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Background: Personal protective equipment (PPE), an essential shield to protect healthcare workers (HCWs) during the COVID-19 
pandemic, has been reported to affect their heart rate variability (HRV).
Objective: To investigate the changes of very short-term heart rate variability in HCWs after three hours of wearing PPE to treat 
COVID-19 patients at different working times and intensities, and related factors.
Methods: Sixty-five healthy HCWs were enrolled at the Number 2 Infectious Field Hospital (formed by Military Hospital 103), 
Vietnam. Two-minute 12-lead electrocardiograms were recorded before wearing and after removing PPE.
Results: After three hours of wearing PPE, the mean heart rate of HCWs increased (p = 0.048) meanwhile, the oxygen saturation 
decreased significantly (p = 0.035). Standard deviation of all normal to normal intervals (SDNN), mean intervals RR (mean NN), and 
root mean square successive difference (rMSSD) after wearing PPE was also reduced significantly. SDNN, Mean NN, and rMSSD 
decreased as the working intensity increased (as in mild, moderate, and severe patient departments). In univariate regression analysis, 
logSDNN, logmean NN and logrMSSD were positively correlated with SpO2 and QT interval (r = 0.14, r = 0.31, r = 0.25; r = 0.39, r = 
0.77, r = 0.73, respectively) and were negatively correlated with ambient temperature inside PPE (r = −0.41, r = −0.405, r = −0.25, 
respectively) while logmean NN and log rMSSD were negatively correlated with diastolic blood pressure (r = −0.43, r = −0.39, 
respectively). In multivariable regression analysis, logSDNN and logmean NN were negatively correlated to ambient temperature 
inside PPE (r = −0.34, r = −0.18, respectively).
Conclusion: Time-domain heart rate variability decreased after wearing PPE. Time-domain HRV parameters were related to ambient 
temperature inside PPE, diastolic blood pressure, QT interval, and SpO2.
Keywords: cardiovascular disorders, cardiovascular change, heart rate variability, personal protective equipment, healthcare workers, 
COVID-19

Introduction
In December 2019, COVID-19 outbroke in Wuhan, China, and quickly spread around the world.1 On 11th March 2020, the World 
Health Organization (WHO) declared SARS-CoV-2 a pandemic.2 Over the past two years, COVID-19 has claimed millions of 
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lives. Although the COVID-19 pandemic is subsiding, emerging and re-emerging infectious diseases are still a global health 
threat. Personal protective equipment (PPE) remains paramount to protecting healthcare workers from viruses. The set of PPE 
includes a hair cover, goggles, N95 mask, fluid-resistant gown, gloves, and boots.3,4 PPE is crucial in preventing SARS-CoV-2 
infection in HCWs but also causes some symptoms and adverse reactions. Previous studies have shown that after wearing PPE, 
HCWs often experienced respiratory symptoms or pressure-related lesions, skin lesions, eye damage, and stress disorders after 
wearing PPE.5–8 The stress and discomfort experienced when using PPE negatively contribute to the burden on HCWs and hinder 
their work.5,9

Stress causes activation of the sympathetic nervous system and the hypothalamic-pituitary-adrenal axis, which 
initiates the release of catecholamines (adrenaline and noradrenaline) and cortisol into circulation.10 Simultaneously, 
the parasympathetic nervous system blocks those responses through the vagus nerve and returns the body to 
equilibrium.10 HCWs in the setting of stressful conditions are subject to harmful physiological adaptations related to 
the overactivity of the sympathetic nervous system.11 Heart rate variability (HRV) is the temporal variation between 
intervals of consecutive heartbeats. HRV reflects the balance of the sympathetic and parasympathetic nervous systems.12 

The decrease in HRV over time is reportedly associated with events and survival prognosis in patients with cardiovas-
cular diseases.13,14 Recent studies showed that wearing PPE in a short time increased heart rate and decreased heart rate 
variability.9,15 However, the effects of wearing PPE for long hours and working time and intensity on HRV have not been 
elucidated. We aimed to investigate the changes in very short-term HRV and related factors in healthcare workers after 
wearing PPE at different working shifts and intensities in a COVID-19 field hospital.

