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In a cross-sectional study of women in a nursing team at a university hospital in southern Brazil, we studied DNA
damage, salivary cortisol levels, and cognition. DNA damage was measured in blood leukocytes with the comet
assay and the micronucleus test. Salivary cortisol levels were determined upon waking, 30 min later, and at
bedtime. Cognition was evaluated according to the Stroop, Digit span and Word span tests. Cortisol levels on
waking up were associated negatively with the number of years the employee worked at the institution and

positively with the DNA damage in comet assay. Cognitive scores were lower when the cortisol levels were low at
awakening and high at bedtime; and were associated positively with educational level. Cortisol status may in-
fluence overall health as well as essential work skills, such as attention.

1. Introduction

Hospital nursing staff must be ‘multi-task’; their jobs demand con-
stant attention, focused memory, and decision making, prioritizing pa-
tients’ most immediate care needs. Even well-prepared nurses may
experience high levels of occupational stress [1], due to factors such as
work overload, work intensity, interpersonal conflicts, long shifts, night
shifts, the psychological impact of patients’ conditions, excessive stan-
dardization of procedures, and lack of recognition of effort [2-7]. In
Brazil, interpersonal conflicts within the health staff are one of the main
stressors in nursing teams [2,8,9]. The sense of lack of control and the
lack of social support are additional sources of stress [10,11].

Working memory, memory retrieval, divided attention, decision
making, and, ultimately, task performance are affected by stress. Brain
regions mediating cognitive functions, such as the hippocampus,
amygdala, and prefrontal cortex, can be affected by stress effects on
dendritic arborization, dendritic spines, and synapse numbers [12].

Studies in animal models and humans indicate that short-term exposure
to stress hormones (e.g., cortisol, norepinephrine, epinephrine) can
cause DNA damage and interfere with cell-cycle regulation and DNA
repair [13,14]. A single stressful event can cause DNA damage in specific
brain sites in rats; DNA damage in the hippocampus was still present one
week after immobilization stress [15]. DNA damage was observed in the
hippocampus in chronically stressed male (but not female) rats [16].
Stress hormones can reduce DNA repair capacity and interfere with
cell-cycle regulation by suppressing p53 levels [17,18] and affecting
DNA repair proteins such as the Chk1 and Chk2 kinases [13], resulting in
an imbalance between DNA damage and repair and compromising
maintenance of DNA integrity [19,20]. Jenkins et al. [21] suggested that
cortisol (in humans) can increase MDM2 activation, resulting in loss of
p53 function. Reeder et al. [22] indicated that stress hormones can result
in DNA damage, activation of ATR, and upregulation of the
cyclin-dependent kinase inhibitor p21. As a major target of p53 activity,
p21 mediates cell cycle arrest in response to DNA damage. The comet
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assay and cytokinesis-block micronucleus (CBMN) assay are routinely
used as genotoxicity biomarkers in human biomonitoring (reviewed in
[23D).

Nursing-team stress has been evaluated worldwide with reporting
scales [1] and, less frequently, with biomarkers such as cortisol. Among
physicians, self-reported pre-shift stress was positively associated with
salivary cortisol [24]. Elevated levels of cortisol are associated with
biological aging, and a cross-sectional study in older adults showed that
serum cortisol is related to frailty [25]. The cortisol awakening response
(CAR) has been associated with psychosocial and health issues [26-30].
The absence of CAR, or an atypical CAR, such as a flattened response,
has been negatively associated with health in acute and chronic psy-
chosocial stress [31], subclinical disease [32], and increased mortality in
breast cancer patients [33].

In addition to occupational factors, nursing staff may face other
adverse exposures: physical (e.g., ionizing radiation [IR]), chemical (e.
g., antineoplastic agents), and psychosocial (e.g., stress) [34]. Radio-
protection is well-established and legislated; occupational stress pro-
tection, much less so. In the first phase of our study, we found that
occupational IR exposure (below the established safety limit) did not
correlate with a nursing team’s DNA strand breaks or MN frequency
[35], although other risk factors (such as stress) may also have roles.

The cortisol-releasing pattern may be altered because of stress, thus
affecting cognitive skills. Therefore, the goal of this study was to
examine molecular/hormonal stress parameters in relation to DNA
damage and alterations in skills/behaviors that may affect nursing care;
the subjects were members of a nursing team, with or without IR
exposure, working in four different hospital units.

2. Materials and methods
2.1. Subjects

This cross-sectional study (n = 78) was conducted in 2013 at the
University Hospital in Porto Alegre, Rio Grande do Sul, Brazil, and
included members of the nursing team not exposed to IR, working in the
Ambulatory (n = 31) and Midwifery (n = 10) Units, and occupationally
exposed to IR in the Hemodynamic (n = 16) and Radiology (n = 21)
Units. All subjects were women, mean age = 45.2 + 8.8 years (Table 1).

