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Abstract

The aims of this study were to 1) compare the inflammatory potential of night- and day-shift
nurses’ diets in regard to time-of-day and work status, and 2) explore how the timing of food
intake during work and off-work is associated with cardiometabolic syndrome (CMS) risk factors
between these two groups. Female nurses (N = 17; 8 day-shift and 9 night-shift) reported food
intake over 9 days. On a middle day off of work, metabolic parameters were measured after an
overnight fast. Energy/macronutrient intake and inflammatory potential of dietary intake (as
assessed via the Dietary Inflammatory Index™) were calculated for nurses’ workdays, work
nights, off-work days, and off-work nights. Work-night total food intake (grams) accounted for a
significant amount of variance in CMS risk factors for night-shift nurses only. Increased total gram
consumption during night-shift nurses’ work nights was associated with increased lipid levels —
independent of the macronutrient composition of the food consumed. Alternatively, for night-shift
nurses, work-day intake of several food parameters accounted for a significant proportion of
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variance in HDL cholesterol levels, with higher intake associated with higher HDL levels. For both
day- and night-shift nurses, food intake during the day was more pro-inflammatory regardless of
shift-type or work status. Our novel approach of combining time-of-day-specific and work-day-
specific analyses of dietary inflammatory factors and macronutrient composition with
measurement of CMS risk factors suggests a link between meal timing and cardiometabolic health
for shift-working nurses.
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Introduction

Shift workers exhibit a greater risk for several cardiovascular and metabolic diseases
including heart disease, obesity, hypertension, and type Il diabetes (Boivin et al., 2007; Chen
etal., 2010; Knutsson et al., 1986; Kroenke et al., 2007). Furthermore, recent studies have
revealed a strong association between shift work and development of cardiometabolic
syndrome (CMS), a condition characterized by co-occurrence of several cardiometabolic
disease risk factors (e.g., glucose intolerance, dyslipidemia, abnormal blood pressure, and
visceral obesity) (De Bacquer et al., 2009; Pietroiusti et al., 2010; Ye et al., 2013).
Characteristics of shift workers’ dietary habits and nutritional status represent one potential
factor contributing to the increased prevalence and incidence of CMS among this population
(Boggild & Knutsson, 1999; Lowden et al., 2010; Pan et al., 2011). Specifically, shift
workers have been reported to consume more pro-inflammatory diets than day workers
(Wirth, Burch, Shivappa, Steck et al., 2014). The Dietary Inflammatory Index™ (DII) is a
novel tool that has been developed to characterize the inflammatory potential of an
individual’s diet (Shivappa, Steck, Hurley, Hussey, & Hébert, 2014). The DIl has been found
to be associated with shiftwork experience, inflammatory cytokines including C-reactive
protein and interleukin-6, the glucose intolerance component of metabolic syndrome,
numerous cancers, cardiovascular disease, telomere length, mortality, and other adverse
health outcomes (Garcia-Calzon et al., 2015; Graffouillere et al., 2016; Shivappa, Bosetti, et
al., 2015; Shivappa, Steck, Hurley, Hussey, Ma, et al., 2014; Shivappa, Steck, et al., 2015;
Shivappa, Zucchetto, et al., 2015; Wirth, Burch, Shivappa, Steck, et al., 2014; Wirth, Burch,
Shivappa, Violanti, et al., 2014; Wirth et al., 2015). However, it has yet to be determined
whether the DII varies across the 24-hour day or by work status (work vs. off-work) among
night- and day-shift workers.

Another proposed mechanism for the increased risk of metabolic and cardiovascular disease
among shift workers is related to circadian misalignment (Scheer et al., 2009), which occurs
when the central circadian clock (located in the suprachiasmatic nucleus [SCN] of the
hypothalamus) that regulates daily rhythms of sleep/wake behavior, hormones, and
metabolism becomes desynchronized with social, sleep/wake, and food intake patterns
(Baron & Reid, 2014; Roden et al., 1993; Sack et al., 1992). Acute circadian misalignment
of the sleep/wake and feeding cycle (as experimentally induced via a forced 28-hour day
outside humans’ range of entrainment) in healthy, non-shift workers is associated with
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disrupted glucose, insulin, leptin, and cortisol rhythms and is even capable of inducing a pre-
diabetic state in as few as three days (Scheer et al., 2009). Observational studies have shown
that shift workers exhibit more irregular food intake patterns across the day compared to day
workers and exhibit different food intake patterns on work and rest days (Esquirol et al.,
2009; Lowden et al., 2010; Reeves et al., 2004). Specifically, re-distribution of food intake
from day to night during night shift work has been associated with higher serum lipid levels
in male industrial workers in a rotating 3-shift schedule (Lennernas et al., 1994). However,
no previous studies have investigated how the timing of food intake both during shift work
and on days-off is associated with CMS risk factors among female night shift workers in a
hospital setting.

