 

glucose. The factors leading to this syndrome are not well understood.  

Objective: To test the association between physical activity and metabolic syndrome 

among LEO’s. 

Methods: Physical measures (height/weight, blood pressure), blood biomarkers 

(triglycerides, HDL cholesterol, and glucose), self-reported physical activity, and stress 

were obtained from 309 police officers (242 males and 67 females) at entry into a 

randomized controlled trial. The presence of metabolic syndrome was classified 

according to NCEP/ATP III guidelines. Logistic regression was used to test the 

association between physical activity and metabolic syndrome, adjusted for potential 

confounders.  

Results: Among the participants, 34.3% had metabolic syndrome.  The presence of 

metabolic syndrome was inversely associated with self-reported physical activity (r = -

0.26, p < 0.0001). After controlling for age, gender, race, sleep, healthy eating, smoking 

and alcohol consumption, the odds of metabolic syndrome in low physically active LEOs 

was 3.05 (95% CI: 1.62, 5.76; p = 0.001) times that in high physically active LEOs.   

Conclusion:  The strong association of physical activity with risk of metabolic syndrome 

suggests that this modifiable risk factor can be targeted to prevent metabolic syndrome 

and its co-morbidities among law enforcement professionals.  
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CHAPTER 1 

INTRODUCTION 

Metabolic syndrome consists of multiple, interrelated elements that result in the 

development of atherosclerotic cardiovascular disease (Grundy, 2005). Metabolic 

syndrome is defined as the presence of any three of the following five conditions:  

increased waist circumference (abdominal obesity); elevated triglycerides; decreased 

HDL cholesterol; elevated blood pressure; and elevated plasma glucose (Grundy, 2005). 

The presence of metabolic syndrome is recognized as a strong predictor of coronary heart 

disease, stroke, and Type 2 diabetes mellitus (Wannamethee, 2005).
 
 

Some studies indicate that law enforcement officers (LEOs) have a higher prevalence of 

metabolic syndrome than the general population (Chandramohan, 2008; Tharkar, 2008); 

while others indicate that LEOs have a similar or lower prevalence (Thompson, 2003). 

Tharkar et al. (2008) found that prevalence of metabolic syndrome among male police 

officers (n=318) was significantly higher (57.3 vs. 28.2%, =64.5, p<0.0001) than their 

age-matched general male population (n=401) (p<0.0001). Alternatively, Violanti (2009) 

found that approximately 16% of 101 LEOs (61 males and 40 females) were defined as 

having metabolic syndrome. The age-adjusted prevalence of the metabolic syndrome 

among US adult men was 23.7% in the period 1988 to 1994
 
(Ford, 2002), and this rate 

subsequently increased to approximately 34% in 1999 to 2002 (Ford, 2005).
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Physical activity and metabolic syndrome 

Regular physical activity can reduce the clinical signs of metabolic syndrome, such as 

body weight and visceral fat, blood pressure, HDL and triglycerides (Katzmarzyk, 2003). 

LEOs, as an occupational group, exhibit lack of physical activity when compared to the 

general population (Tharkar, 2008). In one study of LEOs which examined the combined 

influence of physical activity and stress on metabolic syndrome, it was also found that 

regardless of stress levels, low (< 30minutes of physical activity of any kind per week) 

and moderate (≥ 30 minutes to 60 minutes of physical activity of any kind per week) 

levels of physical activity were associated with two- and three-fold higher odds for 

having metabolic syndrome than high levels of physical activity (> 60 minutes of 

vigorous physical activity) (Yoo, 2009). This suggests that physical inactivity is an 

important risk factor for metabolic syndrome among LEOs. 