Overall, 5% of the subjects were smokers (1-10 cigarettes per day),

Table 1
Characteristics of the Nursing Team studied in a Hospital of Southern Brazil*.
Characteristics Mean + SD N %
Age (years) 45.21 + 8.8 78 -
Gender (female) - 78 100
Work at the Institution (years) 16.05 + 10.8 78 -
Exposure to IR
Yes - 37 47.4
No 41 52.6
Smoker
Yes - 4 5.1
No 74 94.9
Alcohol -
Yes 28 35.9
No 50 64.1
Physical Exercise
Yes - 21 26.9
No 57 73.1
BMI
18.5-24.9 - 21 26.9
25.0-29.9 33 42.3
30 and Above 30 38.5
Medicines
Yes - 44 56.4
No 34 43.6

" Data collected from questionnaire. IR — Ionizing Radiation, BMI — Body Mass
Index.
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36 % consumed alcohol (only socially, 1-5 days in a month), 73 % did
not practice physical exercise three or more times per week, and 56 %
used some medicine. The types of alcoholic beverages consumed were
wine and beer. Among those who practiced physical activities, these
were walking and gym exercise at least 6 h prior to blood sampling. The
mean length of employment at the institution was 16 + 10.8 years.
Briefly, the Ambulatory nursing team provides direct assistance and
educational activities to patients and their families and performs home
visits. The Midwifery Unit is part of the service assisting women during
pregnancy, childbirth, and postpartum. In the Radiology and Hemody-
namic Units, there is occupational exposure to IR (activities in conven-
tional x-rays and computed tomography) in addition to regular nursing
activities. As a measure of radioprotection, personal protective equip-
ment is used in these two units, and rotation (weekly or biweekly) of the
staff is implemented. The exposed nursing team received doses lower
than the annual dose allowed by law (according to personal dosimeters)
and did not exhibit increased DNA damage relative to the nonexposed
nursing team, as described in the first part of this study [35]. The nurses
in all four units had 6 h work shift at the Institution and 6—8 h of sleep.
Nurses taking corticoids and/or working on night shifts were excluded
from the study. Also excluded were those who were pregnant, had
previously received cancer chemotherapy, or had been exposed as pa-
tients to IR due to diagnostic (last three months) or therapeutic (last
year) procedures. The study protocol was in accordance with the
Declaration of Helsinki for research involving human subjects and was
approved by the ethics committee of the hospital (#11—-0603); all par-
ticipants gave written informed consent.

2.2. Salivary cortisol

Saliva was collected and kept in Salivette® devices. Salivary cortisol
was determined at three time points: at awakening (Cortzeo), 30 min
after waking up (Cortsp), and at bedtime (Corty) during working days.
Oral and written orientation was given, such as avoiding food, alcohol,
smoking, teeth brushing, or intense physical exercise before saliva
collection. Salivary cortisol (Roche kit) was measured using electro-
chemiluminescence detection (Siemens) at the Clinical Pathology Lab-
oratory of the hospital, and laboratory staff was blind to the
experimental conditions of the study. The reference values informed by
the Laboratory for the Salivary cortisol were <19.7 nmol/L in the
morning (06.00-10.00 h) and < 9.7 nmol/L at night (23.00—00.30 h).
After the analyses, samples were stored at —20 °C. CAR (CAR = Cortzp —
Cortyero), area under the curve between the moment of awakening and
bedtime, and the slope (b) of the line measured between cortisol at
bedtime (Corty, ty) and at awakening (Cortyero, tzero) Were calculated.
The slope “b” is usually negative because b = (Corty — Cortzero/tn —
tzero), Corty < Cortger, and ty (bedtime) > ter, (awakening time).

2.3. Blood sampling

Peripheral blood samples of the subjects were collected into hepa-
rinized tubes, on Wednesdays, from 10 a.m. to 4 pm, from January to
May 2013. All blood samples were coded, chilled at 4 °C, and processed
within 2 h after collection. The alkaline comet assay in whole blood
samples was conducted immediately after blood transportation.

2.4. Comet assay

The alkaline comet assay [36] used in this study followed the general
guidelines of Singh et al. [37] and Fairbairn et al. [38] with some
modifications. All steps were conducted under indirect light and the
slides were coded and analyzed without knowledge of sample identity. A
sample of lymphocytes isolated with Histopaque 1077 (50 pL) was
mixed with 0.5 % low-melting-point agarose (Invitrogen), 300 pL, at 37
°C. This mixture was placed on slides previously coated with 1%
normal-melting-point agarose (Cambrex Bio Science Rockland) at 60 °C.
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The agarose layers were covered with cover slips, which were removed
after the gel solidified. The slides were immersed overnight in lysis so-
lution (2.5 M NaCl, 100 mM EDTA, and 10 mM Tris; pH 10.0-10.5; with
freshly added 1% Triton X-100 and 10 % DMSO) at 4 °C in the dark.
Blood collected from healthy volunteers was used periodically for pre-
paring of negative and positive controls. Cells treated with hydrogen
peroxide (150 pM, 5 min) on the slide at 4 °C were used as positive
controls.

