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Abstract: The number of shift workers has increased substantially within the last decades to keep
pace with the increasingly complex societal need for 24 h services. Shift work has been associated
with unhealthy lifestyles and a lower overall diet quality. Little is known, however, with regard to
food security and consumer behavior in shift workers. The present study sought to address this gap
in the literature, exploring a sample of 1 = 4418 day workers and n = 1065 shift workers in the United
States. Using cross-sectional data from the National Health and Nutrition Examination Surveys
(NHANES, 2007-2010), we found that shiftwork was associated with a lower amount of money spent
on eating out and higher food insecurity issues. Compared to day workers, a higher proportion of
shift workers reported receipt of food stamps (12.5% vs. 23.4%, p < 0.001) and worried about running
out of food (3.95% vs. 8.05%, p < 0.001). These associations remained significant after adjustment for
confounders when using multivariate logistic regression. The number of not-home-prepared meals
did not differ between both groups. In light of the population health disparities and adverse health
outcomes associated with food insecurity, novel strategies are urgently warranted to improve the
situation of shift workers.

Keywords: diet; nutrition; shiftwork; work schedule; consumer behavior; food security; eating habits;
away-from-home meals; NHANES; food availability

1. Introduction

Traditionally, only a small proportion of the work force was engaged in shift work [1].
Due to growing economic pressures and to keep pace with the increasingly complex
societal need for 24 h services, the number of shift workers has increased in many countries
within the last decades [1-4]. This appears to be particularly true for the United States of
America [5], where a significant proportion of the workforce works alternative hours [6].

Long atypical working hours and shift work have been associated with unhealthy
lifestyle behaviors, such as smoking, drinking, physical inactivity, insufficient sleep, and
impaired sleep quality [7-9]. Furthermore, both conditions have been associated with
health-related productivity loss [10] and significantly increased odds for some chronic
diseases and cancer [11,12].

One important factor that may partially explain these findings in shift workers is
decreased diet quality [13]. Souza et al. recently reviewed the effects of shift work on diet
quality and found a higher consumption of unhealthy foods in this group [14]. Shift workers
tended to skip meals more frequently and also consumed more food at unconventional
times. Hornzee at al. highlighted lower diet quality scores in shift workers (as compared
to day workers), with a higher consumption of sugar-sweetened beverages and a more
frequent usage of vending machines [15]. Although some studies could not confirm these
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findings (or even demonstrated opposite results [16]), it is now widely accepted that shift
work is an important risk factor for a lower overall diet quality [17-19].

We hypothesized that this could be partially explained by higher food insecurity
in shift workers (e.g., having limited reliable access to a sufficient quantity of afford-
able, nutritious food [20]). Lower wages and frequent changes in the work schedule
could also predispose shift workers to unhealthy lifestyle behaviors, such as frequently
eating meals prepared away from home (which has been associated with an increased
all-cause mortality [21]).

Although conceivable, investigations on these potential associations are still scarce,
and food security in shift workers has rarely been investigated in the literature. We sought
to address this gap in the literature with our present study. The major aims of this cross-
sectional analysis were twofold: (1) to investigate consumer behavior in shift workers, and
(2) to obtain a better understanding of food security status in this group.

2. Materials and Methods
2.1. Study Design

We performed a cross-sectional study using aggregated data from the National Health
and Nutrition Examination Survey (NHANES) [22]. The National Health and Nutrition
Examination Survey (NHANES) is a large, biennial, stratified, multistage survey conducted
by the Centers for Disease Control (CDC) [22,23]. One of the primary goals of the survey
was to collect health and nutrition data on the US population. The NHANES is one of the
largest and most important cross-sectional studies in terms of participant size, scope, ethical
diversity, and free data accessibility [24]. Scientists worldwide have used NHANES data
in the past to examine health-related questions in shift-working populations [25-28]. As a
corollary, NHANES has contributed extensively to the assessment of potential associations
between nutrition and numerous health outcomes in shift workers [25].

For the current analysis, we combined adult data from two different NHANES cycles
(20072008 and 2009-2010) [29,30]. Approximately 5000 individuals participate in the
NHANES annually [22,31]. All NHANES participants gave oral and written informed con-
sent, and the study protocol was approved by the NCHS Research Ethics Review Board [32].
The NHANES data is publicly available from the Centers for Disease Control [22] and can
be broadly categorized into six areas: demographics, examination, dietary, questionnaire,
laboratory, and limited access [24].

2.2. Study Population, Outcome, and Exposure

For this study, we used data from various modules, including demographic, exam-
ination, and questionnaire data. We explain usage of particular data subsets hereafter.
Shiftwork status was assessed using data from the Occupation Questionnaire Section
(OQC) [33,34]. This module contains data on employment and other important variables
relating to the daily work environment. The OQC included one question (OCQ265) entitled:
“which of the following best describes the hours you usually work at your main job or busi-
ness?” Shiftwork status was assessed based on this question with the following (potential)
answers: (1) a regular daytime schedule, (2) a regular evening shift, (3) a regular night
shift, (4) a rotating shift, and (5) another schedule. Answer 5 was not specified further, and
thus removed for a lack of additional information [35]. We combined evening/night shift
workers and rotating shift workers into one group (hereafter named shift workers). This
group was compared to individuals on a regular daytime schedule. The 2007/2008 and
2009/2010 cycles were chosen because both included the aforementioned work schedule
question, which has unfortunately been removed in later NHANES cycles [36].

We described the employed assessment of dietary behavior, food security, and con-
sumer behavior in great detail in one of our previous publications [31]. In brief, we
included data from three major modules: (a) the consumer behavior module, (b) the diet
and nutrition behavior module, and (c) the food security module.
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The Consumer Behavior (CBQ) section provided personal interview data on various
diet-related consumer behavior topics [37]. This module was developed in partnership with
the Economic Research Service of the U.S. Department of Agriculture [38]. It was introduced
with NHANES 2007-2008 and comprised questions with regard to food expenditures,
availability of certain type of foods in the family, as well as time spent on food shopping
and cooking dinner [37,38]. The CBQ section also inquired about individual participant’s
food choices (e.g., getting meals prepared away from home, meals obtained from fast-food
or pizza places, usage of ready-to-eat meals and convenience food items bought in stores).

Among other things, NHANES participants were asked how often they had a certain
type of food at their home [17]. Food items comprised salty snacks (such as chips and
crackers), soft drinks (including fruit punch or fruit-flavored drinks), fruits (including
frozen and canned fruits), and dark green vegetables. Answer categories included “never”,
“rarely”, “sometimes”, “most of the time”, and “always”.

Two food expenditure questions inquired about the money spent on foods in the
30 days prior to the interview. Participants were given the opportunity to report the
amount of money in USD as either per month or per week. All released variables were
edited in order to standardize the reported amount to number of dollars in the last 30 days.
Both NHANES cycles also included a question on the frequency of major food shopping,
with six possible answers. These included “more than once a week”, “once a week”, “once
every two weeks”, “once a month or less”, “rarely make major shopping trips”, “rarely
shop for foods”.

The so-called Consumer Behavior Follow-up Module, a phone follow-up section to the
CBQ that was introduced with NHANES 2007-2008 [39], was not included in the present
analysis. The aim of this module was to gain additional insights into consumer behavior
of NHANES participants. This module focused on factors that influence decisions to eat
out and attitudes about changing current diets in NHANES participants. This section,
however, was only answered by a subset of NHANES participants. As such, we refrained
from adding this module to maintain an adequate sample size.

Another important component of the present analysis was three items from the Diet
Behavior and Nutrition (DBQ) section [40]. The first questions inquired about the number
of meals not prepared at home during the past 7 days (e.g., meals purchased in restaurants
or fast-food places or obtained from vending machines). Two additional questions asked
for the number of frozen meals/pizza and for the number of ready-to-eat foods eaten in
the past 30 days. Ready-to-eat foods included soups, chicken, and sandwiches. When
answering the second question, participants were explicitly instructed to exclude sliced
meat or cheese bought for sandwiches and frozen or canned foods.

