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Abstract: In the present study, two investigations were conducted at a communication center, to
examine white-collar workers’ hemodynamic responses during working hours. In investigation I,
hemodynamic responses were measured on a working day; and in investigation II, cardiovascu-
lar responses were verified on both working and non-working days. In investigation I, blood pres-
sure, cardiac output, heart rate, stroke volume, and total peripheral resistance were measured in 15
workers during working hours (from 9:00 am to 18:00 pm) on one working day. Another 40 workers
from the same workplace participated in investigation II, in which blood pressure and heart rate
were measured between the time workers arose in the morning until they went to bed on 5 working
days and 2 non-working days. The results showed that blood pressure increased and remained at
the same level during working hours. The underlying hemodynamics of maintaining blood pres-
sure, however, changed between the morning and the afternoon on working days. Cardiac responses
increased in the afternoon, suggesting that cardiac burdens increase in the afternoon on working
days. The present study suggested that taking underlying hemodynamic response into consideration
is important for managing the work-related cardiovascular burden of white-collar workers.
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Introduction

Previous studies have suggested that work-related fac-
tors, such as long working hours and cumulative exposure
to work-related stress, increase cardiovascular morbidity
and mortality risks for white-collar workers' . In Japan,
periodic health examinations of workers also show that
the ratios of cardiovascular morbidity have increased con-
tinuously”. In addition, approximately 3,000 workmen’s
accidents owing to cerebrovascular/cardiovascular dis-
eases in the past decade have been considered cases related
to excessively heavy workloads, and most of them were
white-collar workers®. It is known that excessive increases
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in cardiovascular responses to work, such as increases in
systolic blood pressure, are considered long-term predic-
tors of cardiovascular disorders® ®. Previous studies have
reported that white-collar workers have higher average
blood pressure levels during working days compared with
non-working days, and blood pressure during working
hours (from 9:00 am to 18:00 pm) is higher than at other
times, such as when workers are at home” '?. Lundberg et
al.'V compared white-collar workers working in an office,
working at home (teleworkers), and relaxing at home, and
found that their blood pressure was significantly higher
during working hours at the office than during times of
relaxation at home. These studies suggest that increased
blood pressure during working hours is owing to work
itself. Therefore, preventing excessive increases in blood
pressure during working hours is important, but effective
methods for achieving this have not yet been found.
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Fig. 1. Measurement schedule of investigations.

G: after getting up; M1: the first measurement in the morning (9:00—9:50); M2: the second measurement in
the morning (10:30—11:20); N: at noon (12:00—12:50); A1: the first measurement in the afternoon (14:00—
14:50); A2: the second measurement in the afternoon (17:10—18:00); B: before going to bed.

In addition to increased blood pressure, the underlying
hemodynamics in increasing blood pressure is also con-
sidered a risk factor for cardiovascular disorders® '*'?.
Underlying hemodynamics in increasing blood pressure
refers to that mean arterial pressure (MAP) that is elevated
by cardiac output (CO) and/or total peripheral resistance
(TPR) (MAP=CO x TPR), and CO that is changed by heart
rate (HR) and/or stroke volume (SV) (CO=HR x SV). Lab-
oratory studies suggest that the underlying hemodynamics
in increasing blood pressure sometimes changes and that
blood pressure can even remain at the same level while per-
forming mental tasks'*~'®. However, the manner in which
underlying hemodynamics change during working hours
in an actual workplace are unknown. It has been shown
that some factors mainly influence cardiac responses while
others mainly influence vascular responses'’~*¥. The elu-
cidation of underlying hemodynamics in increasing blood
pressure could provide specific information that is useful
in the investigation of effective methods for managing
work-related cardiovascular responses among white-collar
workers.

In recent years, the information service industry has
increased steadily in Japan and workman’s accident also

increases® 2%

. In the present study, we conducted two
investigations at a communication center, where mainly
sells goods and provide technical support to clients over the
telephone, to examine cardiovascular responses of white-
collar workers. In investigation I, we aimed to examine

the underlying hemodynamics during working hours on a

workday; investigation II was conducted to compare work-
ers’ cardiovascular responses between working days and
non-working days over a 1-week period, to verify whether
the cardiovascular responses were related to work.

