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Abstract

Background: Research consistently finds that, on average, firefighters gain weight over time and some data
indicate that younger firefighters are more likely to gain weight than older firefighters. The purpose of this study
was to estimate the 5-year weight change among younger and older US firefighters.

Methods: Data from two occupational medical exams separated by 5 years (2009–2016) were examined from a
cohort of US career firefighters in Virginia (males, n = 589; females, n = 67). The cohort was grouped into two age
categories (< 45 years and ≥ 45 years). Weight change subgroups were Loss (decrease of > 3% body weight), Stable
(within ±3% body weight) and Gain (increase of > 3% body weight). Multinomial logistic regression models and
linear regression models were conducted to examine differences in the probability of being in a particular weight
change category, weight change overall and by weight change category between younger and older firefighters.

Results: At baseline, 25 and 35% of younger (< 45 years) and older (≥ 45 years) were obese, respectively. Younger
firefighters gained significantly (P < 0.05) more weight (3.0 ± 0.2 kg) than older firefighters (0.8 ± 0.5 kg). Younger
firefighters were more likely to gain weight (53% versus 39%) and less likely (10% versus 20%) to lose weight as
compared to older firefighters. Smaller weight gains were associated with age and BMI with the smallest increases
observed in overweight and obese firefighters ≥45 years of age.

Conclusions: Health care providers should be attentive to weight gain, even among young non-obese firefighters,
and counsel firefighters to avoid the additive risks of being older and heavier. In addition, weight loss/management
programs should be promoted in the fire service to encourage healthy body weight and to prevent unhealthy
weight gain among both young and old firefighters alike.
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Introduction
Obesity is highly prevalent among US firefighters (24–
35%) [1–5] and is associated with impaired work per-
formance [6], increased risk of injury [7, 8] and duty-
related sudden cardiac events [9]. Sudden cardiac events
are the leading cause of duty-related deaths in the fire
service [10], and coronary heart disease and structural

heart changes (cardiomegaly and LVH) have been identi-
fied in over 80% of cardiac cases [11]. Obesity is related
to adverse changes to the cardiovascular system, cardio-
vascular disease risk factors, and sudden cardiac death in
both young and older firefighters [12–17]. Thus weight
management is of significant concern for all firefighters,
although little research has been conducted to under-
stand how weight change differs between young and
older firefighters.
Several longitudinal studies have shown that, on aver-

age, firefighters gain weight as they age (~ 0.5 kg/yr) [5,
18, 19] and that firefighters who gained weight over a 5-
year period had adverse changes in cardiovascular health
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[20]. Previous studies, reporting on data from the 1980s
and 1990s, suggests that while both age groups gain
weight over time, younger firefighters gain more weight
each year than older firefighters [18, 19]. Research has
also shown that younger firefighters are less likely to re-
ceive weight loss advice, and young overweight and
obese firefighters were less likely to receive weight loss
advice as compared to their older counterparts [21].
Younger firefighters are also more likely to report having
one or more barriers (e.g.,“lack of access to healthy
foods” and “eating helps me cope with stress…”) to
weight management [22]. Weight gain in older fire-
fighters is also of particular concern, given that the risk
of sudden cardiac death dramatically increases with age
among firefighters [23]. The 10-year risk of a first ath-
erosclerotic cardiovascular disease (ASCVD) event based
on the pool-cohort equations [24] was 0.8 and 2.3%
among normal versus obese 40–45 year old firefighters
and 4.1 and 7.8% among normal versus obese ≥50 year
old firefighters [25].
Previous studies reporting weight change over time in

firefighters by age category were conducted around 25–
40 years ago and the primary focus was not on younger
versus older firefighters. In addition, previously reported
average weight gain in firefighters failed to identify if ex-
cess weight gain in some individuals was masked by
weight loss in others and the extent to which individuals
gained or lost weight. Given the potential health risks as-
sociated with unhealthy weight gain among firefighters,
the purpose of this study was to estimate the 5-year
weight change (loss, stable, gained) among younger and
older US firefighters. This information can be used to
provide better insights for whether additional program-
ming efforts are needed to encourage healthy weight
management in younger and older firefighters.

Methods
Study population
Records from occupational medical exams that were
performed between 2009 and 2016 were examined from
a cohort of career firefighters in northern Virginia. The
database included 1498 firefighters who had received at
least one medical evaluation. The analytic sample was
comprised of 656 firefighters (589 males and 67 females)
who had two medical exam records (with body weight
measured) separated by 5 years (range of 4–6 years) [20].
Data from the occupational medical exams were entered
into a database by the occupational clinic staff. Informed
consent was waived given that a de-identified dataset
was transferred by the clinic to the First Responder
Health and Safety Laboratory at Skidmore College. The
Skidmore College Institutional Review Board reviewed
and approved the study protocol.