The coverslips were carefully removed and the slides were placed in
alkaline buffer for 30 min at 4 °C (300 mM NaOH, 1 mM EDTA; pH > 13)
to unwind the DNA. Electrophoresis was performed at 0.7 V/cm, 300 mA
for 30 min at 4 °C. Positive and negative controls were included in each
electrophoresis run. Slides were neutralized (0.4 M Tris, pH 7.5),
washed in double-distilled water, stained by a silver-staining protocol
[39], and analyzed with an optical microscope. From two replicate
slides, 100 cells were selected and analyzed for DNA migration. Cells
were visually scored according to tail length into five classes: class 0,
undamaged; class 1, tail shorter than head (nucleus) diameter ; class 2,
tail length 1-2 x head diameter; class 3, tail longer than 2 x head
diameter ; and class 4, comets with almost all DNA in the tail (comets
with no heads). The damage index (DI) was calculated according to the
visual classification system [39]. DI values ranged from O (completely
undamaged: 100 cells of class 0) to 400 (with maximum damage: 100
cells of class 4). For statistical analysis, we used the mean values of DI
and damage frequency (DF). The DF (%) was calculated based on the
number of tailed (damaged) versus tailless (undamaged) cells [36,39,
40].

2.5. CBMN test

The CBMN assay [41] was conducted using the cytochalasin B
technique [42] and following the recommendations from the Interna-
tional Collaborative Project on Micronucleus Frequency in Human
Populations (HUMN Project). Cultures were prepared in Falcon 3033
tubes in duplicate using heparinized whole blood (0.5 mL) and Gibco
PB-MAX Karyotyping Medium (Life Technologies, Grand Island, New
York, USA) supplemented with 10 % fetal bovine serum. Lymphocytes
were incubated at 37 °C, 5% CO,. Two parallel cultures were set in tubes
(Falcon 3033) for each sample. At 44 h after initiation, cells were
blocked with cytochalasin B (Sigma-Aldrich, St. Louis, MO), final con-
centration =4 pg/mL. Positive (mitomycin C, 0.20 pg/mL) and negative
(DMSO) controls were run in parallel. The cells were harvested at 72 h,
treated with hypotonic solution (0.075 M KCl), immediately centri-
fuged, and fixed three times with methanol/acetic acid (3:1). The fixed
cells were dropped onto humidified slides. Air-dried slides were stained
with Giemsa for 10 min. A minimum of 500 cells were scored for
calculation of the nuclear division index (NDI). For each culture, 1000
binucleated cells were scored blindly using optical microscope following
the scoring criteria outlined by the HUMN Project [41,43] and the
number of cells with micronucleus per 1000 binucleated cells was
recorded.

2.6. Cognitive tests

The Stroop test was applied to measure selective attention; the digit
and word span were used to measure memory [44]. The tests were
applied by previously trained examiners in a silent room. Briefly, the
Stroop test consists of three sets of tests, each in a time frame of 45 s and
maximum score of 100 per sheet: the person must first read colored
words that match with the colors of the ink in random order (Stroop_-
word); second, name the color of colored X’s (Stroop_color); and third,
name the incongruous color of the written color word (Stroop_color/-
word), for example, “blue”, in the word “red”, printed in blue. There is
an increase in reaction time in the last task because of the interference of
the word on the incongruent color, and it varies according to age,
gender, and educational level [45-47]. The digit and word span are
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components of the Wechsler scale that is commonly used to access
declarative and working memory. In the digit span test, the subject re-
peats a crescent sequence of digits (maximum 14) said by the examiner.
In the word span test, the subject is asked to repeat a list of (10) words
said previously by the examiner.

2.7. Data analysis

The quantitative variables were previously tested for homogeneity of
variance (Kolmogorov-Smirnov test). If they did not present homoge-
neity of the variance, the variables were subjected to a mathematical
transformation (such as square root). The variables cortisol level,
damage index (ID), damage frequency (FD), and BMI were submitted to
Student’s t-test for independent groups, comparing the IR-exposed vs.
non-exposed groups. The variables square root of the micronucleus
frequency, Stroop, and Span were subjected to one-way ANOVA to
compare the IR-exposed vs non-exposed groups, considering age as a
covariate.

Categorical variables were analyzed using the chi-square test. Dif-
ferences between groups were considered significant when P < 0.05.
The Pearson correlation test was used to select the variables to be
included in a multivariate linear regression analysis. When P = 0.25 or
lower, those variables were included as factors in a multivariate linear
regression model and tested again for significance; those factors (vari-
ables) that continued to have their P = 0.25 or lower remained in the
model. The linear regression model was considered significant when P <
0.05.

