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Abstract

Aim: Shift work systems among healthcare professionals can potentially lead to physical and psychological disorders. Changes in eating habits, irregular
nutrition, and inadequate food intake may result in anemia. Through a retrospective analysis, we aimed to examine the prevalence of anemia and related
disorders among healthcare shift workers.

Materials and Methods: We included 132 healthy volunteers working at the university. The survey questions, consisting of descriptive information form and
literature-based questions related to anemia, prepared by using Google Forms, were sent to the employees’ phones. Analyses were conducted based on the
responses to the survey questions from healthcare workers.

Results: Among the 132 participants, more individuals worked shifts than did not (80 compared to 52). The rate of participants with anemia was 33.8% in
shift workers and 42.3% in non-shift workers (p = 0.32). The incidence of anemia in females (53.3%) was significantly higher than in males (2.4%). In the ROC
analysis for the presence of anemia, a total shift work duration of 157 hours was identified as the cut-off value, with a sensitivity and specificity of 43.8% and
41%, respectively. It was observed that those with thyroid disease had a higher rate of anemia compared to those without (p < 0.05).

Discussion: As males constituted the majority of shift workers, analyses suggested that the risk of anemia didn’t increase despite prolonged shift work duration.
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Introduction

The shift work system is used to maintain continuous service,
particularly in hospitals and other healthcare institutions, as
well as in fundamental sectors such as security and industry.
The implementation of shift work systems is increasing globally
and is most frequently used in the health sector [1]. In a shift
work system, working hours during the day, especially on
the night shift, negatively affect the health of employees in
physiological, psychological, and social terms. Among healthcare
workers, night shifts cause circadian rhythm disorders along
with changes in nutrition and sleep patterns [2]. In addition
to circadian rhythm disruption, healthcare workers on night
shifts frequently experience gastrointestinal
as constipation and digestive difficulties—as well as various
mood disorders [3]. Furthermore, shift work may increase the
risk of cancer, diabetes, and cardiovascular diseases. Night
shift work might be associated with breast cancer in women,
prostate cancer, and chronic lymphocytic leukaemia [4]. A study
conducted among nurses identified shift work as a potential risk.
A study involving nurses found that shift work may negatively
affect sleep patterns, job performance, and overall quality of
life [5]. Inadequate sleep in shift workers can lead to weakened
immunity, metabolic issues, and nutritional deficiencies, all of
which may indirectly contribute to the onset of anemia [6].
Anemia, defined by the World Health Organization (WHO) as
hemoglobin levels or other red blood cell indices falling below
a specific threshold, is a widespread condition globally. Iron
deficiency anemia is the most common type, impacting roughly
30% of the world’s population [7]. Psychological disorders and
circadian rhythm disruptions seen in healthcare workers on
shift schedules may raise the risk of anemia by altering dietary

issues—such

habits and impacting iron metabolism.

Research has demonstrated that night shifts can adversely
affect workers’ dietary habits, potentially resulting in
deficiencies in iron and other essential vitamins [8]. Working
night shifts disrupts the circadian rhythm, affecting hormone
production by lowering melatonin and increasing cortisol.
Melatonin also supports the immune system and may facilitate
iron absorption. The imbalance of these hormones, particularly
the reduction in melatonin secretion, can decrease sleep
quality, resulting in fatigue, stress, nutritional deficiencies, and
anemia [9]. Hormonal imbalances observed during night shifts
may affect erythropoiesis, potentially reducing red blood cell
production and leading to anemia [10].
Thyroid particularly
hyperthyroidism, can lead to anemia. In hypothyroidism,
decreased erythropoietin production and impaired iron
metabolism, in hyperthyroidism,
erythrocyte lifespan, can contribute to the development of
anemia. Furthermore, thyroiditis may increase the risk of
anemia [11].

dysfunctions, hypothyroidism and

as well as shortened

Materials and Methods

Study design and data collection: The aim was to recruit a
total of 256 healthcare workers to facilitate adequate data
evaluation, as determined by power analysis (Calculated using
G*Power 3.1.9.7 Software; at least 128 participants were
required to be included in each group with a mean effect size