Data collection
An occupational health clinic that performs annual med-
ical evaluations on a contract basis to a large county-
wide fire department collected and provided data from
the mandatory annual medical evaluations. Height and
weight were recorded using a stadiometer and digital
physician’s scale. Percent body fat was assessed via bio-
electrical impedance (Tanita TBF-410) [26, 27]. Fat mass
was calculated by multiplying bodyweight by the esti-
mated percent body fat. Fat-free mass was calculated as
bodyweight minus estimated fat mass.

Definitions
Weight change categories were created based on a previ-
ously published cut-off to define weight maintenance
[28]. The three categories of weight change were defined
as Weight Loss (decrease > 3% in body weight); Weight
Stable (change within ±3% in body weight); and Weight
Gain (increase > 3% in body weight). Body mass index
(BMI) classifications were based on cut points from the
Centers for Disease Control and Prevention [29]. Fire-
fighters were classified as Normal weight (< 25 kg/m2),
Overweight (25–29.9 kg/m2), or Obese (≥30 kg/m2). Fire-
fighters were grouped into two age categories Young (<
45 years; n = 509) and Old (≥45 years; n = 147) based in
part on when age becomes a cardiovascular disease risk
factor in men, to permit comparisons with previously
published data [12, 13], and to ensure adequate sample
sizes based on the mean age of the sample.

Statistical analyses
All analyses were conducted using Stata 15.1 (StataCorp,
College Station, TX, USA). Descriptive statistics were
expressed as mean ± standard deviation or percent of

Table 1 Firefighter cohort descriptive statistics at baseline by
age category

< 45 years old ≥45 years old

n 509 147

Duration Between Trials (y) 4.8 ± 0.6 4.7 ± 0.5

Age (y) 35.1 ± 6.0 48.5 ± 2.8

Male (%) 89 91

White/Other (%) 80 80

African American (%) 20 20

Height (m) 70.0 ± 3.1 69.8 ± 2.7

Weight (kg) 88.5 ± 14.6 89.9 ± 15.7

BMI (kg/m2) 27.8 ± 3.8 28.5 ± 4.1

Normal (%) 22 17

Overweight (%) 53 48

Obese (%) 25 35

Values are means ± SD or %
Normal weight (< 25 kg/m2), Overweight (25–29.9 kg/m2), or
Obese (≥30 kg/m2)
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subgroup in Table 1. The analysis of weight change was
separated into two parts: the probability of being in a
weight change category (lost, stable, gained) and the
amount lost among firefighters within each weight
change category. A multinomial logistic regression
model was conducted with the three weight change cat-
egories as an outcome and age category as a categorical
covariate. The post-estimation -margins- command was
used to predict percentages within each weight change
category for each age group and the total sample. The
-dydx- command with –margins was used to test statis-
tical differences between the age categories for the per-
centages within each weight change category. For weight
change (kg), the point estimates and standard errors for
each weight change category and the age categories were
estimated using a linear regression model with covariates
for age category, weight change category and a term for
their interaction. The post-estimation -margins- com-
mand was used to predict weight change for each re-
spective group. The -dydx- command within –margins-
was used to test statistical differences between age cat-
egories for the change in weight within a weight change
category. Separate linear regression models were con-
ducted to estimate average weight change within each
age group and average weight changed within each
weight change category. Change in weight by baseline
BMI category (normal, overweight, obese) and age cat-
egory was first predicted using a linear regression model
with categorical covariates for initial BMI category, age
category and a term for their interaction. General trends
analyses with a step-down approach were conducted
with linear regression models starting with continuous
terms for age, BMI and their interaction. The level of
significance for all analyses was considered at P < 0.05
and was two sided for all tests.

Results
The baseline characteristics of the cohort are presented
in Table 1. At baseline, the average BMI was 27.8 and
28.5 kg/m2 for young and old firefighters and 25 and
35% of young and old firefighters were obese, respect-
ively. Younger firefighters were more likely to gain
weight (53% versus 39%) and less likely to lose weight