3. Results

Salivary cortisol levels from the Radiology, Hemodynamics, Ambu-
latory, and Midwifery Unit nursing teams at three time points (i.e., at
awakening, 30 min after waking up, and at bedtime) are presented in
Fig.1. There was no significant difference between the groups in relation
to the mean cortisol levels at these time points, although the Midwifery
Unit presented an altered curve pattern without the expected increase
30 min after waking. The Midwifery Unit also presented elevated DI in
relation to the other Units, as shown in the first part of this study [35].
There were no differences in cortisol levels or cognitive scores in relation
to occupational IR exposure (Table 2).

For 57 participants (73 %), Cort,eo Or Cortgg was >19.7 nmol/L, the
upper limit of the healthy reference value. The numbers of participants
above this limit did not differ among the four Units (data not shown) or
in relation to IR exposure (Table 2). The laboratory that performed the
analysis does not establish lower limits for salivary cortisol. Using the
same determination method, other laboratories consider 3.86 nmol/L as
a lower limit for morning salivary cortisol. Nine of the participants
presented Cort,er, Or Cortsg below this value. Their mean age was 49.8 +
8.8 and seven of them had worked at the Institution 17-35 years. For
eight individuals, BMI was >28 and seven did not practice physical
exercise. Most studies that evaluate stress based on salivary cortisol do

35+ H
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% _ 257 -¥- Ambulatory
8%1 204 -¢- Midwifery
E £ 154
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T 104
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Fig. 1. Salivary cortisol levels. t_zero = waking up time; t_ 30 min =30 min after
waking up; t_night: bedtime. Data are expressed as mean + SEM, Two-way
ANOVA. Ambulatory (n = 31), Midwifery (n = 10), Hemodynamic (n = 16)

and Radiology (n = 21).
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Table 2
Values of Salivary Cortisol and Cognitive Scores in the Nursing Team according
to the Occupational Exposure to Ionizing Radiation (IR)*.

Exposed to IR (n = Not Exposed to IR (n =

37) 41)
Cortyero (nmol/L) 15.59 + 6.96 17.89 £ 11.2
Cortso (nmol/L) 23.5 +9.55 22.48 +£12.62
Corty (nmol/L) 4.76 + 4.81 4.52 + 4.96

Cortyero 01 Cortgy > 19.7 75.7 % (28) 70.7 % (29)

nmol/L

% (n)
Stroop_word 88.22 + 15.44 84.95 + 14.53
Stroop_color 62.19 +£10.85 61.46 + 9.18
Stroop_word/color 33.97 + 8.56 34.59 + 8.70
Digit Span 7.94 + 2.99 7.7 +£3.24
Word Span 6.02 + 1.23 5.75 + 1.04
Age (years) 44.97 + 8.65 45.41 + 8.90

" Exposed to IR — Radiology and Hemodynamics; Not Exposed — Ambulatory
and Midwifery. Cort,e,o: cortisol soon after awakening; Cortso: cortisol 30 min
after waking up; Corty: cortisol at bedtime. Data presented as Mean + SD.
Cortisol levels were compared in Student’s t-test and cognitive scores were
subjected to One-way ANOVA considering age as covariable. The number of
nurses with Cortyer, or Cortzg > 19.7 nmol/L was compared in y2 test.

not use a reference standard as a cutoff point, but rather rely on the
levels to compare groups under different conditions.

DNA DI did not differ in relation to occupational IR exposure, as
reported in the first part of this study [35], or between participants with
normal weight, overweight, or obesity (Fig. 2). DI did not correlate with
BMI, but correlated positively with Cortyero (Fig. 3). The number of years
working at the Institution correlated negatively with DI and Cortyer,
(Fig. 3). The historical laboratory mean + SD values of comet assay DI
for women with the same age range were 48.7 + 29.2 [48]. The mean
values of MN frequency showed no significant difference in relation to IR
exposure (2.4 + 1.96 per 1000 binucleated cells, exposed, vs 2.4 + 1.83,
non-exposed) [35], and did not differ from the MN frequency in healthy
controls used in previous studies by the laboratory [49]. MN did not
correlate with BMI or Cortyero.

Among the participants who used medicines, 75 % presented
morning cortisol levels >19.7 nmol/L, while among those who did not
use medicines, the rate was 71 %. The medicines used were antihyper-
tensive drugs, analgesics, antidiabetic drugs, cholesterol reducing drugs,
thyroid hormones, antidepressants, anti-inflammatory drugs, contra-
ceptives, and antibiotics.

BMI
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Fig. 2. DNA Damage Index in peripheral blood mononuclear cells (PBMC) in
relation to BMI. Data presented as mean + SEM, One-way ANOVA.
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Nine participants (three in the group exposed to IR and six not
exposed) used contraceptives. The mean value of the cortisol levels in
the group using contraception did not differ from those of age-matched
controls (sub-group of the total sample).

The correlations among the variables studied, i.e., cognitive func-
tions, DNA damage, salivary cortisol, and number of years at the insti-
tution, were assessed in the total nursing-team sample. There were no
differences between the variables studied in relation to alcohol con-
sumption, smoking status, or physical activity.

