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Abstract
Objectives: It is known that professional occupation affects the heart rate variability (HRV). However, most studies have 
not taken into account seasonal features of the HRV. The aim of this study has been to evaluate the HRV differences in 
winter and in summer in the case of the Ministry of the Russian Federation for Civil Defense, Emergencies and Elimina-
tion of Consequences of Natural Disasters (EMERCOM) workers and scientific workers from the Komi Science Center 
of the Ural Branch of the Russian Academy of Sciences. Material and Methods: The short-term HRV was examined 
for 13 EMERCOM workers and 13 scientific workers. The data was collected in winter (December) and summer (July) for 
the same groups of workers. The time domain and frequency domain HRV analyses were performed. The EMERCOM 
workers had more contact with the external environment than the scientific workers. Results: The two-way analysis of vari-
ance with repeated observations on a single factor has shown that “Season” and interaction of two factors “Season” and 
“Profession” significantly influenced the HRV among volunteers. The “Profession” factor did not influence the HRV pa-
rameters (except for the heart rate in winter, p = 0.042). Seasonal changes in the HRV parameters were not significant in 
the case of scientific workers. In contrast, the EMERCOM workers showed significantly decreased parameters of parasym-
pathetic activity (the root-mean-square of successive differences in RR intervals, percentage of consecutive RR intervals 
differing by > 50 ms and the relative value high frequency power, p = 0.001, p = 0.014 and p = 0.009, respectively) and 
increased parameters of sympathetic activity (the stress index and ratio of low-frequency power to high-frequency power, 
p = 0.012 and p = 0.006, respectively) in winter as compared to summer. Conclusions: The results of our study indicate 
that, unlike the scientific workers, the EMERCOM workers showed significant changes in the HRV in contrasting seasons 
(winter and summer). A season of a year should be considered when assessing the HRV among workers of various profes-
sions. Int J Occup Med Environ Health 2016;29(5):793–800
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INTRODUCTION
The heart rate variability (HRV) is used as an indicator 
for the cardiovascular system regulation. It is known that 
professional occupation affects the HRV. Many authors 
have studied the HRV among chemical industry work-
ers [1–3], information service workers [4,5], physicians [6], 

nurses [7], engineers [8], office workers [9–11], and other 
professional groups. However, all these studies have not 
taken into account seasonal features of the HRV. Some 
studies have shown that the HRV parameters vary in dif-
ferent seasons [12–14]. We have assumed that in the case 
of professional groups with varying contact with external 
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inspectors was approx. 3 h/day and in the case of the scien-
tific workers, it was approx. 30 min/day.
Information about each participant’s job, physical activity, 
daily habits and duration of environmental exposure was 
obtained through a questionnaire. Subjects were instructed 
not to change their physical activity levels during the study.

Environmental factors
Four environmental factors were measured during 
the study: indoor and outdoor temperature, relative 
humidity of the indoor air, and atmospheric pressure. 
The temperature was measured using a laboratory mer-
cury thermometer TL-4 No. 2 (Novolab, Russia). The rel-
ative humidity of the indoor air was measured using 
a hygrometer M-19 (Granat, Russia). The atmospheric 
pressure was measured using an aneroid barometer M-67 
(Technosbyt, Russia). The Table 1 shows the environ-
mental conditions, to which the subjects were exposed on 
the days of the study. There were no significant differences 
in environmental factors between the two groups, both in 
winter and in summer.

Anthropometry
Body weight and height were measured and the body mass 
index (BMI) was computed in terms of the quotient of kg 
of the body weight/m2 height.

Heart rate variability
Prior to the HRV measurement, subjects rested 
for 10 min. Subsequently, an electrocardiogram (ECG) 
was recorded for 5 min in the sitting position. The ECG 
recordings were analyzed using the Ecosan-2007 com-
plex (Medical Computer Systems, Russia). The heart rate 
variability was examined for the following time domain 
and geometric measures: the standard deviation of nor-
mal RR intervals (SDNN), the percentage rate of times 
a successive RR interval was greater than the previous 
interval by > 50 ms (pNN50) and the root-mean-square 

environment, the HRV would vary in different seasons. To 
investigate the validity of this assumption we have conduct-
ed studies during contrasting seasons of the year. There-
fore, the aim of the study has been to evaluate the HRV 
for the Ministry of the Russian Federation for Civil De-
fense, Emergencies and Elimination of Consequences of 
Natural Disasters (EMERCOM) workers in Russia and 
scientific workers in different seasons (winter and summer).

