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Abstract

Objective: Studies show that serum levels of 25-hydroxyvitamin D (25(OH)D), a biomarker for
vitamin D status, are lower in persons with higher adiposity levels and that police officers have
been found to have a high prevalence of obesity. The purpose of this study was to examine
relationships between several adiposity measures and 25(OH)D, and also compare those measures
to determine the best one that predicts insufficiency of 25(OH)D (<20 ng/mL) among police
officers in the Northeast area of the United States.

Methods: Participants were 281 police officers (71.5% men) from the Buffalo Cardio-Metabolic
Occupational Police Stress Study (2011-2016). Associations of body mass index (BMI),
abdominal height (AbHt), waist circumference (WC), WC-to-height ratio (WCHtR), percent body
fat (PBF), and fat mass index (FMI) with 25(OH)D were obtained using multiple regression
models after adjustment for age, race/ethnicity, season, multivitamin supplement use, and high-
density lipoprotein cholesterol. The area under the curve (AUC) was used to evaluate the
predictive ability of each adiposity measure to identify insufficient 25(OH)D concentrations.

Results: The prevalence of obesity (BMI > 30) was 50.7% in men and 21.3% in women. Mean
levels of 25(OH)D were 32.4 ng/mL in men and 34.4 ng/mL in women. After adjustment for
covariates, PBF and FMI among men were inversely associated with 25(OH)D: PBF (8 SE =
-2.40 + 1.01, P=.018); FMI (-2.21 + 0.93, .018). Among women, no adiposity measure was
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associated with 25(OH)D. PBF was the best predictor of insufficient 25(OH)D concentrations
regardless of gender (AUC = 0.878).

Conclusion: Adiposity measures were inversely associated with 25(OH)D, but differed between
female and male officers.

1| INTRODUCTION

Due to changes in the work environment over the past several decades from predominantly
outdoor labor to indoor work (Church et al., 2011; Services USDoHaH, 2014) and
increasing concern about reducing risk of skin cancer (Hoel, Berwick, Gruijl, & Holick,
2016; Services USDoHaH, 2014), individuals have been exposed to much lower levels of
sunlight, which is the primary method by which vitamin D is obtained (Ganji, Zhang, &
Tangpricha, 2012; Services USDoHaH, 2014). According to a recent National Health and
Nutrition Examination Survey, 42% of the US adult population is at risk of vitamin D
deficiency or insufficiency, and this percentage is increased in the elderly, women, African
Americans, those with lower education, and persons with higher levels of adiposity (Forrest
and Stuhldreher, 2011; Looker et al., 2011). Hoel et al. (2016) reported that maintaining
optimal levels of vitamin D may help to prevent chronic diseases such as various types of
cancers (colorectal, prostate, bladder, and breast), heart disease, Alzheimer’s disease and
other types of dementia, myopia and other eye disorders, diabetes mellitus, and multiple
sclerosis. Ganji et al. (2012) reported that the recent increase in the prevalence of those with
vitamin D deficiency or insufficiency in the United States is likely due to the increased
prevalence of obesity and lifestyle changes.

Vitamin D is actually a hormone, not a true vitamin (Ross, 2011). Vitamin D is fat soluble
and fat tissues absorb vitamin D (Ross, 2011). Vitamin D is hydroxylated in the liver to form
25-hydroxyvitamin D (25(0OH)D), the primary circulating form of the vitamin, which
reflects upon exposure to sunlight as well as intake of vitamin D from foods and
supplements. Because 25(OH)D reflects intake over approximately 3 weeks, it is used as the
primary biomarker for vitamin D status (Barragry et al., 1978; Zerwekh, 2008). People who
are obese may have lower 25(0OH)D levels than those who are not obese because vitamin D
is produced in the skin or ingested and then distributed in fat tissue (Ross, 2011; Ross et al.,
2011).