3.1. DNA damage linear regression model

Pearson correlation values between DNA damage and cortisol or
occupational radiation exposure profile are presented in Table 3. Only
correlations with P < 0.25 were considered for linear regression pur-
poses. The results showed that DI was positively correlated with Cortyero
and negatively correlated with the number of years at the institution.

The variables that remained in the linear regression model for DI
were Cort,ero and number of years at the institution, adjusted for age and
years of education. The proposed linear regression model for DI (P =
0.017 and R? = 0.151) is as follows: DI = 94.34—3.64 (years of educa-
tion) + 0.653 (Cortyero) —1.40 (years at the Institution). Hence, 15.1 %
of DI variation is explained by years of education, levels of Cort,er,, and
number of years at the institution. Numbers of years of education and
years at the institution decreased DI, whereas higher levels of Cortyer,
increased DI. The variables that remained in the MN linear regression
model were Cortzy and years of education, MN = 3.6—0.13 (years of
education) — 0.026 (Cortsp) + 0.025 (age), but it lost significance when
adjusted for age (P = 0.07 and R? = 0.092).

3.2. Cognitive score linear regression model

Pearson correlation values between cognitive scores and DNA dam-
age are presented in Table 4 and between cognitive scores and cortisol
profile are presented in Table 5.

The following variables remained in the linear regression model for
the Stroop color/word score: Corty, Cortzero, DI, years of education, and
age. The proposed linear regression model for the Stroop color/word
score (P = 0.001 and R? = 0.255) is as follows: Stroop color/word score
= 46.4 + 0.378 (years of education) — 0.27 (Corty) + 0.142(Cortzero) —
0.052 (DI) — 0.332 (age). According to this model, years of education,
Corty, Cortgero, DI, and age contributed to 25.5 % of Stroop color/word
score variation: higher education and Cort,e, increased the score,
whereas higher Corty, DI, and aging decreased it. The variables that
remained in the digit span score linear regression model were MN, DI,
years of education, and age. The proposed linear regression model for
the digit span score (P = 0.001 and R? = 0.248) is as follows: Digit Span
score = 2.05 — 0.2061 (MN) — 0.012 (DI) + 0.475 (years of education) +
0.012 (age). 24.8 % of digit span score variation is attributed to MN, DI,
education, and age. The digit span score increases as education and age
increase, and it decreases as MN and DI increase.

3.3. Cortisol regression model

Cortisol profile (Table 6) was tested for age, education, and number
of years at the institution. The variable “years at the institution” were
then included in the linear regression model for the cortisol profile.

The proposed linear regression model for Cortyer, (P = 0.002 and R?
= 0.115) is as follows: Cortgero = 21.6 — 0.296 (years at the Institution).
According to the model, 11.5 % of the Cortey, variation may be
explained by employee time at the institution: Cort,er, decreased as time
worked increased. The association with the number of years at the
institution was stronger than with age, which is why the former was
included in the model instead of the latter.
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Fig. 3. Scatter plots illustrating the relationship between DNA damage, BMI and Cort,e,, in the nursing team. Cort,e,: cortisol soon after awakening; DI: DNA
damage index, MN: micronucleus, BMI: Body Mass Index. Pearson correlation, n = 78.

Table 3
Correlation of DNA Damage with Cortisol Profile and occupational exposure parameters in nursing team.
DNA DI (n = 78) DNA DF (n = 78) Micronucleus (n = 77)
r p r p r P
Cortyero 0.224 0.049 0.153 0.182 —0.083 ns
Cortzg 0.089 ns 0.126 ns —0.181 0.116
Corty —0.050 ns —0.052 ns 0.122 ns
CAR —0.089 ns —0.002 ns —0.098 ns
AUC 0.007 ns 0.035 ns —0.039 ns
b —0.018 ns —0.018 ns 0.161 0.161
Age —-0.121 ns -0.110 ns 0.185 0.107
Education (years) —0.197 0.085 —0.242 0.033 —0.220 0.054
Years at the Institution —0.259 0.022 —0.246 0.030 0.198 0.084
Years of IR —-0.176 0.124 —0.205 0.072 0.063 ns

DNA DI: DNA damage index; DNA DF: DNA damage frequency; Cort,er,: cortisol soon after awakening; Cortsg: cortisol 30 min after waking up; Corty: cortisol at
bedtime; CAR: cortisol awakening response; AUC: area under the curve -between the moment of awakening and bedtime, b: the slope of the line measured between cortisol
at awakening and bedtime; Years of IR: years of ionizing radiation occupational exposure. r: Pearson correlation coefficient, ns: P > 0.25.

profession, such as attention and memory. Overall, the results suggest
that Cortgero levels in the nursing team decreased as number of years
worked at the institution increased. Higher DNA damage detected in the

Table 4
Correlation between DNA Damage and Cognitive Scores.