(d = 0.50), alfa = 0.05 significance level, and 80% power.). The
sample group consisted of all hospital employees, and only
healthcare workers who worked in the shift system or had
no shifts and who voluntarily completed the survey questions
were included in the study as participants. The study design,
participant selection, and data collection process excluded
patients or members of the public. The survey questions,
prepared by using ‘Google Forms’, were sent to the employees’
phones by the hospital administration. The survey questions
included descriptive information form and literature-based
questions related to anemia. Analyses were conducted based
on the responses to the survey questions from healthcare
workers. Approval for the study was obtained from the
hospital administration and the ethics committee; no further
consent was required from the healthcare professionals.
The descriptive information form included questions on the
employee’s age, gender, marital status, socio-economic status,
disease diagnoses, health conditions, anemia assessment, and
shift-work-related factors. The anemia-related questions were
developed based on existing literature.

Statistical Analysis

Data analysis was conducted using SPSS 26 (Statistical
Package for the Social Sciences, USA). Histograms, probability
plots,
assess whether the variables followed a normal distribution.
Frequency tables summarized categorical variables, and
statistical differences between them were evaluated using
Chi-square and Fisher’s exact tests. Continuous variables were
presented as means with standard deviations or medians with
interquartile ranges (25-75%), depending on the normality
of their distributions. To assess differences between groups
in terms of numerical variables, the independent samples
t-test and the Mann-Whitney U test were used. ROC (Receiver
Operating Characteristic) analyses were conducted to evaluate
the sensitivity and specificity of continuous variables related to
shift work durations in indicating the presence of anemia. A p <
0.05 value was considered statistically significant.

and the Kolmogorov-Smirnov test were used to

Ethical Approval
This study was approved by the Ethics Committee of Afyon
Health Science University (Date: 2023-11-03, No: 2023/484).

Results

Of the total 132 volunteer participants, 60.6% were shift
workers, and the rate of participants with anemia among shift
workers was 33.8% (Supplementary Table S1). The incidence
of anemia in females (53.3%) was significantly higher than
in males (2.4%) (p < 0.001). While 37.1% of participants were
diagnosed with iron deficiency, 38.6% were diagnosed with
vitamin deficiency (including B12, folic acid, and other vitamins).
When comparing occupational groups for anemia prevalence,
nurses exhibited a significantly higher rate of anemia, which
was statistically significant (p = 0.0002) (Supplementary Table
S1). Anemia was observed in 57.9% of participants with thyroid
disease and 33.6% of those without (p = 0.004). The prevalence
of anemia was higher among individuals who consumed tea
with meals compared to those who drank tea immediately
after or 1-2 hours following meals (p = 0.006, Supplementary
Table S1). Additionally, anemia was significantly more common
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Table 1. Comparison of median values of continuous variables
according to anemia status

Anemia N

Median (IQR)*

k No 83 160.0 (48.0-196.0)

How many hours do you wor
shifts in total per month?

Yes 49 80.0 (0.0-170.0)
How many days do you work No 83 20.0 (8.0-22.0) 0.62
shifts per month? Yes 49 21.0(80-22.0)
How many night shifts do you No 83 4.0(00-8.0) 0.65
work per month Yes 49 1.0 (0.0-8.0)
Frequency of meat consump- No 83 3.0 (2.0-4.0) 0.007
tion per week (meals)? VEs 49 2.0 (1.0-3.0) .
Portion size of meat con- No 83 3.0 (2.0-40) 0.012
sumption per week Yes 49 2.0 (1.0-3.0) .
Body Mass Index (BMI), kg/ ~ N° 83 237(226-27.) 047
m? Yes 49 250 (22.3-26.8) :

*IQR: Interquartile range is given as 25-75%
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Figure 1. ROC analysis for total working hours with shifts, day
and night working hours for the presence of anemia

in participants with a family history of iron deficiency anemia
than in those without such a history (p < 0.001). Both the
mean and median number of weekly meals and portions of red
meat consumed were significantly lower in the anemic group
compared to the non-anemic group (p < 0.05 for both, Table 1).
The median total shift work time per month was 80.0 (IQR: 0.0-
170.0) hours in those with anemia and 160.0 (IQR: 48.0-196.0)
hours in those without anemia (p > 0.05, Table 1).