Methods

Participants and measurement

A total of 15 healthy male workers at a communica-
tion center in East Japan (mean age 37.07 = 5.39 years)
participated in investigation I. Participants arrived at an
appointed location in a meeting room for hemodynamic
measurement using a specialized equipment (Portapress
Model-2; Finapres Medical Systems, Inc., Netherlands).
This monitor measures beat-to-beat arterial pressure
and heart rate (HR) with a cuff worn on the fingers and
computes stroke volume (SV) from the arterial pressure
according to the model flow method. Then, cardiac output
(CO) was calculated using SV and HR, and total periph-
eral resistance (TPR) was predicted from the mean pres-
sure and model mean flow®). Systolic and diastolic blood
pressure (SBP and DBP), mean arterial pressure (MAP),
CO, HR, SV, and TPR were measured continuously for 5
minutes during each measurement, and 5 measurements
were conducted on 1 working day. The working hours
were from 9:00 am to 18:00 pm, and the lunch break was
for 1 hour. The measurement schedules is shown in Fig.
1 and included measurement times at work initiation in
the morning (M1: 9:00—9:50), during work in the morn-



364

ing (M2: 10:30—-11:20), at noon (N: 12:00—12:50), dur-
ing work in the afternoon (A1l: 14:00—14:50), and work
termination in the afternoon (A2: 17:10—18:00). The mea-
surement at noon was conducted before lunch, and A1 was
measured 1—2 hours after lunch.

Another 40 healthy workers (14 men and 26 women;
mean age 36.62 + 9.80 years) from the same communi-
cation center participated in investigation II. Participants
were asked to measure their SBP, DBP, and HR between
getting up in the morning and going to bed at night on 5
working days and 2 non-working days within a 1-week
period, using a home sphygmomanometer (CH-463E;
Citizen Systems Japan Co. Ltd., Japan). Female partici-
pants measured their cardiovascular indices during the
follicular phase (approximately 10 days after menstrua-
tion). The measurement schedule is shown in Fig. 1, and
measurement times at work (or during the day on non-
working days) were nearly the same as those in investiga-
tion I. The working hours were also from 9:00 am to 18:00
pm, and the lunch break was 1 hour on working days.
The measurement schedules on working days included
after getting up (G), upon initiating work in the morning
(M1), during work in the morning (M2), at noon (N), dur-
ing work in the afternoon (A1), upon terminating work in
the afternoon (A2), and before going to bed (B) on work-
ing days. On non-working days, participants measured
these indices at nearly the same times as on working days,
including after getting up (G), two times in the morning
(M1 and M2), at noon (N), two times in the afternoon (Al
and A2), and before going to bed (B).

All participants in both investigations were requested to
refrain from exercise and alcohol intake during the mea-
surement periods and were prohibited from drinking caf-
feinated beverages or smoking during the 1-hour period
immediately preceding the measurements. After details of
the study were explained, participants were asked to sign a
written consent form before participating in the study. This
study was approved by the Research Ethics Committee of
the National Institute of Occupational Safety and Health
of Japan.

Data analyses

The data were analyzed using mixed-model analysis of
variance (ANOVA) because the mixed-model can prop-
erly account for correlation between repeated measure-
ments in the same participant, and has greater flexibility
to model time effects, which makes the mixed-model more
appropriate for the analysis of repeated measures data®.

In investigation I, 5-minute data of all cardiovascular indi-
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ces were averaged and used to conduct repeated one-way
ANOVA. In investigation II, values on working days and
non-working days were averaged and used to conduct
repeated two-way mixed-model ANOVA (Day [2] x Time
[7]). The covariance structures were compared among
compound symmetry, heterogeneous compound symme-
try, and first-order autoregressive according to the Akaike
Information Criterion (AIC), and compound symmetry
was chosen according to the minimum AIC. Multiple com-
parisons (Bonferroni) were conducted to further examine
the significant results. The level of significance was set at
0.05. Statistical analysis was carried out using IBM SPSS
Statistics 19 (IBM Corp., Armonk, NY, USA).