DNA DI DNA DF Micronucleus comet assay and MN test correlated with lower (worse) Digit Span
n=78 n=78 n=77 . . .
scores, while better Stroop color/word scores related to increase in
T p T p r p Cortgero and years of education.
Stroop_word ~0.170 0.136 -0.155 0.174 —-0.307  0.007 Cortisol, a catabolic hormone, released in the blood by the adrenal
Stroop_color -0.244  0.031  -0.258  0.023  -0.284  0.012 cortex, maintains the blood glucose level during the day so as to provide
Stroop_word/color  —-0.204  0.074  -0.248  0.029  -0.098  ns energy to the brain and neuromuscular system. In addition to its normal
Digit Span —-0.245  0.030 —0.265 0.019  —0.215  0.060 function. cortisol has a kev role in the stress r N roviding ener
Word Span 0.015  ns 0.045  ns ~0.133  0.250 unction, cortisol has a key role € SIress response, pro & energy

to cope with the stress condition. Its levels rise within minutes after the
stressful event and remain elevated for several hours. This cortisol in-
crease is adaptive in the short term (eustress). According to the general
adaptation syndrome (GAS) postulated by Hans Selye (1946), a three-
phase physiologic stress response follows: first, the alarm reaction (ad-
renal release of epinephrine and glucocorticoid production) helps to
restore homeostasis; second, the resistance phase, and third, the
exhaustion phase, where the adaptive response stops and a negative

DNA DI: DNA damage index; DNA DF: DNA damage frequency; r: Pearson cor-
relation coefficient, ns: P > 0.25.

4. Discussion

We analyzed the relationship between cortisol levels, IR exposure,
DNA damage, and some cognitive skills that are essential for the nursing
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Table 5
Correlation of Cognitive Scores with Cortisol Profile and occupational exposure parameters in nursing team.
Stroop_word Stroop_color Stroop_word/color Digit Span Word Span
r p r P r P r p r p
Cortyzero 0.047 ns 0.073 ns 0.164 0.152 0.107 ns —0.052 ns
Cortszg 0.061 ns 0.114 ns 0.036 ns 0.057 ns 0.022 ns
Corty —0.144 0.207 —0.221 0.051 —0.136 0.237 0.123 ns —0.158 0.166
CAR 0.020 ns 0.047 ns —0.091 ns —0.030 ns 0.059 ns
AUC 0.025 ns 0.027 ns —0.009 ns 0.090 ns —-0.121 ns
b —0.144 0.209 —0.195 0.087 —0.189 0.098 0.027 ns 0.030 ns
Age -0.179 0.117 —0.240 0.034 -0.373 0.001 —0.051 ns —0.250 0.027
Education (years) 0.248 0.029 0.273 0.016 0.223 0.050 0.435 0.000 0.179 0.117
Years Institution —0.107 ns —0.106 ns -0.177 0.120 0.040 ns —0.163 0.154
Years of IR —0.076 ns —-0.174 0.128 —0.215 0.058 0.112 ns —0.011 ns

Cort,ero: cortisol soon after awakening; Cortso: cortisol 30 min after waking up; Corty: cortisol at bedtime; CAR: cortisol awakening response; AUC: area under the curve
-between the moment of awakening and bedtime, b: the slope of the line measured between cortisol at awakening and bedtime; Years of IR: years of ionizing radiation

occupational exposure. n = 78. r: Pearson correlation coefficient, ns: P > 0.25.

Table 6
Correlation of Cortisol with Age and years at the Institution in the nursing team.
Cortzero Cortsg Corty AUC CAR b
r p r P r P r p r p r p
Age —0.243 0.032 —0.197 0.083 0.047 ns —0.103 ns 0.006 ns 0.099 ns
Education (years) 0.012 ns —0.024 ns 0.016 ns 0.023 ns 0.840 ns —0.084 ns
Years at the Institution —0.339 0.002 —0.104 ns 0.072 ns —0.012 ns 0.164 0.153 0.210 0.065
Years of IR -0.177 0.120 0.006 ns 0.084 ns 0.013 ns 0.140 0.222 0.133 0.245

Corty,ero: cortisol soon after awakening; Corts: cortisol 30 min after waking up; Corty: cortisol at bedtime; CAR: cortisol awakening response; AUC: area under the curve
-between the moment of awakening and bedtime, b: the slope of the line measured between cortisol at awakening and bedtime; Years of IR: years of ionizing radiation

occupational exposure. n = 78. r: Pearson correlation coefficient, ns: P > 0.25.

