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INTRODUCTION
Cancer incidence is increasing in people of all ages 
and social groups all over the World (1). The number of 
malignancies, and deaths caused by them, are increasing 
in whole world (1). In the developed countries cancer 
is the second most common cause of death in children 
(2). Treatment of childhood cancer takes place over a 
period of 2 to 3 years, with the first intensive stages of 
chemotherapy followed by less severe treatment periods 
(3). Families of children diagnosed with cancer begin to 
experience intense anxiety and depression immediately 
after their children are diagnosed with cancer (1). This 
type of psychological trauma causes post traumatic 
stress response (4). Problems experienced by families due 
to children's chronic problems might be associated with 
genetic factors, socio-economic status, social support, 
nutrition, child factors and coping strategies (5). 

Pediatric diseases have dramtic effects both on children 
and their families (6). For example, the pain and fatigue 
experienced by the sick child affects not only himself/
herself but also his/her parents and siblings (6). There are 
differences between fathers and mothers in dealing with 
existing problems (7). Studies have shown that mothers 
of children with pervasive developmental disorders 
experience more stress and depressions than fathers (5). 
Families of pediatric patients with cancer reported to have 
more trauma than that of children having chronic diseases 
(8). Psychological distress is common among the parents 
of children during cancer treatment (9). However, non-
cancer diseases in children can lead to depression and 
anxiety in parents (10).

The autonomic nervous system (ANS) is activated by stress 
response (11). ANS activity or sympatho-vagal balance 
can be determined by heart rate variability (HRV) by non-
invasive means (12). HRV means to variation of heart 
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Abstract
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Conclusion: Mothers did not differ in terms of HRV parameters, suggesting that children, whether healthy or sick, are always perceived 
as a great responsibility by the mothers.   
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rate in beat-to-beat intervals. Sympatho-vagal balance 
can reflect mental health related to stress, depression, 
or anxiety (13). This study evaluated sympatho-vagal 
activity, as measured by HRV, in mothers of children with 
malignant disease.

MATERIALS and METHODS 
Ethical consent and participants
The study was carried out following ethical approval 
from the local ethics committee (Malatya Clinical Ethics 
Committee, No: 2019/43). The mothers were informed 
about the experiment and they signed written consent 
form. The study was conducted during the hospitalization 
of the disease children. Mothers of healthy children 
(n=25) and of children with non-cancer diseases (n=25, 
average diagnosis time (day) =19) and with cancer (n=25, 
average diagnosis time (day) =56) were included. They 
were included into study if they were healthy at the ages 
between 18 and 45 and if they were not using any drugs. 
Menstrual cycles of the experimental groups were adjusted 
so that similar numbers of women had follicular and luteal 
phases. For that purpose, self-reported length of the last 

three cycles was taken into consideration. Follicular and 
luteal phases were confirmed in the individuals by the 
length of the last cycle. Mothers were non-smokers and 
had regular cycles. Demographic characteristics of the 
mothers are represented in Table 1. Body mass indexes 
[BMI; (weight in kilograms/height in meter2)] of the 
subjects were also calculated. 

The State-Trait Anxiety Inventory (STAI) 
The State-Trait Anxiety Inventory (STAI) questionnaire 
was used in this study. The participants filled in STAI at 
the time immediately before ECG recording. STAI was 
developed in 1970 by Speilberger et al. and Öner and 
Le Comte in 1983 (14) adapted it Turkish. The STAI is a 
self-assessment questionnaire that uses to find out how 
participants felt at a particular time or under a specific 
condition. We used the State Anxiety Scale (S-Anxiety) 
in our study. The STAI-S helps professionals differentiate 
between feelings of anxiety and depression by making a 
clear distinction between the transient state of anxiety 
and the more general and prolonged persistent anxiety 
(15).

Table 1. Demographic data of the study population. Values represent mean ± standard error. P<0.05 was considered as level of significance       

Subject characteristic                      Mother (healthy) Mother (non-cancer) Mother (cancer) P 
valuen 25 25 25

Age (years) 36±1 33±1 34±1 0.077
BMI (kg/m2) 27±1 27±1 25±2 0.864
Average diagnosis time (day) 19 56
Average number of children 3 3 3
Job
     Housewife 24 25 25
     Teacher 1

n n
Disease
     Lower respiratory tract infection 5
     Upper respiratory tract infection 3
     Diabetes 3
     Urinary tract infection 4
     Encephalitis 1
     Hematological disease (undefined) 1
     ChroniC renal failure 2
     Hydrocephalus 1
     Nephrotic syndrome 1
     Meningitis 1
     Neurological bladder 1
     Liver disease 1
     Allergy 1
     Acute Lymphoblastic Leukemia 10 10
     Acute Myeloblastic Leukemia 5 5
     Hodgkin Lymphoma 3 5
     Non Hodgkin Lymphoma 2 4
     Osteosacoma 3 1

