THIEME

@ @ @ @ Original Article

Disruption in Circadian Rhythm Increases
Cardiovascular Disease Risk Factors in Shift Working

Nurses

Ghizal Fatima' Ashish Jha?> Mohsin Ali Khan?

TDepartment of Biotechnology, Era’s Lucknow Medical College and Address for correspondence Ghizal Fatima, MSC, PhD, Department
Hospital, Lucknow, Uttar Pradesh, India of Biotechnology, Era’s Lucknow Medical College and Hospital,
2pepartment of Cardiology, Ram Manohar Lohiya Institute of Lucknow, Uttar Pradesh 226017, India
Medical Sciences, Lucknow, Uttar Pradesh, India (e-mail: ghizalfatima8@gmail.com).

3Era’s Lucknow Medical College and Hospital, Lucknow, Uttar

Pradesh, India627985

Ind | Car Dis Wom 2021;6:79-85.

Abstract

Keywords

= ambulatory blood
pressure monitoring

= circadian rhythm

= day shift work

= night shift work

Background Shift work is associated with behavioral, psychosocial, and physiological
consequences in the body that may cause cardiovascular disease (CVD) risk. Therefore,
in this study we tried to demonstrate the disruption in circadian rhythm of blood pres-
sure by ambulatory blood pressure monitor in shift working nurses.

Methods A total of 50 nurses, 25 night shift working nurses (NSWN), and 25 day shift
working nurses (DSWN) underwent ambulatory blood pressure monitoring (ABPM) for
a period of 24 hours. Along with measurements of inflammatory markers (hs-CRP and
IL-6) the risk factors for cardiovascular disease between NSWN and DSWN and their
possible relationship with disrupted circadian rhythm were measured by circadian
rhythm questionnaire.

Results The mean systolic and diastolic pressure for a period of 24 hours and mean
diastolic blood pressure analysis throughout the sleep time was found greater in the
NSWN than the DSWN (118 mm Hg vs. 112 mm Hg, p < 0.05: 72 mm Hg vs. 68 mm
Hg, p < 0.05: 62 mm Hg vs. 59 mm Hg, p < 0.05). High mean blood pressure readings
were found to be more frequent in the NSWN (p < 0.05) than in DSWN. No significant
differences were found in IL-6 and hs-CRP levels. However, a significant difference in
circadian rhythm abnormality was found in NSWN than in DSWN.

Conclusion The 7 day/24 hours ambulatory blood pressure monitoring (ABPM) in
NSWN showed a reduced circadian rhythm variation in blood pressure along with
abnormality in circadian rhythm itself as compared with DSWN. Work schedules and
the consequent rest-activity schedules affect circadian rhythms, with likely long-term
impact on health. Therefore, working in critical care unit during night hours leads to
abnormal blood pressure in NSWN, suggesting that this type of work, in which sleep
is disturbed, leading to mental stress, could be a direct risk factor in cardiovascular
diseases.
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Introduction

Shift work does not have a specific definition; whatever
work we perform apart from our regular day-to-day work-
ing hours is considered a shift work. Shift work, being per-
formed in ~22% of population in industrialized countries is
an essential part of numerous industries.? Various forms
of illnesses including cardiovascular diseases, diabetes,
and obstructive sleep apnea are the consequences of night
shift work.> Diseases such as hypertension, left ventricu-
lar hypertrophy, coronary heart disease, and myocardial
infarction are very common and could be critical in night
shift workers than in day shift workers.? All these compli-
cations arise as an outcome of the encounter that appears
between shifted work hours and the output of the biological
clock.* The ability to be synchronized (or entrained) by zeit-
gebers (external time cues) is a noteworthy feature of circa-
dian rhythm.> For synchronizing endogenous rhythms, light
is the most effective stimulus. The time, duration, intensity,
and the wavelength of light cause synchronization® via the
retinohypothalamic tract to the supra chiasmatic nucleus
(SCN) photic information is transmitted in mammals.”
Stimuli including scheduled voluntary exercise; food; and
exogenous melatonin or serotonergic activation, that is, non-
photic stimuli can additionally shift the endogenous circa-
dian rhythms.