Methods
Study Population
A descriptive and cross-sectional study was conducted on 65 healthy HCWs (doctors and nurses) with a mean age of 35.1±5.0 
(years) who worked at the Infectious Disease Field Hospital No.2, Military Hospital 103, Vietnam Military Medical 
University, in Bac Giang Province, Vietnam from May 2021 to July 2021. Of whom 96.9% were male, and 3.1% were 
female. Sixty-five HCWs were assigned to three departments based on the severity of the COVID-19 patients: 19 (29.2%) in 
severe patient department, 21 (32.3%) in moderate patient department, and 25 (38.5%) in mild patient department.

All HCWs who had cardiovascular or respiratory comorbidities did not finish a 3-hour shift at least, or did not consent 
to participate in the study were excluded.

Medical staff worked in shifts, each shift lasted three hours (namely, 0:00–3:00, 3:00–6:00, 6:00–9:00, 9:00–12:00, 12:00– 
15:00, 15:00–18:00, 18:00–21:00, 21:00–0:00). Day shifts were defined as shifts from 6:00 to 18:00, and night shifts were 
from 18:00 to 6:00. Healthcare workers were advised to have a light meal and drink enough water before their shift. The set of 
personal protective equipment, including hair cover, goggles, N95 mask, fluid-resistant gown, gloves, and boots, was worn by 
all health workers before the start of the shift and removed after the end of the shift. Health workers are also instructed to leave 
before expected work time if there is discomfort or any malfunction of personal protective equipment.

Before and after the shift (before putting on and after removing personal protective equipment), the temperature inside PPE, 
and clinical parameters (weight, body temperature, blood pressure, pulse rate, and SpO2) were measured, and a two-minute 12- 
lead electrocardiogram was recorded. The ambient temperature inside PPE was measured with a continuous electronic thermo-
meter put in healthcare worker scrubs’ pocket, and data from this thermometer was taken and read on a computer. Healthcare 
workers’ weight was measured using a standard electronic weight scale. Body temperature was measured using a mercury 
thermometer. Blood pressure was measured with an electronic sphygmomanometer. Pulse rate and SpO2 were measured using 
a handheld fingertip oximeter. ECG was recorded at 50 mm/s speed using a Nihon Kohden Cardiofax M ECG machine (Nihon 
Kohden Co., Japan). Heart rate and QT interval on ECG were measured manually and averaged from 5 consecutive beats on lead 
II. R-R intervals were measured from the whole 2-minute tracing on lead II by two doctors trained to analyze electrocardiograms. 
Time-domain heart rate variability parameters, including mean NN (mean intervals RR), SDNN (standard deviation of all normal 
to normal intervals), and rMSSD (the square root of the mean of the squared difference between adjacent normal to normal 
R-R intervals) were calculated as described elsewhere.12,16
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Stepwise procedure to manually measure SDNN, Mean NN, and rMSSD: The RR intervals in lead II of a 2-minute 
ECG were measured in millimeters. SDNN is computed in Excel using the STDEV function and converted to 
milliseconds. Calculate mean NN: (total duration of RR intervals)/(number of RR intervals). rMSSD is calculated by 
summing the squares of differences between RR intervals, averaging the sum of squares, and then taking the square root 
of the average using the SQRT function in Excel.

Ethical Statement
All participants provided written informed consent and agreed to join our study. The study was conducted in accordance with the 
Declaration of Helsinki and approved by the Ethical Review Committee of Military Hospital 103 (Reference No.189/2021/ 
HĐĐĐ).

Statistical Analysis
Data were presented as mean±standard deviation or percentage or interquartile range. Comparison of continuous variables 
before and after the shift was performed with paired t-test or Wilcoxon test. Comparison of qualitative variables was done 
using the χ2 test. The univariate and multivariable regression analysis were performed with variables after the shift. A value of 
p <0.05 was considered statistically significant. Data were analyzed using the SPSS version 22 (IBM Inc, USA).

