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RESUMO

O objetivo deste estudo foi avaliar o estres-
se oxidativo e as atividades metabdlicas das
enfermeiras em turnos diurnos e noturnos.
Enfermeiras da Unidade de Tratamento In-
tensivo (UTI) (n=70) e do servico comum
(SC) (n=70) participaram do estudo. Logo
no inicio e ao final dos turnos, amostras de
sangue foram obtidas para medir parametros
de estresse oxidativo. Atividades metabdlicas
também foram analisadas com o uso da bra-
¢adeira SenseWear. Parametros de estresse
oxidativo aumentaram no fim dos turnos de
todas as enfermeiras SC e UTI quando com-
parados ao inicio dos turnos. Comparados
as enfermeiras SC, os niveis de TAS, TOS e
OSI das enfermeiras de UTI ndo eram signi-
ficativamente diferentes no final dos turnos
diurnos e noturnos. Além disso, as atividades
metabdlicas das enfermeiras de SC e UTI se
revelaram como sendo similares. Assim, os
parametros de estresse oxidativo e as ativi-
dades metabdlicas das enfermeiras SC e UTI
ndo eram diferentes, e todas as enfermeiras
sofrem efeitos semelhantes dos turnos, tanto
no dia quanto na noite.

DESCRITORES
Enfermeiras

Carga de trabalho
Terapia intensiva
Estresse oxidativo
Biotransformagao

ABSTRACT

The aim of this study was to evaluate the
oxidative stress and metabolic activities
of nurses working day and night shifts. In-
tensive care unit (ICU) (n=70) and ordinary
service (OS) nurses (n=70) were enrolled in
the study. Just before and the end of the
shifts, blood samples were obtained to
measure the participants’ oxidative stress
parameters. Metabolic activities were ana-
lyzed using the SenseWear Armband. Oxi-
dative stress parameters were increased
at the end of the shifts for all OS and ICU
nurses compared to the beginning of the
shifts. Compared to the OS nurses, the ICU
nurses’ TAS, TOS, and OSI levels were not
significantly different at the end of the day
and night shifts. The metabolic activities of
the OS and ICU nurses were found to be
similar. As a result, the OS and ICU nurses’
oxidative stress parameters and metabolic
activities were not different, and all of the
nurses experienced similar effects from
both the day and night shifts.

DESCRIPTORS
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RESUMEN

Se objetivd evaluar estrés oxidativo y ac-
tividades metabdlicas de enfermeras en
turnos diurnos y nocturnos. Participaron
enfermeras de Unidad de Terapia Inten-
siva (UTIl, n=70) y del servicio comun (SC,
n=70). Se obtuvieron muestras sanguineas
al inicio y al final de los turnos para medir
pardmetros de estrés oxidativo. Las acti-
vidades metabdlicas también fueron ana-
lizadas utilizando brazaletes SenseWear.
Los parametros de estrés oxidativo aumen-
taron hacia el final de los turnos de todas
las enfermeras SC y UTI, comparados con
la medida de inicio. Los niveles de TAS, TOS
y OSI no eran significativamente diferentes
entre enfermeras SC y UTI al cierre de los
turnos diurnos y nocturnos. Las activida-
des metabdlicas de enfermeras SC y UTI se
mostraron similares. Consecuentemente,
los parametros de estrés oxidativo y las
actividades metabdlicas de enfermeras SC
y UTI no resultaron diferentes, y todas las
enfermeras sufren efectos semejantes en
sus turnos, tanto diurnos como nocturnos.
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INTRODUCTION

The number of shift workers has rapidly increased world-
wide over the last few decades. Nurses work long hours un-
der highly stressful conditions, and they often suffer from
excessive workloads and minimal social support. Nurses
working long-term night and shift work become more cyni-
cal and less empathetic as their training progresses and
might develop many health-related problems, such as fa-
tigue, sleep problems, anxiety and difficulties in maintaining
regular lifestyles. Reduced rest and recovery times lead to
physiologic depletion or exhaustion that continues into the
next workday. Consequently, shift workers have an increased
prevalence of being unhealthy. However, whether prolonged
physical and extreme workload and mental stress induce rel-
evant metabolic changes remains poorly understood™®. Oxi-
dative stress is believed to have a role in the development of
chronic diseases. After the balance between reactive oxygen
species production and antioxidative defense activity is dis-
rupted, oxidative stress can occur, which may
result in cell injury or death, subsequent tissue
damage, and, finally, chronic disease®”. Addi-
tionally, increased oxidative stress associated
with different jobs has been demonstrated
by isolated studies. However, exhaustive and
prolonged working also has been shown to in-
crease oxidative stress in shift workers®Y,

now, no clinical research has been performed
to evaluate the oxidative stress parameters by
comparing the metabolic activities of the nurs-
es. In this study, we evaluated and compared
metabolic activities using the SWA and oxida-
tive stress parameters of the nurses working in
the ordinary services (OS) and intensive care
units (ICU) on day and night shifts. The present

oxidative stress and metabolic activities of the
nurses increased in prolonged and shift work.