Finally, we also included four items from the Food Security (FSQ) section, which
provided personal interview data on household and individual food security [41,42]. This
section included binary questions (e.g., have {you/you or anyone in your household} ever
received food stamp benefits?) and questions with multiple response categories. These
inquired whether participants worried about running out of food within the last 12 months,
whether bought food didn’t last, and whether participants couldn’t afford to eat balanced
meals. In light of the high number of missing values for many FSQ variables [41,42],
we only added the four particular aforementioned questions to maintain an adequate
sample size.

We obtained participants’” demographic data from the demographics public release
file [43]. Demographic data included sex, age, marital status, race/ethnicity, education
level, and household income. Pre-defined variables and categories were not recoded,
with the exception of marital status and household income. Marital status comprised the
following categories: married or living with a partner, widowed/divorced/separated,
and never married. Annual household income comprised two categories: over $20,000
and under $20,000, following the approaches of Muennig et al. and Hassoon et al. [44,45].
Examination data was limited to body mass index (BMI) [46], and categorized into four
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groups including obesity (BMI > 30 kg/m?), overweight (BMI 25-29.99 kg/m?), normal
weight (BMI 18.5-24.99 kg/m?), and underweight (BMI < 18.49 kg/m?).

Smoking status was categorized according to a common method presented previ-
ously [47]. Sleep duration (in hours) was obtained from the Sleep Disorders (SLQ) module [48].

2.3. Statistical Analysis

We used sample weights provided by the NHANES to account for the complex survey
design and oversampling in some populations during the two survey cycles. All analyses
incorporated the primary sampling unit variable, the stratum variable, and the weighting
variable. The weighting of NHANES data allows for extrapolation of study findings to
the U.S. national population [49]. The interview weighting factor was divided by two for
analyses using combined survey cycles.

We compared demographic, anthropometric, and other survey characteristics between
shift workers and day workers. For our analysis, we used STATA 14 statistical software
(StataCorp. 2015. Stata Statistical Software: Release 14. StataCorp LP, College Station,
TX, USA). All continuous variables were compared by using appropriate sample weights
for two-sample Student’s t-tests. All categorical variables were compared using STATA’s
design-adjusted Rao—Scott test (a design-adjusted version of the Pearson chi-square test).
When we found significant associations between shiftwork status and a particular outcome
variable (e.g., lower fruit availability at home in shift workers), we re-investigated those
associations using multivariate linear regression and logistic regression models adjusting
for age, gender, race/ethnicity, education level, and annual household income. These
covariates were identified as potential confounders because shift workers are often paid
less in the labor market [50] and have lower educational attainment and income [10,51].

Statistical significance was determined at « = 0.05, and all tests for statistical signifi-
cance were two-sided. Based on West’s applied survey data analysis recommendations,
we preferred unconditional subclass analyses to preserve the main survey design and to
provide larger standard errors [52].

Normally distributed variables were described with their mean and standard error in
parentheses (see below). For categorical variables, we reported number of observations ()
as well as weighted proportions (and the corresponding standard error) in parentheses. For
multivariate logistic regression models, we present odds ratios (OR) and the corresponding
95% confidence intervals (ClIs).

3. Results

Between 2007 and 2010, n = 13,435 participants completed the NHANES Occupation
Questionnaire section [33,34]. We excluded n = 7002 participants (n = 3351 (2007 /2008)
plus n = 3651 (2009/2010)) for missing or inconclusive work hour descriptions (Figure 1).
As described in the methods, this step included removal of the category “another schedule”
for lack of additional information (n = 538). The final sample included n = 5483 non-
institutionalized participants after exclusion of all individuals with an incomplete data set.
The sample comprised n = 4418 day workers and n = 1065 shift workers (Figure 1), which
may be extrapolated to represent approximately 116,209,204 U.S. workers.

We present demographic, anthropometric, and other key characteristics of the study
population in Table 1.

We found no significant intergroup differences with regard to gender. Our data, how-
ever, suggested a significant association between ethnicity /race and shiftwork status. The
proportion of Hispanics and non-Hispanic Blacks was significantly higher in shift workers
as compared to day workers. Non-Hispanic Whites comprised ‘only” 59.73% (weighted) of
shift workers, as opposed to more than 71% (weighted) in day workers. The proportion of
never married shift workers was almost twice as high as in day workers (weighted).
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Figure 1. Participant inclusion flow chart: NHANES 2007-2010.

Table 1. Study sample characteristics: a comparison by shiftwork status.

Day Workers Shift Workers Val
(n = 4418) (n = 1065) p-value
Sex
Male n =2372 (53.73% (0.86)) n =556 (52.20% (1.8)) 0.476
Female n = 2046 (46.27% (0.86)) n =509 (47.80% (1.8))
Race/ethnicity
Mexican American n =898 (8.96% (1.33)) n =209 (9.97% (1.45)) <0.001
Other Hispanic n =500 (4.85% (0.80)) n =140 (7.08% (1.45)) 2
Non-Hispanic White n = 2075 (71.05% (2.47)) n =385 (59.73% (3.13)) 2
Non-Hispanic Black n =748 (9.13% (0.99)) n =278 (16.85% (1.76)) 2
Other race n =197 (6.02% (0.8)) n =53 (6.36% (1.05))
Marital status
Married/living with partner n = 2947 (69.37% (1.06)) n =546 (52.65% (2.14)) 2 <0.001
Widowed/divorced/separated n =719 (14.01% (0.66)) n =199 (16.00% (1.26))
Never married n =752 (16.62% (0.94)) n =320 (31.35% (1.51)) @
Education level
Less than 9th grade n =390 (4.1% (0.46)) n =107 (5.19% (0.58)) <0.001
9-11th grade n =617 (10.43% (0.72)) n =172 (13.62% (1.39)) 2
High school grad/GED n =999 (22.05% (1.06)) n =288 (28.84% (1.73)) @
Some college or AA degree n=1219 (28.79% (0.92)) n =363 (36.84% (1.83)) @
College graduate or above n = 1193 (34.63% (1.60)) n =135 (15.53% (1.13)) @
Annual household income
Under $20,000 n =530 (7.46% (0.58)) n =203 (15.1% (0.89)) @ <0.001
Over $20,000 n = 3888 (92.54% (0.58)) n =862 (84.90% (0.88)) 2
Smoking status
Never smoker n = 2557 (57.66% (1.33)) n =598 (54.65% (2.46)) <0.001

Former smoker
Current smoker
Body Weight
Underweight

n =934 (22.12% (1.12))
n =927 (20.22% (0.75))

1 =54 (1.5% (0.24))

n =171 (16.86% (2.25)) @
1 = 296 (28.49% (1.93)) 2

n =13 (1.32% (0.38))

0.313
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Table 1. Cont.
Day Workers Shift Workers Val
(n = 4418) (1 = 1065) p-vaiue
Normal weight n = 1180 (28.61% (0.88)) 1 = 285 (29.84% (2.28))
Overweight n = 1528 (35.14% (1.15)) n =334 (31.11% (2.19))
Obesity n = 1656 (34.74% (1.03)) n = 433 (37.73% (2.43))
Age
Mean (SE) 43.04 (0.32) 37.89 (0.40) <0.001
Sleep duration (hours)
Mean (SE) 6.82 (0.02) 6.62 (0.06) <0.001

Legend: Column percentages may not equal 100% due to rounding. The p-value is based on STATA’s design-
based Rao-Scott F-test and tests for a potential association between shiftwork status and the respective variable
(categorical variables only). : indicates significant differences in the weighted proportions.

We also observed a significant association between shiftwork status and education
level. The proportion of individuals with a college degree (or higher) was significantly
smaller among shift workers. In addition, we observed significant associations between
shiftwork status and smoking status. The weighted proportion of current smokers was
more than 8% higher in shift workers as in dayworkers.

Of note, our data suggested no significant intergroup differences with regard to body
weight. The weighted proportion of obese shift-working participants tended to be higher;
however, results were not significant. Day workers slept significantly longer than shift
workers (6.82 h vs. 6.62 h per night, p < 0.001).