Thus, the primary goal of the present study was to examine how meal timing and dietary
inflammatory potential may contribute to CMS indicators. Specifically, we sought to 1)
identify differences in DIl scores by shift-type (day-shift vs. night-shift nurses), time-of-day
(day vs. night), and work status (work vs. off-work), and 2) determine how the timing of
food intake on work days and off-work days is associated with CMS risk factors in day- and
night-shift nurses. We hypothesized that greater food consumption on work nights would be
associated with CMS risk factors for night-shift, but not day-shift, nurses.

Materials and Methods

Participants

This manuscript explored eating behaviors and their relationship to CMS risk factors among
healthy, female shift workers for the purpose of identifying potentially modifiable risk
behaviors prior to disease onset. Participants were female, day-shift nurses (n = 8) and night-
shift nurses (n = 9) recruited from the University of Alabama at Birmingham (UAB)
Hospital who were employed full-time (>26 hours per week) and worked a schedule from
either 7:00am — 7:00pm (i.e., day shift) or 7:00pm — 7:00am (i.e., night shift). To be eligible
for study participation, nurses were required to: a) have a shift assignment of three
consecutive 12-hour work shifts followed by three days off during the study period (Figure
1), and have worked the schedule for at least three weeks prior to study enrollment; b) have
>1-year experience on the current shift (day or night); and c) be in a generally healthy
medical condition (see exclusions below). During the study period, two of the night-shift
nurses were called off their third shift, and therefore worked only two shifts. Night-shift
nurses had the additional criteria of sleeping primarily during the night while off-work.
More specifically, eligible nurses were those who utilized a sleep strategy type defined in
Gamble et al. (2011) and Petrov et al. (2014) as a Switch Sleeper, which is characterized by
switching from nights to days by increasing sleep duration on the first day of night-shift
work or the first day off. This strategy is the most prevalent (approximately 50% of nurses)
and one of the more adaptive of the sleep strategies identified (Gamble et al., 2011; Petrov et
al., 2014). To determine sleep strategy, nurses were asked to indicate 30-min time blocks in
which they would typically be sleeping during a 3-shift work week.

Both day- and night-shift nurses were excluded from participation if they: 1) presented with
an Axis | disorder as assessed by the Mini-International Neuropsychiatric Interview
(M.L.NL.L.); 2) were currently working multiple jobs; 3) reported currently smoking,
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excessive alcohol use (more than 15 units per week), or use of illegal drugs; 4) reported use
of potentially sedating medications or tranquilizers in the last 30 days; or 5) reported use of
medications for treatment of hypertension, diabetes, obesity, or hyperlipidemia. The study
was approved by the University of Alabama at Birmingham Institutional Review Board
(IRB) (F120305016), and all participants gave their informed consent prior to participation
in the study.

Dietary Intake and Nutrient Content Analysis

Participants self-reported daily food intake for 8 days (3 work days and 5 off-work days),
indicating the type, quantity, and timing of each eating event via a daily, paper-based food
diary. The nutrient content of each meal was analyzed using Nutrition Data System for
Research (NDSR), a computer-based software application developed at the University of
Minnesota Nutrition Coordinating Center (NCC) (Feskanich et al., 1989).

For this study, eating events were divided into one of four bins corresponding to the time of
day (day vs. night) and work status (work vs. off-work). Daytime eating events were defined
as those taking place between 9 AM and 9 PM, and nighttime eating events were defined as
those taking place between 9 PM and 9 AM. For day-shift nurses, work period eating events
were defined as those occurring between 7 AM on the first work day and 7 PM on the final
work day. For night-shift nurses, work period eating events were defined as those occurring
between 7 PM on the first work day and 7 AM on the final work day. Any eating events
falling outside this defined work period time frame, when the participant was not working,
were defined as off-work eating events.

Dietary Inflammatory Index (DIl) Analysis

Calculation of the DII scores based on the 24-hour intakes of specific micro- and
macronutrients and specific foods (i.e., DIl food parameters) was done according to the
protocol by Shivappa, Steck, Hurley, Hussey, & Hébert (2014). Additionally, a similar
process was used to create DIl values in 12-hour bins, a novel technique that allowed for
direct comparison of the inflammatory quality of the nurses’ diets during the day and night,
irrespective of the differences in energy intake during these different times of day. All food
parameter values from 9AM to 9PM and then from 9PM to 9AM were summed across days
and standardized according to that individual’s average daily energy intake. In other words,
this process allowed for computation of a “daily” DIl score based on consumption of only
food items consumed during that specific 12-hour bin. In addition to characterizing the DI
by these various time period levels (i.e., 12-hour bin-level and average daily-level) among all
nurses and days of sampling, DIl values also were characterized by shift-type (i.e., day- vs.
night-shift nurses) and work status (i.e., work vs. off-work).