Results

Investigation 1

The mean value and standard deviation of each index
and the results of multiple comparisons are shown in Fig.
2. The results showed that the differences among measure-
ment periods were not significant for SBP (F (4, 56)=0.57,
p=0.68), DBP (F (4, 56)=2.46, p=0.06), and MAP (F (4,
56)=1.40, p=0.25). Differences among measurement peri-
ods were significant for HR (F (4, 56)=3.64, p<0.01), SV
(F (4, 56)=6.98, p<0.01), CO (F (4, 56)=8.55, p<0.01),
and TPR (F (4, 56)=5.65, p<0.01).

The results of multiple comparisons showed that HR,
SV, and CO increased in the afternoon compared with the
morning (HR: Al and A2>M2, p<0.05; SV: A1>MI and
M2, p<0.01; CO: Al and A2>M2, p<0.01). In contrast,
TPR decreased in the afternoon compared with the morn-
ing (Al and A2<M2, p<0.05).

Investigation 11

The mean value and standard deviation of SBP, DBP,
and HR and the results of multiple comparisons, are shown
in Fig. 3. The main effect of the day of measurement was
significant for SBP (F (1, 507)=17.93, p<0.01), DBP (F
(1, 507)=16.54, p<0.01), and HR (F (1, 507)=25.71,
p<0.01). The main effect of the time of measurement was
significant for SBP (F (6, 507)=12.41, p<0.01), DBP (F
(6, 507)=10.11, p<0.01), and HR (F (6, 507)=24.15,
p<0.01). The interaction between factors was significant
for SBP (F (6, 507)=3.55, p<0.01), DBP (F (6, 507)=5.64,
p<0.01), and HR (F (6, 507)=8.37, p<0.01).

The results of further analysis showed that on work-
ing days, SBP and DBP increased during working hours
compared with after getting up (SBP: M1, M2, N, Al, and
A2>@G, p<0.01; DBP: M1, M2, N, and A2>G, p<0.05).
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Fig. 2. Hemodynamic responses on 1 working day.

Values are means and standard deviation (SD), n=15. M1: the first measurement in the morning (9:00—9:50); M2: the second measurement in the
morning (10:30—11:20); N: at noon (12:00—12:50); Al: the first measurement in the afternoon (14:00—14:50); A2: the second measurement in the
afternoon (17:10—18:00); SBP: systolic blood pressure; DBP: diastolic blood pressure; MAP: mean arterial pressure; HR: heart rate; CO: cardiac out-

put; SV stroke volume; TPR: total peripheral resistance. *p<0.05; **»<0.01.

SBP and DBP during working hours were not different.
HR increased during working hours (M1, M2, N, Al, and
A2>G, p<0.01) and HR in the afternoon was higher than
in the morning (A1>M2, p<0.1). The highest HR was
detected at the time of work initiation in the morning. On
non-working days, however, no significant differences
across days were found for SBP and DBP. HR increased
during the daytime (M1, M2, N, Al, and A2>G, p<0.05)
but did not differ between the morning and the afternoon.

Discussion

The results of our investigations showed that blood pres-
sure increased and was maintained at the same level during
working hours on workdays. To maintain blood pressure,
however, the underlying hemodynamics changed between
the morning and the afternoon. Compared with the morn-

ing, cardiac responses (HR, SV, and CO) increased, but
vascular responses (TPR) decreased in the afternoon.
Previous studies’ 27 have reported that blood pressure
increases during working hours, and the present study
supported these results. In addition, the most important
result of our study is that the underlying hemodynamics
in increasing blood pressure was different between the
morning and afternoon. Cardiac responses increased sig-
nificantly in the afternoon although blood pressure was not
different compared with the morning. To verify whether
the difference in underlying hemodynamics between morn-
ing and afternoon was owing to the circadian rhythm, we
compared cardiovascular responses between working and
non-working days. We found that HR increased in the
afternoon only on working days; on non-working days, HR
did not differ between the morning and afternoon. These
results suggest that the increases in cardiac responses in



366

X LIU et al.

SBP DBP
(mmHg) ——work day non-work day (mmHg) ——work day non-work day
140 r — Cr— 100 _ §
130 + ]’ 90 | -
120 -‘V ]V —[ “V
80 r
T T
100 | J o \ J J J J\] \
90 : : : : : : 60 : : : : : : -
G Ml M2 N Al A2 B G Ml M2 N Al A2 B
HR

(bpm) —o—xork day non-work day

100 [

9

80 | T\I]I T

70'1 lllll Jllll

60 ——

50 L ! : ! ! : !

G M1 M2

N Al A2 B

Fig. 3. Blood pressure and heart rate on the working day and the non-working day.