METHOD

Study design and nurses

This prospective study was conducted at the Harran
University School of Medicine, Sanliurfa, Turkey. Prior to
subject recruitment, the study protocol was reviewed and
approved by the local ethics committee (ethical approval
number; 28.01.2010: B.10.IEG0.0.11.00.01/021) in accor-
dance with the ethical principles for human investigations,
as outlined by the Second Declaration of Helsinki. Written
informed consent was obtained from all the nurses. From
October 2010 to September 2011, 140 nurses working
in the ICUs (medical, surgical, coronary, general, neona-
tal) and OSs (internal medicine, neurology, orthopedics,
general surgery, pediatrics, obstetrics and gynecology,
cardiology, Thoracic and Cardiovascular Surgery, Pediatric
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Oxidative stress is
believed to have a role
in the development of
chronic diseases. After
the balance between
reactive oxygen
Despite the factors mentioned above, until species production and
antioxidative defense
activity is disrupted,
oxidative stress can
occur, which may
result in cell injury or
death, subsequent

tissue damage, and,
study was undertaken to demonstrate whether finally, chronic disease.

Surgery) at Harran University Hospital were consecutively
enrolled in the study.

The study subjects were divided into 2 groups: 1) the day
shift group (n=70) consisted of nurses working from 8 a.m.
to 4 p.m. (8 hours), and 2) the night shift group (n=70) con-
sisted of nurses working from 4 p.m. to 8 a.m. (16 hours).
Both groups were further divided: day shift ICU group and
night shift ICU group (both n=35) and day shift OS group and
night shift OS group (both n=35). The exclusion criteria were
as follows: recent acute infectious illness, such as respiratory
or gastrointestinal infections, any inflammatory or infiltrative
disorders, any evidence of liver, kidney, or respiratory disease,
diabetes mellitus, malignancy, the use of any systemic drug
that could affect the SWA, thermoregulatory process, body-
weight or metabolism, regular alcohol use, smoking, pregnan-
cy, depression and psychiatric or neurological disorders. Just
before the shift began, blood samples were obtained to mea-
sure the total antioxidant status (TAS) and total oxidant status
(TOS). After the shift, blood samples were ob-
tained again to measure the TAS and TOS. To-
tal EE, metabolic equivalents of a task (METs),
number of steps, active EE and physical activity
duration were analyzed from all subjects at the
end of the shift using SWA.

Baseline definitions and measurements

Weight and height were measured ac-
cording to standardized protocols. Body
mass index was calculated as the weight in
kilograms divided by the height in meters
squared (kg/m?). Blood pressure was mea-
sured by using a sphygmomanometer.

Biochemical analysis

All blood samples were drawn from a
large antecubital vein without interrupting
venous flow and using a 19-gauge butterfly
needle connected to a plastic syringe. Twenty
milliliters of blood was drawn, with the first
few milliliters discarded. The residual content of the sy-
ringe was transferred immediately to polypropylene tubes,
which were then centrifuged at 3000 rpm for 10 minutes
at 10 to 18°C. Supernatant plasma samples were stored in
plastic tubes at —80°C until assayed. For the serum mark-
ers of oxidant stress, TOS was measured and the oxidative
stress index (OSl) calculated. TAS was measured as an indi-
cator of antioxidant status.

Measurement of total oxidant status

Serum TOS was measured using a novel automated
method developed by Erel*?. Oxidants present in the sam-
ple oxidize the ferrous ion-o-dianisidine complex to ferric
ion. The oxidation reaction is enhanced by glycerol mole-
cules, which are abundant in the reaction medium. The fer-
ric ion generates a colored complex with Xylenol orange in
an acidic medium. Color intensity, which can be measured
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spectrophotometrically (V-530; Jasco’, Tokyo, Japan), is re-
lated to the quantity of oxidant molecules present in the
sample. The assay is calibrated with hydrogen peroxide,
and the results are expressed in terms of micro-molar hy-
drogen peroxide equivalents per liter (umol H202 equiv./I).

