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Abstract
Objectives: Atmospheric pressure is the most objective weather factor because regardless of if outdoors or indoors it af-
fects all objects in the same way. The majority of previous studies have used the average daily values of atmospheric 
pressure in a bioclimatic analysis and have found no correlation with blood pressure changes. The main objective of our 
research was to assess the relationship between atmospheric pressure recorded with a frequency of 1 measurement per 
minute and the results of 24-h blood pressure monitoring in patients with treated hypertension in different seasons in 
the moderate climate of the City of Łódź (Poland). Material and Methods: The study group consisted of 1662 patients, 
divided into 2 equal groups (due to a lower and higher average value of atmospheric pressure). Comparisons between 
blood pressure values in the 2 groups were performed using the Mann-Whitney U test. Results: We observed a significant 
difference in blood pressure recorded during the lower and higher range of atmospheric pressure: on the days of the spring 
months systolic (p = 0.043) and diastolic (p = 0.005) blood pressure, and at nights of the winter months systolic blood pres-
sure (p = 0.013). Conclusions: A significant inverse relationship between atmospheric pressure and blood pressure during 
the spring days and, only for systolic blood pressure, during winter nights was observed. Int J Occup Med Environ Health 
2016;29(5):783–792
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of a temperate climate, the assessment was planned in 
individual seasons. Due to the high prevalence of hyper-
tension problem and its complications in Poland, a study 
group of patients with hypertension was selected, which 
had ABPM performed in our center.
This study is the first study in Poland, which has evaluated 
the effect of AP on BP in patients with arterial hyperten-
sion on such a scale. The proposed method allowed calcu-
lation of the correlation between atmospheric and blood 
pressure.

MATERIAL AND METHODS
Averaged atmospheric pressure was determined for 
each reading of the ABPM parameters. Weather param-
eters were calculated as the average of the records from 
the weather station for a period of 5 min – in the range 
from 2.5 min before reading the ABPM parameters 
to 2.5 min after reading this parameter.

Patients
The study used ABPM records of patients of the Car-
diology Clinic, Biegański Hospital in Łódź, which were 
performed in the Laboratory of Noninvasive Electrocar-
diology, Department of Cardiology, Medical University 
of Lodz (51°48’4”N, 19°26’14”E) at an altitude of 214 m 
above sea level. Inclusion criteria were:
 – diagnosed and treated hypertension,
 – age > 18 years,
 – 80% of technically correct BP measurements during 

monitoring (every hour monitoring: at least 2 valid 
measurements during the day and at least 1 at night),

 – place of residence in Łódź.
Hypertension was diagnosed based on the information in 
the documentation and antihypertensive therapy accord-
ing to the latest guidelines [8]. Exclusion criteria were:
 – lack of a consent to participate in the study,
 – recording pressure during night shift work,
 – work at heights,

INTRODUCTION
The idea of climate impact on human health came up al-
ready in the antiquity in the works of Hippocrates [1]. In 
the Middle Ages, the “mighty air” was identified with epi-
demics which ravaged Europe. Basic understanding of bio-
climatology originated in the period of Enlightenment. But 
it was only technological and industrial revolution that al-
lowed continuous recording of weather and life parameters, 
which enabled assessment of their mutual relationship.
Thanks to the progress of civilization, people are rarely 
exposed to extreme weather factors such as: rainfall, 
sunshine, wind, temperature and so on. Atmospheric 
pressure (AP) in the bio-synoptic analysis seems to be 
the most objective meteorological factor having the same 
influence on us – indoors and outdoors. Distribution of air 
pressure systems (high and low AP) influences air move-
ment, which shapes the climate. Some of the studies have 
confirmed that the flow of specific air masses is correlated 
with changes in well-being and the accompanying changes 
in blood pressure (BP) [2–5].
Patients with chronic diseases are more liable to weather 
changes compared to healthy individuals [6]. In the case of 
patients with hypertension, even small fluctuations in BP 
influenced by weather can potentially result in serious 
neurological and cardiovascular complications. It is sug-
gested that the decrease in AP increases BP via the sympa-
thetic nervous system and the immune system [7].
Following the premises of previous clinical trials and 
problems reported by patients with stabilization of BP on 
certain days and times of the year, one objective was set. 
The main objective of our research was to assess the influ-
ence of AP on the results of 24-h ambulatory blood pres-
sure monitoring (ABPM) in patients with hypertension 
in different seasons in transitional temperate climate of 
the City of Łódź (Poland).
In our work, we decided to use a continuous measure-
ment of AP and take into account short-term AP fluctua-
tions. Similarly to other works, due to distinct seasonality 
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When average pressure drop was < 10%, the patients 
were defined as non-dippers. The fourth category of in-
verse-dippers was introduced for the patients whose mean 
arterial BP at night was higher than that during the day.

