
Abstract This investigation studied the effects of 50-Hz
electric and magnetic fields on the pulse rate and blood
pressure in humans. Electrocardiograms (ECG) and the
blood pressure of 41 male volunteers were recorded using
ambulatory methods. Twenty-six subjects were measured
in and outside real fields and 15 subjects in and outside
‘sham’ fields. The results of the ECG recordings have been
presented earlier. This article deals with the analysis of the
blood pressure measurements. Measurement took 3 hrs.
First, the subjects spent 1 h outside the fields, then 1 h in
real or ‘sham’ fields, followed by 1 h outside the fields.
The electric field strength varied from 3.5 to 4.3 kV/m and
the magnetic flux density from 1.4 to 6.6 µT. When ana-
lysing the blood pressure, which was measured with a non-
invasive cuff method, it could not be shown that the fields
(<4.3 kV/m and <6.6 µT) affected diastolic or systolic
blood pressure.

Introduction

The physiological effects of electric and magnetic fields
on humans have been studied at Tampere University of
Technology. One aim of the studies was to examine the
electric and magnetic fields of transmission lines and to
evaluate their possible biological effects on workers.

An earlier investigation at Tampere University of Tech-
nology studied the effect of 50-Hz electric and magnetic
fields on the human heart in 53 male subjects. In this study
the ECG analysis indicated that there were no extrasystoles
or arrhythmias. In some cases a small decrease in heart rate
was observed during exercise (walking) outside the field
after the exposure[1, 2].

The effect of the electric and magnetic fields on blood
pressure has been investigated earlier. When monkeys
were exposed to a 1.5-T static (stationary) field, no changes
in their arterial pressure were demonstrable [3]. In another
study dogs were exposed to field strengths over 10 kV/m,
and transient increases in blood pressure were detected [4].
Studies of blood pressure measurements on human volun-
teers exposed to 50/60-Hz electric and magnetic fields have
not yet been performed. However, in addition to blood pres-
sure, heart rate is important when assessing the effect of
the fields on the human cardiovascular system.

Some studies by Graham et al. [5] suggest that power-
frequency electric and magnetic fields influence the hu-
man cardiovascular system. They evaluated exposure ef-
fects on over 200 healthy young men at several levels of
field strength, and under both intermittent and continuous
exposure conditions. The laboratory studies showed that
compared with sham exposure, field exposure had a sig-
nificant effect on the human cardiovascular system. A
slowing response was observed in four studies in which
fields of 9 kV/m and 200 mG (20 µT) were used, arising
after 2 h and 6 h of exposure. The response did not occur
in two studies of exposure to stronger fields, 12 kV/m and
300 mG (30 µT), nor when subjects were exposed to
weaker fields, 6 kV/m and 100 mG (10 µT). The cardiac
slowing response does not appear to be cumulative, and
the effect is not a function of exposure duration or field
strength. Their results indicate that there might be ampli-
tude ‘windows’ in which effects on the heart are observed
[5, 6].

In addition, Graham et al. [6] observed that periods of
short intermittent field exposure could induce both speed-
ing and slowing of the human heart rate, when the field
strengths were 9 kV/m and 200 mG. Additional analyses
indicated that the pre-exposure heart rate (HR) was a sig-
nificant (P ≤ 0.01) predictor of subject’s individual cardiac
reactivity. Those with slower baseline HR showed both
speeding and slowing of HR during exposure, whereas
those with faster baseline HR showed only a slowing 
effect. Graham et al. did not measure blood pressure 
[5, 6].
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The aim of the study

In our earlier study during the analysis of the ECG record-
ings [7], we found a decrease in pulse rate after exposure
in some cases, but it is possible that the changes in pulse
rate were caused by small changes of physical load [1].
Therefore, we designed a new study, the main aim of which
was to investigate the possible changes in the pulse rate
when the subjects were exposed to 50-Hz electric and mag-
netic fields. In addition, we wished to study other possible
changes in the whole cardiovascular system, in order to
elucidate possible reasons for the pulse changes. For ex-
ample, changes in blood pressure may affect the pulse rate.
Therefore, blood pressure was also measured.

Some of the results, namely the influence of the fields
on pulse rate, have been published already [7].