Results
After the shift, the mean weight of healthcare workers was lower than before the shift (p = 0.005). The pulse rate of 
healthcare workers after the shift was higher than before the shift (p = 0.032, respectively). The oxygen saturation 
decreased significantly as compared to before the shift (p = 0.035). Twelve-lead electrocardiograms analysis showed that 
the mean heart rate of healthcare workers after the shift increased significantly compared to before the shift (p = 0.048) 
while QT interval, SDNN, mean NN and rMSSD after the shift were significantly reduced compared to before the shift (p 
= 0.012, p = 0.031, p = 0.008 and p = 0.009, respectively). There were no differences in body temperature, systolic and 
diastolic blood pressures before and after the shift (Table 1). The mean temperature inside PPE during the working time 
was 29.7±1.9°C (min: 26.8°C and max: 32.8°C) (Table 1).

Table 1 Healthcare Workers’ Characteristics and Time-Domain HRV Indices Before and After the Shift

Before the Shift (n = 65) After the Shift (n = 65) p

Sinus rhythm, n(%) 65 (100) 65 (100) >0.05

Body weight, kg 67.4 ± 7.3 67.1 ± 7.1 0.005

Pulse rate, bpm 84.1 ± 13.1 87.6 ± 17.1 0.032

Body temperature, oC 36.4 ± 0.1 36.4 ± 0.2 >0.05

SBP, mmHg 113.6 ± 9.4 114.2 ± 8.6 >0.05

DBP, mmHg 74.9 ± 8.3 75.6 ± 8.7 >0.05

SpO2, % 97.7 ± 0.9 97.4 ± 0.8 0.035

Heart rate, bpm 75.9 ± 11.0 78.6 ± 13.6 0.048

QT interval, ms 375.6 ± 26.2 369.6 ± 27.2 0.012

SDNN, ms 28.1 (20.6–39.1) 23.4 (17.1–32.9) 0.031

Mean NN 19.2 (17.5–21.2) 18.1 (16.1–20.4) 0.008

rMSSD, ms 19.2 (17.6–21.2) 17.9 (16.0–20.9) 0.009

Abbreviations: bpm, beats per minute; SBP, systolic blood pressure; DBP, diastolic blood pressure; SpO2, saturation pulse 
oxygen; SDNN, standard deviation of all normal to normal intervals; NN, normal to normal RR; rMSSD, root mean square 
successive difference.
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SDNN, Mean NN and rMSSD after the night shift were significantly lower than the day shift (p = 0.006, p = 0.027 
and p = 0.03, respectively) (Table 2).

Time domain HRV indices (SDNN, Mean NN, rMSSD) after the shift of HCWs working in severe COVID-19 
patients department were significantly lower than those working in moderate and mild patient departments (Table 3).

In univariate regression analysis, the SDNN index had a statistically significant negative correlation with pulse rate, heart rate, 
and temperature inside PPE (r = −0.31, r = −0.42, r = −0.41, respectively); but positively correlated with QT interval and SpO2 (r 
= 0.39, r = 0.14, respectively). Mean NN strongly negatively correlated with pulse rate and heart rate (r = −0.67, r = −0.82, 
respectively); moderately correlated with diastolic BP and temperature inside PPE (r = −0.43, r = −0.405, respectively), but 
positively correlated with QT interval and SpO2 (r = 0.77, r = 0.31, respectively). The rMSSD index had a very high negative 
correlation with statistical significance of pulse rate and heart rate (r = −0.65 and r = −0.74, respectively); moderately correlated 
with diastolic BP and temperature inside PPE (r = −0.39, r = −0.29, respectively), but positively correlated with QT interval and 
SpO2 (r = 0.73, r = 0.25, respectively) (Table 4).

