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Seasonal changes in ambulatory blood pressure in
employees under different indoor temperatures

Estela Kristal-Boneh, Gil Harari, Manfred S Green, Joseph Ribak

Abstract

Objective—The effect of indoor tempera-
ture control on summer and winter
ambulatory blood pressure levels at work
was studied.

Method—Ambulatory systolic blood
pressure (SBP) and diastolic blood pres-
sure (DBP) were monitored once in sum-
mer and once in winter in 101 healthy
normotensive subjects aged 28-63 years,
engaged in similar physical work, from
two plants with and three without air
conditioning. Subjects were interviewed
about health related habits, and mea-
surements of environmental and occupa-
tional conditions were obtained.
Results—After controlling for possible
confounders, mean SBP and DBP during
work were significantly higher in winter
than in summer (A SBP =3-4mm Hg, P =
0-035; A DBP = 3-:3 mm Hg, P < 0-003).
The seasonal change in SBP and DBP
showed an independent association with
the presence or absence of air condition-
ing of the industrial plants (SBP: g =
0-194, P < 0-0001; DBP: g = 0-054, P =
0-038). The percentage of subjects with
increases of more than 10 mm Hg from
summer to winter was higher in plants
without than with air conditioning.
Conclusions—(1) In normotensive sub-
jects ambulatory working BP varies by
season, with higher values in winter. If
validated for hypertensive subjects, it
may be necessary to tailor drug treat-
ment to these variations. (2) The findings
make it clear that drawing valid conclu-
sions from comparisons of BPs between
groups requires controlling for several
factors, particularly season of the year.
(3) Climatic conditions in the industrial
plant influence the magnitude of seasonal
variations in BP. Work in plants without
air conditioning places a considerable
added load on the employee’s cardiovas-
cular system.

(Occup Environ Med 1995;52:715-721)
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Owing to the direct association between the
risk of cardiovascular disease and blood pres-
sure (BP),! 2 it has been suggested that the
excessive cardiovascular diseases in winter
may be partly due to seasonal variations in
BP.>" Laboratory studies show an increase in
BP during sudden exposure to cold® and

greater pressor responses to cold in hyperten-
sive people than in normotensive people
(more in winter than in summer).’
Furthermore, it is well recognised that during
exposure to cold the cutaneous vasculature
contracts, increasing peripheral resistance,
which in turn causes augmented central blood
volume and higher blood pressures.!°!!

Casual blood pressure has been found to be
higher in winter in both normotensive and
hypertensive people.!''* To the best of our
knowledge, data on seasonal variations in
ambulatory BP are available for only one
small sample of hypertensive people® and a
small sample of recumbent women?'; a cross
sectional study of different subjects in each
season has also been reported.!” The associa-
tion between other risk factors, indoor and
outdoor temperatures, seasonal changes in
health related habits, occupational conditions,
and seasonal changes in ambulatory BPs has
not been described.

Assuming that ambient temperature is
among the causes of BP being higher in winter
than in summer and that acute exposure to
cold or heat affects BP, it can be hypothesised
that employees who work for the greater part
of the day in a closed, air conditioned envi-
ronment are less exposed to the acute sea-
sonal variations caused by ambient
temperature. Plant conditions, therefore, are
likely to have an effect on the stability of BP. In
the light of the health risk that may result
from working in an unsuitable environment,
we decided to examine the extent to which the
stability of BPs of workers in different seasons
of the year is affected by different plant condi-
tions. To evaluate this issue we monitored
ambulatory systolic BP (SBP) and diastolic
BP (DBP) and performed casual BP measure-
ments during summer and winter months in
101 healthy normotensive employees aged
28-63 years; environmental temperatures
(indoor and outdoor), health related habits,
and occupational conditions were determined
as well.