Subjects and methods

Subjects

There were two groups: group 1, 26 male volunteers, were measured
in real fields and group 2, 15 male volunteers, in ‘sham’ fields. Group 1
consisted of two subgroups: 18 subjects were measured outdoors and
8 in tents. In group 1 the men were 21–41 years old; the mean
age ± standard deviation (SD) was 28.2 ± 5.2 years. Group 2 includ-
ed 22- to 48-year-old men, and the mean age ± SD was 27.9 ± 6.4
years.

The subjects did not have any known illnesses nor were taking
long-term medication. Other factors (e.g. activity prior to the test)
were not analysed.

Test environment

The subjects of group 1 spent first 1 h outside the field, then 1 h in-
side, exposed under a 400-kV transmission line, and then again 1 h
outside the field. There were also 110-kV transmission lines beside
the 400-kV transmission line. When entering and exiting the real
field (under the transmission lines), the subjects of group 1 had to
walk a short distance (200 m). This 5-min period has been taken into
account in the evaluation of results.

As sham exposure was not possible under 400-kV transmission
lines, a 33-kV outdoor testing station was used for group 2. The 
‘sham’ field was switched on and off by opening and closing the
manually operated disconnector, which the subjects were able to see.
In practice, there was no voltage or current even when the discon-
nector was closed, but the subjects were not aware of this fact. The
background fields were below 0.01 kV/m and 0.01 µT. Under the cir-
cumstances, we could not make the subjects walk, because we want-
ed the test situation to be as real as possible.

Methods

ECG, blood pressure and EEG were measured using ambulatory
methods. The blood pressure was measured every 10 min, except in
the orthostatic tests, in which additional measurements were taken.
The test protocol (Fig. 1) of both groups was similar. In the proto-
col, periods 1 and 3 (before and after the fields) were the same. First
the subjects were sitting down (0–30 min) and then (31–60 min) they
executed some cardiovascular autonomic function tests: orthostatic
test, Valsalva manoeuvre and deep breathing [8, 9]. During the field
exposure, period 2, the subjects were sitting down and, in order to
maintain mental activity, performed some Ruddel’s mental arithme-
tic tasks. In period 3 (after the fields) they were sitting down

(120–150 min) and then (151–180 min) they executed the cardiovas-
cular autonomic function tests again.

Ambulatory blood pressure measurement

For the blood pressure measurements systolic and diastolic blood
pressures and average heart rate were registered by means of an au-
tomatic, non-invasive cuff method as follows. An ordinary cuff is
placed around the upper left arm. The compressor fills the cuff with
air every 10 min. The cuff is also equipped with a microphone to
record arterial sounds on a recorder with a microprocessor. The re-
corder is on the subject’s waist. If the measuring fails, the recorder
repeats the measurement. After the whole measuring procedure, the
results are printed out on paper.

Electric and magnetic field measurement

The electric fields were measured with a modified spheroidal dipole
meter designed and made by Imatran Voima (IVO). The spheroidal
dipole includes two hemispheres which deform electric fields in a
known way, and the current between them is the measure of electric
field strength. According to the IEEE standard [10], electric fields
are measured near transmission lines at a height of 1 m. The distance
between the operator and the meter must be at least 2.5 m, otherwise,
the operator affects the results. Under these conditions the measure-
ment error caused by the operator is 1.5–3%.

The standard recommends measuring the magnetic field with a
screened loop antenna. The measuring height is the same as for
electric fields. The operator does not affect the measurement results,
as in measuring electric fields. The magnetic field was also meas-
ured with a meter made by IVO. The sensitivity of the meters was
0.01 kV/m and 0.01 µT.

Results and discussion

The measurements were taken outdoors in summertime (in
daylight). The mean ambient temperature ±SD was
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Fig. 1 Test protocol; BP, systematic blood pressure measurement;
bp, manual blood pressure measurement; ECG, electroencephalo-
gram; EEG, electrocardiogram



19.3 ° ±3.5 °C. The measurements were started every 
weekday at 8:30 a.m. by setting up the electrodes and 
recorders.

Measured field strengths

The field strengths were always measured briefly at the be-
ginning of the exposure period. The measured field
strengths under the 400-kV line varied between
3.5–4.3 kV/m and 1.4–6.6 µT. The mean field strength
±SD for the electric field was 4.1 ± 0.2 kV/m and for the
magnetic field, 4.8 ± 1.4 µT. Compared to our first study
the measured field strengths are about the same [1].