In the ROC analysis for total working hours with shifts, day
and night working hours, and the presence of anemia, 43.1%
sensitivity, and 41% specificity rates were determined at a cut-
off value of 157 hours for total working hours with shifts (AUC:
0.380, Cl: 0.277 - 0.482, p = 0.022). A value above 16.5 hours
was associated with the absence of anemia. ROC analysis was
also performed to assess the presence of anemia in women
and continuous variables related to shift work, including the
total duration of shift work, number of day and night shifts, and
presence of anemia (p > 0.05 for all), Figure 1, Supplementary
Table S2).

The mean (143.55 + 82.44 versus 111.93 + 95.59 hours, p =
0.02) and median (176.0 IQR: 0.50 - 182.0 versus 130.0 IQR:
65.0 - 196.0, p = 0.01) values of total shift work time per month
were higher in men (Supplementary Table S2).

Discussion
In the study, the majority of participants were women (68.1%).
Most participants were shift workers (60.6%), with the majority

being male. Additionally, men had a longer total shift working
time. The lower anemia rate among shift workers compared
to non-shift workers was attributed to the predominance
of male participants among shift workers. While anemia is
more prevalent among females, the limited total number
of participants and the shorter total shift work duration for
women precluded the identification of a significant cut-off
value for anemia in the ROC analysis conducted for total shift
work duration, daytime work hours, and nighttime work hours
among female participants. Shift work is quite common among
healthcare workers. Unbalanced eating patterns, limited access
to healthy foods, night shifts, and psychological problems
increase the risk of coronary heart disease, metabolic syndrome,
and even cancer, and the absorption of vitamins and minerals
may be adversely affected. It was reported that women shift
workers have a greater risk of poor sleep quality, coronary heart
disease, metabolic disorders, and breast cancer [12].

Shift work may increase the risk of anemia due to its association
with metabolic diseases. Additionally, chronic inflammation in
metabolic diseases can suppress iron absorption by altering
hepcidin regulation, leading to the development of anemia
in chronic disease. In a recent study, among individuals of
European ancestry, hypothyroidism was associated with a
higher risk of anemia independent of inflammation and lifestyle
[13]. In our participants, it was observed that those with thyroid
disease had a higher rate of anemia compared to those without.
Consistent with the literature, it has been observed that thyroid
pathologies, among metabolic diseases, contribute to the risk
of anemia.

In healthcare personnel working in shifts, psychological
disorders like depression and anxiety may increase the risk of
anemia by affecting dietary habits [14]. Although awareness of
anemia among healthcare workers is high, shift work systems
can lead to irregular food intake and disrupted sleep patterns.
In our study, 37.1% of participants reported being diagnosed
with iron deficiency, while 38.6% reported being deficient in
vitamins. The median values of weekly red meat consumption
in terms of meals and portions were significantly lower in the
anemic group.

Studies have suggested that black tea, rich in tannins, can
inhibit the absorption of non-heme iron. Consistently drinking
large amounts of tea with meals may contribute to iron
deficiency anemia [15]. In our study, anemia was significantly
more prevalent among participants who consumed tea with
meals compared to those who drank tea immediately or 1-2
hours after meals, supporting the negative impact of tea
consumption during meals.

Limitations

In our study, the fact that not all volunteer participants were
shift workers created a heterogeneous population, and the fact
that most shift workers among the participants were male,
along with the low anemia rate observed in males, led to the
conclusion that long-term shift work does not increase the
risk of anemia. Additionally, our inability to reach the targeted
volunteer participants may have led to insufficient data for
accurate analysis and caused unexpected study results. In this
regard, there is a need for studies involving a larger number of
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participants and specific groups.

Conclusion

To contribute to the literatiire in terms of the rate of anemia
in shift workers, however, we were unable to reach a sufficient
number of participants, and the target population consisted of
individuals from all occupational groups, regardless of gender;
the relatively high rate of anemia among nurses was found
to be statistically significant. The fact that most of the night
shift workers were male and anemia was less common in men,
it was found that the rate of anemia did not increase despite
the long shift hours. In addition, low weekly consumption of
red meat meals and portions was found to be associated with
an increased risk of anemia. More meaningful results may be
obtained through randomized studies involving a larger number
of participants with homogeneous groups.
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