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Abstract

Background

Mounting epidemiological evidence suggests that night shift work may contribute to the eti-

ology of increased body weight. The present study aimed to examine association between

rotating night shift work and body mass index (BMI), and abdominal adiposity respectively

among nurses and midwives.

Methods

A cross-sectional study was conducted among 724 female nurses and midwives, aged 40-

60 years (354 rotating night shift and 370 daytime workers) in Łódź, Poland, between 2008

and 2011. Information about occupational history and potential confounders was collected

during personal interviews. Anthropometric measurements of body weight, height, waist

(WC) and hip (HC) circumference were made, and body mass index (BMI), waist to hip ratio

(WHR) and waist to height ratio (WHtR) were calculated. GLM regression models and multi-

nomial logit regression models were fitted to explore the association between night shift

work and anthropometric parameters, with adjustment for age, body silhouette at age 20,

current smoking status, packyears, marital status, and menopausal hormone therapy use.

Results

Cumulative night shift work showed significant associations with BMI, WC, HC andWHtR,

with BMI increasing by 0.477 kg/m2 per 1000 night duties and by 0.432 kg/m2 per 10000

night shift hours, WC increasing respectively by 1.089 cm and 0.99 cm, and HC by 0.72 cm

andWHtR by 0.007 cm for both metrics. Both current and cumulative night work was associ-

ated with obesity (BMI�30kg/m2), with OR=3.9 (95%CI:1.5-9.9), in women reporting eight

or more night shifts per month.

Conclusion

The results of the study support the previously reported relations between night shift work

and development of obesity.
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Introduction
In modern societies, night work has been recognized as one of the most prevalent occupational
factors, affecting about 15 to 20% of the working population in Europe and North America [1],
and has been linked to some chronic diseases including cardiovascular diseases and cancer [2].
In spite of some inconsistencies, several cross-sectional studies report significant associations
between night shift work and increased BMI [3–14]. Recently, Van Drongelen et al.[15] have
identified eight longitudinal studies that examined relationship between night shift work and
body weight gain, and concluded that evidence for a crude association between shift work and
body weight increase is strong but becomes insufficient after controlling for confounders. Since
van Drongelen’s review only two longitudinal studies on this topic have been published. Fur-
ther support for the relationship between night shift work and weight gain was found for
women but not for men [16,17].

Even though most of the previous findings on relations between night work and obesity
were highly suggestive, several methodological limitations need to be considered. In particular,
some of these studies [3,5–9,14] relied on self-reported weight and height, which could have
resulted in some imprecision in BMI assessment. Moreover, most of the studies [3–7,9–13]
used crude information about the system of work performed by the worker at the moment of
study, thus the conclusions regarding causal relationships were limited. Apart from that, the
researchers typically used BMI for the assessment of body composition. However, BMI does
not distinguish between overweight due to muscle or fat tissue. The more accurate measures of
abdominal adiposity, which were implicated for example in metabolic disorders and breast
cancer, have rarely been considered.

Given the limitations of previous research on the relationship between night shift work and
body weight as well as the scarcity of data for abdominal adiposity in relation to night work, we
made use of the data obtained from a cross-sectional study on nurses and midwives in order to
further explore this topic. In particular, we used information about current and past night shift
work and examined its association with BMI and several measures of abdominal adiposity.

Methods
This cross-sectional study was described before. [18] In brief, nurses and midwives registered
at the Local Registry of the Chamber of Nurses and Midwives in Lodz, Poland were eligible if
met the inclusion criteria, i.e. the age of 40–60 years and current employment as a nurse or
midwife in public health care setting in Lodz. A total of 1117 nurses and midwives (~30% of all
registered in this age group) were randomly selected based on the registry database, and out of
these, 924 (83%) were contacted. Current employment status was confirmed for 866 women,
and 725 women agreed to take part in the study. One of the women refused to have anthropo-
metric measurements made and was excluded.