Table 2 Association of Heart Rate Variability Indices and Working Time

Day Shift (6–21h) (n = 52) Night Shift (21h-6h) (n = 13) p

SDNN after the shift, ms 26.6 (19.8–37.3) 17.1 (13.7–18.9) 0.006

Mean NN after the shift 18.9 (16.1–21.6) 16.8 (16.2–17.9) 0.027

rMSSD after the shift, ms 18.5 (16.0–21.5) 16.9 (16.3–17.8) 0.03

Table 3 Association of Heart Rate Variability Indices and Working Intensity

Severe Patient Dept. (n = 19) Moderate Patient Dept. (n = 21) Mild Patient Dept. (n = 25) p

SDNN after the shift, ms 18.3 (14.0–21.2) 30.5 (22.4–38.9) 31.6 (23.7–39.5) 0.014

Mean NN after the shift 16.4 (14.6–19.5) 18.2 (16.9–19.6) 18.8 (16.8–23.1) 0.031

rMSSD after the shift, ms 16.3 (14.7–19.5) 18.3 (16.9–20.5) 18.5 (17.2–23.0) 0.012

Abbreviations: SDNN, standard deviation of all normal to normal intervals; NN, normal to normal RR; rMSSD, root mean square successive difference.

Table 4 Correlation Between Heart Rate Variability Indices and Healthcare Workers’ Characteristics 
After the Shift

Log SDNN Log Mean NN Log rMSSD

r p r p r p

Body weight, kg 0.01 0.91 −0.13 0.289 −0.1 0.429

Pulse rate, bpm −0.31 0.01 −0.67 <0.001 −0.65 <0.001

Body temperature, oC 0.01 0.892 0.008 0.952 0.03 0.789

SBP, mmHg −0.05 0.659 −0.05 0.69 −0.05 0.662

DBP, mmHg −0.208 0.099 −0.43 <0.001 −0.39 <0.001

SpO2, % 0.14 0.048 0.31 0.013 0.25 0.042

Heart rate, bpm −0.42 0.001 −0.82 <0.001 −0.74 <0.001

QT interval, ms 0.39 0.001 0.77 <0.001 0.73 <0.001

Temperature inside PPE, oC −0.41 0.001 −0.405 0.001 −0.29 0.016

Abbreviations: bpm, beats per minute; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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In multivariable regression analysis, SDNN index was statistically significantly related to temperature inside PPE 
(beta coefficient = −0.34, p = 0.01). The mean NN was significantly related to heart rate, QT interval, and temperature 
inside PPE (beta coefficients and p-value of −0.41, 0.009 and 0.32, 0.026 and −0.18, 0.021, respectively). The rMSSD 
index was significantly associated with QT interval with beta and p coefficients of 0.41, 0.02 (Table 5).

Discussion
PPE is crucial in preventing the risk of infection with SARS-CoV-2. However, this protective measure also has certain adverse 
physiological consequences for HCWs.5,17 Our results showed a significant increase in the pulse rate of HCWs after three 
hours of wearing PPE (87.6±17.1 vs 84.1±13.1 beats per minute, p = 0.032). Choudhury et al, when observing HCWs working 
in the COVID-19 ICU, also found a significant difference in HCWs’ heart rates after removing PPE compared with baseline 
(not wearing protective equipment).9 Kim et al found that using an N95 mask for one hour increased heart rate from 5.7 to 10.6 
beats per minute.18 When analyzing the 12-lead electrocardiogram, we found that the mean heart rate of HCWs after the shift 
increased significantly compared to before the shift (78.6±13.6 vs 75.9±11.0 beats per minute, p = 0.048). This suggests 
physiological responses to hypoxia and increased CO2 when wearing protective gear. The dead space of an N95 respirator 
without a valve can lead to a build-up of CO2.

17 A decrease in O2 and an increase in CO2 can lead to increased heart rate and 
blood pressure. Airway resistance seems to increase in HCWs wearing an N95 respirator without a valve, which can further 
overload the heart and increase heart rate.9 The increase in heart rate when wearing PPE is also related to the time wearing 
protective equipment, workload, physicality, and anxiety of HCWs.