Evaluation of the blood pressure

Ten recordings of group 1 (9 measured outdoors and
1 measured in a tent) and three recordings of group 2 were
partly faulty. A recording was considered partly faulty if
even one of the subject’s blood pressure measurements
failed, i.e. the recorder registered no results. Under the
given circumstances disturbances easily affect the re-
corder. Therefore, the measurements from 28 subjects
were analysed.

Figure 2 presents the average ±SD of the diastolic and
systolic pressures of group 1 (total n = 16, outdoors n = 9),
and of group 2 (n = 12). The peaks in the pressure curves
outside the fields (35 min and 155 min) are caused by the
orthostatic tests, which were realized in the following way:
5 min lying down, standing up, 3 min standing, lying
down, 2 min lying.
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Fig. 2 Average and standard
deviation graphs of blood pres-
sure in group 1 (total n = 16,
outdoors n = 9) and in group 2
(n = 12). The orthostatic tests
were realized in the following
way: 5 min lying down, stand-
ing up, 3 min standing, lying
down, 2 min lying.  sig-
nifies orthostatic test



Comparison of blood pressure before and after exposure

The first aim was to compare the same subjects’ blood pres-
sure before and after exposure to electric and magnetic
fields. The hypothesis was that blood pressure changes af-
ter exposure to a real field. In the test protocol, periods 1
and 3 were the same, so it was possible to compare period 1
with period 3. The subjects were sitting down for half an

hour in period 1 (1–30 min) and in period 3 (121–
150 min). These time periods are similar, and the cardio-
vascular autonomic function tests do not change the blood
pressure, so it is relevant to compare these time periods.
In addition, the results obtained during cardiovascular au-
tonomic function tests were analysed. One problem is the
subjects’ vigilance, which could vary a little between pe-
riods 1 and 3, because the measurement time was 3 h.
Stress may also have some effect on the results.

Group 1 consisted of two sub-groups: subjects who
were measured outdoors and subjects who were measured
in tents when it was raining. When the subjects were in the
tent, the electric fields changed, and so the exposure fields
changed, too. Therefore, in statistical analysis, we used
both the entire group and also the sub-group of subjects
who were measured outdoors.

In the analysis we compared the subjects’ systolic and
diastolic blood pressure before exposure to the values af-
terwards (group 1 (outdoors)/group 1 (total)). We calcu-
lated the differences in blood pressure of all subjects at all
measurement points, e.g. the differences between blood
pressure at 0 min and blood pressure at 120 min. The dif-
ferences at eight measurement points (1–60 min and
120–180 min) were compared by using t-tests for matched
pairs. Then we compared the subjects’ blood pressure be-
fore the ‘sham’ exposure to the values after ‘sham’ expo-
sure (group 2). The differences of group 2 and results of 
t-tests for matched pairs were also analysed (Table 1).

A similar comparison was made with a two-way anal-
ysis of variance (ANOVA) with replication (Tables 2 and
3). The analysis was made for each group in the following
way: period 1 (10 min, 20 min) compared with period 2
(70 min, 80 min); period 1 (10 min, 20 min) compared
with period 2 (90 min, 100 min); period 1 (10 min,
20 min) compared with period 3 (130 min, 140 min). The
cardiovascular function test points were not included in the
analysis, because the tests may cause errors.

According to the t-tests for matched pairs, in group 1
(outdoors) the result of diastolic blood pressure was sig-
nificant (P ≤ 0.05) (difference before and after exposure)
at one point; in group 1 (total) the result was significant
(P ≤ 0.05) at three points; and in group 2, the result was sig-
nificant (P≤ 0.05) at three points. In Table 2 (results of
ANOVA) P is always less than 0.01 related to the factor
subject. When period 1 (10 min, 20 min) is compared with
period 2 (90 min, 100 min) or with period 3 (130 min,
140 min), interaction can be detected (P ≤ 0.05 or 0.01). It
is difficult to draw conclusions from these results, but the
differences in diastolic blood pressure seem to derive from
the interaction of the two factors, subjects and periods.