Nurses and midwives working rotating night shifts typically have fast rotating 12 hours’
long duties between 7 p.m. and 7 a.m. Also typically night shift is usually followed by a day off.
According to the legal regulations in Poland, for health care workers, the total duration of the
working week comprising five working days, is 37h and 55 min. The working schedules vary
depending on the setting, and also on a month to month basis within the same setting. A struc-
tured questionnaire was administered during in-person interviews to elicit information on
occupational history, demographics, medical and reproductive history, hormone use, physical
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activity (according to the International Physical Activity Questionnaire (IPAQ)[19], smoking,
alcohol use, diet, and sleep quality (according to Pittsburgh Sleep Quality Questionnaire). [20].
Morning or evening preference was determined “lark” or “owl” personality, with the explana-
tion of these terms being provided in the questionnaire. Women were also asked about their
current weight and height, and had to indicate their body shape image (current and at age 20)
using a 9-level silhouette scale [21].

Anthropometric measurements were performed in the morning hours (6:00–10:00) by
trained nurses at least one week after the interview.

The study was approved by the ethical review board at the Nofer Institute of Occupational
Medicine. A signed informed consent was obtained from each study participant.

Anthropometric measures
Anthropometric measurements were performed on average 11 days after the interview.
Weight, height, and waist and hip circumferences were measured twice in a standing position
and the means for each measurement were used for analysis. (Pearson’s correlation coefficient
between each pair of measurements was high (>0.99).

Height and weight were determined using a conventional stadiometer and scales. Respon-
dents were asked to take off their shoes before measurements. The waist circumference was
measured at the level of the umbilicus, and the hip circumference at the widest part, over the
buttocks. Based on the anthropometric measurements of weight(kg), height(cm), waist(WC)
(cm) and hip(HC)(cm) circumferences, the following parameters were calculated: body mass
index (BMI), waist to hip ratio (WHR), and waist to height ratio (WHtR).

BMI was categorized, according to the classical WHO definition [22], as normal if between
18.5 kg/m2 and 24.99 kg/m2, overweight if between 25kg/m2 and 29.99kg/m2, and obese if�30
kg/m2. In categorizing WC andWHR, we adopted the following cutoffs: WC of 88 cm and
WHR of 0.85. [23]. For hip circumference, we distinguished three categories: HC< 102.5cm,
102.5cm-108.0cm, and>108.0cm (the latter were associated with increased risk of breast can-
cer in the EPIC study [24]). For WHtR, we used a boundary value of 0.55 for women of less
than 50 years of age, and 0.6 for women of 50 or more years of age.[25].

The perceived body shape images (silhouettes) were grouped into four categories following
recommended classification [26]: pictures 1–3 represented underweight (BMI�19.99 kg/m2),
pictures 4 and 5 normal weight (BMI range of 20–24.99 kg/m2), pictures 6 and 7 overweight
(BMI range of 25kg/m2–29.99 kg/m2), and pictures 8 and 9 obesity (BMI>30 kg/m2).

Night shift exposure assessment
Data on current job collected via the questionnaire were used. The current job characteristics
and total rotating night shift work history were analyzed. The following variables were consid-
ered: current rotating night shift work (yes/no), night shift work frequency (the number of night
duties per month), total duration (in years) of jobs with night shift work, (obtained by summing
up the duration of each job with night shifts). Additionally, the cumulative number of night
shifts was calculated using the duration of each job and the average frequency of night shifts on
this job, as well as cumulative night shift hours over the entire work history, based on the start
and end hours of the night shift for each job. For the purpose of statistical analysis, night shift
work variables were expressed as the following categories: frequency of 2–7, and 8 or more
night duties per month; duration of�10 yr,>10-�20 yr and>20 yr; cumulative night shifts of
�1000,>1000 -�2000 and>2000; and cumulative hours of night shift work of�12000 h,
>12000h-�24000h and>24000 h.
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Statistical analysis
Basic characteristics of the study groups by their current night shift work status were compared
with Student’s t-test for the continuous, and chi-square test for the categorical variables.