Measurement of total antioxidant status

Serum TAS was measured using a novel automated
method developed by Erel 2, In this method, hydroxyl
radical, the most potent biological radical, is produced. In
the assay, ferrous ion solution in reagent 1 is mixed with
hydrogen peroxide present in reagent 2. Sequentially
produced radicals, such as the brown-colored dianisidine
radical cation produced by the hydroxyl radical, are also
potent radicals. This method allows measurement of the
antioxidative effect of the sample against the potent free-
radical reactions that are initiated by the hydroxyl radi-
cal. The assay has excellent precision values of more than
97%. The results are expressed as mmol Trolox equiv./I.

Oxidative stress index

The OSI was defined as the ratio of the TOS to TAS
levels. For the calculation, TAS units were changed to
mmol/l and the OSI value calculated according to the fol-
lowing formula®*?: OSI (arbitrary unit) = TOS (umol H202
equiv./1)//TAS (mmol Trolox equiv./I).

Analyzing metabolic activity parameters by SWA

The SenseWear Pro Armband™ Version 6.1 (BodyMe-
dia, Inc., Pittsburgh, PA, USA) is a portable device measuring
8.8x5.6x2.1 cmin size and 82 g in weight; the armband, which
was the most recent version, was provided by the manufac-
turer for this study. The SWA utilizes a multi-sensor array
including a 2-axis accelerometer, heat flux sensor, galvanic
skin response sensor, skin temperature sensor, and a near-
body ambient temperature sensor and has been validated in
clinical patients. The SWA was placed on the dominant arm
over the triceps at the midpoint between the acromion and
olecranon processes. The subject’s age, gender, weight and
height were programmed into the SWA. The total EE, METs,
number of step counts, active EE and physical activity dura-
tion were analyzed with InnerView Research Software (ver-
sion 6.1), which was provided by BodyMedia, Inc. METs de-
fine the EE related to body weight. One MET is equivalent
to a metabolic rate consuming 1 kilo calorie per kilogram of
body weight per hour (1 kcal/kg body weight/hour). Active
EE and physical activity duration were defined as requiring
at least two consecutive minutes at 3.0 METs or higher*14,

Statistical analysis

All of the statistical analyses were performed using SPSS
for Windows version 17.0 (SPSS, Chicago, IL, USA). After the
shift and baseline differences of TAS and TOS levels were
calculated, Kolmogorov-Smirnov tests were used to test the
normality of data distribution. The data were expressed as
arithmetic means and standard deviations. Independent
sample T-test and Mann-Whitney U-tests were used in nor-
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mally and non-normally distributed continuous variables
between groups, respectively. Paired t-tests and Wilcoxon
signed-rank tests were used to analyze the changes within
each group. Pearson’s correlation analysis was used to ex-
amine the association of oxidative stress parameters and
metabolic activities in all groups. A two-sided p value <0.05
was considered statistically significant.

RESULTS

Day shift group results: The clinical, biochemical and
demographic characteristics of the study subjects are
shown in Table 1. There were no statistical differences in
the biochemical and demographic characteristics among
the subgroups (p>0.05 for all). Compared to the day shift
OS group, the day shift ICU group was not significantly dif-
ferent regarding the TAS, TOS, and OSI levels at baseline
and the end of the shift (p>0.05 for all). Similarly, the to-
tal EE, METs, number of steps, active EE, physical activ-
ity durations, difference of TAS and TOS levels were not
significantly different in the day shift OS and day shift ICU
groups (p>0.05 for all). In addition, compared to baseline,
the TAS levels were significantly decreased at the end of
the shift, and the TOS and OSI levels were both significant-
ly increased in the two groups (p<0.05 for all) (Table 1, 2).