According to the t-tests for matched pairs in group 1
(outdoors), the result of systolic blood pressure was not
significant (P ≤0.05) (no difference before and after expo-
sure) at any point; in group 1 (total) the result was signif-
icant (P ≤ 0.05) at one point; and in group 2, the result was
not significant (P ≤ 0.05) at any point. Table 3 (results of
ANOVA) shows that P ≤ 0.01 related to the factor subject,
and there is interaction between subjects and periods in
group 1 (outdoors and total).
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Table 1 The subjects’ blood pressure before exposure compared to
blood pressure after exposure using t-test for matched pairs

Analyzed time points + t-test for matched pairs
meantime errors (min)

Period 1 Period 3 Group 1 Group 1 Group 2
(outdoors) (total)
(f=8) (f=15) (f=11)

Diastolic blood pressure
0 (2.6) 120 (1.4) 0.45 –0.45 2.75*

10 (2.7) 130 (1.4) 1.02 2.13* 2.70*
20 (2.8) 140 (1.4) 1.16 1.83 2.27*
33 (0) 153 (0) 2.83* 2.80* 1.57
35 (0.3) 155 (0.5) 0.01 0.08 –0.61
38 (–0.4) 158 (–0.5) 0.79 0.15 1.16
39 (0.3) 159 (0.3) 0.25 0.27 0.07
60 (–3.2) 180 (–4.4) 1.11 2.20* 0.88

Systolic blood pressure
0 (2.6) 120 (1.4) –0.51 –2.25* 0.44

10 (2.7) 130 (1.4) –0.89 –1.32 –0.42
20 (2.8) 140 (1.4) –0.42 0.08 –0.26
33 (0) 153 (0) –0.81 –0.45 0.17
35 (0.3) 155 (0.5) –0.77 –0.13 1.52
38 (–0.4) 158 (–0.5) –0.83 –0.28 0.23
39 (0.3) 159 (0.3) –0.09 0.39 –1.83
60 (–3.2) 180 (–4.4) –0.16 0.55 1.67

* P ≤ 0.05

Analyzed time Two-factor ANOVA with replication
points

Period Period Subject Period Interaction
1 2 or 3

F P F P F P

Group 1 (outdoors) f=(8, 18) f=(1, 18) f=(8, 18)
10, 20 70, 80 9.86 <0.01 0.32 0.58 0.77 0.63
10, 20 90, 100 25.52 <0.01 4.75 0.04* 3.36 0.02*
10, 20 130, 140 31.87 <0.01 5.30 0.03* 3.12 0.02*

Group 1 (total) f=(15, 32) f=(1, 32) f=(15, 32)
10, 20 70, 80 8.70 <0.01 0.13 0.72 1.00 0.48
10, 20 90, 100 13.04 <0.01 0.02 0.88 2.36 0.02*
10, 20 130, 140 15.32 <0.01 11.96 <0.01 2.09 0.04*

Group 2 f=(11, 24) f=(1, 24) f=(11, 24)
10, 20 70, 80 4.42 <0.01 3.20 0.09 1.59 0.16
10, 20 90, 100 10.34 <0.01 42.26 <0.01 4.27 <0.01
10, 20 130, 140 10.08 <0.01 27.35 <0.01 3.21 0.01*

* P≤ 0.05

Table 2 Comparison of diastolic blood pressure before and after ex-
posure, F-ratios and probabilities (P) of two-factor ANOVA with re-
plication ( f=degree of freedom)
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Comparison of group 1 (test group) and group 2
(reference group)

The second aim was to compare the blood pressure of the
subjects exposed to real fields with that of the subjects ex-
posed to ‘sham’ fields. The hypothesis was that the blood
pressure of group 1 during exposure differs from that of
group 2. We compared group 1 (outdoors/total) to group 2.
In this analysis we used period 1 (0–60 min) and 2 (60–120
min). The first period was used to test that there were no
differences between the groups when the subjects were not
exposed. The second period tested the differences when
the subjects were exposed. In group 1 the subjects had to
walk a short distance (200 m) when they entered real fields
(under the transmission line). In the analysis this has been
taken into consideration. Periods 1 and 2 of the groups were
evaluated using the t-test (Table 4).

The results were also analysed with a two-way analy-
sis of variance (ANOVA) with replication. The analysis
was carried out between group 1 (outdoor/total) and
group 2 in period 1 (10 min, 20 min), period 2 (70 min,
80 min), period 2 (90 min, 100 min) and period 2 (70 min,
80 min, 90 min, 100 min, 110 min). The results are pre-
sented in Tables 5 and 6.