Table 2 displays the results of our food group availability analysis. We observed
significant associations between shiftwork status and fruit and soft drink availability. The
weighted proportion of day workers “always” having fruits and dark green vegetables at
home was significantly higher as compared to shift workers. In contrast, we observed a
higher proportion of individuals “rarely” or “never” having those items at home.

Table 2. Food availability at home: a comparison by shiftwork status.

Day Workers Shift Workers Value
(n = 4418) (n = 1065) P
Soft drinks available at home
Always n =1718 (40.08% (1.43)) n =438 (43.92% (2.31)) 0.036
Most of the time n =642 (13.93% (0.72)) n =193 (16.45% (1.28))
Sometimes n =815 (16.69% (0.87)) n =187 (15.22% (1.55))
Rarely n =624 (14.83% (1.01)) n =118 (11.78% (1.20))
Never n =619 (14.47% (0.67)) n =129 (12.63% (1.41))
Salty snacks available at home
Always n = 1729 (42.06% (1.55)) n =409 (42.66% (1.96)) 0.072
Most of the time n =870 (21.34% (0.88)) n =196 (20.04% (1.64))
Sometimes n = 1126 (23.45% (1.25)) n =289 (22.99% (1.31))
Rarely n =522 (10.27% (0.81)) n =119 (10.62% (1.36))
Never n =171 (2.88% (0.28)) n =52 (3.68% (0.68))
Dark green vegetables available
at home
Always n = 2438 (54.66% (1.45)) n =532 (49.46% (2.32)) 2 0.095
Most of the time n =1005 (23.17% (1.06)) n =253 (23.97% (1.46))
Sometimes n =690 (15.22% (1.01)) n =189 (17.48% (1.24))
Rarely n =191 (4.66% (0.44)) n =66 (6.14% (0.94))
Never n =94 (2.29% (0.45)) n =25 (2.94% (0.75))
Fruits available at home
Always n = 2931 (67.61% (1.18)) n =629 (60.06% (2.38)) ? 0.006
Most of the time n = 835 (18.33% (0.98)) n=241(23.11% (2.12))
Sometimes n =489 (10.32% (0.69)) n =132 (10.70% (1.16))
Rarely n =138 (3.16% (0.36)) n =52 (5.11% (1.09))
Never n =25 (0.58% (0.16)) n =11 (1.02% (0.36))

Legend: Column percentages may not equal 100% due to rounding. The p-value is based on STATA’s design-based
Rao-Scott F-test and tests for a potential association between shiftwork status and availability of a certain food
group. ?: indicates significant differences in the weighted proportions.
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No significant intergroup differences were found with regard to salty snack availability.
Finally, our results suggested a significantly lower availability of soft drinks at home in
day workers. When we re-examined the aforementioned significant associations using
multivariate logistic regression models (adjusting for age, gender, race/ethnicity, education
level, and annual household income), those associations were no longer significant.

Table 3 compares consumer behavior between both groups. Shift workers consumed
more frozen meals and pizza; however, the differences were not statistically significant.
In addition to that, we did not discover significant intergroup differences with regard to
the number of not-home-prepared meals. Day workers spent significantly more money
(in USD) in supermarkets and grocery stores (USD 446.04 vs. USD 389.93, p = 0.011). The
difference amounted to almost USD 60 per month. A comparable trend was observed with
regard to money spent on eating out (p < 0.001). We re-analyzed both associations using
multivariate linear regression models (Table 4) adjusting for various confounders. After
adjustment for covariates, shiftwork status was no longer significantly associated with
money spent at supermarket/grocery stores. The associations between shiftwork status
and money spent on eating out remained significant after adjustment for confounders. A
significant regression equation was found (F(16,17) = 13.13, p < 0.001), with an R? of 0.0625.
Shift working significantly decreased the money spent on eating out in the last 30 days by
USD —20.12 (CI: —38.11-(—2.13), p = 0.030) after adjusting for covariates including income.
Larger coefficients were found for other socioeconomic variables in the model, including
annual household income and educational level.

Table 3. Consumer behavior in day workers and shift workers: an overview.

Day Workers Shift Workers Value
(n = 4418) (1 = 1065) P
Home cooking/eating habits
# of times someone cooked dinner 4.89 (0.05) 6.92 (2.30) 0.380
at home
# of meals not home prepared 4.39 (0.09) 4.62 (0.17) 0.226
# of ready-to-eat foods in past 30 days 1.92 (0.11) 2.09 (0.16) 0.421
# of frozen meals/pizza in past 30 days 2.74(0.11) 3.21(0.28) 0.099
Food expenditures
Money spent at supermarket/grocery
store (USD) 446.04 (17.15) 389.93 (13.56) 0.011
Money spent on food at other
Ftores (USD) 63.08 (3.24) 61.81 (3.96) 0.747
Money spent on eating out (USD) 186.17 (7.34) 143.55 (7.53) <0.001
Money spent on carryout/delivered
foods (USD) 27.93 (1.73) 26.75 (2.37) 0.590
Frequency of major food shopping
More than once a week n =568 (12.21% (0.96)) n =121 (10.4% (1.35)) @
Once a week n = 2132 (50.80% (1.09)) n = 448 (42.53% (2.08)) @
Once every two weeks n = 1140 (25.54% (0.91)) n =319 (32.40% (1.81)) @ 0.001
Once a month or less n =492 (9.84% (0.62)) n =154 (12.75% (1.02)) <0
Rarely make major shopping trips n =67 (1.38% (0.28)) n =14 (1.39% (0.40))
Rarely shop for foods n =19 (0.32% (0.09)) n=9(0.51% (0.16))

Legend: Column percentages may not equal 100% due to rounding. The p-value for categorical variables is based
on STATA’s design-based Rao—Scott F-test and tests for a potential association between shiftwork status and
frequency of major food shopping. : indicates significant differences in the weighted proportions.

In addition to that, we observed no differences regarding “money spent on food at
other stores” and regarding “money spent on carryout/delivered foods” (Table 3).

Shiftwork was associated with a lower shopping frequency in general. The (weighted)
proportion of individuals shopping at least once a week was significantly lower in shift
workers as opposed to day workers. In a multivariate logistic regression model adjusting
for all covariates (not shown), this association was no longer significant.

Figure 2 display the results of our food security analysis. A statistically significantly
higher percentage of shift workers agreed with the statement that their food did not last
(“often true” 5.22% vs. 2.56%, p < 0.001). The number of shift workers that reported receipt
of food stamps was almost twice as high as in day workers (23.4% vs. 12.5%, p < 0.001),
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and shiftwork status was significantly associated with food stamp receipt (p < 0.001). Our
results also suggest that a significantly higher proportion of shift workers worried about
running out of food (Figure 2, p < 0.001). Moreover, affordability of balanced meals was
significantly more problematic in shift workers as compared to day workers (p < 0.001).

We used multivariate logistic regression to re-examine all previously significant as-
sociations, adjusting for covariates (Table 5). The OR for receipt of food stamps was 1.44
(CI: 1.14-1.83) in shift workers (p = 0.004). For the other three food security items, we used
the “often true” statement as the outcome variable (as compared to the combination of the
other two categories, which served as the reference category). The OR for often “worrying
run out of food” was 1.38 (CI: 1.02-1.87) in shift workers (p = 0.032) after adjusting for
covariates. The OR that “food didn’t last” was 1.35 (CI: 1.01-1.81) in shift workers (p = 0.046)
after adjusting for covariates. The association between shift work and a lower affordability
of balanced meals was no longer significant in the employed logistic regression model (OR
1.45 (CI: 0.91-2.29), p = 0.108). OR for the other covariates are displayed in Table 5.

Table 4. Linear regression models investigating associations of shiftwork status and (1) money spent
in supermarkets/grocery stores and (2) on eating out in the past 30 days.