Weather station
LB-741 meteorological station (LAB-EL, Reguły, Poland) 
is located on the roof of the Department of Microelectron-
ics and Computer Science, Lodz University of Technology 
(51°44’46”N, 19°27’20”E) at an altitude of 211 m above 
sea level. Measurement of the absolute (actual) AP was 
taken with the barometer LB-716AP (LAB-EL). The de-
vice has a calibration certificate [10] of the Laboratory of 
the Air Force Institute of Technology in Warszawa and 
the Calibration Laboratory LAB-EL.
The station is used for online monitoring of several me-
teorological parameters: temperature and relative humid-
ity (thermometer-hygrometer LB-710R (LAB-EL), with 
temperature sensor Pt-1000), horizontal component of 
wind speed (meter LB-746 (LAB-EL)), intensity of so-
lar radiation (meter LB-900 (LAB-EL), equipped with 
a microprocessor-based measuring system, and external 
pyranometer CM-21 (Kipp & Zonen, Delft, the Nether-
lands)). Calibration is performed individually for each de-
vice and stored in nonvolatile memory, and the measure-
ment results are sent in digital form to the master unit. 
Measurements are taken every minute.

Characteristics of topography 
and climate of the City of Łódź
Łódź is located in central Poland, at an altitude of 162–
278 m. The climate of Łódź region is very transient be-
cause of the location and lowland terrain. Łódź region 
can be assigned to the areas with less diverse weather 
(low stimulogenic) in the relation to the whole country. 
Annually, the monthly average AP values differ slightly. 
The largest pressure fluctuations occur from November to 
March, and the lowest – in the summer [11,12].

 – place of residence at a distance greater than 30 km 
from the metrological station,

 – low quality of the recording,
 – recognized atrial fibrillation.

We excluded a total of 124 records because of: 
age < 18 years (1 patient), low quality of ABPM record-
ing (3 patients), missing records from meteorological 
station (3 patients), too small a number of ABPM sam-
ples during the day or night (27 patients), place of resi-
dence (40 patients), patients working during night-
hours (10 patients) and atrial fibrillation (40 patients). 
Finally, the study included 1662 records from between 
January 1, 2009 and December 31, 2012.
All the patients gave their written informed consent to 
participate in the study and agreed to the use of their re-
cords for scientific purposes. The study protocol was ap-
proved by the Bioethical Commission of the Medical Uni-
versity of Lodz.

Measurement of blood pressure
In order to monitor BP, SpaceLabs 90207 recorders 
(Spacelabs, Redmond, WA, USA), validated by the British 
Hypertension Society, were used [9]. The data were col-
lected during the day (6:00 a.m. – 11:00 p.m.) at intervals 
of 20 min and during the night (11:00 p.m. – 6:00 a.m.) – 
every 30 min. During the examination, the patients carried 
on their daily activities. After completion of the monitor-
ing and storing the results in the system, the data have not 
been edited.
The following pressure values for the properly controlled 
hypertension have been assumed: average pressure dur-
ing 24 h – 130/80 mm Hg, during the day – 135/85 mm Hg, 
during the night – 120/70 mm Hg [8]. Normal nocturnal 
lowering of the BP (the so-called dipping) was assumed as 
a decrease in the mean arterial BP at night by 10–20% rel-
ative to the average pressure during the day. The patients 
defined as extreme-dippers were those with a nocturnal 
decrease in the mean arterial pressure exceeding 20%. 
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RESULTS
Patients
The study included 1662 patients aged 18–90 years. All 
the patients were receiving antihypertensive treatment. Ta-
ble 1 presents description of the patients and the ABPM pa-
rameters. Women dominated in the group of the oldest 
patients. Although the percentage of patients with a well-
controlled BP in this group was significantly higher than in 
other groups, the percentage of patients with normal de-
crease of BP during the night was the smallest. Phenom-
enon of an inverted profile of the circadian BP in this group 
was observed significantly more often than in the younger 
patients.