We found that the change in oxygen saturation before and after the shift was <1%. Other authors have recognized this 
in the process of qualitatively testing the suitability of users for N95 masks without valves.19 In our study, the oxygen 
saturation of HCWs decreased from 97.7(0.9%) to 97.4(0.8%) after the shift. The difference was statistically significant 
with p = 0.035, although not clinically significant (ie, HCWs did not feel any problems with this change). Our result 
aligned with Choudhury et al.9 Gaikwad et al also found that oxygen saturation decreased significantly when using an 
N95 mask.20 The decrease in oxygen saturation after wearing PPE can be explained by the high temperature and 
humidity of the micro-environment inside the valveless type N95 respirator as well as PPE leading to a higher impedance 
during breathing through a valveless respirator and thus reduced oxygen saturation.9,21

HRV is the number of consecutive heart rate fluctuations around the mean heart rate and reflects the complex interplay between 
the sympathetic and parasympathetic nervous systems.12 HRV is the change in the R-R intervals on the electrocardiogram, which 
is the change in the interval between a cardiac cycle and the next one. HRV was obtained from the electrocardiogram, including 
the time and frequency domain parameters. The easiest and fastest way to represent changes in HRV are time-domain 

Table 5 Multivariate Regression Analysis of Heart Rate Variability Indices and Healthcare Workers’ 
Characteristics After the Shift

Log SDNN Log Mean NN Log rMSSD

Beta p Beta p Beta p

Body weight, kg 0.015 0.9 −0.034 0.64 0.018 0.84

Body temperature, oC 0.028 0.82 −0.002 0.98 0.04 0.67

SBP, mmHg −0.026 0.88 0.029 0.78 0.042 0.75

DBP, mmHg −0.054 0.77 −0.129 0.27 −0.193 0.16

SpO2, % −0.005 0.97 0.015 0.84 −0.022 0.81

Heart rate, bpm −0.034 0.89 −0.41 0.009 −0.282 0.12

QT interval, ms 0.287 0.22 0.32 0.026 0.41 0.02

Temperature inside PPE, oC −0.34 0.01 −0.18 0.021 −0.105 0.26

Abbreviations: bpm, beats per minute; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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variables.22,23 According to the European Society of Cardiology and the North American Society of Pacing and 
Electrophysiology, the most important time-domain HRV parameters are SDNN and rMSSD.12 The time-varying rhythm indices 
show the function of sympathetic and parasympathetic nerves, but the degree of parasympathetic tone is more reflected. Normally, 
these indicators also fluctuate in a range of values, when there is a cardiovascular autonomic disorder, it will fluctuate in two 
directions of increase or decrease. Increased values are significant in the prognosis of survival and events in patients with 
cardiovascular disease, and decreased values play a role in assessing autonomic dysfunction.12 In field conditions, our study was 
conducted to collect parameters of heart rate variability (Mean NN, SDNNN, rMSSD) from RR intervals in two-minute 12-lead 
electrocardiogram of the medical staff. We found that SDNN mean NN and rMSSD after the shift were significantly reduced 
compared to before the shift. The stress and discomfort that health workers experience when using personal protective equipment 
cause the sympathetic nervous system to be overactive, leading to an imbalance of the sympathetic and parasympathetic nervous 
systems, manifesting itself by the dynamic variation of heart rate variability, which explained the decrease in SDNN, Mean NN, 
rMSSD after wearing personal protective equipment in our study. A study by Korean authors on 20 healthy people who were 
monitored for HRV, specifically SDNN when wearing a KF94 mask for 5 minutes and when not wearing a mask showed that 
wearing a mask made the SDNN of the research subjects decreased. One possible reason is that wearing a mask increases airway 
resistance leading to difficulty breathing and not getting enough oxygen, thereby affecting the regulation of the autonomic nervous 
system, ultimately leading to a decrease in variability of heart rate.15 This is just a test result when wearing a KF94 mask for 5 
minutes. The authors believed that the longer the mask is worn, the more severe the hypoxia, and the more severe the body’s 
response to hypoxia. And therefore, the decrease in heart rate variability value would be greater.15 The health workers in our study 
wore personal protective equipment and worked each shift lasting three h, and the difference in time-domain heart rate variability 
index (SDNN, Mean NN, and rMSSD) before and after the shift was statistically significant (p = 0.031, p = 0.008 and p = 0.009, 
respectively). Our results are similar to the study of Pakanati et al. SDNN decreased significantly after wearing the N95 mask for 
one hour (40.93±19.11 ms) compared with before wearing the mask (42.68±19.11 ms), HRV indices representing parasympa-
thetic components rMSSD and HF (High-Frequency power) significantly decreased when using N95 mask (from 41.79±24.43 ms 
to 38.66±21.01 ms and from 45.22±16.59 to 40.32±17.67, respectively). Meanwhile, LF (Low-Frequency power) represents 
sympathetic nerve activity, and the LF/HF ratio (A ratio of Low Frequency to High Frequency) increased significantly when using 
N95 masks (from 27.94±11.20 to 30.61±11.37 and from 0.71±0.73 to 1.07±1.08, respectively).24