Table 1 - Comparison of demographic, laboratory and clinical
characteristics of the day shift nurses — Sanliurfa, 2011

Day shift ICU Day Shift OS

Group (n=35) Group (n=35) p
Gender, female 35 35
Age, years 27.54+4.42 29.12+3.71 0.1112
BMI, kg/m? 24.12+4.53 23.36+4.81 0.325°
Systolic BP, mmHg 112.16+8.47 108.34+7.57 0.095°
Diastolic BP, mmHg 69.22+7.08 72.69+8.34 0.310°
Total EE, calorie 954.37+145.00 897.94+221.45 0.2122
Average METs 2.13+0.23 1.99+0.35 0.074
Steps 6249.54+1654.57  5483.604+2099.57 0.095°
Active EE, calorie 203.40+143.91 165.22+150.02 0.281?
Fhysical actlvity 64.94+48.03 574845502 0.120°

luration, minute

TAS at 8 a.m., umol a
H202 equiv./I 1.01+0.10 0.99+0.12 0.534
TOS at8 am. mmol 4 43,5 og 9.54+1.67 0.201°
Trolox equiv./1
OSTat 8 am, 1.00£0.21 0.9740.21 0.511¢
arbitrary unit
TAS at 4 p.m., pmol a
H202 equiv./l 0.93+0.13 0.95+0.14 0.513
TOS at4 p.m. mmol ) 5y,3 3¢ 11.393.78 0.842°
Trolox equiv./1
OSlat4pm, 1.24+0.47 1.2140.39 0.778"
arbitrary unit
Difference of TAS -0.08+0.17 -0.04+0.13 0.311°
Difference of TOS 1.08+3.00 1.84+3.87 0.367*

All of the measurable values are provided with mean + standard deviation.
ICU: intensive care unit, OS: ordinary service, NS: non-significant, BP:
blood pressure, BMI: body mass index, EE: energy expenditure, TOS: total
oxidant status, TAS: total antioxidant status, OSI: oxidative stress index. By
independent sample T-testa and Mann-Whitney Ub-tests
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Table 2 - Comparison of baseline and at the end of the day shift oxidative stress parameters —Sanliurfa, 2011

Day shift ICU Group (n=35)

Day Shift OS Group (n=35)

At 8 a.m At 4 p.m. p At 8 a.m. At 4 p.m. p
TAS, pmol H202 equiv./l 1.01+0.10 0.93+0.13 0.006* 0.99+0.12 0.95+0.14 0.047¢
TOS, mmol Trolox equiv./ 10.13£2.06 11.21+3.38 0.040° 9.54+1.67 11.39+3.78 0.008*
OS], arbitrary unit 1.00+0.21 1.24+0.47 0.003? 0.97+0.21 1.21+0.39 0.001*

All of the measurable values are provided with mean + standard deviation. ICU: intensive care unit, OS: ordinary service, TOS: total oxidant status, TAS: total

antioxidant status, OSI: oxidative stress index. By paired sample T* test

Night shift group results: The clinical, biochemical
and demographic characteristics of the study subjects
are shown in Table 3. There were no statistical differ-
ences in the biochemical and demographic characteris-
tics among the subgroups (p>0.05 for all). Compared to
the night shift OS group, the night shift ICU group was
not significantly different regarding the TAS, TOS, and
OSl levels at baseline and the end of the shift (p>0.05 for

all). Similarly, the total EE, METs, number of steps, active
EE, physical activity durations, difference of TAS and TOS
levels were not significantly different in the night shift OS
and night shift ICU groups (p>0.05 for all). In addition, at
the end of the shift, the TAS levels were significantly de-
creased compared to baseline, and the TOS and OSI lev-
els were both significantly increased in the two groups
(p<0.05 for all) (Table 3, 4).

Table 3 - Comparison of demographic, laboratory and clinical characteristics of the night shift nurses — Sanliurfa, 2011

Night shift ICU Group (n=35)  Night Shift OS Group (n=35) p

Gender, female 35 35

Age, years 28.14+4.46 26.88+3.92 0.168¢
BMI, kg/m? 23.54+3.41 22.87+3.43 0.357*
Systolic BP, mmHg 116.14+12.51 119.41+9.33 0.173¢
Diastolic BP, mmHg 71.26+8.12 73.55+7.08 0.326°
Total EE, calorie 1719.85+242.56 1683.11+301.71 0.576
Average METs 1.96+0.33 1.83+0.28 0.067*
Steps 10302.40+2646.67 9398.94+3561.46 0.2332
Active EE, calorie 318.144285.17 247.85+185.49 0.196°
Physical activity duration, minute 93.00+71.48 75.82+59.99 0.452°
TAS at 4 p.m., pmol H202 equiv./] 1.03+0.12 1.06+0.21 0.486*
TOS at 4 p.m., mmol Trolox equiv./l 11.1843.31 10.85+2.67 0.648*
OSI at 4 p.m., arbitrary unit 1.09+0.34 1.05+0.34 0.658¢
TAS at 8§ a.m., umol H202 equiv./ 0.91+0.14 0.91+0.09 0.793*
TOS at 8 a.m., mmol Trolox equiv./I 12.9243.35 13.35+5.12 0.681*
OSI at 8 a.m., arbitrary unit 1.39+0.51 1.47+0.53 0.522¢
Difference of TAS 0.11+0.17 0.15+0.23 0.464°
Difference of TOS -1.09+3.96 -2.49+5.85 0.246*