Influence of weather parameters on blood pressure
During the entire year, at the time of lower AP the re-
corded BP was higher, and opposite – at the time of 
higher AP – BP was lower. The influence of AP seems to 
be significant with regard to systolic and diastolic BP in 
the spring days and to systolic BP – in the winter nights 
(Table 2). Only in few cases, the two groups differed at 
the level of statistical significance.

DISCUSSION
We observed a significant inverse relationship between AP 
and BP during the spring days and only for systolic BP dur-
ing winter nights.
This study is the first in Poland that has evaluated the ef-
fect of AP on BP in patients with arterial hypertension on 
such a scale. The proposed method of weather data analy-
sis provides a comprehensive analysis of the influence of 
the daily AP variations in individual seasons on BP for 
each patient.
The influence of AP on human body is not as obvi-
ous as the influence of temperature discussed in many 
works [13–16]. In Poland, in the transitional moder-
ate climate, most patients stay in heated rooms in win-
ter and in the summer more and more patients stay in 

Statistical analysis
All calculations were performed using the Matlab soft-
ware R2013a (The MathWorks, Natick, MA, USA). 
The minimum level of statistical significance (p) for all 
the analyses was assumed as < 0.05.

Analysis of weather parameters 
influence on blood pressure
The analysis included tests of the influence of AP on BP in 
a broader context than a sole evaluation of a linear corre-
lation. We used methods proposed by Modesti et al. [13]. 
Due to the weather parameter values, days/nights were 
divided into two equal groups. The first group (A) in-
cluded 50% of the days/nights with a lower average value 
of AP, and the second (B) – 50% of the days/nights with 
a higher average AP. The BP data were divided into two 
groups based on the days/nights distribution according to 
the average value of the AP. The first group included BP 
data recorded during the time of lower AP, and the second 
group – BP data recorded during the time of higher AP. 
For each group of patients, the mean ± standard devia-
tion (M±SD) of BP was calculated.
Separate statistics were made for nights and days. Period 
from 12:00 a.m. to 6:00 a.m. was considered as a night, and 
period from 8:00 a.m. to 8:00 p.m. as a day.
The analyses were made for all the seasons together and 
separately, just as follows:
 – winter: December, January, and February;
 – spring: March, April, and May;
 – summer: June, July, and August;
 – autumn: September, October, and November.

Atmospheric pressure was calculated as an arithmetic 
mean for the entire period of observation (day or night).
Comparisons between the groups were performed using 
the Mann-Whitney U test because most of the dependent 
variables did not meet the assumption of normality. For 
normally distributed variables (heart rate for a period of 
four years and for the spring), the Student’s t-test was used.
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Table 1. Characteristics of the study population with arterial hypertension along with ambulatory blood pressure monitoring (ABPM) 
parameters according to the patients age

Variable
Patients

total < 50 years 50–65 years > 65 years
Sex [n (%)]

men 855 (51.4) 183 (65.4) 400 (57.6) 272 (39.5)
women 807 (48.6) 97 (34.6) 294 (42.4)c 416 (60.5)c,d

total 1 662 (100.0) 280 (16.8) 694 (41.8) 688 (41.4)
Agea [years] (M±SD) 61.4±14.6 37.0±9.7 58.4±4.4 74.4±5.5
Blood pressure [mm Hg] (M±SD)

systolic 118.8±13.2 118.8±12.4 119.0±13.5 118.5±12.7
diastolic 67.0±9.0 68.9±9.2 68.5±9.1 64.5±8.1

