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Background: Police officers are known for fieldwork shifts, psychological stress, and prolonged physical activity
that are associated with cardiovascular disease (CVD). We aim to determine the differences in CVD risks factor
and Atherogenic Index of Plasma (AIP) profiles as a predictor of cardiac events between police officers and ci
vilians in a developing country as an evaluation and strategic preventive measure for CVD.
Methods: 978 participants were enrolled as subjects in this cross-sectional study. Data used were obtained during
medical check-ups using complete physical and laboratory examinations including blood pressure, body mass
index (BMI), triglycerides (TG), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol
(HDL-C), total cholesterol, fasting blood sugar, and AIP between 2019 and 2020 at Bhayangkara State Police
Hospital Surabaya. Mann-Whitney U test was performed using IBM SPSS version 25.
Results: There are significant differences in systolic (p = 0.000) and diastolic blood pressure (p = 0.003), tri
glycerides (p = 0.000), LDL-C (p = 0.006), total cholesterol (p = 0.000), fasting blood glucose (p = 0.001), and
the AIP (p = 0.000) between the police and civilian groups, with the latter showing a tendency of having higher
rates.
Conclusions: CVD risk was found in both groups. Nevertheless, police officers have higher AIP and overall CVD
risk compared to civilians, creating a necessity for aggressive CVD prevention strategies within the population.

1. Introduction
Cardiovascular disease (CVD) is a concerning non-communicable
disease due to its mortality rate.1 CVD is the number one cause of
death globally according to WHO, reaching 17.9 million in 2019 and is
predicted to increase by 2030.2 The global prevalence of CVD has nearly
doubled from 271 million in 1990 to 523 million in 2019.3 In Indonesia,
the number of CVD sufferers reached 1,017,290 in 2018,4 with the
fourth-highest number of deaths worldwide due to CVD.3
CVD can be prevented through lifestyle modification and avoiding
risk factors such as hypertension, smoking, obesity, unhealthy diet, lack
of physical activity, increased fasting blood sugar, and dyslipidemia.
Dyslipidemia is an increase in total cholesterol, low-density lipoprotein
cholesterol (LDL-C), triglycerides (TG) followed by a decrease in high-

density lipoprotein cholesterol (HDL-C).5,6 Although therapies for
heart disease have developed rapidly, lifestyle modification and risk
management play an essential role in reducing CVD incidence. Maharani
et al., 2019 stated that Indonesian adults had a high-risk CVD but low
preventive treatment.7 A cohort study of a good lifestyle reduced by 40%
the relative occurrence of CVD.8 In the US, a national lifestyle change
program was associated with a lower CVD incidence.9
The atherogenic Index of Plasma (AIP) has been widely reported as a
strong predictor and biomarker of CVD. AIP, calculated with log (TG/
HDL-C), has been used to measure blood lipids and an optimal indicator
of dyslipidemia and CVD.10 Another study stated that AIP is also a strong
predictor of CVD in postmenopausal women.11 An Iran study stated that
AIP is closely related to physical activity and body mass index.12
Moreover, A Chinese Population Study found that AIP was closely
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related to coronary artery disease.13 Increased triglycerides and total
cholesterol cause vasoconstriction and endothelial dysfunction in coro
nary arteries, thereby increasing the risk of coronary artery disease.14
AIP strongly correlates with carotid intima wall thickening.15
Meta-analysis states that lipid profile predicts cardiovascular outcome
and mortality.16
Police officers are known for fieldwork shifts and prolonged physical
activity. Job-specific risk factors are associated with sudden physical
activity, psychological stress, and long work shifts.17 Long working
hours disrupt circadian rhythms, increasing cortisol. Chronic increases
in the hormone cortisol cause hypertension, impaired vascular remod
eling, increased TG, and insulin resistance which are risk factors for
CVD. In addition, psychological stress leads to oxidative stress which
causes vascular endothelial damage. Furthermore, stress also increases
sympathetic nerves, releasing catecholamine hormones, increasing
blood pressure and heart rate, and inflammatory cytokine response that
causes CVD.18 In vivo studies suggest that chronic stress mice have an
increased immune response that exacerbates arterial inflammation with
unstable plaque.19 According to a study in the US, stressful police work
is associated with the risk of sudden cardiac death, especially during an
emergency, compared to non-emergency.20 Therefore, the authors aim
to determine the differences in CVD risks factor and Atherogenic Index
of Plasma (AIP) profiles as a predictor of cardiac events between police
officers and civilians in a developing country as an evaluation and
strategic preventive measure for CVD.