There is abundant evidence showing an inverse association between serum 25(0OH)D
concentration and obesity levels (Cheng et al., 2010; Earthman, Beckman, Masodkar, &
Sibley, 2012; Hannemann et al., 2015; Pereira-Santos, Costa, Assis, Santos, & Santos, 2015;
Pourshahidi, 2015; Stokic et al., 2015). These studies were conducted in non-occupational
samples of obese individuals. A recent study using U.S. National Health Interview Survey
data revealed that workers in high-stress occupations, like police officers and correctional
security officers, have a high prevalence of obesity (Gu et al., 2014). The study reported that
protective service workers had the second highest prevalence of obesity among workers in
41 occupations, and approximately half of the law enforcement workers were obese (Gu et
al., 2014). We wanted to know whether there is an association between obesity and
25(0OH)D in workers who are regularly exposed to high levels of job stress. Therefore, our
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main goal was to examine the relationships between several adiposity measures (body mass
index [BMI], waist circumference [WC], WC-to-height ratio [WCHTtR], abdominal height
[AbHLt], percent body fat [PBF], fat mass index [FMI]) and serum concentration of 25(OH)D
among police officers who worked in the Buffalo Police Department, Buffalo, New York. A
secondary goal was to investigate which adiposity measure has the best performance to
identify insufficiency (<20 ng/mL) of serum 25(0OH)D concentration in this occupational
group. We hypothesized that officers with higher levels of each type of adiposity measure
would show lower levels of 25(OH)D.

SUBJECTS, MATERIALS, AND METHODS

Study setting and sample

This study used data collected from police officers in the Buffalo Police Department, New
York, who participated in the Buffalo Cardio-Metabolic Occupational Police Stress
(BCOPS) study. The BCOPS study has two main examinations: the baseline exam (2004—
2009) and the follow-up exam (2011-2014). Additional details about the BCOPS study have
been described by Violanti et al. (2006). Four hundred and sixty-four officers voluntarily
participated in the baseline exam out of approximately 710 eligible active-duty officers. Two
hundred and eighty-one officers, among those who participated in the baseline exam,
participated in the follow-up exam. Furthermore, an ancillary study was conducted during
2012-2016 where additional data, for example, serum 25(0OH) D, were collected to
investigate associations between occupational stress and microvascular outcomes of
subclinical cardiovascular disease. All participants (n = 281 officers) completed the
anthropometric measurements and provided blood samples at follow-up, except 13 officers
who did not complete the dual-energy X-ray absorptiometry (DEXA) exam, which measured
PBF. All exams were conducted in the Center for Health Research, School of Public Health
and Health Profession, the State University of New York at Buffalo (SUNY-Buffalo). The
Institutional Review Boards of the SUNY-Buffalo and the National Institute for
Occupational Safety and Health approved the study protocol, and informed consent was
obtained from all participants.

Data measurements of adiposity and 25(OH)D

This study used two major types of adiposity measurements: anthropometric and body
composition measures. Anthropometric measurements included physical examinations of
height (m), weight (kg), WC (cm), and AbHt (cm). BMI was calculated as weight divided by
height squared (kg/m2). WC was measured twice at the midpoint between the lowest rib and
the top point of the hip bone, and the average value was used in the analysis. AbHt was
measured three times using a sagittometer at the level of the iliac crest in the supine position,
and the average value was used. WCHtR was defined as WC divided by height.

The body composition measurements were PBF and FMI derived from a DEXA exam using
a Hologic QDR-4500A device (Hologic, Waltham, MA). PBF was calculated by summing
body fat mass measurements for all DEXA segments and dividing by total body mass. FMI
was calculated as the total PBF divided by height squared, an indicator of how much fat
amount individuals have relative to their height.
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Venous blood samples were drawn to determine serum 25(OH)D and were analyzed by
Heartland Assays, Inc. We used serum 25(OH)D as a continuous variable when assessing
associations between adiposity measures and 25(OH)D and as a dichotomous variable (<20
ng/mL for insufficient level and 20 = ng/mL for sufficient level) when assessing the
adiposity measure that would be the best predictor to identify vitamin D insufficiency (Ross
etal., 2011).

Covariates

Demographic characteristics (age, gender, education, and marital status), lifestyle behaviors
(smoking status, alcohol intake, dietary habits, physical activity, and sleep duration), and
work characteristics (years of employment and rank) were collected from self-administered
questionnaires. “Season” was obtained from the officer’s examination date of blood drawn
in Buffalo, NY. “Shift work” was defined as the dominant shift among day, afternoon, or
night shift from each participant’s payroll records (Fekedulegn et al., 2016). The time that
participants started their shift for regular time work was used to classify each record into one
of the following three shifts: day shift if the start time was between 4 am and 11 Awm;
afternoon shift if the start time was between 12 pm and 7 pm; or night shift if the start time
was between 8 pm and 3 am. The shift with the highest percentage of hours worked was
defined as the dominant shift.