Heart rate [bpm] (M±SD) 67.8±10.0 70.2±10.3 68.1±10.4 66.3±9.0
Dipping in blood pressure [n (%)]

dippers 565 (34.0) 117 (41.8) 246 (35.4) 202 (29.5)c,d

extreme-dippers 58 (3.5) 5 (1.8) 30 (4.3) 23 (3.3)
non-dippers 767 (46.1) 123 (43.9) 330 (47.6) 314 (45.6)
inverse-dippers 272 (16.4) 35 (12.5) 88 (12.7) 149 (21.6)c,d

Blood pressure proper controlb [n (%)]
24-h 1 435 (86.3) 222 (79.3) 583 (84.0) 630 (91.6)c,d

daytime 1 510 (90.8) 240 (85.7) 616 (88.8) 654 (95.0)c,d

nighttime 1 299 (78.2) 212 (75.7) 519 (74.8) 568 (82.6)c,d

M – mean; SD – standard deviation; 1 mm Hg = 133.3 Pa.
a Patient age at the time of the test.
b As a proper control of hypertension have been assumed: average pressure during 24 h – 130/80 mm Hg, during the day – 135/85 mm Hg, during 
the night – 120/70 mm Hg.
c p < 0.05 vs. < 50 years.
d p < 0.05 vs. 50–65 years (at Fisher’s exact test).

Table 2. Statistical analysis of the weather condition influence on the blood pressure of the study population 
with arterial hypertension

Season and blood pressure
Group

p
A B

All seasons
patients [n] 834 828
day blood pressure [mm Hg] (M±SD)

systolic 121.18±14.12 121.05±13.04 0.693
diastolic 69.20±10.43 68.73±9.90 0.446

night blood pressure [mm Hg] (M±SD)
systolic 109.58±14.63 109.64±14.74 0.980
diastolic 58.48±8.35 59.27±9.04 0.229



O R I G I N A L  P A P E R         M. KAMIŃSKI ET AL.

IJOMEH 2016;29(5)788

Season and blood pressure
Group

p
A B

Spring
patients [n] 204 250
day blood pressure [mm Hg] (M±SD)

systolic 123.40±14.08 121.25±14.01 0.043
diastolic 71.42±10.65 68.75±9.86 0.005

night blood pressure [mm Hg] (M±SD)
systolic 108.93±13.54 109.89±16.01 0.854
diastolic 58.64±8.28 59.05±8.81 0.592

Summer
patients [n] 186 161
day blood pressure [mm Hg] (M±SD)

systolic 120.33±12.94 120.94±13.28 0.802
diastolic 68.89±10.07 69.45±10.74 0.628

night blood pressure [mm Hg] (M±SD)
systolic 110.96±16.25 109.55±14.19 0.627
diastolic 59.90±10.58 59.41±8.34 0.838

Autumn
patients [n] 223 213
day blood pressure [mm Hg] (M±SD)

systolic 121.71±14.33 120.79±13.81 0.289
diastolic 69.93±10.82 68.63±9.50 0.218

night blood pressure [mm Hg] (M±SD)
systolic 110.28±15.17 111.52±15.29 0.304
diastolic 59.52±8.74 59.52±9.39 0.831

Winter
patients [n] 232 193
day blood pressure [mm Hg] (M±SD)

systolic 121.40±14.81 120.82±13.29 0.722
diastolic 69.62±10.78 69.51±10.33 0.882

night blood pressure [mm Hg] (M±SD)
systolic 110.90±15.66 106.82±12.73 0.013
diastolic 58.70±8.30 58.48±8.23 0.991

A – group included 50% of the days/nights with a lower average value of atmospheric pressure; B – group included 50% of the days/nights  
with a higher average atmospheric pressure.
Other abbreviations as in Table 1.