Values are means and standard deviation (SD), n=40. G: after getting up; M1: the first measurement in the morning (at work initiation); M2:

the second measurement in the morning; N: at noon; Al: the first measurement in the afternoon; A2: the second measurement in the after-

noon (at work termination); B: before going to bed; SBP: systolic blood pressure; DBP: diastolic blood pressure; HR: heart rate. *p<0.05;

**p<0.01; p<0.1.

the afternoon on working days were not owing to the circa-
dian rhythm. We think that the highest HR at work initia-
tion in the morning on working days are mainly because of
influences of commuting.

Some reasons can be considered to explain the change
in the trend of cardiac responses on working days. It is
known that physical activities are associated with HR
responses during working hours®*”?®. A previous study?”
compared physical activity between white-collar and
blue-collar workers and showed that white-collar work-
ers sat more (66%), and stood (23%) and walked (9%) less
at work, compared with blue-collar workers who sat less
(43%), and stood (34%) and walked (17%) more. Steptoe
et al.®® reported that HR among firefighters remained at
nearly the same level on working days and suggested that
this effect was owing to posture and the high-level physi-
cal activity of these workers. We believe that increases in

cardiac responses in the afternoon for workers at the com-
munication center were also partly owing to low-level
physical activities because such workers must maintain
sedentary postures for long periods at work. In addition,
fatigue was also considered an important factor for chang-
ing underlying hemodynamics in the afternoon. Previous
studies have suggested that high HR reactivity as well as
high blood pressure at work among white-collar work-
ers were related to low vagal activity; decreased vagal
activity and increased sympathetic activity are associated
with fatigue, especially mental fatigue”>”??. In the pres-
ent study, cardiac responses increased in the afternoon
on working days possibly also owing to increased mental
fatigue as most workers must communicate with clients or
colleagues for long periods during working hours. In any
case, the increases in the cardiac responses of workers in
the afternoon on working days were related to their work.

Industrial Health 2017, 55, 362-368
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The results of the present study showed that the underly-
ing hemodynamics in increasing blood pressure changed
between the morning and the afternoon, suggesting that
cardiac burden may increase in the afternoon on work-
ing days. As mentioned above, some factors mainly
influence cardiac responses and some mainly influence
vascular responses'’~?®. For example, diet (e.g., carbo-
hydrate meals) and sleep quality could influence vas-
cular responses and relaxation could influence cardiac
responses'’~!?). Negative emotions (e.g., anger, depres-
sion) enhance vascular responses but positive emotions
(e.g., contentment, amusement) promote faster recovery
of increased HR**"*. We believe that the elucidation of
underlying hemodynamics in increasing blood pressure
could provide helpful information for managing work-
related cardiovascular responses. For white-collar workers,
changing postures frequently (e.g., stretching), consciously
increasing vagal activities (e.g., relaxation), and inducing
positive emotions in the afternoon may be useful to inhibit
excessive increases in cardiac responses during work. Of
cause, further investigation in the future is necessary.

There are some limitations in the present study. First,
the characteristics of the communication center (such as
telephone communication with clients and others) may
affect the results because the type of work also influences
underlying hemodynamic responses'> '9); additional, occu-
pations should be examined in the future. Second, only
male workers participated in investigation I; female work-
ers should also be included in the future studies. Third, the
lifestyle of participants, including habitual smoking and
drinking, was not considered, although participants were
instructed to refrain from alcohol intake during measure-
ment periods and were prohibited from smoking during the
1-hour period preceding the measurements. Finally, partic-
ipants in investigation I had to temporarily interrupt their
work and walk to the measurement area, the influence of
which is unknown.

In conclusion, the underlying hemodynamics in main-
taining blood pressure during working hours changed
between the morning and the afternoon in this study. Car-
diac responses increased, but vascular responses decreased
in the afternoon on working days; this change may occur
only on working days. The results of the present study
suggest that cardiac burden increases in the afternoon on
working days and that taking underlying hemodynamic
responses into consideration is important to manage the
work-related cardiovascular burden of white-collar work-
ers.
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