Measurement of Anthropomorphic and Metabolic Parameters

On the morning of day 9 of the study period (a middle day off from work), blood samples (4
mL) were taken after an overnight fast (=10 hours) to obtain a lipid profile including fasting
triglycerides and cholesterol (mg/dL) for each participant. Fasting blood glucose (mg/dL)
was measured via a commercial glucose meter, and blood pressure measurements (mmHg)
were taken using a standard sphygmomanometer. Weight, height, and waist circumference
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were measured by study personnel. Demographic information was collected via a self-report
questionnaire.

Statistical Analysis

Day- and night-shift nurses were compared on relevant demographic and metabolic
measures using either a two-sided independent samples t-test or independent samples Mann-
Whitney U nonparametric test as appropriate. For comparisons of 24-hour food/
macronutrient intake, values were adjusted for body weight using a residual adjustment
method. A three-factor ANOVA with repeated measures was used to investigate differences
in DII values by shift-type (day-shift vs. night-shift), work status (work vs. off-work), and
time-of-day (day vs. night).

For each participant, average total food consumption (in total grams and total kilocalories)
and macronutrient intake (total protein, fat, and carbohydrates) were calculated for work
days, work nights, off-work days, and off-work nights using the time-binning procedure
described in the previous section (Dietary Intake and Nutrient Content Analysis). In models
fit separately for day-shift nurses and night-shift nurses, a two-step hierarchical regression
was conducted using fasting glucose, triglycerides, and cholesterol levels and blood pressure
as the dependent variables. The control variable of body weight (in kilograms) was entered
at step one, and each time- and work-specific food parameter was entered at step 2. The
regression assumption of normality of residual distribution was ascertained using the
Shapiro-Wilk test performed on the standardized residuals. For analyses in which the
normality assumption was not met, the dependent and/or independent variables were
transformed using a reciprocal transformation to achieve normality of the residual
distribution. Post-hoc hierarchical regression analyses also were performed to examine the
relationship between work-night total gram intake and night-shift nurses’ lipid ratios (i.e.,
triglycerides : HDL ratio, LDL : HDL ratio, and total cholesterol : HDL ratio), controlling
for body weight.

For all tests, significance was set at a. = .05. Analyses were performed using SPSS®, Version
22 (IBM Corp., Armonk, NY).

Results

Participants

Both day-shift and night-shift participants were predominantly White (87.5% and 88.9%,
respectively). There were no statistically significant differences between day- and night-shift
nurses for any of the collected demographic variables or metabolic parameters (fasting
glucose, triglycerides, cholesterol, and blood pressure) (Table 1). Similarly, there were no
differences between day- and night-shift nurses in terms of average 24-hour DIl or the food
consumption variables of body weight-adjusted, 24-hour intake of total grams, energy,
protein, fats or carbohydrates (Table 1). However, while off-work eating patterns were
similar for day- and night-shift nurses — with average food intake peaking during dinner time
— eating patterns during the work period were notably different between these two groups
(Figure 2). On average, during work, day-shift nurses maintained high food consumption
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during the day (9AM to 9PM), while night-shift nurses redistributed their food intake to the
nighttime.

Dietary Inflammatory Index (DII)

The first aim of this study was to identify differences in DIl scores by shift-type, time-of-
day, and work status. Three-factor, repeated measures ANOVA revealed a significant main
effect of time of food consumption on DIl scores (day vs. night, F (1,15) = 8.0, p < .05). For
all nurses, daytime DII scores were higher (more pro-inflammatory) than nighttime DII
scores (Figure 3, B). There was no significant effect of shift-type (Figure 3, A; day-shift
nurses vs. night-shift nurses, F(1, 15) = 0.10, p = 0.75) or work status (Figure 3, C; work vs.
off-work, F(1, 15) = 0.16, p = 0.70) on DII scores. There were no significant interactions
between shift-type, time-of-day, and work status.

Timing of Food Intake and CMS Risk Factors

We next sought to investigate how the timing of food parameters is associated with CMS
risk factors in day- and night-shift nurses on work days and off-work days. For each
participant, average total food consumption and macronutrient intake were calculated for
work days, work nights, off-work days, and off-work nights. Significant results of the R2
change in the two-step hierarchical regression of each time- and work-specific food
parameter and metabolic risk factor are reported in Table 2 (night-shift nurses) and Table 3
(day-shift nurses).