Methods

STUDY POPULATION

The target population comprised 154 male
employees working in the machining depart-
ments (fitting and turning) of five different
plants, two of which were air conditioned and
three of which were not. In the air condi-
tioned buildings a temperature control system
was used for both heating and cooling. The
distance between the plants did not exceed
50 km. Every employee was offered the
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examination free of charge. At the beginning
of the study all subjects were informed about
the risks and discomfort involved in participa-
tion in the project. It was explained that they
were being asked to volunteer for research
purposes only and that their sole compensa-
tion would be the receipt of the results of the
medical tests carried out during the study.
The study was approved by the local Research
on Human Subjects Committee. All partici-
pants signed an informed consent form, and
they were able to withdraw from the study at
any time they wished. The response rate was
95%. During the study days the volunteers
were asked not to change their regular way of
life.

NATURE OF THE WORK

Machining departments were selected to elim-
inate departmental differences caused by the
nature of the work. Machining departments
can be found in plants both with and without
air conditioning. Employees are required to
have at least an 11th grade education (a satis-
factory level for filling out questionnaires).
The only difference between the plants was
the type and nature of the products produced:
mostly machine parts, and less frequently,
finished products.

CLASSIFICATION OF PLANTS BY TEMPERATURE
CONTROL

An air conditioned plant was defined as one in
which the temperature on the production
floors remained constant for the entire work-
ing day, either by means of a central air condi-
tioning system or by split or window air
conditioning units. A plant without air condi-
tioning was defined as one in which there was
neither a central air conditioning system nor
separate air conditioning units, so that the
temperature on the production floors was
affected by the outside environmental temper-
ature. Plants in which fans were used were
considered to be not air conditioned.

Description of central air conditioning

A central air conditioning system is an auto-
matic system located in a machine room and
connected to the production floors by ducts
that transport warm or cold air as required. A
central air conditioning system can be con-
trolled only by a central thermostat and not by
the individual worker. An air conditioned
building has a roof and is enclosed.

Exposure to additional environmental hazards
During the production process the workers
are exposed to the noise of the machines. In
each plant the noise level was measured by a
Quest M-27 device. The noise level measured
equalled an eight hour shift (LEQ) and was
on average 84-2 dB(A) with no significant dif-
ferences between the plants. The maximum
(non-continuous) noise was also measured;
the average was 115-1 dB(A) with no signifi-
cant difference between the plants.

STUDY DESIGN
The study was cross sectional in design and
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carried out on site, on regular working days,
in two identical stages (summer and winter).
In two plants the first stage was carried out in
winter and in the other plants in summer to
ensure that the results would not be affected
by the order of the tests. In both stages the
tests were conducted at the same time of day.

Two to three subjects were examined and
monitored each day, until this substage was
completed. Each subject completed the ques-
tionnaire at the end of the day on which he
was monitored.

EXAMINATIONS

The field tests included an examination of the
environmental conditions in the workplace
and physiological tests.

Examination of the environmental conditions in
the workplace

A meteorological system (Model M-1/B, YM
Electronic Industries, Tel Aviv) containing
sensors and a data logger to detect and record
the relative humidity, dry temperature, heat
radiation, and wind velocity was set up as
close as possible to the worker. The system
was set up before the employee arrived at
work and was operated continuously until the
end of the working day.

Sensor specifications

The hygrometer is accurate to 0-1%, with a
0:5% error of measurement (C-83 Solid State
Capacitive, Rotronic, Zurich, Switzerland).
Sensors for the surrounding dry temperature
and the globe are accurate to 0-1°C, with a
0-1°C error of measurement (I-128 Pt 100
RTD, Rotronic, Zurich, Switzerland). The
anemometer (model 30) is accurate to 0-05
miles/hour, with a range of 0-100 and a 0-15
error of measurement. Also, hourly informa-
tion about the environmental temperature
and the relative humidity outside the plants
during the day was obtained from the meteo-
rological services at Beit Dagan and at the
Ben-Gurion airport.

Physical examinations

Each worker was examined between 6 00 and
9 00 am, before the beginning of the working
day in a temperature controlled room in the
presence of a technician only.