(10% versus 20%) as compared to older firefighters
(Table 2). On average, younger firefighters gained signifi-
cantly more weight (P < 0.05) than older firefighters
(3.0 ± 0.2 kg versus 0.8 ± 0.5 kg) (Table 3). Among those
who gained weight, the increase was significantly higher
(P < 0.05) among young (6.8 ± 0.2 kg) versus older (5.6 ±
0.4 kg) firefighters for the young and old firefighters, re-
spectively. Significant differences within weight change
categories (lost, stable, gained) between young and older
firefighters were not found for fat mass or fat-free mass
(Table 3). On average, younger firefighters gained fat
mass over the 5-year period (1.0 ± 0.3 kg) whereas older
firefighters lost fat mass (− 1.2 ± 0.5 kg). A significant dif-
ference in the change in fat free mass was not found be-
tween young and older firefighters across the 5-year
period. Figure 1 presents weight change by baseline BMI
category and age group. The general trends analyses sug-
gested that both age and BMI were significant predictors
of weight change; both older age and higher BMI were
independently associated with lower weight gain over
the 5-year period. On average, obese firefighters who
were over 45 years did not have an increase in weight.

Discussion
The results of this study indicate that a large percentage
of both young and old firefighters are obese. On average,
both age groups gained weight, but the weight gain was
not uniform for age categories or BMI categories. Youn-
ger firefighters were less likely to lose weight and more
likely to gain weight than older firefighters which re-
sulted in higher weight gain overall. Smaller weight gains
were associated with higher age and BMI with the smal-
lest increases observed in overweight and obese fire-
fighters ≥45 years of age. Weight loss among both age
categories was almost entirely fat mass, whereas, weight
gain consisted of both fat mass and fat-free mass.
There is considerable evidence that as a group, fire-

fighters gain weight over time; however, the weight gain
is not uniform among individuals. Previous studies have
shown that younger firefighters gain more weight than
older firefighters. In a cohort of firefighters with baseline
data from 1984 and followed for 7 years, average yearly
increases in body weight of 0.73 kg, 0.53 kg, 0.41 kg, and
0.44 kg were found among the following age groups: 20–
29 years, 30–39 years, 40–49 years, and 50–59 years, re-
spectively [18]. Another cohort of firefighters with base-
line data from 1996 found that younger firefighters (<
45 years old) gained roughly two times the weight per
year (0.71 kg versus 0.34 kg) as compared to older fire-
fighters (≥ 45 year olds) [19]. The current study found
that while the weight change in younger firefighters is
similar to previous studies, the weight gain among older
firefighters (0.16 kg/year) is lower than past cohorts. Dif-
ferences in weight change for older firefighters could be

Table 2 Numbers and percentages of firefighters by age at
baseline and weight change status over a 5-year period

Lost Weight Stable Weight Gained Weight

< 45 years old 52 (10) 187 (37) 270 (53)

≥45 years old 29 (20)** 61 (41) 57 (39)**

Total Sample 81 (12) 248 (38) 327 (50)

Values are n (%)
Statistical comparisons between the age categories within each weight
change category (lost, stable, gained) were conducted using a multinomial
logistic regression model
** P < 0.01
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due to cohort effects, more guidance from their physi-
cians, or greater adoption of recent health promotion
programs initiated within the fire service [30–32].
This study improves upon previous research on age

and weight gain in firefighters by examining both posi-
tive and negative weight changes in addition to the over-
all change. Younger firefighters in this cohort were half
as likely to lose weight as older firefighters (10% versus
20%), even though both young and old firefighters had
mean BMIs in the overweight range (28.0 kg/m2 and
28.6 kg/m2, respectively) at baseline. The similar

percentage of normal weight firefighters in younger and
older firefighter groups (22 and 17%) indicates that the
lower likelihood of weight loss observed in the younger
firefighters was not primarily due to fewer individuals
who had excess body weight.
There are several potential explanations for larger

weight gains among younger firefighters. Younger fire-
fighters could have more barriers (e.g.,“lack of access to
healthy foods” and “eating helps me cope with stress…”)
to weight management [22]. Younger firefighters are also
less likely to receive weight loss advice from primary

Table 3 Change in body weight by age and weight change category over a 5-year period

Lost Weight Stable Weight Gained Weight Average of Category

Age Category Change in Body Weight ± SE (kg)

< 45 years old − 7.4 ± 0.4 0.4 ± 0.2 6.8 ± 0.2 3.0 ± 0.2

≥45 years old −6.7 ± 0.6 − 0.05 ± 0.4 5.6 ± 0.4* 0.8 ± 0.5***

Total Sample −7.2 ± 0.3 0.3 ± 0.2 6.6 ± 0.2 2.5 ± 0.2

Change in Fat Mass ± SE (kg)

< 45 years old −7.0 ± 0.8 −1.0 ± 0.4 3.6 ± 0.3 1.0 ± 0.3

≥45 years old −7.7 ± 1.0 − 1.2 ± 0.7 2.0 ± 0.7 −1.2 ± 0.5**

Total Sample −7.2 ± 0.6 −1.1 ± 0.4 3.4 ± 0.3 0.5 ± 0.2

Change in Fat-free Mass ± SE (kg)