increase in total cholesterol >200 mg/dl, LDL-C > 130 mg/dl, TG > 150
mg/dl followed by a decrease in HDL-C < 40 mg/dl. AIP was calculated
with log (TG/HDL-C), resulting − 0.3-0.1 as low risk, 0.1–0.24 as mod
erate risk, and >0.24 as high-risk occurrence of cardiovascular disease.
Fasting blood sugar cut off value was categorized as < 6.1 mmol/L as
normal and >6.1 mmol/L as high. Blood samples were collected after
overnight (8 h) fasting and performed in the laboratory.
3. Statistical analysis
Statistical tests using SPSS version 25. All variables were tested for
normality using Kolmogorov-Smirnov and Shapiro-Wilk. Abnormal
distributions are shown as mean and compared with the Mann-Whitney
rank-sum test. Variables were then processed using the Mann-Whitney
and Wilcoxon methods. Comparative analysis to determine AIP and
CVD risk in Police Officers and Civilian groups was carried out using the
Mann-Whitney test.
4. Results
978 participants were obtained, consisting of 489 police and 489
civilians. The participants were predominantly male with a mean age of
45.95 ± 7.42. Nearly half of the participants appear in the pre
hypertension group. More than 70% of the participants were overweight
and obese with a mean BMI of 26.34 ± 3.86. High total cholesterol, high
LDL, low HDL, and a high-risk score of AIP are primarily found. In
contrast, the majority of the participants have normal fasting blood
glucose and normal TG. More details about the participants are pre
sented in Table 1.
For comparison between police and civilian groups, the police group
was predominantly by male while women were dominant in civilian
groups. There is a significant difference in systolic and diastolic blood
pressure, TG, LDL, total cholesterol, fasting blood glucose, and AIP with
p < 0.05. Police tend to have higher results in those significant factors
compared to civilian groups. However, there is no significant difference
in BMI and HDL-C between police and civilian groups (Table 2).

2. Methods
489 police officers and 489 civilians were enrolled as participants in
this cross-sectional study. All participants have given their informed
consent and ethics for this study was approved by the Bhayangkara State
Police Hospital ethics committee with decision number 10/IV/2021/
KEPK/RUMKIT on April 7, 2021. Data used in this study was simulta
neously obtained during medical check-ups between 2019 and 2020 at
Bhayangkara State Police Hospital Surabaya.
All study samples met the inclusion criteria, namely 1) being an
active field police officer (for police groups) and not working as field
police officers (for civilian groups), 2) having completed the entire
process of examination, 3) aged 21 or older, and 4) consented to being
participants of study.
Independent variables examined in this study are blood pressure,
BMI, TG, LDL-C, HDL-C, total cholesterol, fasting blood sugar, and
atherogenic index plasma. Baseline characteristics including age and sex
were recorded by interview and cross-checking with medical record.
Blood pressure measurements were carried out in a sitting position
with the hands resting on the examination table and the cubital fossa at
the same level as the heart. The measurements were taken after the
patient had rested for 5 min, and repeated for the next 15 min. A digital
blood pressure meter (model: HEM-8172, Omron Healthcare Co., Ltd.,
Kyoto, Japan) was used. The cut off value of blood pressure in this study
refers to ESC 2018 guideline with the following criteria: normal systolic
blood pressure <120 mmHg and diastolic blood pressure <80 mmHg;
prehypertension 120–139 mmHg for systolic blood pressure and 80–89
mmHg for diastolic blood pressure; stage I hypertension 140–159 mmHg
for systolic blood pressure and 90–99 mmHg for diastolic blood pres
sure; and stage II hypertension ≥160 mmHg for systolic blood pressure
and ≥100 mmHg for diastolic blood pressure.
Measurements of weight and height were carried out to find BMI
(body mass index). BMI measurement used in this study refers to the
WHO criteria measuring weight (kg) divided by (height)2 (m2),
resulting <18.5 classified as Underweight; 18.5–24.9 as Normal Weight;
25.0–29.9 as Overweight, and >30.0 as Obese. We used a mechanical
weight scale (model: SMIC ZT-120, Gea Medical, Jakarta, Indonesia) for
weight measurement. Height was measured by standing straight on the
weight scale, barefooted, with the head facing straight ahead.
Dyslipidemia according to American Heart Association criteria is an