Stress and metabolic syndrome 

It has been well documented that stress is an important risk factor for metabolic 

syndrome (Edwards, 2012). Perceived stress has been linked with cardiovascular disease 

as well as components of metabolic syndrome (Zimmerman, 2012). As an occupation, 

police work is highly demanding and stressful (Gershon, 2002). In the Whitehall II study 

(Chandola, 2006), employees with chronic stress (three or more exposures) were more 

than twice as likely have metabolic syndrome than those without work stress (OR 

adjusted for age and employment grade=2.25). In female police officers, Hartley (2011) 

found that job stress is significantly associated with metabolic syndrome and its 

components. 
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Sleep and metabolic syndrome 

Previous research has shown that among law enforcement professionals, lack of sleep 

(McCanlies, 2012) is an important risk factor for metabolic syndrome. Sleep deprivation 

and sleep disorders are common in police officers. The most common sleep disorder is 

obstructive sleep apnea;  in one study by Rajaratnam and colleagues (2011), more than 

one-third were affected.  

Shift work and metabolic syndrome 

It has been well documented that atypical work hours are strongly associated with risk of 

metabolic syndrome (Violanti, 2009). Odds for metabolic syndrome for subjects who 

work 7 - 8 hours /day is 2.32 (95% CI: 1.04-5.16) times as compared to who work 10 -12 

hours /day (Kobayashi, 2012). In addition to metabolic syndrome, shift work is also 

associated with the components of metabolic syndrome. Di Lorenzo et al. (2003) 

suggested that non-day shift workers have higher BMI and higher SBP levels than day 

workers.  

Metabolic syndrome is a major public health issue and has been identified as a risk factor 

for cardiovascular disease (Salazar, 2013). Physical activity has been shown to positively 

affect each of the metabolic syndrome elements (Leon, 2001; Fagard, 2001) and is a 

modifiable behavior. In law enforcement officers, physical activity during active duty 

police work is usually limited and insufficient to maintain physical fitness (Richmond, 

1998). It is important, therefore, to quantify the association between physical activity and 

metabolic syndrome in this population, in order to improve our understanding of the 

potential for physical activity interventions to protect this at-risk occupational group. The 
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purpose of our study is to determine the prevalence of metabolic syndrome in police 

officers, and to identify potential risk factors, specifically of the role of  physical activity. 

We hypothesize that there is a significant association between low physical activity and 

metabolic syndrome after controlling confounders.
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CHAPTER 2
 

MATERIAL AND METHODS
 

Study Design, subjects and data collection 

This analysis uses a cross-sectional design to investigate the potential association of low 

physical activity with metabolic syndrome in law enforcement officers. We used baseline 

data from the SHIELD (Safety and Health Improvement: Enhancing Law Enforcement 

Department) study, collected by the Health Promotion and Sports Medicine Division at 

Oregon Health & Science University.  

Three-hundred nine law enforcement officers in two county sheriff offices and one police 

department participated (enrollment rate = 43.8%). All of the subjects were sworn LEOs 

employed on patrol, investigational or other enforcement duties. A liaison officer at each 

site facilitated recruitment, scheduling and communication. Research staff traveled to 

each agency for questionnaire administration. In addition to survey data collection, 

physical and laboratory measures were obtained, including: resting blood pressure, 

anthropometric indices (e.g., height, weight, waist circumference, and neck 

circumference) and blood work (e.g., serum total cholesterol, triglycerides, HDL [high 

density lipoproteins], LDL [low density lipoproteins] and glucose) (Bucolo, 1973; 

Friedewald, 1972).   

The protocol was approved by the Oregon Health & Science University Institutional 

Review Board (IRB00006309).  
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Instrument 

The self-report survey assessed demographics, physical activity, dietary behavior, and 

stress. Most response fields were 7-point Likert-type scales, anchored by “strongly agree" 

and "strongly disagree" labels. The instrument included measures previously established 

as reliable, and additional constructs devised in the research group's previous studies 

(MacKinnon, 2010).  

The reliability of the survey instrument as applied in law enforcement officers was 

assessed using the constructs from the previous  PHLAME study on firefighters 

(“Promoting Healthy Lifestyles: Alternative Model Effects”) (MacKinnon, 2010). 