Statistical analysis

Characteristics of all officers are shown in Table 1. Continuous variables were reported as
means and SDs, and the Student’s #test was used when gender was compared, whereas
categorical variables were reported as frequencies and percentages, and the chi-square test
was used. The Pearson’s correlation coefficients were used to assess the relationships
between the six adiposity measures.

Associations between each adiposity measure and 25(OH)D were tested using linear
regression models. The measures of adiposity were standardized using a z-score
transformation to ensure that the regression coefficients were directly comparable across
models. The adjusted /2 was obtained from the regression model, and it measures how
much variation in the dependent variable can be accounted for by the model. The adjusted
RZ is the ratio of the sum of squares for the model to the corrected total sum of squares. In
general, the larger the value of the adjusted /2, the better the model’s fit. Potential
confounders of the adiposity and 25(OH)D association were selected based on whether they
were reported as confounders in previous studies, were associated with both the adiposity
measures and 25(OH)D in this study (£ < .20), or showed a 10% change in estimate in the
association between the full model with all potential covariates and the model after
removing the covariate from the full model (Greenland, 1989). Our goal was to examine the
association between adiposity measures and circulating 25(OH)D after controlling for
factors that could explain this association. Tests for effect modification (ie, interaction) by
gender, race/ethnicity, season, shiftwork, and vitamin D supplement (yes/no) were
performed by including interaction terms in the model (criterion of significance, P< .2).
Gender significantly modified the associations, and so we have reported gender-stratified
results in Table 5.
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A receiver-operating characteristic (ROC) curve plots the sensitivity (true positive rate)
against the 1-specificity (false positive rate) for all possible cutoff values. The area under an
ROC curve (AUC) is a popular measure of the accuracy of a diagnostic test. The possible
values of AUC range from 0.5 (no diagnostic ability) to 1.0 (perfect diagnostic ability). In
general, higher AUC values indicate better test performance. Alternately, the more closely
the sensitivity nears 100% (or 1.0 in the true positive rate), the better the diagnostic test. In
this study, AUC was used to evaluate the predictive ability of each measure of adiposity to
identify insufficient vitamin D status (25(OH)D < 20 ng/mL) for all officers and separately
by gender. Logistic regression was used to evaluate the predictive ability, AUC, of each
measure of adiposity, and created an ROC curve for comparisons between each measure of
adiposity. AUC statistics for the ROC curve were calculated using a nonparametric method
by E. R. DeLong, DeLong, and Clarke-Pearson (1988). The higher the AUC of the predictor
variable (adiposity measure), the better it predicts insufficient vitamin D status. All
statistical analyses were performed using SAS v9.4 (Cary, NC).

RESULTS

Table 1 shows descriptive statistics for the study subjects. The mean values for all
anthropometric measures of adiposity (BMI, WC, WCHtR, and AbHt) were higher in male
officers compared to female officers, whereas mean values of the body composition
measures (PBF and FMI) were higher in female officers. BMI was significantly associated
with gender, where half of the male officers were obese (BMI = 30 kg/m2) while 21% of
female officers were obese. As expected, all adiposity measures were significantly correlated
with each other (correlation range: 0.688-0.946) (data not shown here).

Table 2 shows the unadjusted associations of the selected covariates with serum 25(OH)D
and six adiposity measures. High-density lipoprotein (HDL) cholesterol was significantly
correlated with 25(OH)D and all adiposity measures, except FMI. Vitamin D supplement
intake was also significantly associated with 25(OH)D (£ < .001) and the body composition
measures (P=.019 for PBF and £=.031 for FMI).

Table 3 shows the associations between adiposity and 25(OH)D using regression analysis.
Most adiposity measures (BMI, WCHtR, PBF, and FMI) were significantly and inversely
associated with 25(OH)D after adjusting for age, gender, race/ethnicity, season of the year,
shiftwork status, vitamin D supplement intake, and HDL cholesterol. Among all of the
adiposity measures, PBF and FMI had the largest decrease in 25(OH)D for 1-SD increase in
the adiposity measure (8 + SE, Pvalue: —2.94 + 0.80, <.001 and —2.51 + 0.68, <.001
respectively) after adjusting for all covariates, and PBF and FMI were the best predictors of
25(OH)D (A2 for both PBF and FMI = 0.277).