For night-shift nurses only, greater work day energy, protein, and carbohydrate intake were
each significantly associated with higher HDL levels. Also among night-shift nurses, greater
work-night total gram intake predicted higher levels of total cholesterol, triglycerides, and
LDL cholesterol as well as the lipid ratios of triglycerides : HDL, LDL : HDL, and total
cholesterol: HDL. Greater off-work night-time energy intake also predicted higher
triglyceride levels for night-shift nurses. Similarly, off-work nighttime fat intake accounted
for an additional 33% of the variance in night-shift nurses’ fasting triglyceride levels above
and beyond body weight; however, the R? change failed to reach significance (p = 0.05, p =
0.76; data not shown).

For day-shift nurses, greater work-day carbohydrate intake predicted lower HDL cholesterol
levels. Alternatively, greater off-work daytime fat intake predicted lower diastolic blood
pressure; however, this relationship should be interpreted with caution due to moderate
correlation between the two predictor variables. Off-work daytime fat intake accounted for
34% additional variance in day-shift nurses’ systolic blood pressure; however, the RZ change
for this predictor failed to reach significance (p = 0.05, p = —1.19; data not shown).

A summary of the significant time- and work-specific food parameters (predictors) and their
effect on the associated metabolic parameter is provided in Table 4.

Discussion

Although numerous studies have demonstrated an association between shift work and
greater prevalence and incidence of metabolic syndrome and cardiovascular disease
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(Boggild & Knutsson, 1999; Pietroiusti et al., 2010), the contributing role of diet, and
specifically, the timing of food intake, has remained relatively uncertain. In this paper, we
aimed to 1) compare the inflammatory quality of night- and day-shift nurses’ diets in regard
to time-of-day and shift-status, and 2) explore how the timing of food intake during work
and off-work is associated with CMS risk factors between these two groups. First, we
showed that there was no significant difference in average, daily DIl score between night-
and day-shift nurses; however, food intake during the day was scored as more pro-
inflammatory regardless of shift-type or work status. Second, this study is the first to show
that the timing of food consumption, with regard to both time-of-day and work status, is
differentially associated with CMS risk factors in night- and day-shift nurses. Specifically,
our results indicate that work-night total food intake accounted for a significant amount of
variance in CMS risk factors for night-shift nurses only. Increased total gram consumption
during night-shift nurses” work nights was associated with increased lipid levels —
independent of the macronutrient composition of the food consumed. Alternatively, for
night-shift nurses, work-day intake of several food parameters was shown to account for a
significant amount of variance in HDL cholesterol levels, with higher intake associated with
higher HDL levels.

A previous study of a large cohort of shift workers showed that females working night or
evening shifts had significantly higher DIl scores compared to day-shift workers (Wirth,
Burch, Shivappa, Steck, et al., 2014). Surprisingly, in the current study, we did not observe a
statistically significant difference in DIl scores between night- and day-shift nurses based on
either the 24-hour DII algorithm or the 12-hour DII scaling algorithm. In addition to
differences in shift-type definitions and specific worker populations (12-hour permanent
night- or day-shift nurses in the present study), our sample likely did not have sufficient
power to detect the ~20% difference in DIl scores previously reported by Wirth and
colleagues (2014). Nonetheless, the present study did demonstrate a proof-of-principle in
using the DII to determine day-night differences in dietary inflammatory potential. In fact,
our results showed a significant effect of time-of-day such that both day- and night-shift
nurses consumed food with greater pro-inflammatory parameters (higher DIl scores) during
the day compared to during the night. Ultimately, further in-depth, meal-level analyses of
DIl should be undertaken in the future to better isolate individual food parameters that may
be driving the day-night difference in DII reported here.

Coinciding with previous research showing that the temporal distribution and frequency of
food intake (but not the 24-hour energy intake or nutritional quality) is disrupted by night
shift work (Bonham et al., 2016; Esquirol et al., 2009; Lennernas et al., 1994; Reeves et al.,
2004), we found no differences in total, body weight-adjusted 24-hour food consumption
between day- and night-shift hospital nurses in terms of total energy, grams, or
macronutrient intake. However, the distribution of food intake (in average total grams) was
notably different during work and off-work days for night-shift nurses only. It is interesting
to note that there was an increase in food intake from breakfast, to lunch, to dinner on off-
work days for all nurses. High consumption of calories (i.e., greater than 30% of daily
calories) in the evening or later has been associated with outcomes such as weight gain and
breast cancer recurrence (Garaulet & Gomez-Abellan, 2014; Marinac et al., 2016). Although
this concept is not the main focus of this manuscript, more work is needed to understand
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how the timing of food consumption affects health, especially among shift-working
populations.