There was a significant difference in the SDNN index in the group of HCWs on the night shift compared with the group on 
the day shift (17.1 vs 26.6, p = 0.006). Mean NN and rMSSD on the night shift were significantly reduced compared to the day 
shift (p = 0.027 and 0.03, respectively). This is consistent with the diurnal rhythm of HRV in normal individuals, which is lower at 
night than during the day. The indices of HRV over the time spectrum (ie, SDNN, Mean NN, rMSSD) after the shift in the group 
working in the severe patient department were significantly lower than those working with moderate and mild patients (p = 0.014, 
p = 0.031, p = 0.012, respectively). This reflects the influence of workload on HRV. The medical staff all worked in 3-hour shifts, 
but the staff working in the severe patient department had a larger workload than others. A greater workload meant more stress. 
Previous studies have shown that acute or chronic stress leads to reduced HRV.25,26 While stress makes the sympathetic nervous 
system overactive, the parasympathetic nervous system is underactive, which leads to an imbalance of the sympathetic and 
parasympathetic nervous systems, reducing the variables heart rate.27–29 A study in India on 1.373 HCWs working during the 
COVID-19 pandemic found that rMSSD, SDNN, and pNNi50 (NN50 count divided by the total number of the all normal to 
normal intervals) were significantly lower in the group of HCW with exhaustion/stress compared with the group of HCW who are 
not exhausted/stressed.

In our study, when analyzing univariate regression, logSDNN index had significantly negative correlation with pulse rate (r = 
−0.31) and heart rate (r = −0.42); log mean NN had a strong negative correlation with pulse rate (r = −0.67) and heart rate (r = 
−0.82); log rMSSD index had a strong negative correlation with pulse rate (r = −0.65) and heart rate (r = −0.74). In multivariate 
regression analysis, logmean NN was significantly related to heart rate (beta and p coefficients of −0.41, 0.009). This is easily 
explained by wearing protective equipment; as mentioned above, the sympathetic nervous system is overactive, causing an 
increase in pulse and heart rates and at the same time an imbalance of the nervous system. These sympathetic and parasympathetic 
activations reduce HRV over time (ie, SDNN, Mean NN, rMSSD).

In univariate regression analysis, logmean NN and log rMSSD were negatively correlated with diastolic blood 
pressure (r = −0.43, r = −0.39, respectively). These results are consistent with previous findings, which confirmed the 
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inverse association between HRV and blood pressure.30,31 Mori et al also found a significant inverse association of 
HRV with diastolic blood pressure, although there was no significant association of HRV with systolic blood 
pressure.32 The autonomic nervous system regulates blood pressure by three mechanisms: direct action on the heart 
to increase stroke volume, output, and heart rate; direct action on peripheral arterial resistance; and by increasing renin 
level and activity. Sympathetic nerve endings release noradrenaline, which increases cardiac output by increasing heart 
rate and cardiac muscle automaticity and vascular resistance in peripheral blood vessels. Therefore, autonomic 
imbalance involving active sympathetic function and hypoactive parasympathetic function partially contribute to 
blood pressure elevation.