< 45 years old − 0.3 ± 0.7 1.5 ± 0.4 3.1 ± 0.3 2.2 ± 0.2

≥45 years old 0.9 ± 1.0 1.2 ± 0.6 3.7 ± 0.7 2.1 ± 0.4

Total Sample 0.1 ± 0.6 1.4 ± 0.3 3.2 ± 0.3 2.2 ± 0.2

Values are means ± SE
Statistical comparisons between the age categories within each weight change category (lost, stable, gained) were conducted using linear regression models.
Separate linear regression models were conducted to generate the estimates for the total sample and the estimates for average of categories
*P < 0.05,**P < 0.01,***P < 0.001

Fig. 1 Weight change over 5 years among firefighters by age and BMI category. Values are means ± SE. Both age and Body Mass Index (BMI)
(modelled as continuous variables) were independently and significantly (P < 0.05) associated with 5-year weight change. Normal weight (< 25 kg/
m2), Overweight (25–29.9 kg/m2), or Obese (≥30 kg/m2)
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care physicians [21], although the positive impact of ad-
vice on weight change in firefighters is inconclusive [33,
34]. Furthermore, younger adults in the general popula-
tion are also more likely to gain weight than older adults
[35], which indicates that firefighters are not an excep-
tion to a general tendency of weight gain with age in the
United States. It is also possible that excess weight may
not be perceived as presenting the same health risk in
younger versus older firefighters, and possible that this
perception is shared by both firefighters and their health
care providers.
In the general population, overweight young adults are

more likely to gain additional weight over time than
young adults with heathier body weights [36]. Previous
studies in firefighters have found mixed results with re-
spect to weight gain between those with heathier versus
less healthy body weight [18, 19]. In the current study, a
higher BMI was significantly associated with smaller
weight gains over the 5-year period and smallest in over-
weight and obese firefighters ≥45 year of age. These find-
ings may indicate that weight maintenance efforts were
partially effective in older firefighters with excess body
weight; however, given the high prevalence of overweight
and obesity and the detrimental association between
obesity and cardiovascular health, further weight loss is
needed. It is important to note that the weight loss ob-
served in both young and older firefighters was esti-
mated to be primarily body fat, and could indicate that
lean tissue was not lost during the process of weight
loss. The findings also found that the majority of weight
gain was due to increases in fat mass, and this same co-
hort of firefighters with weight gain was also shown to
have an increased prevalence of cardiovascular disease
risk factors over the 5-year period [20].
The primary strengths of this study were that weight

loss and weight maintenance were measured in addition
to weight gain. This study also examined the nature of
the weight change by estimating change in fat mass and
fat free mass. An additional strength was that the occu-
pational medical exams that were used to obtain data
were mandatory which minimized selection bias. A limi-
tation of this study was that body weights were obtained
as part of a medical evaluation and precise measure-
ments of weight may not have been obtained. However,
given that all of the weight measurements were obtained
from a single clinic, and were obtained in the same man-
ner for both young and old firefighters, measurement
error was unlikely to alter the interpretation of the re-
sults. Our study relied on a single cut-off for defining
young and old. The age cut off was chosen based on div-
iding the sample into two groups that would generally
be considered “young” and “old” based on common def-
inition and published literature, which in part reflects
when age becomes a risk factor for CVD in men. We

recognize age becomes a risk factor for men and women
at different ages (45 and 55 years, respectively), and fu-
ture research on weight change stratified by sex and
across the age continuum would provide further insight
into this issue. Finally, this study relied on data from a
single fire department; therefore, the results may not re-
flect weight change among firefighters at the national
level.
Given the high prevalence of obesity in the fire service

and association with a higher risk of on-duty injury and
sudden cardiac death, further efforts are needed to ad-
dress weight gain among young and old firefighters alike.
While older firefighters, particularly those with excess
body weight are at higher risk of a cardiovascular event,
the results of this study indicate that efforts to prevent
younger firefighters from becoming at-risk individuals at
older ages through continual unhealthy weight gain are
either lacking or ineffective. Health care providers who
evaluate firefighters should be attentive to the tendency
for weight gain, and counsel firefighters on the need to
avoid the additive risks of being older and heavier with
respect to job performance, the risk of sudden cardiac
arrest, and overall health. Further, our findings suggest
that effective weight loss/management programs are
needed in the fire service to encourage healthy body
weight and to prevent unhealthy weight gain among
both young and older firefighters.
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