Nocturnal feeding disturbs the synchronization of cir-
cadian rhythms and has been shown as a strong entrainer.?
A sudden change in the feeding time schedule (from day to
night) for some days progressively shifts the phases of the
peripheral clocks; it may occur as aresult of night shift working
hours that directly disrupt circadian rhythm.® When suitably
timed, exogenous melatonin shifts the phase of the human
circadian clock to the earlier (advance phase shift) or later
(delay phase shift) times, having acute sleepiness-inducing
and temperature-lowering effects during the biological
daytime.°

After an unexpected change in an individual’s hab-
its and/or environment, a momentary nap throughout
the day or a temporary nocturnal awakening that does
not trigger a change in the body’s endogenous clock may
lead to the resynchronization of rhythms. A disparity
between the endogenous and exogenous components
of the rhythm appears when the difference occurs over a
long period (~5 days)."" Poor health is directly linked with
this desynchronization of circadian rhythm. Sleep distur-
bances, shift-lag syndrome, increased risk of errors, and
work-related accidents are the short-term consequences
of such desynchronization whereas the long-term conse-
quences lead in disturbances of the cardiovascular systems,
reproductive difficulties, impaired lipid metabolism, and
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cancer.'? Here in this study, we have demonstrated that
circadian misalignment increases blood pressure and may
affect inflammatory markers. Our findings may help explain
why shift working nurses have increased hypertension and
cardiovascular disease risk. Therefore, in this study we have
measured the disruption in circadian rhythm in night shift
working nurses (NSWN).

Materials and Methods

Subjects Selection and Techniques

This work was conducted in Era’s Lucknow Medical College
and Hospitals (ELMCH), Lucknow, India. First, we took the
approval from ethics committee of ELMCH; then, identified
shift working nurses in critical care unit with their consent
to participate in the study were enrolled. Informed con-
sent for the participation in the study was obtained from
each participating nurses. Shift working nurses in the age
group of 18 to 40 years were included in this study. Nurses
with any known comorbid conditions like pre-existing
hypertension, coronary artery disease (CAD), rheumatoid
arthritis, systemic lupus erythematosus (SLE), diabetes
mellitus, and other endocrinal disorder (thyroid and pitu-
itary dysfunction), and psychiatric patients were excluded
from the study.

Study Population

A total of 50 female nurses were screened for inclusion in
the study—25 were day shift nurses and 25 were night shift
nurses. Complete informed consent was taken from the vol-
unteers willing to participate in the study, and history and
medical examination of each subject was recorded. About
4 mL blood samples were collected from all subjects. Serum
was separated for analysis for biochemical markers of cardio-
vascular diseases.

Measured Variables

Assessment of Ambulatory Blood Pressure Monitoring
When blood pressure (BP) is measured as one move around it
is termed as ambulatory blood pressure monitoring (ABPM).
For up to 24 hours the BP was measured. A little digital BP
monitor was fastened to a belt across the waist and linked
to a cuff across the upper arm. The monitor was so compact
that one would do the daily chores with it on and may sleep
wearing it without getting disturbed. The compact mon-
itor measured the blood pressure analogously as the usual
blood pressure monitor does, that is, an electronic moni-
tor records the BP by inflating a cuff across the upper arm
and then slowly freeing the pressure. A cover protected the
device and it lasted in that for the time period of monitor-
ing. Throughout the day, at regular intervals, the BP reading
was recorded, nearly every 15 to 30 minutes in the daytime
and 30 to 60 minutes at night. Monitor was placed on nurse’s
body throughout the night; they were asked not to wear out
the device during their sleep. After the monitoring period
was over, they could detach the device and cuff, and return
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it back to the hospital. All the readings were stored in the
device, and these were analyzed.

Questionnaires: General Assessment
Questionnaire Was Analyzed

Circadian Rhythm Test (CRT): This Test Was Analyzed
Based on Questionnaire

Estimation of Serum IL-6 (Geissler et al, 1992)

For the estimation of serum IL-6, 100 uL of standards and
samples were added to the plate and six-fold serial dilutions
of the 320 pg/mL top standard was performed in separate
tubes. Thus, the human IL-6 standard concentrations were
320 pg/mL, 80 pg/mL, 40 pg/mL, 20 pg/mL, 10 pg/mL, and
5 pg/mL. Then it was kept for incubation at 37°C for 2 hours.
After the incubation time, the plate was aspirated and
washed four times with wash buffer, and then dried by firmly
tapping it upside down on absorbent paper. Then, 100uL of
diluted detection antibody solution was added to each well,
and the plate was sealed and kept for incubation at 37°C for
1 hour. After the incubation, the plate was washed four times
with wash buffer and 100 uL of diluted Av-HRP solution was
added to each well of the plate and the plate was sealed and
kept for incubation at 37°C for 30 minutes. Then again the
plate was washed four times with wash buffer and the plate
wells were soaked in the wash buffer for 30 seconds. Then,
100 pL of freshly mixed TMB substrate solution was added
in each well of the plate and the plate was incubated in the
dark for 30 minutes where the positive wells turned bluish in
color. Then the reaction was stopped by adding 100 L of stop
solution to each well; the color change was observed and
the positive wells turned from blue to yellow. The readings
were then taken by keeping the absorbance at 450 nm within
30 minutes of stopping reaction (hs-CRP was measured by
the same pattern of ELISA by the ELISA kit).