Specifically, Cronbach’s alpha was used to assess the internal reliability of multi-item 

constructs for physical activity (alpha=0.89), stress (alpha=0.80), healthy eating (alpha= 

0.82), alcohol consumption (alpha= 0.79), and sleep habits (alpha =0.86). The high 

reliability observed in our sample of LEOs was consistent with the instrument’s 

performance of firefighters in PHLAME (Elliot, 2007). 

Variable description  

Metabolic Syndrome (Outcome) 

Data were analyzed to examine the prevalence of metabolic syndrome and its 

components. The selected measures of metabolic syndrome were based on the National 

Cholesterol Education Program Adult Treatment Panel III guidelines with modifications 

from the American Heart Association and the National Heart, Lung and Blood Institute 

(Grundy, 2005). There are five components of metabolic syndrome, and for the purposes 
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of this analysis, the presence of any three of the five criteria listed below, was used to 

classify the presence of metabolic syndrome.  

 Elevated waist circumference: ≥ 102cm (≥ 40 inches) in men and ≥ 88cm (≥ 35 

inches) in women 

 

 Elevated triglycerides: ≥ 150 mg/dl (≥ 1.7 mmol) OR drug treatment for 

elevated triglycerides 

 

 Reduced HDL: < 40mg/dl (1.03 mmol/L) in men and < 50 mg/dl (1.3 mmol/L)  

in women OR drug treatment for reduced HDL 

 

 Elevated blood pressure: ≥ 130 mm of Hg systolic blood pressure OR  ≥ 85 mm 

of Hg diastolic blood pressure OR drug treatment for hypertension 

 

 Elevated fasting glucose: ≥ 100mg/dl OR drug treatment for elevated glucose 

 

In the anthropometric assessment, waist circumference was measured in centimeters as 

abdominal girth at the highest point of the iliac crest and the lowest part of the costal 

margin in the mid-axillary line. Resting systolic and diastolic blood pressures were 

measured in a seated position using standard mercury sphygmomanometer and 

auscultatory methods. The average of the second and third of three resting systolic and 

diastolic blood pressure readings were used. Levels of triglycerides, HDL and glucose 

were measured from fasting blood specimens (Bucolo, 1973, Friedewald, 1972).  
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Physical Activity (primary predictor) 

The construct "physical activity" is a composite score by taking average of five items 

which include: “days/week of hard physical activities that make you sweat and breathe 

hard for at least 30 minutes”, “days/week of moderate physical activities that increased 

your breathing for a total of at least 30 minutes during the day”, “days/week of 

strengthening or toning of muscles, such as push-ups, sit-ups or weight lifting”, and 

“days/week of any physical activity long enough to work up a sweat”, “I exercise for 30 

minutes almost every day” (Mathews, 1999).  

The physical activity construct displayed a bimodal distribution (shown in Figure 1) and 

was dichotomized into low physically active LEOs, and high physically active LEOs, 

using the cut-off of 3 to classify low (62.5%, N=193)vs. high (37.5%, N=116) groups. 
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Stress (covariate) 

Stress was assessed by four items regarding job stress (Jordon, 2002; Violanti, 2009; 

McCreary, 2006), which include:  “I feel significant stress at work”, “worrying about 

work issues makes it hard to relax at home”, “overall I feel like there is too much stress in 

my job”, and “in general I manage stress in a healthy way" (reverse coded). Stress was 

divided into three groups as low perceived stress (0.5 SD below the mean perceived 

stress), moderate perceived stress (± 0.5 from the mean perceived stress) and high 

perceived stress (0.5 SD above the mean perceived stress). It was found that 30% of the 

LEOs had low perceived stress, 40% had moderate perceived stress and 30% of LEOs 

had high perceived stress. 

 

 

Alcohol Use (covariate) 

Alcohol consumption was assessed using six questions which include: “how frequently 

do you have at least one alcoholic drink in the past 30 days”, “how frequently do you 

have several drinks in one sitting in the past 30 days”, “how frequently do you drink to 

the point of getting buzzed in the past 30 days”, “how frequently do you drink to the 

30% 

40% 

30% 

0% 

10% 

20% 

30% 

40% 

50% 

Low  stress Moderate  stress High  stress 

Figure 2: Perceived stress groups  
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point of getting drunk in the past 30 days”, “how often during the last 30 days have you 

had feelings of guilt or remorse after drinking”, and “my family or friends have been 

concerned about my drinking in the last 6 months”.  