The list of potential confounders included age (continuous, in years), menopausal status
(pre- and postmenopausal), marital status (single, married/cohabitating, divorced/in separa-
tion, widow), current smoking (never smoker, past smoker and current smoker), number of
cigarettes currently smoked per day (categories: 0, 1–4, 5–14, 15–24,�25), smoking years (con-
tinuous, in years), and packyears (continuous, in packyears), body shape image at age 20 (con-
tinuous, scores 1–9), total physical activity (continuous, in MET�h per week (metabolic
equivalent ratio of the metabolic rate to a standard resting metabolic rate of 1 during quiet sit-
ting), recreational physical activity (continuous, in MET�h per week, and in the following cate-
gories: yes(if any)/no), number of full-term births (0, 1–2,�3), quality of sleep index (PSQI)
(continuous, scores 0–21), average duration of habitual sleep (continuous, in hours), chrono-
type (morning type, evening type), alcohol use (the number of alcoholic drinks per week), cur-
rent use of oral contraceptives (yes/no), ever use of oral contraceptives (yes/no); current use of
menopausal hormone replacement therapy (MHT)(yes/no), and ever use of MHT (yes/no). All
the potential confounders listed above were included in the models and backward stepwise
analysis was applied to select the ones important for final models. The AIC criterion [27] for
selecting variables was used. Age, body shape image at age 20, current smoking status, pack-
years, marital status and current MHT use were retained in the final models.

In Poland nurses are a relatively homogenous group with respect to the socioeconomic sta-
tus (SES); they have a similar background education and occupation. Therefore, in the present
study SES was not considered as a potential confounder.

To assess the association between night shift work characteristics and anthropometric mea-
sures, the GLM regression models were used with inverse Gaussian and identity link fitted with
each anthropometric measure as the dependent variables, and night shift work characteristics
and a set of covariates described above as the independent variables. Odds ratios with 95% con-
fidence intervals were calculated using the multinomial logit regression models to explore the
associations of the night shift work with BMI categories of overweight and obesity, and abdom-
inal obesity as measured with anthropometric parameters.

In addition, we tested the chronotype as a potential modifier and examined its possible
interaction with night work variables. In none of the regression analyses, was the chronotype
found to be a statistically significant modifier and thus the results are presented for the total
population, irrespective of the chronotype.

Statistical analyses were performed using R version 3.1.1 (Vienna, Austria).

Results
The basic characteristics of the study population according to the current status of night shift
work are presented in Table 1. Women currently working on rotating night shifts had on aver-
age a longer history of night shift work than did the women currently working only on days
(25.4 yr vs. 12.1 yr). In the latter group, as much as 83% had resigned from night shift work
more than five years before the present study (data not shown). Crude values of the arithmetic
means, with standard deviations, and the frequencies according to the categories of anthropo-
metric measures are displayed in Table 2. Obesity (BMI�30kg/m2) and abdominal obesity as
denoted by WHR>0.85 and WHtR>0.55(0.6) were slightly more prevalent among women
currently working on rotating night shifts but the differences were not statistically significant.

Current night shift work characteristics did not show significant associations with the con-
tinuous variables of the anthropometric measures (Table 3). The analysis revealed positive and
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statistically significant associations for cumulative night shift work exposure expressed as the
total number of night shifts (or of night shift hours) and BMI, WC, HC, andWHtR, with BMI
increasing by 0.477 kg/m2 per each 1000 night shift duties and by 0.432 kg/m2 per 10000 night
shift hours, WC increasing respectively by 1.089 cm and 0.997 cm, and HC by 0.72 cm, and

Table 1. Selected characteristics of Polish nurses andmidwives. A cross-sectional study.

Characteristics Rotating night shifts n = 354 Day shifts n = 370 p-diff

N (%) mean (SD) N (%) mean (SD)

Mean age (years) 48.3 (5.2) 50.2 (5.3) <0.001

Marital status 0.586

Single 19 (5) 16 (4)

Married / Cohabitating 273 (77) 276 (75)

Divorced / in separation 45 (13) 54 (15)

Widow 17 (5) 24 (6)

Menopausal status <0.001

Pre- 231 (65) 191 (52)

Post- 123 (35) 179 (48)

Number of full term births 0.105

0 27 (8) 27 (7)

1 107 (30) 130 (35)

2 185 (52) 193 (52)

3–4 35 (10) 20 (6)

Smoking (%) 0.014

Current 123 (35) 97 (26)

Past 82 (23) 115 (31)