Money Spent at Grocery

Stores/Supermarkets P Money Spent on Eating Out P
Gender
Female —29.69 (—74.64-15.26) 0.188 —21.95 (—34.13-(—9.77)) 0.001
Male - -
Age
18-24 years - -
25-34 years 51.81 (—67.47-171.10) 0.383 —21.27 (—53.61-11.06) 0.190
35-44 years 44.05 (—3.85-91.97) 0.070 3.83 (—33.42-41.10) 0.835
45-54 years 46.26 (6.87-85.60) 0.023 —20.10 (—49.88-9.67) 0.179
55-64 years —17.23 (—69.55-35.07) 0.507 —30.96 (—64.62-2.68) 0.070
>65 years —61.43 (—120.76~(—2.11)) 0.043 —40.26 (—88.46-7.94) 0.099
Ethnicity
Mexican American —21.53 (—126.57-83.50) 0.679 —12.86 (—32.18-6.46) 0.185
Other Hispanic —2.12 (—85.92-81.66) 0.959 —18.50 (—41.47-4.47) 0.111
Non-Hispanic White - -
Non-Hispanic Black —140.25 (—207.04—(—73.45) <0.001 —60.38 (—72.80—(—47.96)) <0.001
Other race —60.16 (—124.11-3.77) 0.064 —6.86 (—72.47-58.83) 0.834
Education level
Less than 9th grade 85.77 (3.66-167.88) 0.041 —101.45 (—139.91-(—62.99)) <0.001
9-11th grade 117.03 (—138.22-372.29) 0.357 —93.06 (—120.57—(—65.54)) <0.001
High school grad/GED 1.70 (—34.80-38.21) 0.925 —77.74 (—107.93—(—47.56)) <0.001
Some college or AA degree —14.27 (—50.33-21.79) 0.426 —61.38 (—86.07-(—36.69)) <0.001
College graduate or above - -
Annual household income
Under $20,000 —98.87 (—168.34—(—29.41)) 0.007 —76.59 (—91.22—(—61.95)) <0.001
Over $20,000 - -
Shiftwork status
Day worker - -
Shift worker —40.12 (—85.67-5.42) 0.082 —20.12 (—38.11-(—2.13)) 0.030

Legend: Coefficients are displayed with their 95% confidence intervals and p-value. The symbol “-” indicates the
reference category. p = p-value.
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Food didn't last

Shift workers (n= 1085)

Waorried run out of food

Day workers (n= 4418) Day workers (n= 4418) Shift warkers (n= 1065)
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Often true [ Sometimes true
I Never true

Ever received food stamp benefits? Couldn't afford balanced meals

Day workers (n= 4418)

@6

Yes _ Neo

Shift workers (n= 1085) Day workers (n=4418)

Often true [0 Sometimes true
I Never true

Shift workers (n= 1065)

Figure 2. Food security in shift workers and day workers: a comparison regarding food stamp receipt,
food concerns, affordability, and food sufficiency.

Table 5.
security items.

Logistic regression models investigating associations of shiftwork status and food

Worried to Run Out of

Food Stamps Receipt P Food Food Did Not Last P Food Affordability P
Gender
Female 1.23 (1.06-1.44) 0.008 1.37 (1.10-1.70) 0.005 1.06 (0.84-1.34) 0.599 1.19 (0.86-1.64) 0.262
Male - - - -
Age
18-24 years - - - -
25-34 years 1.22 (0.95-1.55) 0.106 0.93 (0.59-1.45) 0.749 0.77 (0.45-1.30) 0.323 1.04 (0.58-1.87) 0.867
35-44 years 1.27 (0.90-1.79) 0.159 1.09 (0.66-1.79) 0.709 0.87 (0.45-1.68) 0.690 1.02 (0.52-1.99) 0.946
45-54 years 0.75 (0.54-1.04) 0.091 0.62 (0.35-1.10) 0.104 0.78 (0.40-1.51) 0.463 0.76 (0.36-1.58) 0.459
55-64 years 0.72 (0.48-1.09) 0.118 0.40 (0.23-0.71) 0.002 052 (0.25-1.10) 0.087 0.34 (0.16-0.70) 0.005
>65 years 0.40 (0.19-0.83) 0.016 0.15 (0.07-0.34) <0.001  0.28(0.11-0.70) 0.008 0.19 (0.06-0.59) 0.006
Ethnicity
Mexican American 1.91 (1.25-2.92) 0.095 2.81 (1.77-4.43) <0.001  3.92(2.21-6.93) <0.001 1.74 (0.78-3.87) 0.164
Other Hispanic 1.62 (1.03-2.53) 0.034 2.75 (1.74-4.33) <0.001 4.2 (2.24-7.96) <0.001 1.82 (0.81-4.05) 0.137
Non-Hispanic R B R B
White
No“éﬁgcsllzamc 3.41 (2.34-4.96) <0.001  2.60 (1.79-3.80) <0.001 351 (2.19-5.61) <0.001 1.72 (0.97-3.04) 0.061
Other race 1.14 (0.63-2.06) 0.640 1.19 (0.64-2.19) 0.564 1.92 (1.11-3.22) 0.020 1.48 (0.63-3.44) 0.346
Education level
Less than 9th grade 3.80 (2.59-5.57) <0001  7.53(3.50-16.2) <0.001  9.87 (441-22.1) <0.001 10.63 (3.2-35.31) <0.001
9-11th grade 6.39 (4.79-8.53) <0001  5.89(2.73-12.7) <0.001  9.14 (4.18-19.9) <0.001 9.02 (3.15-25.85) <0.001
ggg/sg‘g]gl 450 (3.36-6.02) <0.001 457 (2.16-9.67) <0.001 624 (3.02-12.9) <0.001 6.78 (2.44-18.82) 0.001
50212?;1;5; or 2.83 (1.99-4.01) <0001  3.53(1.64-7.57) 0.002 4.27 (2.10-8.68) <0.001 3.16 (1.14-8.80) 0.028
College graduate

or above
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Table 5. Cont.

Worried to Run Out of

Food Stamps Receipt p Food Food Did Not Last P Food Affordability 14
Annual household
income
Under $20,000 4.74 (3.55-6.33) <0.001 3.73 (2.85-4.87) <0.001 3.87 (2.56-5.86) <0.001 2.96 (1.79-4.87) <0.001
Over $20,000 - - - -
Shiftwork status
Day worker - - - -
Shift worker 1.44 (1.13-1.83) 0.004 1.38 (1.02-1.87) 0.032 1.35(1.01-1.81) 0.046 1.45 (0.91-2.29) 0.108

”

Legend: OR are displayed with their 95% confidence intervals and p-value. The symbol “-” indicates the reference

category. p = p-value.

4. Discussion

We used cross-sectional data from the NHANES (2007-2010) to investigate consumer
behavior and food security status in U.S. shift workers. Our data suggested significant
associations between shiftwork and fruit and soft drink availability at home. Compared to
shift workers, day workers spent significantly more money in supermarkets and grocery
stores. After adjustment for potential confounders, these associations were no longer sig-
nificant. Shiftwork was associated with substantial food security issues. These associations
remained significant after adjustment for confounders. Of note, we found no significant
intergroup differences with regard to the number of not-home-prepared meals.

Our results warrant a thorough discussion in the context of previous studies. Shift
working has been associated with abnormal eating patterns [53], consumption of foods at
more unconventional times [14], and a higher frequency of food cravings [54]. As such,
it is not inconceivable that shiftwork increases frequency of eating meals prepared away
from home.