state begins [50]. The effort to maintain a balance (allostasis) becomes
inefficient and turns to overload [51]. The altered cortisol pattern then
signals chronic stress or chronic fatigue. Repeated cortisol secretion in
the chronic stress response induces cortisol dysfunction as a result of
cortisol depletion, impaired corticotropin-releasing hormone function,
glucocorticoid receptor (GR) resistance, etc. (reviewed in [52]). Cortisol
binding to the mineralocorticoid receptor, as a result of extreme surges
and/or resistance of the GR, promotes proinflammatory effects [52].
Stress mediators can have both protective and damaging effects,
depending on the secretion time-course. Physiologic cortisol release has
a typical circadian profile, with highest level at waking up in the
morning and declining thereafter. The magnitude of this decline de-
pends on cortisol levels either at waking up or at bedtime. This fluctu-
ation prepares the individual for daily demands. In response to stress,
the magnitude and/or the dynamic of cortisol release may be altered
[53-55]. Higher morning and bedtime cortisol levels have been related
to chronic stress. A flattened profile (i.e., low cortisol levels in the
morning or high cortisol levels at night) has been linked to higher
chronic fatigue symptoms and poorer metabolic health (abdominal
obesity, hypertension, high triglycerides and fasting glucose, insulin
resistance), and may be an indicator of hypoactive
hypothalamic-pituitary-adrenal (HPA) activation [56]. High cortisol
levels before bedtime have been linked to inappropriate stress recovery
[31]. This circadian pattern may also be a presentation of an allostatic
load subtype characterized by a failure to exhibit an expected bio-
marker’s circadian cycle or recovery after a stressor [32]. We observed
no significant differences in the studied parameters in relation to
occupational exposure to IR. Instead, the nurses working in the
Midwifery Unit presented significantly increased DNA strand breaks in
relation to the other Units [35] and also an altered cortisol curve pattern
(Fig. 1). Most of the nurses in the study presented elevated morning
cortisol levels (considering the 19.7 nmol/L as an upper limit), which
could indicate stressful conditions. Therefore, we decided to perform
linear regression analysis, to predict, according to the model, the
weights by which the variables in the regression equation contribute to

outcome variation.

The DNA damage linear regression model showed that high levels of
Cort,ero Were associated with high DNA DI in the comet assay. The
mechanisms by which the chronic stress condition (indicated by the
elevated cortisol) can contribute to accumulation of DNA damage could
be elevation of direct damage to DNA, resulting from oxidative stress
induction and/or inhibition of the repair of lesions formed by in-
termediates of endogenous metabolism or exogenous genotoxic agents.
In agreement with this, exposure to stress hormones (such as cortisol,
norepinephrine, epinephrine) has been found to elevate DNA damage
and decrease DNA repair [13]. DNA damage induced by cortisol in
breast cancer cells was reduced by incubation with an iNOS inhibitor,
suggesting involvement of damaging reactive nitrogen species [13]. A
relationship between cortisol and oxidative DNA damage was also
observed in patients with post-traumatic stress disorder [57]. Cortyero,
measured immediately after waking up, has been linked to expectancies
of the day [58]. Thus, we suggest that increased DI could be partially
linked to allostatic load. It has been estimated that each human cell
sustains approximately 70,000 DNA lesions per day, mainly oxidative
damage [59]; therefore, repair inhibition could lead to mutations or
epigenetic alterations.

The comet assay detects damage and repair at the single cell level.
The DI is a measure of DNA damage caused by a recent exposure (still
can be repaired), as opposed to the permanent chromosomal damage
detected by the MN test, i.e., clastogenesis and aneugenesis. Oxidative
damage in human peripheral blood cells is actively repaired by base
excision repair (BER) [60]. DNA strand breaks are formed during this
process, as repair intermediates after the excision step. The subsequent
polymerization and ligation steps are limited by the low deoxyribonu-
cleotide pools in non-cycling lymphocytes [61], and the DNA
strand-break intermediates can be detected in the comet assay. Thus, the
increased DI observed in our study, in association with increased Cort-
zero, could result from direct strand breaks and/or active repair of
oxidative damage to DNA bases. On the other hand, chronic exposure to
high concentration of genotoxic agents could lead to a toxic condition,
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with inhibition of DNA metabolism and decrease in DI. Such decreased
DI was associated with oxidative stress and DNA repair inhibition in
blood samples of breast cancer [48] and chronic obstructive pulmonary
disease [62] patients. In the breast cancer patients, initial induction of
superoxide dismutase (SOD) was accompanied by an increase in DI in
blood cells. However, in patients with extreme SOD induction (indi-
cating oxidative stress), DNA damage observed in the comet assay
decreased to levels even lower than in healthy controls. This is explained
by inhibition of DNA metabolism and elimination of highly damaged
cells by apoptosis [48]. We did not evaluate DNA repair and cannot
confirm that a similar toxic condition resulting from adverse chronic
exposure can explain the negative correlation between DI and number of
years at the institution found in our study.

Conversely, the cortisol response prepares the individual for a high
demanding situation. Despite the “cost” (i.e., increase in DNA damage)
of the action, higher Cort,e, contributed to better cognitive scores.
However, a chronic exposure is harmful, triggering diseases and cogni-
tive deficits [63-65]. In this study, low Cort,er, and high Corty corre-
lated with worse cognitive scores measured by the Stroop word/color
score.