Non-smoker 149 (42) 158 (43)

Smoking years (years) 15.1 (14.5) 14.4 (14.7) 0.487

Pack-years 9.9 (11.3) 8.5 (10.5) 0.096

Total physical activity (MET*hours per week) 242.7 (78.2) 202.6 (87.5) <0.001

Recreational activity a 0.028

No 111 (31) 88 (24)

Yes 242 (69) 281 (76)

Chronotype a 0.568

Morning type 182 (51) 197 (54)

Evening type 172 (49) 171 (46)

Quality of sleep (PSQI score) 6.3 (3.0) 6.8 (3.6) 0.041

Average duration of sleep (hours) 6.7 (1.1) 6.2 (1.1) <0.001

Current MHT use (among postmenopausal women) 0.161

No 341 (96) 347 (94)

Yes 13 (4) 23 (6)

Alcohol consumption (drinks per week) 0.6 (0.7) 0.6 (0.7) 0.679

Total duration of night shift work (years) 25.4 (7.1) 12.1 (8.2) <0.001

a missing information: for recreational activity in one night shift working woman and one working only during the day and for chronotype in two day shifts

nurses.

Abbreviations:

MET—metabolic equivalent ratio of the metabolic rate to a standard resting metabolic rate of 1 during quiet sitting

PSQI—Pittsburgh Sleep Quality Index

MHT—menopausal hormone replacement therapy.

doi:10.1371/journal.pone.0133761.t001
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WHtR 0.007 for both metrics. We also observed a weak positive association between the dura-
tion of night shift work and the BMI and WHtR, which was of borderline significance
(p = 0.075 and p = 0.073 respectively).

Night shift work, both current and cumulative, was consistently associated with obesity
(BMI�30kg/m2), with OR of 3.9 (95%CI:1.5–9.9) in women reporting eight or more night
shifts per month, and statistically significant positive trends were noted for every parameter of
cumulative night shift work (Table 4). A higher frequency of night shifts was also significantly
associated with abdominal obesity, with OR = 2.4 (95%CI:1.2–4.5) for WC>88cm, OR = 2.8
(95%CI:1.3–6.0) for HC�108cm, OR = 2.4 (95%CI:1.2–4.9) for WHR>0.85 and OR = 2.7
(95%CI:1.3–5.6) for WHtR>0.55 (0.6). We also observed significant positive trends for the

Table 2. Arithmetic means (SD) of anthropometric measures and prevalence of overweight/obesity by current system of work in the study
population.

Anthropometric characteristics Rotating night shifts n = 354 Day shifts n = 370 p-diff

N(%) mean(SD) N(%) mean(SD)

BMI (kg/m2) 27.1(4.7) 27.0 (4.7) 0.739

Normal weight (BMI<24.99 kg/m2) 125 (35) 142 (38) 0.527

Overweight (BMI 25–29.99 kg/m2) 141 (40) 148 (40)

Obesity (BMI�30.0 kg/m2) 88 (25) 80 (22)

Waist circumference (WC) (cm) 83.9 (11.7) 83.8 (12.0) 0.946

WC�88cm 245 (69) 250 (68) 0.693

WC>88cm 109 (31) 120 (32)

Hip circumference (HC) (cm) 103.9 (9.1) 104.0 (10.3) 0.945

HC<102.5cm 162 (46) 185 (50) 0.463

HC�102.5-<108cm 70 (20) 63 (17)

HC�108cm 122 (34) 122 (33)

Waist to hip ratio (WHR) 0.81 (0.07) 0.80 (0.06) 0.840

WHR�0.85 262 (74) 281 (76) 0.606

WHR>0.85 92 (26) 89 (24)

Waist to height ratio (WHtR) 0.52 (0.07) 0.52 (0.07) 0.895

WHtR�0.55a 277 (78) 300 (81) 0.352

WHtR>0.55a 77 (22) 70 (19)

acut-off 0.55 for women aged <50; 0.6 for women aged �50.

doi:10.1371/journal.pone.0133761.t002

Table 3. Association between night shift work characteristics and anthropometric measures in the study population.