5. Discussion
This study found that nearly half of the subjects had pre
hypertension, in the police and civilian groups. A study in Brazil re
ported that hypertension was the most common risk factor for CVD
overall in both men and women. However, in each gender itself, pre
hypertension is mostly found in men (43.8%), while in women, normal
blood pressure is mostly found (43.2%).21 Our study showed a signifi
cant difference in systolic blood pressure (p = 0.000) and diastolic blood
pressure (p = 0.003) between police and civilians. Police tend to have a
high-stress work environment that leads to hypertension. A cohort study
shows perceived stress and plasma oxidative stress is associated with
hypertension in police officers.22 In addition, a previous study stated
that many police officers who worked for more than 6 years had hy
pertension, due to lack of activity outside of working hours.23
BMI is correlated to CVD risk. In a group of farmers in Brazil, over
weight farmers tend to have CVD.21 A study in military police stated that
more than a half police have obesity.22 Study in the US stated that police
tend to have obesity compared to the general population.23 There was no
significant difference in BMI between police and civilians in this study.
This is because many factors affect BMI, such as lack of sleep, length of
works, and lifestyle.24 According to a study in Brazil, there was no
relationship between BMI in police officers who worked 6 h/day with
24 h/day.25
Dyslipidemia is an increase in total cholesterol, LDL-C, TG followed
by a decrease in HDL-C.26 This study showed significant differences in
total cholesterol, LDL-C, and TG between police and civilian groups (p <
0.05). In the police group, most of them had high total cholesterol
(61.8%) and TG (54.2%). This was in contrast to the civilian group,
2
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Table 1
Frequency and Percentage of Variables in Police and Civilian groups.
Variable
Sex
- Women
- Men
Age (years)
- 26-35
- 36-45
- 46-55
- >55
Systolic blood pressure
- Normal
- Pre-hypertension
- Hypertension stage I
- Hypertension stage II
Diastolic blood pressure
- Normal
- Pre-hypertension
- Hypertension stage I
- Hypertension stage II
BMI
- Underweight
- Normal
- Overweight
- Obese
Triglycerides
- Normal
- High
LDL
- Normal
- High
HDL
- Normal
- Low
Total Cholesterol
- Normal
- High
Fasting blood glucose
- Normal
- High
AIP
- Low Risk
- Medium Risk
- High Risk

Table 2
Mann Whitney Test analysis results.

Groups

Median (Min-Max)

Police N = 489

Civilian N = 489

32 (6.5%)
457 (93.5%)

301 (61.6%)
188 (38.4%)

2 (0.4%)
261 (53.4%)
112 (22.9%)
114 (23.3%)

35 (7.2%)
215 (44%)
195 (39.9%)
44 (9%)

109 (22.3%)
232 (47.4%)
100 (20.4%)
48 (9.8%)

178 (36.4%)
237 (48.5%)
54 (11%)
20 (4.1%)

121 (24.7%)
224 (45.8%)
107 (21.9%)
37 (7.6%)

139 (28.4%)
235 (48.1%)
93 (19%)
22 (4.5%)

2 (0.4%)
64 (13.1%)
261 (53.4%)
162 (33.1%)

3 (0.6%)
89 (18.2%)
239 (48.9%)
158 (32.3%)

224 (45.8%)
265 (54.2%)