*Mother (healthy): Mother with healthy child; Mother (non-cancer): Mother of the child diagnosed with a disease other than cancer; Mother (cancer): 
Mother of a child diagnosed with cancer; *BMI: Body mass index
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Heart Rate Variability and Arterial Blood Pressure
All participants were asked not to consume tea or coffee 
for approximately 2 hours before heart rate variability was 
measured. In order to assess HRV, electrocardiogram 
(ECG) recording was taken for 5 minutes in supine 
positions with eyes open. ECG recordings were taken once 
between 4:00 pm and 8:00 pm. Poly-Spectrum 8-E was 
used for ECG recording and HRV analysis was made with 
the HRV software program of the same device (Neurosoft, 
Ivanovo, Russia). All inter-beat intervals were visually 
checked to make sure that the program recognized them 
correctly. Time domain parameters (HR, SDNN, RMSSD 
and pNN50) and frequency domain parameters (TP, LF, 
HF and LF/HF) were evaluated. Time domain parameters: 
Heart rate, HR (bpm); standard deviation of NN intervals, 
SDNN (ms); root mean square of successive RR interval 
differences, RMSSD(ms); percentage of successive RR 
intervals that differ by more than 50 ms, pNN50(%) and 
total power, TP(ms²) (16). Frequency domain parameters: 
High-frequency, HF (ms²) (synchronous with respiration, 
generally in the band 0.2–0.45 Hz); low-frequency, LF (ms²) 
(band 0.03–0.15 Hz) and ratio of LF-to-HF power, LF/HF 
(17). Systolic and diastolic pressures were measured by a 
digital blood pressure device (Omron, M6 comfort, China). 

Statistical Analyses
Statistics were analysed by Minitab statistical package 
(USA). The data was was analysed for normality by the 
Anderson-Darling test. Data that did not have normal 
distribution was log transformed. If the data had normal 
distribution, GLM (generalized linear model) was used 
followed by post-hoc Tukey’s t-test. The data which had 
non-normal distribution were analyzed by Kruskall-Wallis 
test followed by post-hoc Mann-Whithney. The data were 
presentedas mean ± standard error and signicance level 
was set to p<0.05.

RESULTS
Arterial Blood Pressure  
Blood pressure of the groups is shown in Table 2. Mean 
systolic blood pressure was higher in the mothers of 
healthy children (115±2 mm Hg, p=0.000) compared to 
the mother of children with non-cancer disease (102±2 
mm Hg). Mean diastolic blood pressure was higher in 
the mothers of healthy children (79±2 mmHg, p=0.022) 
compared to the mothers of the children with non-cancer 
disease (73±1 mm Hg).  

Table 2. Heart rate variability parameters in mothers of children hospitalized for malignant or non-malignant diseases. The data are expressed as 
mean ± standard error. P<0.05 was considered as level of significance     

Variable    
Mother (healthy) Mother (non-cancer) Mother (cancer) P 

value25 25 25

Blood pressure indicates

     Systole (mm/Hg) 118±3 104±2 110±2 0.000

     Diastole (mm/Hg) 80±2 73±2 78±2 0.022

Time domain parameters

     HR (bpm)                                                                                                                              75±1 76±1 75±2 0.679

     SDNN (ms)* 37±2 35±2 37±4 0.766

     RMSSD (ms) 33±3 30±3 36±5 0.599

     pNN50 (%) 13±2 10±3 15±4 0.634

Frequency domain parameters

     VLF (ms²) 495±57      513±62 455±58 0.790

     TP (ms²) 1848±160    1244±157 1424±266 0.813

     LF (ms²)* 457±62      356±57 396±76 0.289

     HF (ms²) 351±71      375±72 494±125 0.982

     LF/HF (ms²) 1.95±0.27     1.4±0.17    1.79±0.40 0.440

     %VLF  40±3        46±4  41±3 0.394

     %LF  34±2        28±2  31±2 0.095

     %HF  25±3        27±3  28±3 0.866

* Mother (healthy): Mother with healthy child; Mother (non-cancer): Mother of the child diagnosed with a disease other than cancer; Mother (cancer): 
Mother of a child diagnosed with cancer
*HR, heart rate; SDNN, standard deviation of NN intervals; RMSSD, root mean square of successive RR interval differences; pNN50, percentage of 
successive RR intervals that differ by more than 50 ms; TP, total power; VLF, absolute power of the very-low-frequency band; LF, absolute power 
of the low-frequency band; HF, absolute power of the high-frequency band; LF/HF, ratio of LF-to-HF power (Shaffer and Ginsberg, 2017). *p<0.05 
Tukey test
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The State-Trait Anxiety Inventory (STAI)  
STAI was not different in the mothers of children with 
cancer (43±1 points, p=0.327) compared to the mothers 
of children with non-cancer disease (41±1 points) and to 
the mothers of healthy children (44±1 points). 