Alcohol consumption was treated as a continuous variable. 

 

Healthy Eating (covariate) 

Healthy eating was analyzed by five items which include: “on average how often do you 

eat fast food”, “I make healthy choices when ordering fast food”, “I select healthy food 

items when eating at restaurants”, “in general I eat five or more servings of fruits and 

vegetables per day”, and “in general I eat a low-fat diet”. 

Healthy eating was treated as continuous variable. 

 

Sleep deficiency (covariate) 

Sleep habits were assessed by using similar items as used by Division of Sleep Medicine 

at Brigham & Women's Hospital for their study of police officers and the Pittsburgh 

Sleep Quality Index (Buysse, 1989). The items include: “in the past 7 days, I was 

satisfied with my sleep” (reverse coded), “I don't usually get enough time between work 

shifts to recover my energy fully”, “in the past 7 days my sleep quality was” (reverse 

coded), "in the past 7 days, how often have you had trouble sleeping”, “physically I feel 

exhausted today”, “I have plenty of reserve energy when I need it” (reverse coded), “in 

the past 7 days, how often have you gotten enough sleep” (reverse coded), “in the past 7 

days, I had a hard time getting things done because I was sleepy”, and “in the past month 

how many hours of sleep did you average in a 24 hr period” (reverse coded). 
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Sleep deficiency was treated as a continuous variable. 

Other covariates 

The other covariates were shift work (dichotomized into day-shift and non-day shift), 

smoking status (dichotomized to smokers and non-smokers), race (dichotomized to white 

and non-white), gender (males and females) and age (continuous variable). 

Statistical methods 

All statistical analyses were performed using STATA IC 12. Descriptive statistics were 

used to characterize the sample. For the LEOs with and without metabolic syndrome, 

descriptive statistics for gender, race, education and position of the LEOs were 

calculated. The prevalence of metabolic syndrome (and its components) was assessed, 

and the most common three components of metabolic syndrome were analyzed. 

Following assessment of prevalence, the differences between high and low physically 

active LEOs was analyzed to examine whether there was any statistical difference 

between the two groups. The differences among LEOs with and without metabolic 

syndrome were also analyzed to determine if there is any statistical difference among 

those two groups. Continuous variables were examined with t-tests and categorical 

variables were examined with chi-square tests. Logistic regression was then performed 

with metabolic syndrome as the dichotomous outcome variable. First, simple logistic 

regression was performed using physical activity as the primary predictor and crude odds 

ratio, 95% confidence interval and p-value was estimated. Then, the potential interaction 

between physical activity and stress was tested to see if the association between physical 

activity and metabolic syndrome differed by level of stress. Similarly, another interaction 

between physical activity and sleep was tested to see if the association between physical 
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activity and metabolic syndrome differed by level of sleep. If the interaction terms were 

not significant, the variables of stress and sleep were evaluated as confounders. 

Covariates were evaluated for potential confounding using the conventional approach.  

First, the variable needed to be associated with both physical activity and metabolic 

syndrome. Then, crude and adjusted odds ratios were examined; a variable that altered 

the crude odds ratio by at least 10% in bivariable analysis was considered a potential 

confounder in the construction of the multivariate model.  

We used the Hosmer-Lemeshow goodness-of-fit statistic to evaluate alternative models 

comprised of varying sets of covariates, specifically the inclusion of variables for sleep 

and healthy eating.  
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CHAPTER 3 

RESULTS 

Demographic Characteristics 

The demographic variables of the sample of LEOs are summarized in Table 1.  The mean 

age of the law enforcement officers was 42.0 years (SD=8.8). Eighty-five percent were 

male, the majority (93.2%) of the sample were of  white or Caucasian race. The average 

BMI of the male and female LEOs was 29.7 and 28.6 respectively, approximately the 

same as the national age-adjusted average BMI of 28.7 in males and 28.7 in females 

reported by Flegal et al. (2012).  