All of the measurable values are provided with mean + standard deviation. ICU: intensive care unit, OS: ordinary service, NS: non-significant, BP: blood
pressure, BMI: body mass index, TOS: total oxidant status, TAS: total antioxidant status, OSI: oxidative stress index. By Independent sample T-testa and

Mann-Whitney Ub-tests

Table 4 - Comparison of oxidative stress parameters at baseline and the end of the night shift— Sanliurfa, 2011

Night shift ICU Group (n=35)

Night Shift OS Group (n=35)

At 8 a.m At 4 p.m. P At 8 a.m. At 4 p.m. p
TAS, pmol H202 equiv./l 1.03£0.12 0.91+0.14 0.001# 1.06+0.21 0.91+0.09 0.001*
TOS, mmol Trolox equiv./1 11.18+3.31 12.92+3.35 0.004* 10.85+2.67 13.35+5.12 0.016*
OS], arbitrary unit 1.09+0.34 1.39+0.51 0.006* 1.05+0.34 1.47+0.53 0.001*

All of the measurable values are provided with mean + standard deviation. ICU: intensive care unit, OS: ordinary service, TOS: total oxidant status, TAS: total

antioxidant status, OSI: oxidative stress index. A paired sample T*-test was used

In the bivariate analysis, no correlations were found
between oxidative stress parameters and metabolic activi-
ties in all the groups (p>0.05 for all).

DISCUSSION

The main findings of this study were as follows: (i) the
oxidative stress parameters were increased at the end of
the shifts in all OS and ICU nurses compared to the begin-
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ning of the shifts; (ii) compared to the OS nurses, the ICU
nurses’ TAS, TOS, and OSI levels were not significantly dif-
ferent at the end of the day and night shifts; and (iii) the
metabolic activities of the OS and ICU nurses were found
to be similar.

It is known that stressful working conditions and/or
poor work-related health outcomes exist among health-
care workers, generally nursing personnel, and there are
multiple and important stressors at the clinics and hospitals
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where nursing personnel generally work®>®), Some studies
have concluded that inadequate work planning and a poor-
ly organized work schedule may impact health. In particular,
this impact may result in a reduced quantity and quality of
sleep, a decline in cognitive and physical performance and
an associated increased risk for errors, and interference
with family and social engagements. Additionally, previous
research studies on night shift working have also observed
the risks or factors associated with the pathophysiology,
lifestyle behavior and job-related conditions and impaired
circadian rhythm®29, In the literature, limited numbers
of research studies have been performed to evaluate the
oxidative stress parameters of the shift nurses; however,
no research study has been performed to investigate the
metabolic activities of the nurses on their shifts. Studies
that have been previously performed have shown an in-
creased oxidative stress in nurses working on their shifts*
11 Beyond the previous published studies, we found an
increased oxidative stress at the end of shifts in all nurses
compared to baseline parameters. Furthermore, we com-
pared OS and ICU nurses’ oxidative stress parameters and
metabolic activities using the SWA device on their shifts
and found no differences among them. In other words, the
findings of the present study demonstrated that although
oxidative stress was increased, we observed no difference
in the metabolic activities in the nurses, and most likely, the
job stress and prolonged and incessant working hours were
the main reasons for the increased oxidative stress. This
study is unique regarding this point.

Measuring different oxidant and antioxidant molecules
is impractical, and their oxidant and antioxidant effects are
additive. Because there are numerous oxidants and anti-
oxidants in the body, measuring total oxidant-antioxidant
status is more valid and reliable*?. If only a few param-
eters are measured, their levels may be unchanged or de-
creased, even when the actual oxidant status is increased,
or vice versa??, There is considerable interest in the ha-
bitual physical activity levels and total EE of contemporary
humans given the burden of inactivity-related disorders.
Therefore, a requirement for accurate, nonintrusive, reli-
able and valid methods for the measurement of physical
activity and predicting EE is warranted to tackle important
health issues™**4, The doubly labeled water method, indi-
rect calorimetry and metabolic carts are considered to be
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