Table 2. Statistical analysis of the weather condition influence on the blood pressure of the study population 
with arterial hypertension – cont.
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observed. Between 2009 and 2012, when the study was con-
ducted, most sudden changes in barometric pressure oc-
curred during winter months and early spring, especially in 
March. Spring and pre-spring seasons in Polish climate con-
stitute a period between barometrically unstable winter and 
stable summer; therefore, its bioclimatic, negative influence 
on the results is sound. In the past, the fatigue of the hu-
man body after winter season was commonly observed due 
to lack of fresh food and limited food supply.
In Polish culture there are many common proverbs asso-
ciated with the difficulty of maintaining healthy lifestyle 
during the winter/spring seasons. Development of civili-
zation, especially inventions of home heating systems, air 
conditioning or global transportation, has also contributed 
to the weakening of natural human adaptative mecha-
nisms. This can be correlated with additional health is-
sues such as the weather stress [24], or even psychological 
stress, which, according to the Takashima Stroke Registry, 
has been measured by the increase of BP related strokes 
during spring months [23].
As early as in 1961 in a letter from Rose to the “Nature 
Journal,” it was mentioned that BP of patients was in-
creased during spring and late summer, as observed on 
a 56-year old patient diagnosed with ischemic heart dis-
ease [25]. A similar problem has been also studied by 
Hozawa, who has examined a group of 97 voluntaries 
and observed increased BP levels in March comparing to 
other months of the year [26]. There are also other works 
mentioning the influence of the winter/summer season on 
the number of strokes and heart attacks [23,27].
Our results emphasize the impact of decreasing atmo-
spheric pressure on the growth of systolic BP in the winter 
nights. In many previous studies, an increased risk of car-
dio- and cerebrovascular events in winter [26,28–31] has 
been observed. It is also known from everyday practice that 
these events happened usually at night. Their relationship 
with arterial hypertension was explained by low outdoor 
or indoor temperature in climatic context [16,26,32,33]. 

the air-conditioned rooms. This reduces the influence 
of many weather factors: temperature, humidity, wind 
speed and direction, and sunlight. However, this does not 
refer to the influence of AP.
Atmospheric pressure, particularly in combination with 
other weather stimuli, influences the autonomic and endo-
crine systems. It has been commonly observed that the de-
crease in AP reduces blood oxygenation. Reduced satu-
ration leads to activation of the autonomic nervous and 
the endocrine systems and, consequently, to an increase 
in BP [7]. Some studies have confirmed the inverse rela-
tionship between AP and arterial BP [17,18]. Observations 
from the mentioned above research revealed a similar re-
lationship between AP and BP limited mainly to the spring 
and winter months same like in our study. The patients, 
whose measurements were taken during the days with 
lower atmospheric pressure, had significantly higher BP 
compared to the patients whose measurements were tak-
en during the days with higher atmospheric pressure.
Low atmospheric pressure is also reflected in an increase 
in the incidence of diseases, for which hypertension consti-
tutes a part of pathogenesis. This relationship is related to 
the cardiovascular system diseases [19–23]. Among cere-
brovascular events, low atmospheric pressure is associated 
with an increase in the risk of haemorrhagic stroke and 
subarachnoid haemorrhage [21–23]. It is speculated that 
changes in atmospheric pressure may lead to changes in 
pressure within the vessel wall and facilitate its rupture, es-
pecially in an aneurysmatic modified vessel [22]. Rupture 
of an aneurysm is facilitated by either an increase in BP 
inside the vessel or the rise of intramural pressure due to 
a decrease in intracranial pressure. Both situations might 
be associated with a decrease in atmospheric pressure.
In the case of this study, the influence of barometric pres-
sure on BP of the patients was limited to the spring and 
pre-spring (winter) months. In the moderate climate of Po-
land, variations of the weather are the highest in this period. 
In March, low atmospheric pressure fronts are frequently 
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of cardio- and cerebrovascular events, which has been re-
ported in the previous studies.
In other seasons of the year, no statistically significant 
correlation between atmospheric pressure and BP was 
observed.

CONCLUSIONS
The study confirmed an inverse relationship between atmo-
spheric pressure and blood pressure during the spring days, 
and systolic blood pressure during winter nights. Therefore, 
it is advisable to pay closer attention to blood pressure con-
trol during these periods – especially when we take into ac-
count the fact that arterial pressure fluctuations may lead to 
an increased risk of cardiovascular events.
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