Table 1: Demographic characteristics of law enforcement officers. 

  

  

Characteristic 
Metabolic Syndrome           

(N, percentage) 

No Metabolic Syndrome      

(N, percentage) 

Gender   

Women 16 (15%) 51 (25%) 

Men 90 (85%) 152 (75%) 

Race   

White 95 (92%) 188 (93%) 

Black 1 (1%) 4 (2%) 

Asian 4 (4%) 0 (0%) 

Pacific Islander 1(1%) 2 (1%) 

American Indian 1 (1%) 0 (0%) 

Other 1 (1%) 7 (4%) 

Position   

Enforcement 48 (46 %) 116 (57 %) 

Custody/Institutions 33 (31 %) 50 (25 %) 

Administration 12 (11 %) 20 (10 %) 

Other 13 (12 %) 17 (8 %) 

Education   

High School 11 (11 %) 13 (6 %) 

Some College 57 (55 %) 91 (45 %) 

College graduate 35 (34 %) 98 (49 %) 
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Out of 309 LEOs, 164 (53%) worked in enforcement, 83 (27%) worked in 

custody/institutions, 32 (10%) worked in administration, and 30 (10%) worked in parole 

& probation. Most of the law enforcement officers were well educated, reporting some 

college (48%) or being a college graduate (43%). 

Prevalence of Metabolic Syndrome 

One hundred six (34.3%) of the law enforcement officers in our sample had physiologic 

measurements consistent with metabolic syndrome. The prevalence of metabolic 

syndrome and its components are presented in Table 2. The most prevalent individual 

component was elevated blood pressure (49.8%), followed by elevated triglycerides 

(45.9%) and reduced HDL cholesterol (34.9%). The most common combination of  

components was central obesity, high triglycerides and hypertension (N=50, 16.2%). 

Table 2:  Prevalence of Metabolic Syndrome and Its Components 

Syndrome Component n % 

Elevated waist circumference (>40inches in men, >35 inches in 

women) 

99 32.1 

Elevated triglycerides (>150mg/dl) 

 

142 45.9 

Reduced HDL cholesterol (<40mg/dl in men, <50mg/dl in 

women) 

108 34.9 

Glucose intolerance (fasting glucose>100mg/dl) 

 

97 31.4 

Hypertension (BP>130/85mm of Hg) 

 

154 49.8 

Metabolic Syndrome 

 

  

     0 component 

 

54 17.5 

     1 component 

 

81 26.2 

     2 components 

 

68 22.0 

     ≥ 3 components 

 

106 34.3 
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The prevalence of metabolic syndrome in low physically active LEOs was 43%, whereas 

high physically active group had a prevalence of 20% (Figure 3).  There was a 

statistically significant relationship between physical activity and metabolic syndrome 

( = 17.3, p < 0.001). 

 

Table 3 compares the metabolic syndrome components among low and high physically 

active LEOs. The percentages of all of the individual components of metabolic syndrome 

were higher in the low physically active LEOs. Although the mean BMI was comparable 

in two groups (30.4 ± 5.4 vs. 28.8 ± 4.8 kg / ), abdominal obesity was significantly 

more prevalent among less active LEOs. In the low physically active group, 15.6% were 

smokers, while in high physically active group, 10.7% LEOs were smokers. 
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Figure 3- Physical activity and Metabolic Syndrome 

No Metabolic Syndrome  Metabolic syndrome 
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Table 3: Metabolic syndrome components among  low and high physically active 

law enforcement officers. 