After stratification by gender (Table 4), all associations were statistically significant in the
unadjusted model (Model 1) for women, but the associations in the model adjusted for age,
race/ethnicity, and season (Model 2) and in the fully-adjusted model (Model 3) were
attenuated. Among men, most associations were not significant in Models 1 and 2, but the
associations of PBF and FMI with 25(OH)D were significant in Model 3, the fully adjusted
model (8+ SE: -2.40 £ 1.01, A=.018, and -2.21 £ 0.93, P=.018, respectively).

Am J Hum Biol. Author manuscript; available in PMC 2019 October 03.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Guetal.

4|

Page 6

Figure 1 shows the mean level of 25(OH)D across quartiles of each adiposity measure and P
values for a comparison between the 1st and 4th quartiles. The significant mean difference
between the 1st and 4th quartiles of 25(OH)D was found with BMI, AbHt, PBF, and FMI
among female officers (P value for mean difference = .002, .035, .011, and .004,
respectively). Among male officers, there was no statistical significance in the mean
difference between the 1st and 4th quartiles of the adiposity measures with 25(OH)D, except
in the case of FMI (P=.025).

Table 5 shows the AUC of the ROC for identifying insufficient vitamin D status (25(OH)D <
20 ng/mL) by adiposity. All six measures showed moderately high accuracy for the
identification of insufficient vitamin D status, ranging from 0.866 to 0.878 for all officers.
The AUCs among females (0.965-0.970) were significantly higher than among males
(0.839-0.853). PBF had the highest AUC (0.878) among six adiposity measures, which
means that PBF was the most appropriate to identify insufficient vitamin D status regardless
of gender. Compared to BMI, the lowest AUC (0.866), PBF exhibit higher performance for
identification of insufficient vitamin D, but not significantly (2 value for PBF vs BMI = .
076). Thus, PBF would not identify insufficient vitamin D status any better than BMI.

DISCUSSION

This study investigated associations between several measures of adiposity and serum
vitamin 25(OH)D in police officers from Buffalo, New York. The overall findings indicate
that the adiposity measures were significantly and inversely associated with 25(OH)D even
after adjustment for potential confounding variables. Our results were consistent with and
support previous studies of non-occupational samples (Arunabh, Pollack, Yeh, & Aloia,
2003; Earthman et al., 2012; Pourshahidi, 2015; Vanlint, 2013). We also observed that the
associations between the body composition measures (PBF, FMI) and 25(OH)D were
stronger than those between the anthropometric measures (BMI, WC, WCHtR, and AbHt)
and 25(OH)D. This finding is biologically plausible because 25(OH)D is fat soluble, and the
body fat components would be more directly affected by the sequestration of 25(OH)D in
adipose tissue than would the anthropometric measures. In addition, BMI and the other
anthropometric measures are not able to distinguish between fat mass and lean mass and
capture the anatomical distribution of adipose tissue (Mooney, Baecker, & Rundle, 2013).

Among male officers, none of the anthropometric measures (BMI, WC, WCHtR, and AbHt)
were significantly associated with 25(OH)D, whereas the body composition measures (PBF
and FMI) were significantly associated with 25(OH)D. Men in this cohort had a greater
prevalence of being overweight and obese than women, and we observed stronger
associations between body composition and 25(OH)D in men than in women. Peltz, Aguirre,
Sanderson, and Fadden (2010) reported that the body composition measure (FMI) more
accurately assessed obesity than the anthropometric measure (BMI) in a study of Mexican
Americans, who had a much higher prevalence of obesity than other ethnic groups. Previous
studies showed that AbHt and WC, which are highly correlated with visceral and
subcutaneous fat, respectively (Chen et al., 2014; Gletsu-Miller et al., 2013; Goodwin et al.,
2013), were strongly associated with 25(OH)D (Cheng et al., 2010; Hannemann et al.,
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2015). However, our study did not find that the abdominal fat measures were strongly related
with 25(OH)D.