β coeficienta(p-value)

Night shift work (NSW) characteristics BMI WC HC WHR WHtR

Current NSWb 0.482(0.129) 0.941(0.252) 0.721(0286) 0.003(0.479) 0.007(0.170)

Frequency of NSWb 0.082(0.080) 0.166(0.171) 0.123(0.218) 0.001(0.339) 0.001(0.118)

Duration of NSW (per 10 yr) 0.282(0.075) 0.663(0.105) 0.400(0.230) 0.003(0.231) 0.005(0.073)

Cumulative night shifts (per 1000 night shifts) 0.477(0.007) 1.089(0.018) 0.724(0.053) 0.004(0.094) 0.007(0.009)

Cumulative night shift hours (per 10000 h) 0.432(0.004) 0.997(0.010) 0.716(0.023) 0.004(0.095) 0.007(0.006)

a adjusted for age (continuous, in years), smoking (never, ex-, current), packyears (continuous), marital status (never married, married/cohabitating,

divorced/in separation, widow), body silhouette at age 20 (continuous, in the range of 1–9), and current MHT use (yes/no)
breference—day shift nurses.

doi:10.1371/journal.pone.0133761.t003
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association between cumulative hours of night shift work and BMI>30kg/m2, WC>88 cm,
and HC�102.5cm- 108cm as well as the number of cumulative night shifts and WHtR>0.55
(0.6). All the remaining associations were positive and in the expected direction, although not
supported with statistically significant tests.

Comparison of the self-reported and measured anthropometry
Self-reported body weight and height were compared with the measured values and both com-
parisons showed high correlations (Pearson’s correlation coefficient of 0.96 for weight and 0.95
for height). We observed a tendency for underreporting weight, particularly among heavier

Table 4. Adjusteda odds ratios (OR) of overweight/obesity in the study population.

Night shift work (NSW) characteristics
(n)

BMI WC HC WHR WHtR

25–29.9 kg/
m2

�30.0 kg/
m2

>88cm �102.5
-<108cm

�108cm >0.85 >0.55d

N = 289 N = 168 N = 229 N = 133 N = 244 N = 181 N = 146

Current NSWb (354) 1.2(0.8–1.7) 1.5(1.0–2.3) 1.01(0.8–
1.5)

1.4(0.9–2.1) 1.4(0.9–
2.0)

1.3(0.9–
1.8)

1.3(0.9–
2.0)

P 0.322 0.048 0.689 0.071 0.119 0.182 0.155

Frequency of NSWb

2-7nights/month (312) 1.2(0.8–1.7) 1.4(0.9–2.1) 1.0(0.7–1.4) 1.5(0.9–2.3) 1.2(0.9–
1.8)

1.1(0.8–
1.7)

1.2(0.8–
1.9)

� 8 nights/month (42) 2.0(0.8–4.7) 3.9(1.5–9.9) 2.4(1.2–4.5) 1.6(0.6–4.2) 2.8(1.3–
6.0)

2.4(1.2–
4.9)

2.7(1.3–
5.6)

p-trendc 0.203 0.033 0.503 0.077 0.096 0.088 0.139

Duration of NSW

� 10 yr (193) 1.0 1.0 1.0 1.0 1.0 1.0 1.0

>10—� 20yr (177) 1.1(0.7–1.7) 1.2(0.7–2.2) 1.2(0.7–1.9) 1.2(0.7–2.1) 1.0(0.6–
1.7)

1.3(0.8–
2.1)

1.0(0.6–
1.8)

>20 yr (354) 1.1(0.8–1.7) 1.5(0.9–2.6) 1.2(0.8–1.7) 1.4(0.9–2.4) 1.3(0.8–
1.9)

1.0(0.7–
1.6)

1.3(0.8–
2.1)

p-trendc 0.203 0.029 0.327 0.071 0.233 0.459 0.141

Cumulative night shifts

�1000 (211) 1.0 1.0 1.0 1.0 1.0 1.0 1.0

>1000-�2000 (254) 1.1(0.7–1.7) 1.5(0.9–2.7) 1.3(0.8–2.0) 1.5(0.9–2.4) 1.3(0.8–
2.0)

1.1(0.7–
1.7)