@® The seated subject remained in repose for
five minutes while the technician filled out the
test form.

® Three BP measurements were made with a
mercury manometer (sphygmomanometer),
accurate to 2 mm Hg, while the subject was
seated, with one-minute intervals between
measurements. Pulse was measured while the
subject was seated.

@ Height and weight were measured, without
shoes, and with the subject wearing only light
industrial clothing.

® The subject was fitted with portable devices
for measuring heart rate (HR) and BP.

® The subject was given an explanation about
how information and environmental data
should be recorded in the daily activity jour-
nal (used to evaluate the extent of the load
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Figure 1 Daily body
temperature in (A) plants
without air conditioning
and (B) air conditioned
plants.

and the other conditions to which the subject
was exposed during each measurement).
® The devices were checked to ensure that
they were in working order and that they had
been properly installed by simultaneously
measuring BP with the ambulatory BP device
and the mercury manometer (sphygmo-
manometer). Two simultaneous measure-
ments were carried out at one-minute
intervals while the subject was seated.
® The subject was given an oral thermometer
with which he was instructed to take his tem-
perature every four hours. He then left to
begin a normal working day.
® On the following morning after measure-
ments had been recorded for 24 hours the
subject returned the equipment.
Examinations were always done at the same
time of the day. Ambulatory HR and BP were
monitored by the Accutracker II, Stech, USA
Medical Instruments, Raleigh, NC. The
device for monitoring ambulatory BP under-
went evaluation tests, and satisfactory results
were obtained.?? It weighed only 300 g and
therefore was not uncomfortable for the sub-
ject to wear on his body. It was programmed
to measure BP every 15 minutes. The subjects
were asked to lower their arms and remain
inactive during the test. The records were
revised to eliminate all measurements that the

device had detected as abnormal. Those
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Table 1 Characteristics of the study population (summer data)
Air conditioning No air conditioning P value
Sample size 46 66
Mean (SD, range) age (y) 46-5 (8-6, 26-64) 43-9 (9-2, 28-65) NS
Mean (SD, range) height (cm) 170-0 (6-3, 159-185) 170-8 (6-9, 150-185) NS
Ethnic origin (%):* 0-023
Jews by origin:
Northern Africa 17-1 19-7
Asia 243 12-7
Western Europe 42-9 52-1
Yemen 15-7 9-9
Arabs —_ 56
Physically active at home
(% > once/week) 333 369 NS
Alcohol consumption (%) 47 55 NS
Cigarette smoking (%) 14 36 0-004
Coffee drinking (%) 84 93 NS

*By father’s country of birth (or paternal grandfather if father was born in Israel).

records in which at least 80% of the possible
readings were standard were included in the
research. Averages were calculated for all the
readings in each hour of work time.

Body weight was measured with the Seca
electronic scale, accurate to 100 g.

Internal body temperature was measured
with an oral digital thermometer manufac-
tured by Amron Company and accurate to
0-01°C. We anticipated that this would be the
only operational method to which the subjects
would not object. According to the findings
of Strydom et al,?® based on their hundreds of
measurements oral temperature is lower than
rectal temperature by about 0-7°C. This dif-
ference is not affected by surrounding condi-
tions or the pace of work; it remains constant
over a broad range of temperatures and does
not vary at higher limits, as might be
expected.

QUESTIONNAIRES

Questionnaires were used to gather demo-
graphic data and data about health habits
such as smoking (cigarettes a day), coffee con-
sumption (cups a day), alcohol consumption
(ml a month), involvement in sports activities
(hours a week), and general state of health,
family disease history, nutritional habits, envi-
ronmental problems, somatic complaints, etc.
The subjects filled out the same question-
naires twice, once in winter and once in sum-
mer. It was emphasised that they were to refer
to the month during which the test was being
given and not to give general answers.