321 (65.6%)
168 (34.3%)

91 (18.6%)
398 (81.4%)

92 (18.8%)
397 (81.2%)

92 (18.8%)
397 (81.2%)

91 (18.6%)
398 (81.4%)

187 (38.2%)
302 (61.8%)

250 (51.1%)
239 (48.9%)

382 (78.1%)
107 (21.9%)

420 (85.9%)
69 (14.1%)

8 (1.6%)
34 (7%)
447 (91.4%)

17 (3.5%)
66 (13.5%)
406 (83%)

Systolic blood pressure
- Civilian
120 (90–200)
- Police
130 (90–210)
Diastolic blood pressure
- Civilian
80 (70–120)
- Police
80 (60–120)
BMI
- Civilian
26.31 (15.7–50.96)
- Police
25.97 (17.78–48.83)
Triglycerides
- Civilian
120 (40–1378)
- Police
162 (41–980)
LDL
- Civilian
121 (59–280)
- Police
125 (43–230)
HDL
- Civilian
47 (29–83)
- Police
47 (30–158)
Total Cholesterol
- Civilian
200 (135–392)
- Police
216 (105–375)
Fasting blood glucose
- Civilian
92 (64–406)
- Police
96 (70–493)
AIP
- Civilian
0.42 (− 0.08 – 1.66)
- Police
0.55 (− 0.11 – 1.36)

Mean Rank

P

429.05
549.95

0.000

463.79
515.21

0.003

477.29
501.71

0.176

420.87
558.13

0.000

464.71
514.29

0.006

486.78
492.22

0.763

447.23
531.77

0.000

460.52
518.48

0.001

430.44
548.56

0.000

hypertriglyceridemia, low HDL-C, and high total cholesterol increasing
CVD incidence. In addition, AIP showed an association between pro
tective and atherogenic lipoproteins used to predict CVD.32
This study shows significant differences in systolic blood pressure,
diastolic blood pressure, TG, fasting blood glucose, and AIP between
police and civilian groups. Studies in India show that police tend to have
a high risk of CVD. In addition, a previous study stated the police have a
risk for metabolic syndrome.23 Moreover, another study showed that
operational police had a higher cardiovascular risk compared to
non-operational police.33 This is slightly different in the study by Strauss
et al., 2020 which stated that there were no significant differences in
HDL-C, TG, blood pressure, and BMI between female police officers and
office workers.34

which had normal total cholesterol (51.1%) and TG (65.6%). Police
officers with a stressful environment and work level are at risk of high
pressure tend to be at risk of dyslipidemia. Previous research showed an
association between stress levels and hypertriglyceridemia in police
officers.27 This is supported by a study in Genoa that states a relationship
exists between stress levels and increases in triglycerides and total
cholesterol in police officers.28
The prevalence of high fasting blood sugar was found in 21.9% in the
police group and 14.1% in the non-police group. There was a significant
difference in fasting blood sugar between the police and non-police
groups (p = 0.001). A study in Ethiopia stated that high-ranking po
lice officers were more at risk of developing diabetes mellitus than lowranking police officers (AOR = 3.8, 95% CI, 1.1–13.7).29 This is because
high-ranking police officers tend to have a higher stress burden, thereby
increasing the risk of developing diabetes mellitus. Psychological stress
leads to oxidative stress, thereby triggering insulin resistance.18 Studies
in India found that police officers were more likely to have impaired
fasting glucose than other workers.30 Another study in the military po
lice population of Bahia, Brazil stated that 28.1% had impaired fasting
glucose.31
AIP is an index consisting of TG and HDL-C and is a strong predictor
of CVD and can be used as an alternative screening if all atherogenic
parameters have normal results.10 In this study, 91.4% of the police
group were classified as high-risk groups. There is a significant differ
ence in AIP between the police and civilian groups. Police tend to have