Results

We examined 25 day shift working nurses (DSWN) with
mean age 36.7 + 9.9 years and 25 night shift working nurses
(NSWN) with mean age of 32.8 + 10.5 years from ELMCH.
The 7-day/24-hour blood pressure monitoring recorded
in nurses consisted of two groups with day working shifts
and night working shift, respectively. During the monitor-
ing, we evaluated the sleep time on different days in every
nurse by the sleep questionnaire. Both the group of nurses,
the DSWN and the NSWN, were recruited for 7-day ABPM.
Medical instruments TM2430 (A&D, Japan) monitors were
used for ABPM (oscillation method). Means of systolic and
diastolic BP were evaluated. We calculated mean systolic and
diastolic BP for 7 days and for every 24-hour profile. Blood
was withdrawn from both the group of nurses after ABPM.
Consent was obtained and the ethics committee of our insti-
tution gave approval for the study. General assessment ques-
tionnaire was filled which contained personal identification
variables. The casual BP measurement was performed three
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consecutive times with a validated automatic device with
a 2-minute interval between the measurements, with appro-
priate cuff to the arm size, in the seated position. Presence
of at least one of the following possibilities characterized
hypertension: usage of antihypertensive drugs, self-reported
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Fig. 1 Disruption in circadian rhythm causes increased risk of cardio-
vascular diseases in night shift working nurses.
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hypertension, or the values of the spontaneous measure
greater than or equal to 140 mm Hg and/or 90 mm Hg.

ABPM was executed for 24 hours. Based on the sched-
ules described in the participants’ activity reports the
averages and prevalence of 24-hour hypertension, awake
and sleep periods were evaluated. The accepted cutoff
points for hypertension for systolic and diastolic pressures,
respectively, were >130/80 mm Hg in the 24-hour period,
>135/85 mm Hg in wakefulness, and >120/70 mm Hg in the
sleep period =Fig. 1.

Statistical Analysis

Statistical analysis was performed using the INSTAT 3.0
(Graph Pad Software, San Diego, California, United States).
Quantitative variables are presented as the mean + standard
deviation. Welch'’s corrected unpaired t-test was performed
to assess the difference in different parameters among the
two groups and the association between clinical character-
istics among NSWN and DSWN was expressed by Fisher’s
exact test, which was used to obtain the odds ratio (OR).

Table 1 Ambulatory blood pressure monitoring in 24-hour period of night shift working nurses (NSWN) and night shift working

nurses (DSWN)

S. No. Characteristics NSWN DSWN p-Value
1 Length of examination (h) 24.1+0.79 24.5+1.67 NS
2 Adequate reading (%) 88.1+6.97 86.4+6.87 NS
3 Total readings 727717 69.9 £ 8.89 <0.05
4 Duration of sleep (min) 250.8 £ 65.21 431.8 £63.55 <0.05
5 Awake duration reading 60.7 £ 6.97 49.9+10.42 <0.05
6 Sleep duration reading 12.9 £3.60 18.9+4.6 <0.05
7 24-hour systolic blood pressure (%) 5.8+8.90 45+7.8 NS
8 24-hour diastolic blood pressure (%) 12.9£16.01 9.3+£11.12 NS
9 Awake time systolic blood pressure (%) 2.6 £5.35 3.1+£6.39 NS
10 Awake time diastolic blood pressure (%) | 7.2+ 11.21 6.1+8.90 NS
11 Sleep time systolic blood pressure (%) 3.4+£8.01 2.7+£5.90 NS
12 Sleep time diastolic blood pressure (%) 1.9+4.31 1.8+£3.33 NS
13 Pulse pressure (mm Hg) 44.6 +4.87 453435 NS

Abbreviation: NS, not significant.