EXCLUSIONS

At the beginning of the study a total of 146
employees were examined. Those tested in
one season only (n = 7), those with less than
22 hours of ambulatory monitoring (n = 25),
night shift workers (n = 1), and women (n =
1) were eliminated from the sample.
Complete data were available for 112 sub-
jects; of these 11 were receiving treatment for
hypertension or for cardiovascular disease and
were included only in those analyses in which
the use of medication was inconsequential.

STATISTICAL ANALYSIS

The following data analyses were carried out
with the SAS software (SAS Institute, Cary,
NC, USA)?: ¢ test to examine the differences
between the two research groups (plants with
and without air conditioning) for the quanti-
tative variables, and y? and Fisher exact test
for differences in categorical variables (table
1); paired ¢ test or Sign rank test (non-para-
metric) to examine seasonal variations among
the subjects for the quantitative variables with
and without normal distribution among sub-
jects, respectively; and ¢ test to examine the
differences between research groups (tables 2
and 3, and fig 1); analysis of covariance with
repeated measurements was used to examine
the variations in ambulatory BP and the asso-
ciation between season and indoor tempera-
ture on the entire population, with control for
potential confounding variables (see results,
not tables).
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Table 2 Environmental conditions during the study days

Kbristal-Boneh, Harari, Green, Ribak

Air conditioning No air conditioning

Summer Winter P value Summer Winter P value
Outdoor daily temperature (°C) 283 (1-1) 145 (3-4) < 0-0001 287 (1-0) 12-1 (3-1)*** < 0-000
Outdoor daily humidity (%) 68 (33) 59 (13) NS 64 (5-4) 68 (13)%** 0-025
Outdoor temperature during work (°C) 28-3 (1-1) 14:6 (3-4) < 0-0001 28-7 (1-0) 12:1 (3-1)*** < 0-000
Discomfort index Medium — Medium —
Outdoor humidity during work (%) 64 (30) 56 (14) NS 60 (5-8) 65 (14)*** 0-011
Mean dry indoor temperature at work (°C) 25-0 (2:2) 22-1(1-7) < 0-0001 29-1 (1-4)*** 157 (3:3)*** < 0-000
Mean radiant indoor temperature at work (°C) 255 (2°1) 226 (1:7) < 0-0001 20-7 (1:2)*** 17:0 (3:2)*** < 0-000
Mean indoor relative humidity at work (%) 60-5 (6-8) 406 (9-6) < 0-0001 693 (6-5)*** 58:3 (12-0)*** < 0-000
Mean indoor air velocity at work (m/s) 0-01 (0-03) 0-00 (0-00) NS 0-10 (0-20)*** 0-02 (0-06)*** 0-002
***P < 0-001 v air conditioning.
Table 3 Summer and winter values of health related habits related to BP (mean (SD))

Air conditioning No air conditioning

Summer Winter P value Summer Winter P value
Weight (kg) 75-5 (13-2) 76-8 (13:4) 0-001 772 (13:2) 78:3 (13-7) 0-036
Water drinking (cups/day) 5-7 (2:3) 49 (3-4) 0-084 8:3 (3:9)*** 42 (3'5) < 0-0001
Coffee consumption (cups/day) 2:2(1:7) 2:8 (1:8) 0-001 2:8 (1'5) 2-7 (1:5) NS
Tea consumption (cups/day) 15 (1-6) 1-3 (1-5) NS 1:0(1-4 17 (1'5) NS
Cigarette smoking (n/day) 125 (8:3) 16-2 (7-9) 0-081 21-7 (9:6)*** 216 (8-8) NS
Alcohol consumption (ml/month) 94 (186) 119 (180) NS 130 (224) 131 (260) NS

*%%P < 0-001 air conditioning v no air conditioning.