6. Study limitation
This study is of a relatively small sample size. The smoking habits,
stress factor, and complete history of illness of subjects were not
recorded. Furthermore, testings such as electrocardiogram, echocardi
ography, or CT-A calcium score may provide further valuable informa
tion. A cohort study design is recommended for future in order to
describe risks factor of the disease.
7. Conclusion
CVD risk was found in both groups. Nevertheless, police officers have
higher AIP and overall CVD risk compared to civilians, creating a ne
cessity for aggressive CVD prevention strategies within the population.
Early intervention is necessary for CVD prevention.
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24 Štefan L, Čule M, Milinović I, Juranko D, Sporiš G. The relationship between lifestyle
factors and body compositionin young adults. Int J Environ Res Publ Health. 2017;14
(8):893. https://doi.org/10.3390/ijerph14080893.
25 Silva CAC da, Leite AL, Moreira JA, et al. Association of dyslipidemia, hypertension
and overweight/obesity with work shift and duration of employment among police
officers in a small town in Northeastern Brazil. Rev Braz Med Trabalho. 2019;17(4):
537–544. https://doi.org/10.5327/Z1679443520190401.
26 Lin CF, Chang YH, Chien SC, Lin YH, Yeh HY. Epidemiology of dyslipidemia in the
Asia Pacific Region. Int J Gerontol. 2018;12(1):2–6. https://doi.org/10.1016/j.
ijge.2018.02.010.
27 Garbarino S, Magnavita N. Work stress and metabolic syndrome in police officers. A
prospective study. PLoS One. 2015;10(12), e0144318. https://doi.org/10.1371/
journal.pone.0144318.
28 Chen X, Leng L, Yu H, et al. Psychological distress and dyslipidemia in Chinese police
officers. J Occup Environ Med. 2015;57(4):400–405. https://doi.org/10.1097/
JOM.0000000000000372.
29 Tesfaye T, Shikur B, Shimels T, Firdu N. Prevalence and factors associated with
diabetes mellitus and impaired fasting glucose level among members of federal
police commission residing in Addis Ababa, Ethiopia. BMC Endocr Disord. 2016;16
(1):68. https://doi.org/10.1186/s12902-016-0150-6.
30 Mallik D, Mahapatra B, Chakrabarti P, Mukhopadhyay D, Sinhababu A, Kumar P.
Prevalence of diabetes mellitus, impaired fasting glucose, impaired glucose
tolerance, and its correlates among police personnel in Bankura district of West
Bengal. Indian J Publ Health. 2013;57(1):24. https://doi.org/10.4103/0019557X.111364.
31 Filho RTB, D’Oliveira A. The prevalence of metabolic syndrome among soldiers of
the military police of Bahia state, Brazil. Am J Men’s Health. 2014;8(4):310–315.
https://doi.org/10.1177/1557988313510928.
32 Niroumand S, Khajedaluee M, Khadem-Rezaiyan M, et al. Atherogenic Index of
Plasma (AIP): a marker of cardiovascular disease. Med J Islam Repub Iran. 2015;29:
240.
33 Yates JD, Aldous JWF, Bailey DP, Chater AM, Mitchell ACS, Richards JC. The
prevalence and predictors of hypertension and the metabolic syndrome in police
personnel. Int J Environ Res Publ Health. 2021;18(13):6728. https://doi.org/10.3390/
ijerph18136728.
34 Strauss M, Foshag P, Brzęk A, et al. Cardiorespiratory fitness is associated with a
reduced cardiovascular risk in occupational groups with different working
conditions: a cross-sectional study among police officers and office workers. J Clin
Med. 2021;10(9):2025. https://doi.org/10.3390/jcm10092025.