Table 2 Ambulatory blood pressure monitoring in day shift working nurses (DSWN) and night shift working nurses (NSWN):

mean reading of blood pressure (BP) in mm Hg

S. No. BP NSWN DSWN p-Value
1 24-hour systolic BP 118 +7.58 112+7.61 <0.05

2 24-hour diastolic BP 72+5.83 68 +5.95 <0.05

3 Systolic sleep BP 105 £ 8.42 102 £8.42 NS

4 Diastolic sleep BP 62 +£5.89 59+ 6.44 <0.05

5 Systolic awake BP 118+7.80 116 +7.82 NS

6 Diastolic awake BP 75+6.12 72 £6.15 NS

Abbreviation: NS, not significant.
Note: Data presented as mean * standard deviation (SD).
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Table 3 Clinical and biochemical characteristics of day shift working nurses (DSWN) and night shift working nurses (NSWN)

Variables NSWN DSWN p-Value
n=25 n=25
Mean + SD (%) Mean + SD (%)
ESR 27.2+9.7 24.9+8.2 NS
ALT 39.8 +14.1 37.6+x144 NS
IL-6 2.6+2.1 22+1.4 NS
hs-CRP 3.0£24 23+1.7 NS
Frequent awakening 10 (40) 2(8) <0.05
Disturbed sleep 12 (48) 4(16) <0.05
Headache 13(52) 2(8) <0.05
Abdominal pain 4(16) 0(0) NS
Lack of energy 19(76) 1(4) <0.05

Abbreviations: ESR, ...; ALT, ...; IL-6, ...; hs-CRP, ...; NS, not significant; SD, standard deviation.
Note: p < 0.05 is considered significant, p < 0.01 is considered highly significant, and NS is considered not significant by chi-square and unpaired t-test.

Table 4 Circadian rhythm test in patients and controls

Circadian rhythm condition NSWN DSWN p-Value
n = 25(%) n=25(%)

Misaligned body clock 13 (54) 2(8) <0.05

Non body clock related 4(16) 0(0)

Body clock amplitude disorder 2(8) 0(0)

Normal body clock 6 (24) 23(92)

Circadian rhythm severity

Mild 5 (20) 0(0) <0.05

Moderate 12 (48) 2(8)

Severe 2(8) 0(0)

No abnormality 6 (24) 23(92)

Abbreviations: DSWN, day shift working nurses; NSWN, night shift working nurses.

Note: p< 0.05 is considered highly significant by chi-square test

All statistical tests were two-tailed, and p < 0.05 was chosen
as the level of significance.

Ambulatory Blood Pressure Monitoring in NSWN

and DSWN

=Table 1 shows the changes and the significant levels in
total readings of ABPM in NSWN and DSWN. Significant dif-
ferences were observed in duration of sleep (in minutes);
awake duration reading and sleep duration reading depicted
significant changes in both the groups. However, no such
differences of significance were observed in the rest of the
parameters. Table2 clearly depicts the picture of abnormal-
ity in NSWN and DSWN in the mean BP of 24-hour systolic
and 24-hour diastolic BP monitoring along with distur-
bances in diastolic sleep BP rhythm by measurement from
ABPM, resulting in clear disturbances in BP leading to car-
diovascular diseases.

Clinical and Biochemical Characteristics of NSWN

and DSWN

The clinical and biochemical characteristics of NSWN and
DSWN are shown in =Table 3. In the clinical assessment of
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NSWN and DSWN groups, frequent awakening, sleep status,
headache, abdominal pain, and lack of energy are all taken
from the questionnaire part where frequent awakening, dis-
turbed sleep, headache, and lack of energy were more com-
monly seen in NSWN than in DSWN. However, the clinical
characteristics were not found significant in both the group
of nurses.

Circadian Rhythm Test in NSWN and DSWN

Circadian rhythm test by Philips questionnaire was done
in 25 DSWN and 25 NSWN in which 13 (52%) NSWN and 2
(8%) DSWN showed a misaligned body clock. Non body clock
related was seen in 4 (16%) NSWN. Further, body clock ampli-
tude disorder was seenin 1 (4%) NSWN and 0 (0%) DSWN, and
normal body clock condition was found in 8 (32%) NSWN and
23 (92%) DSWN. In the analysis of circadian rhythm severity
5 (20%) NSWN and 0 (0%) controls were reported to be mild
and 12 (48%) NSWN and 2 (8%) DSWN fell in the category of
moderate. While 2 (8%) NSWN reported to be in the severe
category, and no DSWN were in severe, no abnormality was
found in 6 NSWN whereas 23 DSWN had no abnormality of
circadian rhythm severity score (=Table 4).
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Discussion