1.3(0.8–
2.2)

>2000 (259) 1.3(0.8–2.0) 2.0(1.2–3.5) 1.3(0.9–2.0) 1.4(0.8–2.3) 1.4(0.9–
2.2)

1.3(0.8–
2.0)

1.6(0.9–
2.5)

p-trendc 0.345 0.002 0.059 0.078 0.128 0.204 0.051
Cumulative night shift hours

�12000 (228) 1.0 1.0 1.0 1.0 1.0 1.0 1.0

>12000- �24000 (248) 1.1(0.7–1.7) 1.6(0.9–2.7) 1.3(0.8–2.0) 1.5(0.9–2.5) 1.3(0.8–
2.0)

1.0(0.7–
1.6)

1.3(0.8–
2.2)

>24000 (248) 1.3(0.9–2.0) 2.1(1.3–3.6) 1.3(0.9–2.0) 1.5(0.9–2.5) 1.5(1.0–
2.3)

1.2(0.8–
1.9)

1.5(0.9–
2.4)

p-trendc 0.229 0.001 0.045 0.048 0.076 0.191 0.038

a adjusted for age (continuous, in years), smoking (never, ex-, current), packyears (continuous), marital status (never married, married/cohabitating,

divorced/in separation, widow), body silhouette at age 20 (continuous in the range 1–9), and current MHT use (yes/ no)
breference—day shift nurses
c p trends for continuous variables describing work characteristics
dcut-off of 0.55 for women aged <50; 0.6 for women aged �50.

doi:10.1371/journal.pone.0133761.t004
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women. On the other hand, shorter women tended to report a slightly higher body height than
respective measurements. The correlation between BMI calculated from the measured and
reported values was also high (Pearson’s correlation coefficient 0.95), with some tendency for a
lower BMI calculated from the reported weight and height when compared to the measured
values. This difference tended to increase with increasing BMI based on measurement results.

We also compared the subjects’ classification according to WHO categories of BMI, using
BMI calculated from physical measurements and BMI classes based on self-perceived current
body shape image. The correlation between the two categorizations was satisfactory (Pearson’s
correlation coefficient 0.81).

Discussion
This cross-sectional study of nurses and midwives investigated a possible association between
rotating night shift work and the anthropometric measures, and the findings provided support
for the growing evidence that night shift work is a risk factor for obesity.

In particular, we observed statistically significant linear associations between cumulative
night shift work metrics (number of night duties and hours of night work) and all the anthro-
pometric measures examined. Obesity (BMI�30kg/m2) turned out to be significantly associ-
ated with such parameters as current status of night shift work, frequency of night duties of�8
per month, duration of night shift work longer than 20 years, total number of night duties
higher than 2000, and total number of night shift hours higher than 24 000. These associations
revealed positive and significant trends. Abdominal obesity was associated with a high fre-
quency of current night duties and cumulative hours of night shift work.

We identified as many as 20 epidemiological studies that examined either cross-sectionally
[3–14,28,29] or longitudinally [16,30–34] the association between night work and anthropo-
metric parameters. Most of them (17) showed positive inferences. The associations reported
were of moderate strength, with the highest OR = 1.5 found for obesity among healthcare
workers in Denmark [14] and OR = 1.9 for overweight among railway service workers in Italy.
The increased risk of weight gain or onset of obesity among night shift workers as compared to
daytime workers was reported in the majority [16,17,30,32] of longitudinal studies
[16,17,30,32,33,35].

Previous studies were focused mostly on BMI. Abdominal obesity was investigated in only a
few studies [4,11,28,31], and the results were inconsistent. Two of them reported a positive
association between night work and abdominal obesity as measured with WC [4] or WHR [11]
but in two other reports regarding WHR, no such links were observed [28,31]. It has been
argued that the commonly used Quetelet index (BMI) may not adequately reflect the risk
related to obesity since it cannot separate the lean mass from the fat mass, although, both BMI
andWC showed strong correlation with ultrasound assessment of the subcutaneous and vis-
ceral adiposity [36]. Measures of central obesity have been recommended to complement BMI
measurement to identify individuals with increased risk of obesity-related morbidity [23].
Waist circumference, hip circumference and waist-to-hip ratio were typically measured in the
studies examining association between abdominal adiposity and breast cancer, and found to be
good predictors [37]. It has also been pointed out that the measures quantifying abdominal adi-
posity, other than the BMI, are better predictors of adverse cardiovascular effects of overweight
or obesity [25]. Our study provides evidence that a more intense and prolonged night shift is
associated with central obesity. However, given the paucity of previous epidemiological data,
further research is warranted to confirm our findings.