The authors would like to thank to Bhayangkara Hospital, and col
leagues Andrianto, I. G. Rurus Suryawan for their contributions in the
making of this paper.
References
1 Budreviciute A, Damiati S, Sabir DK, et al. Management and prevention strategies for
non-communicable diseases (NCDs) and their risk factors. Front Public Health. 2020;
8. https://doi.org/10.3389/fpubh.2020.574111.
2 World Health Organization. WHO methods and data sources for global burden
disease estimates 2000-2019. Geneva. Published 2020 https://www.who.int/data/
gho/data/themes/mortality-and-global-health-estimates/ghe-leading-causes-of-de
ath. Accessed December 20, 2021.
3 Roth GA, Mensah GA, Johnson CO, et al. Global burden of cardiovascular diseases
and risk factors, 1990–2019. J Am Coll Cardiol. 2020;76(25):2982–3021. https://doi.
org/10.1016/j.jacc.2020.11.010.
4 Ministry of health of the Republic of Indonesia. Hasil Utama Riskesdas 2018.
https://kesmas.kemkes.go.id/assets/upload/dir_519d41d8cd98f00/files/Hasil-risk
esdas-2018_1274.pdf; 2018. Accessed December 20, 2021.
5 Wang MC, Lloyd-Jones DM. Cardiovascular risk Assessment in hypertensive patients.
Am J Hypertens. 2021;34(6):569–577. https://doi.org/10.1093/ajh/hpab021.
6 Gallucci G, Tartarone A, Lerose R, Lalinga AV, Capobianco AM. Cardiovascular risk
of smoking and benefits of smoking cessation. J Thorac Dis. 2020;12(7):3866–3876.
https://doi.org/10.21037/jtd.2020.02.47.
7 Maharani A, Sujarwoto, Praveen D, Oceandy D, Tampubolon G, Patel A.
Cardiovascular disease risk factor prevalence and estimated 10-year cardiovascular
risk scores in Indonesia: the SMARThealth Extend study. PLoS One. 2019;14(4),
e0215219. https://doi.org/10.1371/journal.pone.0215219.
8 Dimovski K, Orho-Melander M, Drake I. A favorable lifestyle lowers the risk of
coronary artery disease consistently across strata of non-modifiable risk factors in a
population-based cohort. BMC Publ Health. 2019;19(1):1575. https://doi.org/
10.1186/s12889-019-7948-x.
9 Jackson SL, Safo S, Staimez LR, et al. Reduced cardiovascular disease incidence with
a national lifestyle change program. Am J Prev Med. 2017;52(4):459–468. https://
doi.org/10.1016/j.amepre.2016.10.013.
10 Sami M, Karbala K, Med J, Khazaál M. Atherogenic Index of Plasma Atherogenic Index
of Plasma (AIP) as a Parameter in Predicting Cardiovascular Risk in Males Compared to
the Conventional Dyslipidemic Indices (Cholesterol Ratios). vol. 6. 2014.
11 Wu TT, Gao Y, Zheng YY, Ma YT, Xie X. Atherogenic index of plasma (AIP): a novel
predictive indicator for the coronary artery disease in postmenopausal women. Lipids
Health Dis. 2018;17(1):197. https://doi.org/10.1186/s12944-018-0828-z.
12 Hamzeh B, Pasdar Y, Mirzaei N, et al. Visceral adiposity index and atherogenic index
of plasma as useful predictors of risk of cardiovascular diseases: evidence from a
cohort study in Iran. Lipids Health Dis. 2021;20(1):82. https://doi.org/10.1186/
s12944-021-01505-w.
13 Cai G, Shi G, Xue S, Lu W. The atherogenic index of plasma is a strong and
independent predictor for coronary artery disease in the Chinese Han population.
Medicine. 2017;96(37), e8058. https://doi.org/10.1097/MD.0000000000008058.
14 Peng J, Luo F, Ruan G, Peng R, Li X. Hypertriglyceridemia and atherosclerosis. Lipids
Health Dis. 2017;16(1):233. https://doi.org/10.1186/s12944-017-0625-0.
15 Icli A, Cure E, Uslu AU, et al. The relationship between atherogenic index and carotid
artery atherosclerosis in familial Mediterranean fever. Angiology. 2017;68(4):
315–321. https://doi.org/10.1177/0003319716659220.
16 Zhao X, Wang D, Qin L. Lipid profile and prognosis in patients with coronary heart
disease: a meta-analysis of prospective cohort studies. BMC Cardiovasc Disord. 2021;
21(1):69. https://doi.org/10.1186/s12872-020-01835-0.

4