Shift work is any work that exceeds more than 8 hours of
regular working period, therefore interfering with the nat-
ural cycle of biological rhythm of our body. Workers in night
shift have a greater risk for CVD in comparison to an individ-
ual working normal hours; night time shift working is more
hazardous to health as it directly impacts the biological and
physiological system of the body. However, the exact mech-
anism of the impact of shift work on cardiovascular health is
yet to be understood. BP modifications may be a possible fac-
tor in that nocturnal work modifies the circadian rhythm of
BP and those individuals in whom there is a fall in nocturnal
BP (dippers) become nondippers when they start working at
night time. In a single day of working in night hours there is
a high systolic BP level.'®

In this article, we examined 25 DSWN with mean age 36.7
+ 9.9 years and 25 NSWN with mean age 32.8 + 10.5 years.
The 7-day/24-hour BP monitoring recorded in nurses con-
sisted of two groups with DSWN and NSWN. During the mon-
itoring, we evaluated the sleep time on different days in every
nurse using the sleep questionnaire. Both groups of nurses,
the DSWN and the NSWN, were recruited for 7-day ABPM.

An integral part in sleeping time differences between the
NSWN and DSWN was also observed by the questionnaire.
As in NSWN there is already a lack of rest activity that is very
important for our health and not resting properly directly ele-
vates catecholamine, resulting in interference in normal BP.
NSWN were not different from the DSWN. Maybe because the
similar loads in BP can represent different mean readings of
BP, we, therefore, could not find any difference in that in our
study. More than 53 mm Hg pulse pressure is also related to
a greater risk of CVD." Perhaps, because we had more young
and healthy individuals in our study, no difference was found
in the pulse pressure readings in both the groups.

In NSWN, the mean BP was higher, although in statis-
tics the difference was recorded only in the systolic and
diastolic 24-hour BP and the diastolic BP. Our findings are in
agreement with other publications.” Moreover, a study on
nurses working in night found lower systolic BP and average
readings of diastolic BP. However, in that study, the compar-
ison was done on the basis of daytime reading of BP for day
workers and nighttime reading of BP for night workers.'¢

During the 24 hours of night shift work more frequent
high abnormal mean reading of BP was observed. This study
is very similar to a study that was conducted on 62 doctors
for evaluating BP with an ambulatory blood pressure mon-
itor. In that study it was observed that only 3 patients in
the 24-hour period had abnormally high mean BP readings,
whereas 6 and 9 patients during the work period had high
mean systolic BP and diastolic BP readings.'” It was suggested
through study that such cases could resemble “masked
hypertension,” that is, a condition where the BP levels are
normal in office but rise when measured with ambulatory
blood pressure monitor.'®

A study by Bevan et al showed 16 junior medical staff in
a 24-hour shift work in the emergency room and in common
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working day and found higher nocturnal systolic BP and
diastolic BP readings. It also found lower nocturnal BP fall
during the 24-hour night shift work.” Another study with
37 residents reported higher BP loads and less night time
BP fall during 24-hour shift work.?’ In contrast to our study,
these studies used a fixed time period to describe sleep and
awake periods without corrections for the real period of
wakefulness and sleep, which probably led to higher noctur-
nal BP readings and consequently to less nocturnal BP fall.
These results also found higher mean BP readings during
the 24-hour shift work, including values considered as
hypertensive in few or some periods.

During the last few years, many studies have been pub-
lished dealing in different works of many genetics and bio-
chemical parameters studied in cardiovascular diseases. This
study is, however, the most extensive so far to look into the
relation between the NSWN and DSWN and cardiovascular
alterations, mainly BP levels in young nurses in critical care
unit, by analyzing ABPM and the circadian rhythm question-
naire. Further, in this study we observed that nurses working
in night shifts in the critical care have higher mean 24-hour
systolic, diastolic, and sleeping time diastolic BP levels com-
pared with those working during the day time. This may hap-
pen because of lack of sleep, and lack of sleep directly elevated
mental stress. Moreover, mean BP levels above the normal
values, especially the 24-hour diastolic BP and BP levels in all
time periods, were related to 24-hour shift work in the crit-
ical care.

Conclusion

The 7-day/24-hour ABPM in NSWN showed reduced circa-
dian rhythm variations in BP as compared with DSWN. Work
schedules and the consequent rest-activity schedules affect
circadian rhythms, with likely long-term impact on health.
Therefore, working in the critical care unit during the night
hours leads to abnormal BP in NSWN, suggesting this type
of work, in which sleep is disturbed leading to mental stress,
could be a direct risk factor in cardiovascular diseases.

Audio

Audio file for this article is available at https://doi.
org/10.1055/s-0041-1732508.
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