Previous research used mostly crude information about night work status and categorized
workers into simply night shift or day shift workers. A more detailed characteristics of intensity
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of night shift work, such as the frequency of night duties was considered in only one analysis,
namely Nurses’Health Study II in US (NHS II)[8]. This study revealed an increase in odds
ratio for obesity with an increasing frequency of night duties, which is consistent with our own
findings. Two studies [5,6] examined the duration, but no other cumulative metrics, of night
work, and both reported positive relationship between night work duration and overweight.
The total duration of work, often used as an indicator of total exposure, may to some extent
misclassify exposure in the case of night shift work. This may occur since the work duration
itself does not account for the intensity of night work, which may substantially differ between
subjects, depending on the number of night duties within a given period of time (for example
2 vs. 8 night duties per month). As we had obtained detailed data for each job in the subject’s
work history, we were able to construct more refined measures of cumulative exposure than
simply the exposure duration. We made use of cumulative night shifts and cumulative night
shift hours, and these metrics showed much stronger effects than the exposure duration alone.

We also performed a secondary analysis that examined the correlation between self-
reported and measured body weight and height. As far as we know, no previous study regard-
ing night shift work and weight-related parameters has described this kind of analysis. Worthy
of note is the fact that almost half of the studies addressing the effects of night shift work have
relied on self-reported anthropometry [3,5–9,14,17,29]. The high correlation between the data
on weight and height from the questionnaire and the actual measurement (Pearson’s correla-
tion coefficient 0.95–0.96 for height and weight, respectively) that we could observe in our
study confirmed the accuracy of the subjects’ responses. However, we noted a general tendency
among heavier women to report a lower weight, which is consistent with the findings by other
authors [38]. When we run an analysis with BMI calculated based on the reported weight and
height, the results for the associations with night work characteristics were very similar to
those based on BMI calculated from the measurements. This implies that no substantial mis-
classification would have occurred if we had data only from the questionnaire, and provides
some support for the validity of previous studies that relied on self-reported information. How-
ever, one should note that we studied the population of nurses and midwives, which is in gen-
eral better educated than the blue collar workers usually working on night shifts. Thus our
findings may not be directly applicable to other populations.

The mechanism linking night shift work with weight gain and the development of obesity
has not been fully explained. Nevertheless, such factors as unhealthy dietary habits, low recrea-
tional physical activity, sleep deprivation, and disruption of the circadian rhythm have been
proposed as the potential causes. Lowden et al. in their literature review identified several
unhealthy features of the eating behaviour that affect night workers, these including meal irreg-
ularity, higher animal fat, carbohydrate and protein intake coupled with lower dietary fibre
consumption, and frequent snacks taken during the night shift [39]. A few studies reported
higher total energy consumption [40] or later time of the last meal [9,29] among night shift
workers compared to daytime workers. In our study, we did not control for the dietary factors;
therefore, the altered eating behaviours may potentially underlie the associations with the night
shift work that we observed.

Night shift workers were found to be less involved in sports or recreational physical activity,
which was demonstrated in several investigations [9,29,41–44]. We tested physical activity as a
potential confounder, using information about the total physical activity, work-related PA
domain or leisure-time PA domain. All of these variables turned out to be insignificant covari-
ates when other important characteristics were introduced in the multivariate analyses. A
higher energy expenditure in workers during a night duty, which results from staying awake at
night [45] may not counterbalance the excessive energy intake in this group.
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Sleep deprivation and circadian rhythm disruption are the remaining potential causes to be
considered. As postulated by Garaulet et al., the disruption of the circadian rhythm and the
lack of sleep at night may affect the processes related to metabolism and the feeling of hunger,
which may excess energy intake, especially in the evening time. [46]. It has been demonstrated
that the short duration of sleep decreases leptin and increases ghrelin concentration, which is
likely to increase appetite and weight gain [47]. Furthermore, neuroanatomical interactions
between the suprachiasmatic nuclei (biological clock) and paraventricular nucleus (involved in
the regulation of appetite) of the hypothalamus have been described [48].