Using data from the NHANES, Du and colleagues recently reported a significantly
higher hazard ratio of mortality among individuals who ate meals prepared away from
home very frequently (two meals or more per day), compared with those who seldom ate
meals prepared away from home (fewer than one meal/wk) [21]. Hazard ratios were 1.49
(95% CI 1.05 to 2.13) for all-cause mortality, 1.18 (95% CI 0.55 to 2.55) for cardiovascular
mortality, and 1.67 (95% CI 0.87 to 3.21) for cancer mortality. Our results suggest that
the number of not-home-prepared meals is not higher in shift workers as compared to
day workers. Our results revealed that shift workers spent significantly less money on
eating out (USD 143.55 (7.53) vs. USD 186.17 (7.34)) than day workers, and this association
remained significant after adjustment for confounders. One potential explanation for the
non-significant intergroup differences in not-home-prepared meals might be that eating
food out (at a restaurant or diner) or ordering food for takeout is very popular in the
U.S. [55], and that the vast majority of Americans do not like to cook [56]. Based on a
2017 survey, only 10% of Americans like cooking [56], and as such it might be difficult to
detect significant intergroup differences in our setting. While our findings might be seen as
positive with regard to the results by Du and colleagues [21], we are less optimistic with
regard to our food group availability analyses and food security analyses.

In 2015, Hemib et al. reported that European male shift workers were less likely to
consume vegetables (p < 0.001) and fruits (p = 0.049) on a daily basis than male day work-
ers [57]. Our food group availability analysis revealed comparable findings, suggesting
that U.S. shift workers have significantly less fresh fruit available at home (Table 2). In
contrast, availability of soft drinks was significantly higher in this cohort; a result that
confirms previous findings by Hornzee et al. [15]. We acknowledge that causal interference
is impossible using cross-sectional data, and that after adjustment for confounders, those
associations remained no longer significant. Lower wages and lower educational attain-
ment associated with shift work may substantially influence dietary behavior and food
choices in this cohort [10,50].

Earlier studies demonstrated that shift work has a considerable negative impact on
diet quality [58]. Previous studies showed a substantial reduction in fiber intake in shift
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workers [59], as well as decreased intake in several micronutrients, such as vitamins
A, D, and E, and zinc [60]. A regular intake of fresh, unprocessed plant foods (fruits,
vegetables, legumes, nuts, and seeds) is essential to human health [61]. Our results,
however, suggested a significantly lower shopping frequency in shift workers (that was no
longer significant after adjustment for confounders). Only about 50% of the shift-working
population went shopping on a weekly basis (whether due to low income or lack of time
was not ascertainable from our cross-sectional data). This makes it difficult to guarantee a
steady supply of fresh fruits and vegetables. It is conceivable that individuals shopping
less frequently tend to rely on nonperishable and highly processed food options that tend
to be high in saturated fat, sugar, and salt [62]. The fact that many shift workers reported
food security problems (Figure 2) reinforces the hypothesis of limited access to fresh foods
in this cohort.

Food security is a major problem in the United States and up to 10.5% of U.S. house-
holds suffered from it in 2020 [63]. Inequities in food security are a persistent point of
concern in cities across the United States [64] and have a clear implication for population
health disparities [65]. Consequences of food insecurity include (but are not limited to)
mental health problems [66], physical health problems [67], and higher rates of chronic
diseases [68]. Our results suggest that food insecurity appears to be significantly more
prevalent among shift workers as compared to day workers (Figure 2). Shift work, for
instance, significantly increased the OR for receipt of food stamps (OR: 1.44 (CI: 1.13-1.83)
in shift workers.

A large proportion of shift workers indicated that their food did not last. One factor
that may contribute to this phenomenon is the lower annual household income in that
particular group (Table 2). Of note, the OR that “food did not last” remained significantly
higher in shift workers even after adjustments for covariates.

Unrelated to our study data, low income has been identified as the factor that most
negatively affected food security during the ongoing COVID-19 pandemic [69]. As a
consequence, food security remains a current topic in the United States, and the COVID-19
pandemic (and its imposed social isolation) exacerbated persistent sociopolitical barriers to
food security [64].

Unrelated to the COVID-19 pandemic, our data suggest that food security appears to
be a problem in shift workers. As such, it is our hope to raise awareness for this issue with
our study.

Future studies may address this and should investigate how food security can be
improved under pandemic conditions. As such, well-planned intervention studies are
urgently warranted.

Limitations

This study has several strengths and limitations that warrant further discussion.
Major strengths include the large and nationally representative dataset (National Health
and Nutrition Examination Survey) as well as the largely unexplored study field (food
security and consumer behavior in U.S. shift workers). Our modest sample size allowed for
additional insights into shift worker’s consumer behavior and revealed new information
that could serve as a basis for future studies. An additional strength of our approach
is the representation of minorities in proportion to their representation in the general
U.S. population [35].

Weaknesses include the cross-sectional nature of our data (which does not allow for
causal inferences) and the use of self-report questions for shiftwork ascertainment. Unlike
initially planned, we had to refrain from including the NHANES “consumer behavior phone
follow-up module” in our study. Adding this subset of parameters would have substantially
decreased the number of eligible cases with a complete dataset. After adjustment for
potential confounders (which included age, gender, ethnicity, education level, and income),
several associations were no longer significant. As such, it must be emphasized that it is
difficult to disentangle the complex interactions between shiftwork, income, education,



Int. |. Environ. Res. Public Health 2022, 19, 2847 12 of 14

and nutrition using cross-sectional data. We also acknowledge that our data dates back
to 2007-2010. Unfortunately, newer NHANES cycles did not include the key occupation
variables employed in this study, and as such, we were unable to present more current data.
Given that the current (2020) food insecurity prevalence is the United States is comparable
to that in 2008-2010 [63], we believe that our data is still worth reporting. Aside from that,
few studies have looked at food security in shift workers, which seem to be at a particular
risk according to our results.

5. Conclusions

Shift workers are more likely to be affected by food insecurity as compared to their day-
working counterparts. Those associations remained significant after adjusting for various
confounders, including income and education level. In light of the population health
disparities and the numerous adverse health outcomes associated with food insecurity, the
authors call for novel strategies to improve the overall situation of shift workers.

Author Contributions: Conceptualization, M.A.S., G.R. and M.L.; methodology, M.A.S.; validation,
M.A.S; formal analysis, M.A.S.; investigation, M.A.S.; resources, M.A.S., G.R. and M.L.; data curation,
M.A.S.; writing—original draft preparation, M.A.S.; writing—review and editing, M.A.S., G.R. and
M.L.; visualization, M.A.S., G.R. and M.L.; project administration, M.A.S. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding. The article processing charge was partly funded
by the Baden-Wuerttemberg Ministry of Science, Research and Art and the University of Freiburg in
the funding program Open Access Publishing.

Institutional Review Board Statement: The present study is negligible-risk research that involves
existing collections of data that contain only non-identifiable data about human beings. It is a
de-identified secondary analysis of freely available data. Research was performed in accordance
with the Declaration of Helsinki and approved by the NCHS Research Ethics Review Board (https:
/ /www.cdc.gov/nchs/nhanes/irba98.htm; accessed on 3 January 2022). NHANES was approved
by the National Centre for Health Statistics research ethics review board and informed consent was
obtained for all participants.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data are publicly available online (https://wwwn.cdc.gov/nchs/
nhanes/Default.aspx; accessed on 3 January 2022). The datasets used and analyzed during the
current study are available from the corresponding author on reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

S

Nea, EM.; Pourshahidi, L.K.; Kearney, ].M.; Livingstone, M.B.E.; Bassul, C.; Corish, C.A. A Qualitative Exploration of the Shift
Work Experience: The Perceived Effect on Eating Habits, Lifestyle Behaviours and Psychosocial Wellbeing. |. Public Health 2018,
40, 482—492. [CrossRef]

Bae, M.-].; Song, Y.-M.; Shin, J.-Y.; Choi, B.-Y.; Keum, J.-H.; Lee, E.-A. The Association Between Shift Work and Health Behavior:
Findings from the Korean National Health and Nutrition Examination Survey. Korean J. Fam. Med. 2017, 38, 86-92. [CrossRef]
Eurofound. Fifth European Working Conditions Survey; Publications Office of the European Union: Luxembourg, 2012.

Rosa, R.R.; Colligan, M.]. Plain Language about Shiftwork. 1997. Available online: https://www.cdc.gov/niosh/docs/97-145
/default.html (accessed on 1 February 2022).

Shift Work Disorder: When and How to Shift Workers” Gears. Available online: https:/ /www.clinicaladvisor.com/home/topics/
sleep-information-center /shift-work-disorder-when-how-shift-workers-gears/ (accessed on 1 February 2022).