Analyzed time Two-factor ANOVA with replication
points 

Period Period Subject Period Interaction
1 2 or 3

F P F P F P

Group 1 (outdoors) f=(8, 18) f=(1, 18) f=(8, 18)
10, 20 70, 80 9.47 <0.01 0.28 0.60 5.62 <0.01
10, 20 90, 100 10.17 <0.01 0.04 0.85 2.37 0.06
10, 20 130, 140 33.84 <0.01 2.99 0.10 5.87 <0.01

Group 1 (total) f=(15, 32) f=(1, 32) f=(15, 32)
10, 20 70, 80 10.43 <0.01 0.43 0.52 4.11 <0.01
10, 20 90, 100 11.02 <0.01 0.24 0.63 2.23 0.03*
10, 20 130, 140 16.44 <0.01 1.81 0.19 3.91 <0.01

Group 2 f=(11, 24) f=(1, 24) f=(11, 24)
10, 20 70, 80 7.62 <0.01 1.91 0.18 1.09 0.41
10, 20 90, 100 11.69 <0.01 0.15 0.70 1.76 0.12
10, 20 130, 140 9.91 <0.01 0.28 0.60 0.71 0.72

* P ≤ 0.05

Table 3 Comparison of systolic blood pressure before and after ex-
posure, F-ratios and probabilities (P) of two-factor ANOVA with re-
plication ( f=degree of freedom)

Time Group 1 Group 1 Group 2 t-test t-test
(min) (total) (outdoors) G 1 (total)/G 2 G 1 (outdoors)/G 2

DBP/mm Hg DBP/mm Hg DBP/mm Hg (f = 26) (f = 19)

Average SD Average SD Average SD t t

Diastolic blood pressure (DBP)
0 78.1 12.7 76.7 13.6 78.8 12.0 –0.13 –0.37

10 82.3 15.7 78.7 17.7 77.5 10.9 0.90 0.19
20 79.8 15.9 80.0 19.6 76.0 10.2 0.71 0.61
33 65.1 10.4 64.1 10.9 62.8 10.0 0.59 0.28
35 76.1 12.9 76.9 15.7 72.7 13.2 0.69 0.67
38 78.6 13.0 79.8 16.7 76.7 13.8 0.37 0.47
39 62.9 12.9 62.4 13.7 59.5 9.5 0.78 0.58
60 77.9 14.5 78.7 17.5 74.3 12.4 0.71 0.68
70 80.6 13.5 83.1 16.2 76.8 13.5 0.75 0.98
80 79.8 17.5 79.6 21.9 68.4 9.4 2.02 1.59
90 79.7 14.0 80.8 13.6 67.8 13.9 2.23* 2.14*

100 81.8 13.9 86.7 15.3 64.3 11.1 3.58** 3.90**
110 79.9 17.2 84.1 20.9 70.7 11.8 1.60 1.88
120 79.3 19.0 75.3 18.5 66.8 7.4 2.14* 1.45

Systolic blood pressure (SBP)
0 129.3 7.3 128.8 8.5 123.9 8.7 1.78 1.28

10 127.9 9.1 125.2 8.7 123.3 12.4 1.15 0.41
20 128.2 10.6 124.7 11.4 124.8 10.6 0.85 –0.02
33 124.1 10.4 119.6 8.8 118.3 10.1 1.46 0.29
35 127.9 9.7 125.3 11.9 125.7 12.0 0.55 –0.06
38 126.8 11.5 125.2 12.3 122.8 10.2 0.96 0.50
39 127.4 10.5 125.3 8.9 117.8 11.0 2.34* 1.68
60 129.7 10.3 125.4 10.3 125.8 9.9 1.00 –0.09
70 129.1 12.1 125.1 13.9 129.0 12.5 0.03 –0.67
80 128.9 14.2 122.7 14.9 124.8 11.4 0.83 –0.36
90 130.2 11.5 126.7 12.3 126.3 11.9 0.88 0.08

100 127.2 8.0 123.9 6.9 123.1 11.6 1.11 0.18
110 127.1 14.6 120.2 16.0 128.1 14.1 –0.17 –1.20
120 135.3 9.8 131.0 9.6 122.6 14.1 2.83** 1.54