 

Variable 

Low Physically 

active (N=193) 

High Physically 

active (N=116) 
  p-value 

Central obesity 

(cm) 

74 (38.3%) 25(21.5%) 9.38 0.002 

Elevated 

triglycerides 

(mg/dl) 

97 (50.3%) 45(38.8%) 3.8 0.05 

Reduced HDL 

cholesterol 

(mmoL/L) 

80 (41.4%) 28 (24.1%) 9.5 0.002 

High glucose 

(mg/dl) 

61 (31.6%) 36 (31.1%) 0.01 0.91 

Hypertension 

(mm of Hg) 

106 (54.9%) 48 (41.4%) 5.3 0.02 

 

Table 4 compares LEOs with and without metabolic syndrome. As expected, average 

BMI was significantly higher in the LEOs with metabolic syndrome (32.8 vs. 27.7,  

, as was the proportion of those classified with a low level of physical 

activity (78.3% vs. 54.2%,   
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Table4: Differences among LEOs with and without metabolic syndrome. 

Variable 

No metabolic syndrome 

(N=203) 

Metabolic syndrome 

(N=106) 

p-value 

Age (Mean years ± 

SD) 

40.5  ± 7.9 44.8 ± 9.8 <0.001 

Gender 

 Males 

 Females 

 

152 (74.8%) 

51 (25.2%) 

 

90 (84.9%) 

16 (15.1%) 

0.042 

BMI (kg / ) 27.7 ± 3.5 32.8 ± 5.5 <0.001 

Smoker 28 (13.8%) 14 (13.7%) 0.97 

Physical activity 

 Low 

 High 

 

110 (54.2%) 

93 (45.8%) 

 

83 (78.3%) 

23 (21.7%) 

<0.001 

Alcohol 1.0  ± 0.8 0.8 ± 0.7 0.01 

Healthy Eating 4.2  ± 1.2 3.8 ± 1.2 0.01 

Sleep deficiency 3.2 ± 0.9 3.3 ± 1.0 0.45 

Stress 

 Low 

 Moderate 

 High 

 

67 (33%) 

90 (44%) 

46 (23%) 

 

28 (26%) 

32 (31%) 

46 (43%) 

 

 

0.001 

 56 (18.1%) 

71 (22.9%) 

39 (12.6%) 

51 (16.5 %) 

4.82 0.09 
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66 (21.3%) 26 (8.4%) 

Logistic Regression 

The crude odds ratio showed that the odds of metabolic syndrome in less physically 

active LEOs is 3.05 times the odds of metabolic syndrome in high physically active 

LEOs (95% CI: 1.8 to 5.2; p < 0.001). When interaction terms were tested for the 

covariates stress and sleep, we found that neither was statistically significant (stress p = 

0.17 and sleep p = 0.26).  The covariates race, sleep deficiency, healthy eating, alcohol 

intake and smoking status were identified as potential confounders, as the change in 

crude odds ratio was greater than 10% in the bivariate analysis. Age and gender were 

preselected as confounders from the review of literature (Cho 2009, Kim 2013). As 

presented in Table 5, the final model contained physical activity, age, gender, race, 

alcohol, smoking status, sleep deficiency and healthy eating.  

After adjusting for age, gender, race, sleep deficiency, healthy eating, smoking and 

alcohol status, the odds of metabolic syndrome in less physically active LEOs was 3.05 

times the odds of metabolic syndrome in high physically active LEOs. (95% CI: 1.6 to 

5.8, p = 0.001).   
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                        Table 5: Crude and Adjusted Estimates 

 

Variable 

 
Crude OR 95% CI p-value 

Physical activity (0=High 

PA, 1=Low PA) 

 

3.05 1.78 5.22 < 0.001 

Variable 

 
Adjusted OR 95% CI p-value 

Physical activity 

 
3.05 1.84 6.05 0.001 

Age 

 
1.05 1.03 1.09 < 0.001 

Gender (0 = Males, 1 = 

Females) 

 

0.37 0.18 0.77 0.008 

Smoker (0=Non-smokers, 

1=Smokers) 

 

1.05 0.46 2.22 0.97 

Race (0=Non-white, 

1=White) 

 

0.99 0.35 2.77 0.99 

Alcohol 

 
0.67 0.47 0.97 0.034 

Healthy Eating 

 
0.89 0.70 1.12 0.32 

Sleep deficiency  

 
1.12 0.85 1.48 0.41 

Intercept  

 
0.11 0.01 0.68 0.018 

 

The Hosmer-Lemeshow goodness-of-fit test was not significant, indicating that this 

model provides an acceptable fit (p = 0.45). 
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CHAPTER 4 

DISCUSSION 

 

Although reviews of literature suggest that physical inactivity has an important role in 

affecting the risk of metabolic syndrome in adults of the general population (Cho, 2009), 

our study is the first to examine this relationship in law enforcement officers, a large 

occupational group with unique demographic characteristics and job activities.  