Blue Water Credit. The Night Shift: An Increasing Number of Americans Work “Graveyards” or Alternative Hours. 2016.
Available online: https:/ /bluewatercredit.com/night-shift-increasing-number-americans-work-graveyards-alternative-hours/
(accessed on 3 January 2022).

Lee, D.-W,; Jang, T.-W.; Kim, H.-R.; Kang, M.-Y. The Relationship between Working Hours and Lifestyle Behaviors: Evidence
from a Population-Based Panel Study in Korea. J. Occup. Health 2021, 63, €12280. [CrossRef]

Lee, J.; Cho, S.-S.; Kim, J.; Kang, M.-Y;; Ju, S.; Kim, B.G.; Hong, Y.S. Association between Sleep Disturbance and Occupational
Injury among Korean Employees. Ann. Occup. Environ. Med. 2021, 33, €29. [CrossRef]


https://www.cdc.gov/nchs/nhanes/irba98.htm
https://www.cdc.gov/nchs/nhanes/irba98.htm
https://wwwn.cdc.gov/nchs/nhanes/Default.aspx
https://wwwn.cdc.gov/nchs/nhanes/Default.aspx
http://doi.org/10.1093/pubmed/fdy047
http://doi.org/10.4082/kjfm.2017.38.2.86
https://www.cdc.gov/niosh/docs/97-145/default.html
https://www.cdc.gov/niosh/docs/97-145/default.html
https://www.clinicaladvisor.com/home/topics/sleep-information-center/shift-work-disorder-when-how-shift-workers-gears/
https://www.clinicaladvisor.com/home/topics/sleep-information-center/shift-work-disorder-when-how-shift-workers-gears/
https://bluewatercredit.com/night-shift-increasing-number-americans-work-graveyards-alternative-hours/
http://doi.org/10.1002/1348-9585.12280
http://doi.org/10.35371/aoem.2021.33.e29

Int. |. Environ. Res. Public Health 2022, 19, 2847 13 of 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Violanti, ].M.; Burchfiel, C.M.; Hartley, T.A.; Mnatsakanova, A.; Fekedulegn, D.; Andrew, M.E.; Charles, L.E.; Vila, B.J. Atypical
Work Hours and Metabolic Syndrome Among Police Officers. Arch. Environ. Occup. Health 2009, 64, 194-201. [CrossRef]

Cho, S.-S.; Lee, D.-W.; Kang, M.-Y. The Association between Shift Work and Health-Related Productivity Loss Due to Either
Sickness Absence or Reduced Performance at Work: A Cross-Sectional Study of Korea. Int. J. Environ. Res. Public Health 2020,
17, 8493. [CrossRef]

Lee, W.; Lee, ].; Kim, H.-R.; Lee, YM,; Lee, D.-W.; Kang, M.-Y. The Combined Effect of Long Working Hours and Individual Risk
Factors on Cardiovascular Disease: An Interaction Analysis. J. Occup. Health 2021, 63, €12204. [CrossRef]

Rivera, A.S.; Akanbi, M.; O'Dwyer, L.C.; McHugh, M. Shift Work and Long Work Hours and Their Association with Chronic
Health Conditions: A Systematic Review of Systematic Reviews with Meta-Analyses. PLoS ONE 2020, 15, e0231037. [CrossRef]
Farias, R.; Sepulveda, A.; Chamorro, R. Impact of Shift Work on the Eating Pattern, Physical Activity and Daytime Sleepiness
Among Chilean Healthcare Workers. Saf. Health Work. 2020, 11, 367-371. [CrossRef]

Souza, R.V,; Sarmento, R.A.; de Almeida, ].C.; Canuto, R. The Effect of Shift Work on Eating Habits: A Systematic Review. Scand.
J. Work Environ. Health 2019, 45, 7-21. [CrossRef]

Hornzee, N.; O’Connor, C.; Byrne, N.; Whelan, M.; Gibson, R. A Cross-Sectional Study Examining the Associations between
Shift Work and Diet Quality. Available online: https://www.cambridge.org/core/journals/proceedings-of-the-nutrition-
society/article/crosssectional-study-examining-the-associations-between-shift-work-and-diet-quality /960827F56829813C6
CE7628DA4A7A16B (accessed on 1 February 2022).

Beebe, D.; Chang, ].J.; Kress, K.; Mattfeldt-Beman, M. Diet Quality and Sleep Quality among Day and Night Shift Nurses. |. Nurs.
Manag. 2017, 25, 549-557. [CrossRef] [PubMed]

Zhao, I; Turner, C. The Impact of Shift Work on People’s Daily Health Habits and Adverse Health Outcomes. Aust. J. Adv. Nurs.
2008, 25, 8-22. [CrossRef]

Golper, S.; Nagao-Sato, S.; Overcash, E; Reicks, M. Frequency of Meals Prepared Away from Home and Nutrient Intakes among
US Adolescents (NHANES 2011-2018). Nutrients 2021, 13, 4019. [CrossRef] [PubMed]

Harrington, ].M. Health Effects of Shift Work and Extended Hours of Work. Occup. Environ. Med. 2001, 58, 68-72. [CrossRef]
Oxford Advanced Learner’s Dictionary. Food-Security Noun—Definition, Pictures, Pronunciation and Usage Notes. Available
online: https://www.oxfordlearnersdictionaries.com/definition/english/food-security (accessed on 3 January 2022).

Du, Y,; Rong, S.; Sun, Y.; Liu, B.; Wu, Y.; Snetselaar, L.G.; Wallace, R.B.; Bao, W. Association Between Frequency of Eating
Away-From-Home Meals and Risk of All-Cause and Cause-Specific Mortality. J. Acad. Nutr. Diet. 2021, 121, 1741-1749.el.
[CrossRef]

NHANES—About the National Health and Nutrition Examination Survey. Available online: https://www.cdc.gov/nchs/
nhanes/about_nhanes.htm (accessed on 31 December 2021).

Balakrishnan, M.; El-Serag, H.B.; Kanwal, F,; Thrift, A.P. Shiftwork Is Not Associated with Increased Risk of NAFLD: Findings
from the National Health and Nutrition Examination Survey. Dig. Dis. Sci. 2017, 62, 526-533. [CrossRef]

Leroux, A.; Di, J.; Smirnova, E.; Mcguffey, EJ.; Cao, Q.; Bayatmokhtari, E.; Tabacu, L.; Zipunnikov, V.; Urbanek, J.K;
Crainiceanu, C. Organizing and Analyzing the Activity Data in NHANES. Stat. Biosci. 2019, 11, 262-287. [CrossRef]

Agarwal, S.; Fulgoni, V., III; Caldwell, J.; Lieberman, H.R. Caffeine Intake and Demographic Characteristics of Shift Workers: A
Cross-Sectional Analysis Using NHANES 20052010 Data (P14-001-19). Curr. Dev. Nutr. 2019, 3, nzz052.P14-001-19. [CrossRef]
Cash, R.E; Crowe, R.P,; Goldberg, S.A.; Patrick, C.; Wells-Whitworth, L.M.; Barger, L.K.; Camargo, C.A. Association between
Sleep Characteristics, Ideal Cardiovascular Health, and Systemic Inflammation, NHANES 2017-2018. J. Sleep Res. 2021, e13497.
[CrossRef]

Loprinzi, P.D. The Effects of Shift Work on Free-Living Physical Activity and Sedentary Behavior. Prev. Med. 2015, 76, 43-47.
[CrossRef]

Eggerichs, ].J. The Association of Types of Shift Work and Food Security Status among Overweight and Obese U.S. Adults Aged 20-79,
NHANES 2005-2010; The Ohio State University: Columbus, OH, USA, 2015.

NHANES Questionnaires, Datasets, and Related Documentation. Available online: https://wwwn.cdc.gov/nchs/nhanes/
continuousnhanes/default.aspx?BeginYear=2007 (accessed on 31 December 2021).