Our comparison of the adiposity measures to predict vita-min D insufficiency (25(0OH)D <
20 ng/mL) identified the strongest predictor as the measure having the largest area under the
ROC curve (AUC). The body composition measures of obesity (PBF and FMI) were better
predictors of vitamin D insufficiency than the conventional measures (BMI, WC, WCHtR,
and AbHt). After gender stratification, the AUC statistics for the body composition and
anthropometric measures were not different. Therefore, we cannot say with confidence that
the body composition measures were superior to the anthropometric measures in predicting
vitamin D insufficiency. Even though PBF was found to be the best predictor for insufficient
25(0OH)D, the differences between PBF and the other adiposity measures were slight.
Therefore, the use of BMI as a predictor of 25(OH)D insufficiency is acceptable since it is
easy and inexpensive to obtain.

Another finding of this study is that the prevalence of vitamin D insufficiency in police
officers was much lower than that of the US adult population (12% vs 42%) (Forrest &
Stuhldreher, 2011). One possible explanation is that the lower prevalence of vitamin D
insufficiency in police officers may be reflective of the “healthy worker effect,” which
Finkelstein (1998) described in his research of Ontario police officers in Canada. The other
explanation is that police officers spent more time in outdoor physical activities than other
occupational groups. Gu et al. (2016) reported that the prevalence of sufficient leisure-time
physical activity in Protective Service (67% in 2013) was one of the highest among 21 US
occupational groups (average 55%). It may be that police officers have more sun exposure
than the general population.

This study has several limitations and strengths. Because this study is cross-sectional, the
findings do not indicate causality or temporality, whether adiposity levels preceded the
observed measures of vitamin D status, or vice versa. However, the possible mechanisms of
vitamin D and obesity have been well-described in review papers, in vitro and in vivo studies
(Blum et al., 2008; Ekwaru, Zwicker, Holick, Giovannucci, & Veugelers PJ, 2014; Multt,
Hypponen, Saarnio, Jarvelin, & Herzig, 2014; Vanlint, 2013). Ekwaru et al. (2014) reported
that vitamin D supplementation was two or three times higher for those who were obese and
one and a half times higher for those who were overweight compared to those with normal
weight. Those who were obese were less willing to have sun exposure and would have lower
serum vitamin D concentration than non-obese persons (Kull, Kallikorm, & Lember, 2009).

Visceral or subcutaneous adipose tissues measured directly by using magnetic resonance
imaging (MRI) or computed tomography (CT) are the objective assessments for abdominal
adiposity. Two studies using these methods revealed that visceral and subcutaneous adipose
tissues were strongly and inversely associated with serum 25(OH)D concentrations,
especially visceral adiposity (Cheng et al., 2010; Hannemann et al., 2015). Unfortunately,
we could not assess associations using these adipose tissue measures because DEXA does
not accurately distinguish between visceral and subcutaneous fat.
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One of the strengths of this study is that our sample comprises a healthy and physically
active group of officers with low comorbidities and little medication usage, which means
there is less chance of interactions due to medication usage (Robien, Oppeneer, Kelly, &
Hamilton-Reeves, 2013). Additionally, we observed a robust association between adiposity
and serum 25(OH)D concentration as set up in an optimal model, considering all potential
confounders, including lifestyle, vitamin D supplement use, biomarkers of metabolic
syndrome or heart disease, season, and occupational factors (eg, length of employment,
rank, and shiftwork). There are numerous methods for assessing obesity. The strength of this
study is the use of both the anthropometric and body composition measures for obesity. The
anthropometric measures (BM, WC, AbHt, etc.) are traditional and broadly used in large
epidemiological studies because they are simple and noninvasive methods of measurement.
The body composition measures that were assessed by DEXA, such as PBF or FMI, are
scientific and accurate, but they are limited in large epidemiological studies because they
require large specialized equipment and are expensive to measure.

In conclusion, several measures of adiposity were negatively associated with 25(OH)D
concentrations among police officers. Our findings are consistent with those of the published
literature.
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FIGURE 1.
Mean levels of 25(OH)D across quartiles of each adiposity variable stratified by gender.

A @4-Q1): Pvalue for comparison between 4th and 1st quartiles. All models were adjusted
for age, race/ethnicity, season, shiftwork, vitamin D supplement intake, and HDL
cholesterol. 25(OH)D, 25-Hydroxyvitamin D; HDL, high-density lipoprotein
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