Our findings are consistent with the previous findings of Lakka and colleagues (2003) 

that physical inactivity is a strong risk factor for metabolic syndrome.  Our analysis 

demonstrated that low physical activity is significantly associated with metabolic 

syndrome adjusting for the potential confounders of age, gender, race, sleep deficiency, 

healthy eating, smoking status and alcohol consumption (OR = 3.05,  p = 0.001). These 

results suggest that low physically active LEOs have a significantly higher risk of 

metabolic syndrome as compared to high physically active LEOs.  

Although the variable stress was not significant and therefore did not enter the 

multivariate logistic regression model as a confounder in the forward stepwise method, 

nor as an interaction term, it was highly associated with metabolic syndrome.  As shown 

in Figure 4, the prevalence of metabolic syndrome monotonically increases with 

increasing levels of stress at in the LEOs with low physical activity, whereas the 

prevalence of metabolic syndrome steadily decreases in the high physical activity group.  
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Figure 5 presents the odds ratios for stress and metabolic syndrome at low and high levels 

of physical activity. In the low physical activity level, stress had statistically significant 

association with the presence of metabolic syndrome; the odds of metabolic syndrome in 

moderate stressed LEOs was 1.22 (95% CI: 0.58, 2.55; p = 0.59) times the odds of 

metabolic syndrome in low stressed LEOs, while among high stressed LEOs the odds 

were 3.05 (95% CI: 1.45, 6.42; p = 0.003) times that of low stressed LEOs. Whereas 

among high physically active LEOs, stress was not statistically associated with metabolic 

syndrome; the OR among moderately stressed LEOs was 0.38 (95% CI: 0.13, 1.17; p = 

0.09) times the odds of metabolic syndrome in low stressed LEOs, while the odds in high 

stressed LEOs was 1.07 (95% CI: 0.34, 3.29; p = 0.91) times the odds of metabolic 

syndrome in low stressed LEOs. Although our analysis focused on the examination of the 

role of physical activity in the risk of metabolic syndrome, our findings suggest that 

physical activity may act as a mediator of stress.   

Low physical activity 

High physical activity 
0 

10 

20 

30 

40 

Low stress 
Moderate 

stress High stress 

18 
26 

39 

10 
6 7 

Figure 4: Prevalence of metabolic 
syndrome 



 

22 
 

 

These findings suggest that physical activity is a protective resource factor against 

metabolic syndrome for LEOs under stress.  Future studies are needed to further explore 

the role of stress in the etiology of metabolic syndrome, and stress should not be 

overlooked while designing prevention and treatment programs to reduce the risk of 

metabolic syndrome in LEOs.  

The prevalence of metabolic syndrome in our study is comparable to that reported for the 

general US population. Recently, Ervin and colleagues (2009) found that 34% of adults 

met the criteria of metabolic syndrome in a sample of 3423 adults aged ≥ 20 years from 

NHANES 2003-2006 using the definition of the National Cholesterol Education 

Program. All studies among LEOs previous to ours estimated the prevalence of metabolic 

syndrome to be lower than the general population (McCanlies, 2012). Violanti (2009) 

found that 16.3% police officers had metabolic syndrome and Yoo (2009) reported that 