NHANES Questionnaires, Datasets, and Related Documentation. Available online: https://wwwn.cdc.gov/nchs/nhanes/
continuousnhanes/default.aspx?BeginYear=2009 (accessed on 31 December 2021).

Storz, M.A.; Miiller, A.; Lombardo, M. Diet and Consumer Behavior in U.S. Vegetarians: A National Health and Nutrition
Examination Survey (NHANES) Data Report. Int. . Environ. Res. Public Health 2022, 19, 67. [CrossRef] [PubMed]
NHANES—NCHS Research Ethics Review Board Approval. Available online: https://www.cdc.gov/nchs/nhanes/irba98 htm
(accessed on 31 December 2021).

OCQ_E. Available online: https:/ /wwwn.cdc.gov/Nchs/Nhanes/2007-2008 /OCQ_E.htm#OCQ265 (accessed on 31 December 2021).
OCQ_F. Available online: https://wwwn.cdc.gov/Nchs/Nhanes/2009-2010/OCQ_Fhtm#OCQ265 (accessed on 31 December 2021).
Wirth, M.D.; Burch, J.; Shivappa, N.; Steck, S.E.; Hurley, T.G.; Vena, J.E.; Hébert, ].R. Dietary Inflammatory Index Scores Differ by
Shift Work Status: NHANES 2005 to 2010. J. Occup. Environ. Med. 2014, 56, 145-148. [CrossRef] [PubMed]

Yu, X,; Hao, L.; Crainiceanu, C.; Leroux, A. Occupational Determinants of Physical Activity at Work: Evidence from Wearable
Accelerometer in 2005-2006 NHANES. SSM Popul. Health 2022, 17, 100989. [CrossRef] [PubMed]

CBQ_E. Available online: https:/ /wwwn.cdc.gov/Nchs/Nhanes/2007-2008 /CBQ_E.htm (accessed on 31 December 2021).


http://doi.org/10.1080/19338240903241259
http://doi.org/10.3390/ijerph17228493
http://doi.org/10.1002/1348-9585.12204
http://doi.org/10.1371/journal.pone.0231037
http://doi.org/10.1016/j.shaw.2020.07.002
http://doi.org/10.5271/sjweh.3759
https://www.cambridge.org/core/journals/proceedings-of-the-nutrition-society/article/crosssectional-study-examining-the-associations-between-shift-work-and-diet-quality/960827F56829813C6CE7628DA4A7A16B
https://www.cambridge.org/core/journals/proceedings-of-the-nutrition-society/article/crosssectional-study-examining-the-associations-between-shift-work-and-diet-quality/960827F56829813C6CE7628DA4A7A16B
https://www.cambridge.org/core/journals/proceedings-of-the-nutrition-society/article/crosssectional-study-examining-the-associations-between-shift-work-and-diet-quality/960827F56829813C6CE7628DA4A7A16B
http://doi.org/10.1111/jonm.12492
http://www.ncbi.nlm.nih.gov/pubmed/28695685
http://doi.org/10.3316/ielapa.252824508025547
http://doi.org/10.3390/nu13114019
http://www.ncbi.nlm.nih.gov/pubmed/34836274
http://doi.org/10.1136/oem.58.1.68
https://www.oxfordlearnersdictionaries.com/definition/english/food-security
http://doi.org/10.1016/j.jand.2021.01.012
https://www.cdc.gov/nchs/nhanes/about_nhanes.htm
https://www.cdc.gov/nchs/nhanes/about_nhanes.htm
http://doi.org/10.1007/s10620-016-4401-1
http://doi.org/10.1007/s12561-018-09229-9
http://doi.org/10.1093/cdn/nzz052.P14-001-19
http://doi.org/10.1111/jsr.13497
http://doi.org/10.1016/j.ypmed.2015.03.025
https://wwwn.cdc.gov/nchs/nhanes/continuousnhanes/default.aspx?BeginYear=2007
https://wwwn.cdc.gov/nchs/nhanes/continuousnhanes/default.aspx?BeginYear=2007
https://wwwn.cdc.gov/nchs/nhanes/continuousnhanes/default.aspx?BeginYear=2009
https://wwwn.cdc.gov/nchs/nhanes/continuousnhanes/default.aspx?BeginYear=2009
http://doi.org/10.3390/ijerph19010067
http://www.ncbi.nlm.nih.gov/pubmed/35010327
https://www.cdc.gov/nchs/nhanes/irba98.htm
https://wwwn.cdc.gov/Nchs/Nhanes/2007-2008/OCQ_E.htm#OCQ265
https://wwwn.cdc.gov/Nchs/Nhanes/2009-2010/OCQ_F.htm#OCQ265
http://doi.org/10.1097/JOM.0000000000000088
http://www.ncbi.nlm.nih.gov/pubmed/24451608
http://doi.org/10.1016/j.ssmph.2021.100989
http://www.ncbi.nlm.nih.gov/pubmed/34977325
https://wwwn.cdc.gov/Nchs/Nhanes/2007-2008/CBQ_E.htm

Int. |. Environ. Res. Public Health 2022, 19, 2847 14 of 14

38.
39.
40.
41.
42.
43.
44.
45.
46.

47.

48.

49.

50.
51.

52.

53.

54.

55.

56.

57.

58.

59.

60.
61.

62.

63.

64.
65.

66.

67.

68.

69.

Nagarajan, S.; Khokhar, A.; Holmes, D.S.; Chandwani, S. Family Consumer Behaviors, Adolescent Prediabetes and Diabetes in
the National Health and Nutrition Examination Survey (2007-2010). J. Am. Coll. Nutr. 2017, 36, 520-527. [CrossRef] [PubMed]
NHANES 2007-2008: Consumer Behavior Phone Follow-Up Module—Adult Data Documentation, Codebook, and Frequencies.
Available online: https://wwwn.cdc.gov/nchs/nhanes/2007-2008/cbqpfa_e.htm (accessed on 1 February 2022).

DBQ_E. Available online: https://wwwn.cdc.gov/Nchs/Nhanes/2007-2008 /DBQ_E.htm#DBD895 (accessed on 31 December 2021).
FSQ_E. Available online: https:/ /wwwn.cdc.gov/Nchs/Nhanes/2007-2008 /FSQ_E.htm#FSD032C (accessed on 1 February 2022).
FSQ_F. Available online: https:/ /wwwn.cdc.gov/nchs/nhanes/2009-2010/FSQ_FEhtm (accessed on 1 February 2022).
DEMO_E. Available online: https://wwwn.cdc.gov/Nchs/Nhanes/2007-2008/DEMO_E.htm (accessed on 31 December 2021).
Muennig, P.; Sohler, N.; Mahato, B. Socioeconomic Status as an Independent Predictor of Physiological Biomarkers of Cardiovas-
cular Disease: Evidence from NHANES. Prev. Med. 2007, 45, 35-40. [CrossRef]

Hassoon, A.; Bydon, M.; Kerezoudis, P.; Maloney, P.R.; Rinaldo, L.; Yeh, H.-C. Chronic Low-Back Pain in Adult with Diabetes:
NHANES 2009-2010. ]. Diabetes Its Complicat. 2017, 31, 38—42. [CrossRef]

NHANES 2007-2008: Body Measures Data Documentation, Codebook, and Frequencies. Available online: https://wwwn.cdc.
gov/Nchs/Nhanes/2007-2008 /BMX_E.htm (accessed on 31 December 2021).

O’'Neil, A.; Berk, M.; Venugopal, K.; Kim, S.-W.; Williams, L.J.; Jacka, EN. The Association between Poor Dental Health and
Depression: Findings from a Large-Scale, Population-Based Study (the NHANES Study). Gen. Hosp. Psychiatry 2014, 36, 266-270.
[CrossRef]

NHANES 2009-2010: Sleep Disorders Data Documentation, Codebook, and Frequencies. Available online: https://wwwn.cdc.
gov/Nchs/Nhanes/2009-2010/SLQ_F.htm (accessed on 31 December 2021).