Time Domain Parameters of HRV
Time domain parameters of the HRV are shown in Table 2. 
HR was not different in the mothers of children with cancer 
(75±2, p=0.679) compared to the mothers of children 
with non-cancer disease (76±1) and to the mothers of 
healthy children (75±1 mm Hg). SDNN was not different 
in the mothers of children with cancer (35±3, p=0.766) 
compared to the mothers of children with non-cancer 
disease (35±2) and to the mothers of healthy children 
(37±2 mm Hg). RMSSD was not different in the mothers 
of children with cancer (36±5, p=0.599) compared to the 
mothers of children with non-cancer disease (30±3) and 
to the mothers of healthy children (33±3). pNN50 was 
not different in the mothers of children with cancer (15±4, 
P=0.634) compared to the mother of children with non-
cancer (10±3) and to the mothers of healthy children 
(13±2). 

HRV Frequency domain parameters  
Frequency domain parameters of the HRV are shown in 
Table 2. VLF was not different in the mothers of children 
with cancer (455±58, p=0.790) compared to the mothers 
of children with non-cancer (513±62) and to the mothers 
of healthy children (495±57). TP was not different in the 
mothers of children with cancer (1424±266, p=0.813) 
compared to the mothers of children with non-cancer 
diseases (1244±157) and to the mothers of healthy 
children (1848±160). LF was not different in the mothers 
of children with cancer (396±76, p=0.289) compared to the 
mothers of children with non-cancer disease (356±57) and 
to the mothers of healthy children (457±62). HF was not 
different in the mothers of children with cancer (494±125, 
p=0.982) compared to the mothers of children with non-
cancer diseases (375±72) and to the mothers of healthy 
children (351±71). LF/HF was not different in the mothers 
of children with cancer (1.30±0.16, P>0.05) compared to 
the mothers of non-cancer disease (1.40±0.17) and to 
the mothers of healthy children (1.69±0.21). %VLF was 
not different in the mothers of children with cancer (41±3, 
P=0.394) compared to the mothers of children with non-
cancer disease (46±4) and to the mothers of healthy 
children (40±3). % LF was not different in the mothers 
of children with cancer (31±2, p=0.095) compared to the 
mothers of children with non-cancer diseases (28±2) and 
the mother (healthy) group (34±2).   % HF was not different 
in the mothers of children with cancer (28±3, p=0.866) 
compared to the mothers of children with non-cancer 
disease (27±3) and to the mothers of healthy children 
(25±3).

DISCUSSION
HRV is a reliable reflection of many physiological factors 
that regulate the normal rhythm of the heart (18). HRV 
provides a powerful tool to observe the interaction 

between the sympathetic and parasympathetic nervous 
systems (18). Also, low heart rate variability has been 
correlated with deterioration of health (19). In this 
study, we evaluated time and frequency dependent HRV 
parameters in mothers of healthy children and children 
with non-cancer disease and children with cancer. In 
the current study, no statistical difference was observed 
between the mothers in terms of HRV parameters.  

Arterial Blood Pressure 
Mean systolic blood pressure (SBS) and diastolic blood 
pressures (DBP) were found to be higher in the mothers of 
healthy children than the mothers of children hospitalized 
for non-cancer reasons. However, SBP and DBP were 
within the normal range in both groups. Hospitalization 
of the child can cause serious anxiety and stress for the 
parents, especially for the mother (20). Studies show 
that low blood pressure levels have been associated 
with sleep disturbance, anxiety and depression (21). 
However, in chronic stress situations, more stabilized and 
limited behaviors can be seen (22). Because behavioral 
and structural adaptation, blood pressure can develop 
against chronic stress (22. The average diagnosis time for 
children staying in hospital for reasons other than cancer 
is 19 days, while the average diagnosis time for children 
staying in hospital for cancer is 56 days. Therefore, the 
lack of a statistically significant difference between the 
mothers might be associated with adaptation to stress.