MATERIAL AND METHODS
Participants
A group of 13 workers from the EMERCOM and a group 
of 13 scientific workers from the Komi Science Center of 
the Ural Branch of the Russian Academy of Sciences were 
recruited for the study. The data was collected in winter 
(December, 1st examination) and summer (July, 2nd ex-
amination) for the same groups of workers. All the per-
sonal observations were performed once (for each individ-
ual) in a 5-day period, both in summer and in winter. Mea-
surements were taken between 9:00 a.m. and 12:30 p.m. 
All subjects were healthy, without chronic disease, cur-
rent prescription medication or history of cardiovascular 
disease.

Working conditions
The scientific workers worked from 8:30 a.m. to 5:30 p.m. 
and the EMERCOM workers worked from 9:00 a.m. 
to 6:00 p.m. Working hours in both groups were 40 h/week. 
The scientific workers had mostly sedentary work with low 
physical activity, a large amount of time spent sitting down 
at a computer. The EMERCOM workers were inspectors. 
The EMERCOM inspectors performed the safety assess-
ment of industrial facilities and residential property, and 
initiated accident prevention measures. In comparison with 
the scientific workers, the EMERCOM workers had a high-
er physical activity and higher exposure to the external en-
vironment. The average time of the environmental expo-
sure during working hours in the case of the EMERCOM 
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arrhythmias or artifact errors, which may be allowed, if the dy-
namic line of cardio intervals was not subject to preliminary 
editing; in the case of the calculation of MxDMn, the extreme 
values of cardio intervals are usually rejected, if they make less 
than 3% out of the full amount of an analyzed sample.

Physiological sense of MxDMn is usually connected to 
activity of the parasympathetic system [15]. The stress in-
dex reflects the activity of sympathetic regulatory mech-
anisms and the status of the central circle of circulation 
regulation [16]. Additionally, the following frequency 
domain components of the HRV were examined: low fre-
quency (LF = 0.04–0.15 Hz), high frequency (HF = 0.15–
0.4 Hz), and total power (TP = 0–0.4 Hz). The total power 
is regarded as an index of comprehensive autonomic ac-
tivity. The power spectrum of the HF band is affected by 
the activity of the vagal nerve, while the power spectrum of 
the LF band mainly relates to the activity of sympathetic 
nerve. All frequency domain components were expressed 
in absolute units (ms2) and relative values (%). Relative 
powers were calculated in terms of the percentage rates 
of the total power in each frequency band. The ratio of 
absolute power in the LF and HF bands (LF/HF) is con-
sidered to be an indicator of sympathetic-parasympathetic 
balance [17].

of successive differences in RR intervals (RMSSD). 
The standard deviation of normal RR intervals (SDNN) is 
an index of the overall HRV and reflects both sympathetic 
and parasympathetic influences. The pNN50 and RMSSD 
are viewed as a time-domain-based indices correspond-
ing to parasympathetic neural regulation on the heart. 
According to the variable pulsometer data widely used in 
Russia, the index of tension of regulatory systems or stress 
index (SI) was calculated using the following formula:

 SI = AMo
2Mo×MxDMn

 (1)

where:
Mo – mode, the most frequently observed value in the dynamic 
line of cardio intervals; in physiological sense – this is the most 
probable level of cardiovascular functioning,
AMo – the amplitude of a mode is the number of cardio inter-
vals appropriate to Mo value, in %, and characterizes similar-
ity of values of cardio intervals and reflects stabilizing effect of 
heart rhythm management, which is caused, basically, by the de-
gree of sympathetic system activation,
MxDMn – the variation scope reflects a degree of variability 
of cardio interval values in respect of the researched dynamic 
line and is calculated in terms of the difference of maximum 
and minimum values of cardio intervals and consequently at 

Table 1. Environmental conditions on days of studying the heart rate variability

Variable

Study group
winter summer

EMERCOM 
workers

KSC scientific 
workers

EMERCOM 
workers

KSC scientific 
workers

Temperature [°C] (M±SD)
indoor 20.92±0.90 20.79±0.97 22.90±2.33 23.12±1.46
outdoor –13.33±6.57 –13.43±7.32 17.09±1.92 17.56±3.14