Mirel, L.B.; Mohadjer, L.K.; Dohrmann, S.M.; Clark, J.; Burt, V.L.; Johnson, C.L.; Curtin, L.R. National Health and Nutrition
Examination Survey: Estimation Procedures, 2007-2010. Vital Health Stat. 2013, 2, 1-17.

Kostiuk, P.F. Compensating Differentials for Shift Work. J. Political Econ. 1990, 98, 1054-1075. [CrossRef]

Van Amelsvoort, L.G.PM.; Schouten, E.G.; Kok, FJ. Impact of One Year of Shift Work on Cardiovascular Disease Risk Factors. J.
Occup. Environ. Med. 2004, 46, 699-706. [CrossRef]

West, B.T.; Berglund, P; Heeringa, S.G. A Closer Examination of Subpopulation Analysis of Complex-Sample Survey Data. Stata .
2008, 8, 520-531. [CrossRef]

Samhat, Z.; Attieh, R.; Sacre, Y. Relationship between Night Shift Work, Eating Habits and BMI among Nurses in Lebanon. BMC
Nurs. 2020, 19, 25. [CrossRef]

Vidafar, P.; Cain, S.W.; Shechter, A. Relationship between Sleep and Hedonic Appetite in Shift Workers. Nutrients 2020, 12, 2835.
[CrossRef]

U.S. Foodservice and Drinking Place Sales. 2020. Available online: https://www.statista.com/statistics /239410 /us-food-service-
and-drinking-place-sales/ (accessed on 2 February 2022).

Yoon, E.; Harvard Business Review. 22 September 2017. Available online: https://hbr.org/2017/09/the-grocery-industry-
confronts-a-new-problem-only-10-of-americans-love-cooking (accessed on 2 February 2022).

Hemio, K.; Puttonen, S.; Viitasalo, K.; Harmd, M.; Peltonen, M.; Lindstrém, J. Food and Nutrient Intake among Workers with
Different Shift Systems. Occup. Environ. Med. 2015, 72, 513-520. [CrossRef] [PubMed]

Nea, EM.; Kearney, J.; Livingstone, M.B.E.; Pourshahidi, L.K.; Corish, C.A. Dietary and Lifestyle Habits and the Associated
Health Risks in Shift Workers. Nutr. Res. Rev. 2015, 28, 143-166. [CrossRef] [PubMed]

Knutson, A.; Andersson, H.; Berglund, U. Serum Lipoproteins in Day and Shift Workers: A Prospective Study. Br. |. Ind. Med.
1990, 47, 132-134. [CrossRef] [PubMed]

Linseisen, J.; Wolfram, G. Nahrstoffzufuhr bei Dauernachtschicht-Arbeitern. Z. Ernihrungswiss 1994, 33, 299-309. [CrossRef]
Storz, M. A. Lifestyle Adjustments in Long-COVID Management: Potential Benefits of Plant-Based Diets. Curr. Nutr. Rep. 2021,
10, 352-363. [CrossRef]

Storz, M.A. The COVID-19 Pandemic: An Unprecedented Tragedy in the Battle against Childhood Obesity. Clin. Exp. Pediatr.
2020, 63, 477-482. [CrossRef]

USDA ERS—Food Security and Nutrition Assistance. Available online: https://www.ers.usda.gov/data-products/ag-and-food-
statistics-charting-the-essentials /food-security-and-nutrition-assistance/ (accessed on 3 January 2022).

O’Hara, S.; Toussaint, E.C. Food Access in Crisis: Food Security and COVID-19. Ecol. Econ. 2021, 180, 106859. [CrossRef]
Seligman, H.K.; Berkowitz, S.A. Aligning Programs and Policies to Support Food Security and Public Health Goals in the United
States. Annu. Rev. Public Health 2019, 40, 319-337. [CrossRef] [PubMed]

Heflin, C.M,; Siefert, K.; Williams, D.R. Food Insufficiency and Women’s Mental Health: Findings from a 3-Year Panel of Welfare
Recipients. Soc. Sci. Med. 2005, 61, 1971-1982. [CrossRef] [PubMed]

Tarasuk, V.S. Household Food Insecurity with Hunger Is Associated with Women’s Food Intakes, Health and Household
Circumstances. J. Nutr. 2001, 131, 2670-2676. [CrossRef] [PubMed]

Seligman, H.K,; Laraia, B.A.; Kushel, M.B. Food Insecurity Is Associated with Chronic Disease among Low-Income NHANES
Participants. . Nutr. 2010, 140, 304-310. [CrossRef]

Elids, B.A.; Jambor, A. Food Security and COVID-19: A Systematic Review of the First-Year Experience. Sustainability
2021, 13, 5294. [CrossRef]


http://doi.org/10.1080/07315724.2017.1327828
http://www.ncbi.nlm.nih.gov/pubmed/28853988
https://wwwn.cdc.gov/nchs/nhanes/2007-2008/cbqpfa_e.htm
https://wwwn.cdc.gov/Nchs/Nhanes/2007-2008/DBQ_E.htm#DBD895
https://wwwn.cdc.gov/Nchs/Nhanes/2007-2008/FSQ_E.htm#FSD032C
https://wwwn.cdc.gov/nchs/nhanes/2009-2010/FSQ_F.htm
https://wwwn.cdc.gov/Nchs/Nhanes/2007-2008/DEMO_E.htm
http://doi.org/10.1016/j.ypmed.2007.04.005
http://doi.org/10.1016/j.jdiacomp.2016.10.025
https://wwwn.cdc.gov/Nchs/Nhanes/2007-2008/BMX_E.htm
https://wwwn.cdc.gov/Nchs/Nhanes/2007-2008/BMX_E.htm
http://doi.org/10.1016/j.genhosppsych.2014.01.009
https://wwwn.cdc.gov/Nchs/Nhanes/2009-2010/SLQ_F.htm
https://wwwn.cdc.gov/Nchs/Nhanes/2009-2010/SLQ_F.htm
http://doi.org/10.1086/261719
http://doi.org/10.1097/01.jom.0000131794.83723.45
http://doi.org/10.1177/1536867X0800800404
http://doi.org/10.1186/s12912-020-00412-2
http://doi.org/10.3390/nu12092835
https://www.statista.com/statistics/239410/us-food-service-and-drinking-place-sales/
https://www.statista.com/statistics/239410/us-food-service-and-drinking-place-sales/
https://hbr.org/2017/09/the-grocery-industry-confronts-a-new-problem-only-10-of-americans-love-cooking
https://hbr.org/2017/09/the-grocery-industry-confronts-a-new-problem-only-10-of-americans-love-cooking
http://doi.org/10.1136/oemed-2014-102624
http://www.ncbi.nlm.nih.gov/pubmed/25896332
http://doi.org/10.1017/S095442241500013X
http://www.ncbi.nlm.nih.gov/pubmed/26650243
http://doi.org/10.1136/oem.47.2.132
http://www.ncbi.nlm.nih.gov/pubmed/2310717
http://doi.org/10.1007/BF01614435
http://doi.org/10.1007/s13668-021-00369-x
http://doi.org/10.3345/cep.2020.01081
https://www.ers.usda.gov/data-products/ag-and-food-statistics-charting-the-essentials/food-security-and-nutrition-assistance/
https://www.ers.usda.gov/data-products/ag-and-food-statistics-charting-the-essentials/food-security-and-nutrition-assistance/
http://doi.org/10.1016/j.ecolecon.2020.106859
http://doi.org/10.1146/annurev-publhealth-040218-044132
http://www.ncbi.nlm.nih.gov/pubmed/30444684
http://doi.org/10.1016/j.socscimed.2005.04.014
http://www.ncbi.nlm.nih.gov/pubmed/15927331
http://doi.org/10.1093/jn/131.10.2670
http://www.ncbi.nlm.nih.gov/pubmed/11584089
http://doi.org/10.3945/jn.109.112573
http://doi.org/10.3390/su13095294

	Introduction 
	Materials and Methods 
	Study Design 
	Study Population, Outcome, and Exposure 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