Table 4 Regression coefficients for the change in BP (winter to summer) at work

A SBP 4 DBP
Independent variables Standardised f P value Standardised § P value
Air conditioning (yes, no) 0-194 < 0-:0001 0-054 0-038
Age (y) 0-035 NS -0-014 NS
4 Cigarette smoking (n/day) —0-053 0-029 —0-047 0-056
A4 Weight (kg) 0-049 NS 0-070 0-046
Sport (yes, no) -0-121 < 0-0001 0-053 NS

Potential confounders that were found not
significant were not included in the analysis
of variance with repeated measurements.
Adjustment for potential confounding vari-
ables was applied to compare the study
groups in quantitative variables and analyse
the winter to summer differences in BP and
HR (tables 4 and 5).

Statistical significance refers to a 5% level.

Results

Table 1 shows the characteristics of the study
population. There were small but significant
differences in the percentage of smokers
between the two kinds of industrial plants.
This variable was controlled for in the statisti-
cal analyses.

ENVIRONMENTAL CONDITIONS

Table 2 shows the climatic environmental
conditions to which the subjects were exposed
on the days of the study. As anticipated, sum-
mer temperatures were significantly higher
than winter temperatures. There were also
significant differences in climatic conditions
between plants with and without air condi-
tioning (P < 0-0001).

BODY TEMPERATURE
Figure 1 shows the mean body temperatures
of the subjects in summer and winter by pres-

ence or absence of air conditioning. For the
entire population, the mean (SD) daily tem-
perature was higher in summer than in winter
(367 (0-3)°C v 36-5 (0-3)°C, P < 0-:0001).
When the population was divided according
to presence or absence of air conditioning in
the plant, the difference in mean body tem-
perature between summer and winter was sig-
nificant only among the subjects in the plants
without air conditioning (summer to winter
difference in air conditioned plants = 0-1°C,
P = 0-2242; summer to winter difference in
plants without air conditioning = 0-3°C,
P <0-:0001).

CORRELATES OF HEALTH RELATED HABITS

AND BP

Table 3 shows the means of health related
habits in summer and winter. Only employees
in the plants without air conditioning drank
more water in summer than in winter. Mean
body weight was higher in winter than in
summer.

SEASONAL CHANGES IN BP

Comparisons of the data, controlling for age,
ethnic origin, body mass index, coffee, alco-
hol, cigarette consumption, and participation
in sport indicated that for the entire popula-
tion mean SBP and DBP at work were signifi-
cantly higher in winter than in summer (130-7
v 127-7 mm Hg, P < 0-03; and 78-1 v 74-8
mm Hg, P < 0-003, respectively). In analyses
of covariance BP showed an independent
association with season and with indoor envi-
ronmental temperature (SBP: f = 3:98 mm
Hg and —1-14 mm Hg/°C, respectively;
DBP: f = 439 mm Hg and —0-58 mm
Hg/°C respectively).

ASSOCIATION BETWEEN SEASON AND CONTROL
OF INDOOR TEMPERATURE WITH BP AT WORK

"Table 4 shows the association between per-

sonal and environmental factors and the sea-
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Table 5 Working means* and A (winter to summer) of BP, HR, and the double product SBP x HR with and without air conditioning in the plant

Air conditioning No air conditioning
Summer Winter 4 (95% CI) P value Summer Winter 4 (95% CI) P value
Mean SBP at work (mm Hg) 12944 13099  1-17 (0-34 to 1-99) 0-005 1282 1322 430 (354105:05)  <0-0001
Mean DBP at work (mm Hg) 758 7944  3-38 (2:80103:96) < 0-0001 741 773 322(27110373)  <0-0001
Mean HR at work (bpm) 756 787  3-03 (2:29 to 375) 0-002 826 826 —004(—071t0064) NS
SBP x HR at work (mm Hg-bpm) 97-6 1028 497 (378 10 6:16) < 0-0001 106:1 1096 346 (23410 4-58) < 0-0001
*Values adjusted for age, weight, cigarette consumption, and sport.
Figure 2 Winter 1o 10— - — Discussion
summer differences in blood Agti?ndmomng We studied the effect of indoor temperature
pressure at work by air - es - . . L
lirioning of the plant. g sl I No control—a possible t:actor for intervention
= on BP levels at work in the summer and win-
£ P=0.22 ter. Outdoor and indoor climatic conditions
g 61— were examined, and we included subjects who
@ P < 0-01 worked in plants with and without air condi-
§ tioning. In this way, it was possible to distin-
oA guish between the variations in BPs that affect
@ the entire population and result from seasonal
S | rhythms, which are not dependent on work
g 2 diti Ll
£ conditions, and the variations that result
solely from climatic conditions in the plant.
0 - | Also, it was decided to limit, as much as possi-
Systolic Diastolic