Heart Rate Variability
ANS, through its sympathetic and parasympathetic 
branches, acts as the line of communication between the 
central nervous system and the rest of the body (23). ANS 
responds to physiological and environmental challenges 
and regulates internal processes such as HR and blood 
pressure (23). HR parameter is used as a health indicator 
(24). Groups did not differ for HR values.  In literature 
search, we found very few studies investigating HRV in 
mothers of children with diseases. Hospitalization for 
children is a stressful and upsetting experience not only 
for children but also for their parents (25). Studies have 
shown that HR increases in acute stress, but decreases in 
chronic stress (26). The reason why the HR value did not 
cause a significant difference between the mothers may be 
due to the fact that the sick children have been diagnosed 
for at least 19 days. During this time, adaptation to stress 
may have also developed. In fact, no differences in STAI 
scores support this situation. 

There was no difference between the mothers in terms of 
SDNN value. A similar trend was also observed for STAI 
scoring and this supports the result. SDNN reflects an 
overall measure of autonomic nervous system balance 
(27). Low SDNN finding has been correlated with both 
morbidity and mortality (16). High SDNN value has been 
associated with better health (de Castilho et al., 2018). 
Hernando et al. applied mental stress to healthy volunteers 
in their study and it did not cause a significant difference 
in SDNN value (12).
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The groups did not differ for RMSSD and pNN50. It is 
reported that RMSSD and pNN50 are parasympathetic 
components of HRV (28). Wekenborg et al. emphasized 
that vagal dysfunction is predictive and specific for 
burnout symptoms (Wekenborg et al., 2019). Hernando 
et al. were applied mental stress to healthy volunteers 
in their study. The stress they applied in their study did 
not make a significant difference in RMSSD and pNN50 
values (12). While HF is predominantly modulated by 
the parasympathetic nervous system, LF is a product 
of the parasympathetic and sympathetic systems (16). 
VLF mostly reflects the sympathetic tone and normal 
VLF value is an indicator of healthy function (16). The 
groups did not differ for LF, HF and VLF. The LF / HF ratio 
reported to represent the balance between sympathetic 
and parasympathetic systems (28). Autonomic imbalance 
has been reported to be a risk factor for diseases of 
cardiovascular system (29). TP reflects autonomic nervous 
system activity (30). The groups did not differfor LF/HF 
and TP. Normalized LF (%LF) reflects the sympathetic tone 
(30). Normalized HF (% HF) reflects the inhibition of the 
sympathetic system (30). The groups did differ for % LF, % 
HF and % VLF. 

In our literature review, we did not find any study 
evaluating HRV in mothers of children with cancer. Having 
cancer in the child has significant effects on the parents 
(31). Parents of pediatric cancer patients have financial 
difficulties as it might be difficult for them to attend 
work as required (complying with work hours, having 
sick leave, ability to work etc.) (31).  Studies have shown 
that after pediatric cancer diagnosis, parents experience 
symptoms such as anxiety, difficulty in concentrating, 
feeling guilty, post-traumatic stress symptoms (PTSS), 
sadness, pessimism, and sleep disorders (31). Severity 
of the disease, the intensity of the treatment, and being a 
mother (32) all are risk factors. Stress is a risk factor for 
cardiovascular disease (33). HRV analysis is a tool used 
to predict cardiac autonomic regulation in humans and 
animal models (34). In our study, HRV parameters were 
not found statistically different between the groups. 

Several studies have been conducted in rats investigating 
the short-term and long-term effects of repetitive stress 
exposure on cardiac autonomious regulation. Subchronic 
stress has been shown to reduce heart rate through 
in vagal activation in rats (35) After stress-induced 
sympathetic hyperactivity, which is commonly observed 
initially in stress situations, vagal activation can be seen 
in repeated exposure to stress (34, 35). This situation is 
a sign of adaptation (34, 35). Chronic stress may provide 
a constant resilience that allows the stress response and 
perception of stress to continue to adapt to environmental 
challenges throughout life (22). However, this adaptation 
may fail in situations of longer exposure to stress or more 
severe stress (36). This condition is maladaptive and is 
seen as vagal retraction and sympathetic dominance (36). 
However, the groups did not differ for HRV and STAI in our 
study and this strengthens the possibility of adaptation.

CONCLUSION
Parents of children with cancer may experience problems 
such as physical, psychological and social problems (37). 
The groups did not differ for HRV and STAI.  The data of 
the current study suggest that the mothers can adapt 
to a very serious disease of the child such as cancer in 
about two months. Alternatively, it seems that children, 
whether healthy or sick, are always perceived as a great 
responsibility by the mothers. 
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