Relative humidity of indoor air [%] (M±SD) 27.92±3.82 27.71±5.34 60.08±9.47 58.68±7.58
Atmospheric pressure [mm Hg] (M±SD) 756.08±4.72 757.02±5.08 745.47±2.31 746.12±2.03

M – mean; SD – standard deviation.
EMERCOM – Ministry of the Russian Federation for Civil Defense, Emergencies and Elimination of Consequences of Natural Disasters;  
KSC – Komi Science Center of the Ural Branch of the Russian Academy of Sciences.
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recruited for our study (Table 2). The body mass index was 
significantly higher for the EMERCOM workers than for 
the scientific workers (p < 0.05). There were no significant 
age differences between the two groups of volunteers.
In order to further explore the relationships between groups 
and seasons, a 2-way analysis of variance was performed 
(Table 3). A significant interaction effect between “Profes-
sion” and “Season” was found for the RMSSD, pNN50, 
stress index (SI), HF (%), LF (%), LF/HF (p < 0.05) de-
pendent variables. In addition, there was a significant sea-
son effect on the HRV parameters (RMSSD, pNN50, SI, 
relative HF value, LF/HF, p < 0.05). The “Profession” fac-
tor had no effect on the HRV (except for HR, p < 0.05).
In the Table 3 we present the comparisons of the HRV pa-
rameters between the two study groups (i.e., the EMER-
COM workers and scientific workers) in winter and sum-
mer. The HR was only significantly higher in the case of 
the EMERCOM workers in comparison with the scientific 
workers in winter (p = 0.042). Other HRV parameters in 
summer and winter showed no significant differences be-
tween the two groups of participants.
Seasonal changes of the HRV parameters were not sig-
nificant in the group of scientific workers. In the case of 
the EMERCOM workers, however, the HRV parameters 
were season-dependent. The root-mean-square of succes-
sive differences in RR intervals and pNN50 values were 
significantly lower in winter than in summer (p = 0.001 
and p = 0.014, respectively). The relative HF value also 

Ethics
A written informed consent was obtained from each sub-
ject. The study protocol was approved by the local Com-
mittee for Bioethics at the Institute of Physiology Komi 
Science Center of the Ural Branch of the Russian Acad-
emy of Sciences.

Statistics
The data on environmental factors and anthropometry 
was presented as the mean ± standard deviation (M±SD). 
The data on the HRV parameters was presented as the me-
dian and 25th and 75th percentiles. The statistical analysis 
was performed using Statistica 8.0 (StatSoft, Inc., USA). 
The data distribution was confirmed by the Shapiro-Wilk 
test. One-way ANOVA was used to assess the differences 
in environmental conditions, age and body mass index 
between the two study groups. The two-way analysis of 
variance with repeated observations, separately on each 
measured variable, was used to reveal influence of fac-
tors “Profession” and “Season” as well as their interac-
tion. Post hoc multiple comparisons were conducted using 
the Tukey’s test. A Spearman correlation test was used to 
analyze the correlation between the BMI and HRV. P val-
ues of ≤ 0.05 were considered to be statistically significant.

RESULTS
We observed significant differences in the BMI between 
the EMERCOM workers and the scientific workers 

Table 2. Characteristics of the study groups

Variable

Study group
winter summer

EMERCOM workers KSC scientific workers EMERCOM workers KSC scientific workers

Age [years] (M±SD) 34.30±5.58 31.70±6.78 34.80±5.83 31.90±7.26
BMI [kg/m2] (M±SD) 28.47±2.36 25.46±3.40* 28.10±2.52 25.13±3.75*