23.1% LEOs possessed metabolic syndrome.  
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The prevalence of metabolic syndrome in the population is increasing and reaching 

epidemic proportions, and is likely to lead to future increases in cardiovascular diseases 

and premature mortality. It has been found that inflammation and oxidative stress, 

physiologic states that are both associated with obesity, play crucial roles in patho-

physiology of the metabolic syndrome (Wellen, 2005). While the nature of the 

mechanism is not precisely understood, there is evidence for dysregulation of the 

feedback mechanism between IL-6 and noradrenalin which can contribute to the systemic 

low-grade inflammation and hyperglycemia observed in metabolic syndrome (Martin-

Cordero, 2011). Physical activity controls the release and activity of two cytokines: IL-6 

(anti-inflammatory cytokine) and TNF-α. IL-6 is the first cytokine to be released in the 

circulation during exercise, and its levels increase in an exponential fashion in response 

to exercise (Erdei, 2007). When secreted by T-cells and macrophages, IL-6 stimulates the 

immune response and boosts inflammatory reactions, while muscle produced IL-6 exerts 

anti-inflammatory effects through its inhibitory effects on TNF-α, IL-1β and activation of 

interleukin-1 receptor antagonist and IL-10 (Febbraio, 2005). These feedback 

mechanisms suggest that increased physical activity can have beneficial effects in the 

physiologic pathways of metabolic syndrome. 

Our findings are consistent with the previous studies that regular physical activity can 

affect metabolic syndrome risk through its effect on the factors used to define the 

syndrome, such as reducing waist circumference, visceral fat, subcutaneous fat, and 

enhancing insulin sensitivity (Ross, 2000), reducing blood lipids (Leon, 2001) and blood 

pressure (Fagard, 2001).  Yoo (2009) demonstrated that high physically active LEOs had 

lower BMI, triglycerides, and higher HDL cholesterol as compared to moderate or low 
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physically active LEOs. We observed similar differences in our study; the high physically 

active LEOs had lower average BMI, triglycerides, blood pressure, glucose and high 

HDL as compared to less physically active group.  

We also observed a significantly elevated prevalence of abdominal obesity in our low 

physically active LEOs (77.8%) compared to high physically active group (22.2%). This 

is a great concern, as abdominal obesity is a well-established indicator of future health 

problems (Violanti, 2011), specifically among police officers, where increased risk of 

type 2 diabetes and cardiovascular disease has been demonstrated (Reijo, 2012).  

The limitations of this study warrant discussion. First, it is difficult to establish causal 

relationship from observational data collected in a cross-sectional time frame. We cannot 

establish the temporal sequence between physical activity and metabolic syndrome. 

Secondly, there is the potential problem of prevalence-incidence bias. In our cross-

sectional design, we measured prevalence not incidence, and our sample may over 

represent cases of long duration. Furthermore, there is a potential for recall bias in the 

assessment of physical activity and the other behaviors measured, although minimized 

through the use of standardized and validated questionnaires. Additionally, some aspects 

of variable definition and operationalization of our model should be considered.  Our cut-

off for classifying high vs. low levels of physical activity was empirically determined, 

and therefore as a relative measure derived from our sample of LEOs, may not be valid to 

apply in other study groups.  Also, the variables alcohol, sleep deficiency, and healthy 

eating were treated as continuous variables rather than categorical variables, which may 

limit the interpretability and utility of the model.  
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CHAPTER 5 

SUMMARY AND CONCLUSION 

 

This study demonstrates that low physical activity is significantly associated with 

metabolic syndrome in law enforcement professionals. Not only the risk of metabolic 

syndrome, but the proportion of the individual components of metabolic syndrome is 

higher in LEOs with low physical activity, which suggests that increasing levels of 

physical activity may be protective. Physical activity is an important etiological factor in 

the metabolic syndrome (Nguyen, 2012) and the sedentary behavior associated with 

driving and desk-work in law enforcement may increase risk in this occupational group. 

The major implication of this study is that wellness programs tailored for LEOs which 

promote increased levels physical activity (Elliot 2013, Kuehl 2013) may help to 

decrease the risk of metabolic syndrome . Additional research is needed to examine these 

associations prospectively, in larger cohorts from multiple regions of the US and to 

replicate these findings in more diverse LEO populations, including different racial and 

ethnic backgrounds.  
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