Our results revealed that total gram intake on work nights accounted for a significant amount
of variance in night-shift nurses’ total cholesterol, triglycerides, and LDL cholesterol above
and beyond the variance accounted for by body weight alone. Work night gram intake was
found to account for approximately 40% additional variance in night shift nurses’
triglycerides and LDL cholesterol levels and 60% additional variance in total cholesterol
levels. Furthermore, total gram intake on work nights also explained a significant amount of
variance in night-shift nurses’ lipid ratios, which have been suggested to have better
predictive value than independent lipid levels alone (Millan et al., 2009). Work-night gram
intake was found to account for approximately 40% of the variance in each of these lipid
ratios when added to the regression model with body weight. Increased work-night food
consumption was associated with increased lipid levels and lipid ratios — signifying an
unfavorable relationship with regard to cardiometabolic health. This finding suggests that,
for night-shift nurses, eating during the night on work days is associated with higher levels
of these CMS risk factors, regardless of the macronutrient composition of the food
consumed.

A potential explanation for this detrimental effect of nighttime food intake among shift
workers is the potency of nutrient intake as an entraining signal for peripheral circadian
clocks involved in metabolism. Coupled with the relative insensitivity of the central clock to
food entrainment (Damiola et al., 2000), the shift work environment is likely to produce
central-peripheral clock misalignment. Support for this explanation comes primarily from
animal studies, in which food consumption is restricted to a rodent’s normal rest phase. As a
result, peripheral tissues readily synchronize to the timing of feeding, which induces
desynchrony among the body’s central circadian pacemaker and peripheral metabolic clocks
of the liver, heart, and pancreas (Bray et al., 2013; Damiola et al., 2000; Gamble & Young,
2013; Pezuk et al., 2010). Alternatively, a rodent model of shift work supports that
restricting food intake to the normal active period may be capable of rescuing the metabolic
dysfunction induced by shift work (Salgado-Delgado et al., 2010). Indeed, our results
showed that work-day intake of several food parameters (energy, protein, and carbohydrates)
each accounted for a significant amount of variance in night-shift nurses” HDL levels, with
higher intake associated with higher HDL levels for these nurses. Further research is needed
to explore whether eating large meals during the work day, instead of the work night, may be
particularly beneficial for night-shift nurses’ cardiometabolic health.

With regard to our findings, several considerations warrant mention. First, blood samples
were taken from nurses on a middle-day off from work in order to minimize any bias
attributable to shift-related differences in the timing of blood collection. Secondly, all nurses
in the sample worked standardized 7-to-7 shifts during the study period and were recruited
from the same hospital, thereby reducing variability within the groups attributable to work
schedule and environment. Lastly, night-shift nurses utilized the same behavioral sleep
strategy — a consideration that has been shown to influence adaptation to shift work. The
primary limitation of this study is the small sample size, which limited statistical power and
the feasibility of correcting for the multiple comparisons performed for the regression
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analyses. Other limitations include the self-report nature of nurses’ dietary food intake and
the cross-sectional, observational design.

Based on the findings presented here, we speculate that restricting food intake on work
nights may be a beneficial intervention strategy to reduce CMS risk factors among night-
shift nurses. However, additional investigation of the associations presented in this study
must be undertaken to include a larger, more diverse sample before any definitive
conclusions can be drawn. Nevertheless, this study represents an important first step toward
the development of empirically-based dietary guidelines for night-shift workers, which will
hopefully serve to alleviate the excess burden of cardiometabolic disease among this
population.
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9-day study protocol for day- and night-shift nurses. Food diaries were kept starting at the

beginning of day 1 through the end of day 8. Day- and night-shift nurses worked 3

consecutive 12-hour shifts (greyed out). Blood collection after an overnight fast and blood

pressure were taken during the morning of day 9 (indicated by bolded line).
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Figure 2.

Comparison of day- and night-shift nurses’ average food consumption patterns by time and
work status. Daily pattern of mean = SEM total gram consumption for day-shift nurses (light
blue; n = 8) and night-shift nurses (black; n = 9) per 3-hour bins during work and off-work.
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Figure 3.
DIl scores differ by time-of-day, but not shift-type or work status. Mean + SEM DII scores

by A) shift-type (day-shift vs. night-shift nurses), B) time-of-day (day vs. night), and C)
work status (work vs. off-work).
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