In analyzing univariate regression, the time-domain heart rate variability index (logSDNN, logMean NN and 
logrMSSD) positively correlated with SpO2 (r = 0.14, r = 0.31, r = 0.25, respectively). A decrease in O2 and an increase 
in CO2 when wearing PPE leads to decreased oxygen saturation and activated sympathetic nervous, causing decreased 
time domain HRV.

We found that logSDNN was positively correlated with QT interval (r = 0.39) in analyzing univariate regression, and 
logmean NN, logrMSSD were positively correlated with QT interval in analyzing univariate and multivariate regression 
(r = 0.77, r = 0.73, r = 0.32, r = 0.41, respectively). The QT interval represents the time from the onset of ventricular 
depolarization to the completion of repolarization. Previous animal studies showed that the dispersion of ventricular 
repolarization was increased by sympathetic stimulation.33 Recent human studies showed that the QT interval was 
associated positively with sympathetic activity and negatively with parasympathetic activity, reflecting physiologic 
homeostasis in cardiac autonomic modulations.34,35

In addition to the influence of day/night shifts and workload on HRV, the temperature inside PPE must also be considered. In 
our study, the temperature inside PPE of HCWs was correlated with time-domain HRV indices in regression analysis. In analyzing 
univariate regression, logSDNN, logmean NN, and logrMSSD index was negatively correlated with the temperature inside PPE (r 
= −0.41, p = 0.001; r = −0.405, p = 0.001 and r = −0.29, p = 0.016, respectively). In analyzing multivariable regression, logSDNN 
and logmean NN were significantly related to the temperature inside PPE (beta and p coefficients of −0.34,0.01 and −0.18,0.021, 
respectively). The insulative properties of PPE lead to elevated temperature and humidity inside PPE.36 In our study, the peak 
temperature inside PPE during the working time was 32.8°C. Several previous studies have shown that ambient temperature 
inside PPE becomes higher and contains more water vapor relative to the surrounded air leading to thermoregulatory 
challenges.37,38 In COVID-19 practice, HCWs wearing PPE reporting thermal discomfort, high sweat rates and soaked clothing, 
making working conditions uncomfortable.39,40 The higher the temperature inside PPE, the more pressure, discomfort, and stress 
medical staff have when working with PPE, leading to dynamic HRV changes. Temperature variability was associated with 
decreased HRV has been recognized by other authors.41,42 Yamamoto et al43 and Ren et al44 found that high temperature was 
inversely associated with all HRV measures. HRV parameters are very important showing the current health status of patients. 
These parameters can change in a short time with a healthy lifestyle.45 COVID-19 can also change the HRV parameters. Increased 
tonus of parasympathetic parameters is very interesting following COVID-19 infection.46

Conclusion
Wearing PPE for long hours results in a decrease in time domain HRV. The change in time domain HRV parameters is 
related to ambient temperature inside PPE, oxygen saturation, working intensity, and working time. The decrease in 
oxygen saturation, the increase in ambient temperature inside PPE, the higher working intensity and night shift lead to 
the reduction in time domain HRV parameters. This reflects bad effects of working stress when wearing PPE for long 
hours on healthcare workers’ cardiovascular health in treating COVID-19 patients.

Abbreviations
PPE, personal protective equipment; HCWs, healthcare workers; HRV, heart rate variability; SDNN, standard deviation 
of all normal to normal intervals; mean NN, mean intervals RR; rMSSD, root mean square successive difference; SBP, 
systolic blood pressure; DBP, diastolic blood pressure; SpO2, saturation pulse oxygen; bpm, beats per minute.
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