The strength of our study is that it was conducted in a well-characterized population of
nurses and midwives who due to their background education represent a reliable population,
with usually higher participation rates and better recall than in the general population. The
response rate was relatively high. The data were collected via a face-to-face interview by trained
interviewers, and detailed information on both current work characteristics and lifetime occu-
pational history was obtained. Anthropometric measurements were performed by well-trained
personnel. All the major confounding factors were evaluated, including body shape at age 20.
The latter one allowed us to control for BMI before the subject had started to work.

There are also some limitations of the present study. One of them is the recall bias which is
typical for most questionnaire-based studies and which could affect information about past
exposure, such as for example the intensity of night work in early periods of employment. This
could have resulted in some misclassification of exposure, which although non differential,
may have caused some attenuation of the associations we recorded. Besides, the cross-sectional
design limited drawing conclusions about the causal inferences. In order to address this limita-
tion, we used information not only about the current but also lifetime history of night shift
work.

The “healthy survival effect”may have also had some effects on the results of analysis by the
current system of work, given that the day workers had performed some night work in the
past. If the reason for quitting night work was poor health and obesity, then the results of the
cross-sectional analysis by the current system of work could be affected with some bias towards
the null. We were not able to control for this phenomenon since we did not ask the respondents
about the reasons for changing employment and we did not have the anthropometric measure-
ments from the past.

A potential limitation of our study is also related to the lack of information about such fac-
tors as stress or work family balance. Accordingly, some residual confounding may be present.
Nevertheless, in some previous reports no difference in the level of stress has been observed
between nurses working on rotating night shifts and those working only during the days.[49]
Moreover, the research addressing relations between work-family balance and obesity has been
sparse and inconsistent [50].

Another potential limitation is associated with the cut-off points that we adopted to deter-
mine obesity. In our study, BMI was categorized into normal weight, overweight and obesity
according to the WHO-recommended standard [22] that has been commonly used by other
researchers. Since no normal values or standards that could be generalized to every population
have been formulated for all the other anthropometric measures, determining the cut-offs for
these measures was more problematic. For WC and WHR, we adopted the cut-off points from
aWHO report [23] regarding assessment of the metabolic syndrome or “metabolic complica-
tions” associated with obesity in Caucasians [51]. However, the sameWHO report indicated
that these cut-off points differed between populations, and thus there have been no clear WHO
recommendations to use them for the risk assessment [23]. For the categorization of the HC
values, we used data from the EPIC study [24] investigating relationships between the risk of
breast cancer and body size. In this study, the HC categories of 102.5–107.9 cm and�108 cm
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were two upper quintiles in a large cohort of 176 886 women, aged 18–80 yr, coming from nine
European countries. Nevertheless, due to the wide age range and the lack of representation of
the Central and Eastern European countries, these categories may not be applicable to the Pol-
ish population. It is worth mentioning that in our study as much as 52% women had the hip
circumference�102.5 cm, which is roughly 12% more when compared to the EPIC cohort. For
WHtR categorization, we adopted the value of 0.55 for age of less than 50 yr and 0.6 for ages of
50 yr or more, following the recommendations by Schneider et al. based on two large German
cohort studies of cardiovascular events and mortality [25]. Previously, a general boundary
value of 0.5 for WHtR was recommended [52]. The application of this cut-off in our population
would imply that more than 50% of the women studied are at an increased risk of health out-
come related to obesity.

In conclusion, the results of our study support the previously reported relationship between
night shift work and the development of obesity, and provide evidence that night work may be
associated with central adiposity. Although future prospective studies are needed to confirm
these findings, the observed inferences imply that a more intense and prolonged night shift
work may predispose to overweight and to central obesity in particular. Further studies are also
warranted to better understand the mechanism underlying weight gain among night shift
workers.
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