* P ≤ 0.05; ** P ≤ 0.01

Table 4 Comparison of
group 1 (total and outdoors) 
to group 2 using t-test



The variances (in diastolic blood pressure) for the groups
[group 1 (total)/group 2] are not the same at the points
80 min [F (15, 11) = 3.39], 120 min [F (15, 11) =6.45] and
for the groups [group 1 (outdoors)/group 2] at the points
20 min [F (8, 11) = 3.81], 80 min [F (8, 11) = 5.60], 110 min
[F (8, 11) = 3.24], 120 min [F (8, 11) = 6.42] according to
variance ratio test. Therefore, the error of the hypothesis is
10% at points 80 min [group 1 (total)/group 2] or at points
20 min, 80 min, 110 min [group 1 (outdoors)/group 2].

According to the t-test, in the results of systolic blood
pressure (difference during exposure) there is only one sig-
nificant (P ≤ 0.01) point, at 120 min. This is probably due
to the influence of walking in group 1. The variance anal-
ysis (Table 6) shows that there is again interaction between
the factors subjects and periods.

In Table 4 the results of diastolic blood pressure are sig-
nificant (P ≤ 0.01) at one point (outdoors and total). The
results are significant (P ≤ 0.05) at two points (outdoors)
and 3 points (total), when using the t-test. However, the
variance analysis proves that at time points 90 min and
100 min there is interaction (P ≤ 0.01) between the factors
subjects and periods. The results are the same when five
replications are used. It is not easy to draw conclusions
from these results, but it seems that the interaction has a
considerable influence on the statistical results.

It seems that the fields (<4.3 kV/m and <6.6 µT) do not
influence the blood pressure, which is a result similar to
the one we found for heart rate [7].
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Analyzed time Two-factor ANOVA with replication
points
Period 1, 2 Subject Period Interaction

F P F P F P

Group 1 (outdoors)/group 2
f =(11, 21) f =(1, 21) f=(8, 21)

10, 20 14.30 <0.01 1.61 0.22 7.82 <0.01
70, 80 2.82 0.02* 5.25 0.03* 2.12 0.08
90, 100 13.81 <0.01 72.86 <0.01 5.94 <0.01

f=(11, 84) f=(1, 84) f=(8, 84)
70, 80, 90, 100, 110 11.79 <0.01 44.81 <0.01 5.80 <0.01

Group 1 (total)/group 2
f=(15, 28) f=(1, 28) f=(11, 28)

10, 20 10.25 <0.01 3.93 0.06 5.28 <0.01
70, 80 2.61 0.01* 9.47 <0.01 2.61 0.02*
90, 100 8.03 <0.01 80.18 <0.01 4.70 <0.01

f=(15, 112) f=(1, 112) f=(11, 112)
70, 80, 90, 100, 110 8.11 <0.01 33.41 <0.01 12.89 <0.01

* P ≤ 0.05

Table 5 Diastolic blood pressure, comparison between groups 1 and
2, F-ratios and probabilities (P) of two-factor ANOVA with replica-
tion ( f=degree of freedom)

Analyzed time Two-factor ANOVA with replication
points
Period 1, 2 Subject Period Interaction

F P F P F P

Group 1 (outdoors)/group 2
f=(11, 21) f=(1, 21) f=(8, 21)

10, 20 7.38 <0.01 1.37 0.25 3.99 0.01*
70, 80 3.44 0.01* 0.00 0.95 7.56 <0.01
90, 100 5.12 <0.01 1.41 0.25 9.93 <0.01

f=(11, 84) f=(1, 84) f=(8, 84)
70, 80, 90, 100, 110 5.19 <0.01 0.02 0.88 12.06 <0.01

Group 1 (total)/group 2
f=(15, 28) f=(1, 28) f=(11, 28)

10, 20 7.14 <0.01 2.73 0.11 4.70 <0.01
70, 80 4.56 <0.01 0.00 1.00 6.93 <0.01
90, 100 5.05 <0.01 3.21 0.08 11.34 <0.01

f=(15, 112) f=(1, 112) f=(11, 112)
70, 80, 90, 100, 110 8.95 <0.01 5.97 0.02* 9.41 <0.01

* P ≤ 0.05

Table 6 Systolic blood pressure, comparison between groups 1 and
2, F-ratios and probabilities (P) of two-factor ANOVA with replica-
tion ( f=degree of freedom)