Figure 3  Distribution of
subjects by amount of
increase of blood pressure
in winter at work.

Blood pressure

sonal change in BP at work. It was found that
the increase in BP from summer to winter was
higher among subjects in plants without air
conditioning than those in plants with. Table 5
shows means values and differences of SBP,
DBP, HR, and the double product SBP x HR
between winter and summer by presence or
absence of air conditioning at the plant. There
were no differences in the mean nocturnal BP
values between kinds of plants (data not
shown). Figure 2 shows the winter to summer
differences in BP at work (as a percentage of
summer values) by presence or absence of air
conditioning at the plant. Figure 3 shows the
distribution of subjects by categories of
increase of BP in winter at work by air condi-
tioning.

The SBP at work was seasonally more
stable in the air conditioned plants. The per-
centage of subjects with increases in BP of
more than 10 mm Hg was higher in the plants
without than with air conditioning.

60 —
A - o

Air conditioning
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L P <0.01
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2

)

3

(77}

<0 0-9 210

Increase in systolic blood pressure
(mm Hg)

ble, any differences due to additional expo-
sure and physical exertion at work to compare
populations that differ chiefly in their expo-
sure to climatic conditions in the workplace.
It is important to note that tests were not car-
ried out under “Sharav” heat wave (similar to
Santa Anna winds) conditions or on days of
extreme cold. Thus, the climatic conditions
examined in our work represent the general
range of temperatures to which the Israeli
worker is exposed during any normal season,
and not extremes of heat or cold.

EVIDENCE OF PHYSIOLOGICAL VARIATIONS DUE
TO DIFFERENCES IN EXPOSURE TO CLIMATIC

CONDITIONS BETWEEN INDUSTRIAL PLANTS

A comparison of the climatic conditions
inside the plants shows that there were clear
differences in both winter and summer. In
summer the plants without air conditioning
were hot and the air conditioned plants were
more comfortable, whereas in winter the
plants without air conditioning were cold and
the air conditioned plants were again more
comfortable. Thus, in both seasons, the tem-

60 —
50 — P <0-01
40— P=0-11

30—

Subjects (%)

20 —

10—

<0 0-9 210

Increase in diastolic blood pressure
(mm Hg)
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peratures in the air conditioned plants were
within the range considered comfortable for
the working person (thermoneutral)? 2
whereas in the plants without air conditioning
the temperatures were outside this range.
These differences in exposure between work-
ers in the two types of plants were also
expressed by differences in internal body tem-
perature (fig 1). No significant seasonal differ-
ences in body temperature during working
hours were found for the workers in the air
conditioned plants, although there were sig-
nificant differences among the workers in the
plants without air conditioning. In winter,
during working hours, the body temperature
of the workers in the air conditioned plants
was higher than that of the workers in the
plants without air conditioning. Thus, it can
be assumed that in winter workers in the air
conditioned plants needed to use fewer
resources to heat their bodies. In summer,
during working hours the body temperature of
the workers in the plants without air condi-
tioning was higher; again, it can be assumed
that these workers had to use more resources
to dissipate body heat. This was shown by,
among other things, a relatively higher con-
sumption of liquids by the workers in the
plants without air conditioning in the
summer.