In humans, increased cortisol levels after a psychosocial stimulus
have been associated with hippocampus deactivation [29]. The hippo-
campus takes part not only in memory processing but also in inhibiting
the HPA axis as part of a neural circuitry relevant to stress [12,29,
66-68]. The dynamic of cortisol release has been related to cognitive
scores: the higher the CAR, the better the cognitive scores; and an
attenuated CAR has been linked to poorer overall cognitive performance
[69]. A better episodic memory, but not working memory, has been
linked to higher CAR. Moreover, higher waking up cortisol has also been
related to better working memory [70]. A reduced CAR has been found
in situations such as caregiving burden [71] and burnout [72], and it has
been suggested that this CAR reduction is not beneficial to
hippocampus-mediated memory function [70].

As expected, a better cognitive performance was found among those
with increased educational levels. An impaired digit span score (as an
index of working memory score) is expected to be associated with
altered cortisol profile. However, our results did not show correlation.
Instead, decreased digit span score was associated with higher DNA
damage, MN and DI. The acute [15] and chronic [16] stresses induce
DNA damage in rats’ hippocampus. Increased cortisol levels, as a
consequence of occupational stress could lead to DNA repair inhibition,
accumulation of DNA damage and apoptosis induction. The elevated
DNA damage in blood cells in our study could be an indicator of systemic
adverse effects of chronic stress, which can also affect memory, evalu-
ated by the digit span score. Thus, the current data reinforce that an
altered pattern in the cortisol release dynamics is related to attention
and to the ability to discriminate between two concomitant stimuli,
which are essential functions for professional nursing activities. Much
attention and concentration is needed, for example, during medication
preparation [73], whereas impaired attention or momentary distraction
may increase the likelihood of errors. Stressors such as perceived over-
load or high workload have been associated with dispensing errors
among pharmacists [1,74,75].

Although MN is already known to increase with aging and cognitive
scores are known to depend on education and age, the other contribu-
tions relating to DNA damage and cortisol profile have not yet been
described in the context of nursing. Aside from working conditions,
personal and sociodemographic characteristics have an important role
in stress. Although younger professionals could be more vulnerable to
experience stress at work, possibly related to immaturity and decreased
coping skills [2,76,77], we did find a stronger association other than
between age and cortisol. With longer time at the institution, Cortyero
was lower. Although aging also contributed to decrease cortisol, a much
stronger association was found with number of years at the institution
than with aging. As long as younger and older employees share similar
tasks, this result should be interpreted as some kind of adaptation or
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accommodation from the older employees that makes them spend less
energy for the expectations of the coming working day. Moreover, low
cortisol levels in the morning, high levels at night, and other alterations
in cortisol-releasing pattern could indicate cortisol dysfunction, which
could occur as a result of chronic stress and exhaustion throughout the
time of employment.

In Brazil, the nursing team is composed of both nurses and nursing
assistants. The former requires university education, whereas the latter
requires only a high school education. A higher level of education was
related to both less DNA damage (DI and MN) and better cognitive re-
sults. Protective effects of education may relate to better understanding
of risks and to better job conditions and categories.

Younger workers were linked to better cognitive scores on the Stroop
color/word score, but not on the digit span score. Age has been linked to
increased DNA damage, measured by micronucleus frequency [78].

One of the challenges in epidemiology is designing the control group.
Many individuals have a morbid condition or take medication, possibly
affecting release of cortisol; chronic disease can trigger stress and in-
crease release of cortisol. Also, stress could trigger chronic diseases.
These factors appear concurrently and we cannot distinguish cause and
effect. Of the participants, 81 % presented BMI > 24.9, characteristic of
overweight or obesity. Stress and obesity are connected in many ways;
stress can increase consumption of high- calorie foods, stimulate release
of the hormones leptin and ghrelin, decrease physical activity, and
disturb sleep (reviewed in [79]).

In the first part of this study [35], no relationship was found between
occupationally IR exposure and DNA damage in blood leucocytes. Here,
we found no difference between cortisol levels in participants occupa-
tionally exposed or not exposed to IR. Nonetheless, the relationship
between high IR doses and DNA damage is well known and the legis-
lation for the safety limit is carefully applied. Although there are
well-established regulations for occupational IR risks, occupational
stress is harder to measure and regulate.

5. Implications and future perspectives

The finding that DNA damage is related to cortisol profile (present
study) and not to occupational exposure to IR [35] raises some issues.
When studying occupational radiation effects, evaluation of stress levels
should also be performed. Altered levels of cortisol could influence DNA
damage otherwise attributed to radiation exposure. Identifying the best
stress biomarkers and the most vulnerable persons (sentinel individuals)
can help in formulating an effective workplace program for stress pre-
vention. Patient health depends not only on the skills of the care team
but also on the management of the institution.

6. Limitations

The influence of additional stress sources outside the work place was
not evaluated. Although the use of corticoids was an exclusion criterion,
the use of other medications (i.e., antidepressants, antihypertensive
drugs, contraceptives, analgesics, anti-inflammatory drugs, thyroid
hormones) may have affected the cortisol profile, DNA damage, or
cognition. Actual errors (e.g., medication errors), were not measured,
even if a relationship between altered cortisol patterns and cognition
was established.
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