BMI – body mass index.
Other abbreviations as in Table 1.
* Compared with EMERCOM workers: p < 0.05.
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power [13]. Sato el al. (2013) showed that the heart rate vari-
ability during sleep was not significantly different between 
summer and winter [24]. We found that the heart rate did 
not change significantly between the seasons in either group. 
In the group of scientific workers, the HR and HRV param-
eters were roughly at the same level in winter and in summer. 
In contrast, in the EMERCOM worker group, we observed 
the significant HRV parameter variations in contrasting sea-
sons. We observed a significantly lower parasympathetic and 
a higher sympathetic influence on the heart rate in the case 
of the EMERCOM workers in winter in comparison with 
summer (higher LF/HF and lower RMSSD, pNN50 values, 
absolute value of HF).
The index of the regulatory system tension (stress in-
dex – SI) characterizes activity of mechanisms of a sym-
pathetic regulation [16]. In the case of the EMERCOM 
workers, this parameter was significantly higher in winter 
than in summer (p < 0.05). In winter it was also higher 
than the upper limit of the norm, which indicates a signifi-
cant sympathetic influence on the heart rate. The normal 
range of the SI parameter lies within the limits of 80–150.
Ambient temperature is a major factor affecting the liv-
ing organism. Many authors have found that the HRV de-
pends on ambient temperature [25–28]. Ren et al. (2011) 
showed that higher ambient temperature was associated 
with decreases in the HRV parameters (standard deviation 
of normal-to-normal intervals, low-frequency power and 
high-frequency power) during the warm season but not 
during the cold season [14]. Wu et al. (2013) found non-
linear relationships between the temperature and HRV 
indices in both the warm and cold seasons [29].
We have shown that, given similar indoor air temperature, 
there were significant differences in the HRV parameters in 
the examined groups in winter. We assumed that significant 
changes in the HRV parameters among the EMERCOM 
workers and the lack of significant changes in the case of 
the scientific workers were observed due to the different dura-
tion of cold exposure. The average time of the environmental 

decreased significantly in winter (p = 0.009). The stress 
index and LF/HF increased in winter (p = 0.012 
and p = 0.006, respectively). There were no significant dif-
ferences in the HR, SDNN, total power, and absolute val-
ues of high and low frequencies power (HF and LF in ms2), 
the relative value of LF between seasons (p > 0.05).

DISCUSSION
The results of our study indicate that a season of the year 
and the duration of the exposure to the environmental fac-
tors affect the heart rate variability (HRV) parameters for 
men working in various professions.
In our study we observed the EMERCOM workers and sci-
entific workers to have significant differences in the body 
mass index (BMI). The effect of the BMI on the HRV pa-
rameters is still disputed in the literature. A number of stud-
ies have found significant correlations between the HRV 
and BMI [18,19]. Several studies have found only weak corre-
lations between the BMI and parameters of the HRV [20,21]. 
Other studies have found that HRV parameters are indepen-
dent of the BMI [22,23]. In our study we utilized Spearman’s 
correlation tests to evaluate correlations between the BMI 
and the HRV parameters. We have found no significant cor-
relations between the HRV parameters and the BMI for 
volunteers in summer and in winter. Thus, the differences in 
the HRV parameters between the groups were not associ-
ated with the body mass index differences.
The two-way analysis of variance with repeated observa-
tions on a single factor has shown that “Season” and in-
teraction of two factors “Season” and “Profession” signifi-
cantly influenced the HRV among volunteers. The “Pro-
fession” factor hardly influenced the HRV.
Some authors have reported seasonal variations in the HRV 
parameters. Kristal-Boneh et al. (2000) showed that the HRV 
in winter was less than that in summer even after adjustment 
for age, serum level of cholesterol, systolic blood pressure 
and the body mass index [12]. A weak but significant seasonal 
variation was found for the total power and high-frequency 
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exposure during working hours for the EMERCOM inspec-
tors was approx. 3 h and in the case of the scientific workers, 
it was approx. 30 min. It is known that cold temperature in-
creases sympathetic tone and increases secretion of catechol-
amines [30]. In summer with its warm temperature, the dif-
ferences in the exposure to the environmental factors failed 
to influence the HRV parameters.
Thus, we assume that the outdoor temperature and dura-
tion of its exposure on human are the main factors affect-
ing the regulation of the heart rate variability among men 
in the winter.

CONCLUSIONS
In our study we have observed statistically significant sea-
sonal differences in the HRV indices for the EMERCOM 
workers but not for the scientific workers. We believe that 
was mainly caused by the different working conditions in 
groups under study. The EMERCOM workers had more 
contact with the external environment than the scien-
tific workers. Prolonged exposure to cold air in the case 
of the EMERCOM workers resulted in the activation of 
the sympathetic nervous system.
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