EFFECT OF CLIMATIC CONDITIONS ON
SEASONAL STABILITY OF BP DURING WORKING
HOURS

Entire population

It was found that the average SBP at work was
significantly higher in winter than in summer.
This finding agrees with the studies already
mentioned that indicate that for the most part
BP measured in the clinic (in the morning) is
higher in winter than in summer.!!-!*

Thermal regulation may explain the greater
increase in BP during work time in winter
than in summer. A considerable amount of
cardiac output is channelled to the peripheral
circulation in summer to ensure heat dissipa-
tion from the body, whereas much less is
channelled in winter to prevent heat loss. In
other words, a given increase in HR will cause
a greater increase in BP in winter than in
summer

Air conditioning

In the first section of this discussion we dealt
with the differences in the workers’ exposure
to climatic conditions between plants with
and without air conditioning and how these
differences affect body temperature. In the air
conditioned plants the ambient temperature
remains stable in the thermoneutral range in
both seasons, whereas the plants without air
conditioning are cold in winter and hot in
summer. After controlling for many con-
founding factors, it was found that during
working hours, HRs and the double product
SBP x HR were higher for employees in the
plants without air conditioning than for
employees doing the same work in the air con-
ditioned plants (table 5). In both seasons the
HR of employees in the plants without air

Kiristal-Boneh, Harari, Green, Ribak

conditioning was higher than that of their
counterparts in the air conditioned plants. As
these findings were obtained after controlling
for known variables that affect HR (smoking,
age, sports activities) and the selection of
plants made the physical work carried out
very similar, it seems that there is a causal
relation between temperature control in
industrial plants and the HR of workers in
those plants.

In both seasons, the increase in HR may
express the need for increased cardiac output;
in the winter, due to increased metabolic
requirements; in the summer, due to the need
to channel greater blood volume to the
peripheral circulation for cooling purposes.
Thus, it seems that work in plants without air
conditioning places an added load on the
employee’s cardiovascular system, both in
winter and in summer. Climatic conditions in
the plant also have a considerable effect on
BP. Figure 2 shows that the differences in BP
between summer and winter are greater for
workers in plants without air conditioning;
the reason for this correlates with the findings
for HR; in the winter, the thermal stimulus is
greater for workers in plants without air con-
ditioning and, therefore, cardiac output and
BP are higher than for workers in air condi-
tioned plants; in the summer, workers in
plants without air conditioning must allot
more resources for cooling purposes, and
more blood is channelled to the peripheral cir-
culation, thereby decreasing BP and increas-
ing HR. These findings should not lead to the
conclusion that it is healthier to work in a
plant without air conditioning in the summer,
as in the final analysis the load on the cardio-
vascular and thermoregulatory systems and
on the heart is greater in those plants.

It must be remembered that only healthy
subjects were included in the present study
and what has been described are healthy phys-
iological responses. The question that must
now be asked is: what are the implications of
these findings for hypertensive workers, for
those who have inefficient thermal regulation,
and for those who perform more strenuous
types of task? Naturally, the question of how
climate affects those who work out of doors
(completely exposed to climatic conditions)
and those who work under conditions of
extreme heat and cold must also be investi-
gated.

Conclusions

In normotensive people ambulatory working
BP varies by season, with higher values in
winter. If validated for hypertensive people, it
may be necessary to tailor drug treatment to
these variations. The findings make it clear
that drawing valid conclusions from compar-
isons of BPs between groups requires control-
ling for several factors, particularly season of
the year. Climatic conditions in the industrial
plant influence the magnitude of seasonal
variations in BP. Work in plants without air
conditioning places a considerable added load
on the employee’s cardiovascular system. If
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increased BP is a causal factor in increased
cardiovascular morbidity in winter, then
workers in plants without air conditioning
may have a higher risk of cardiovascular mor-
bidity in winter than workers in similar work
but in heated plants.

This study was supported by the Committee for Preventive
Action and Research in Occupational Health, Ministry of
Labor and Social Affairs, Jerusalem, Israel.
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