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ABSTRACT

Background: Individual particulate respirator use may offer protection against exposure to 
particulate matter < 2.5 µm in diameter (PM2.5). Among elderly Korean women, we explored 
individual particulate respirator use and cardiopulmonary function.
Methods: Recruited in Seoul, Korea, 21 elderly, non-smoking women wore particulate 
respirators for six consecutive days (exlcuding time spent eating, sleeping, and bathing). 
We measured resting blood pressure before, during, and after respirator use and recorded 
systolic and diastolic blood pressure, mean arterial blood pressure, pulse pressure, and 
lung function. We also measured 12-hour ambulatory blood pressure at the end of the 6-day 
long experiment and control periods. Additionally, we examined physiological stress (heart 
rate variability and urinary 8-hydroxy-2′-deoxyguanosine) while wearing the particulate 
respirators. Person- and exposure-level covariates were also considered in the model.
Results: After the 6-day period of respirator use, resting blood pressure was reduced by 5.3 
mmHg for systolic blood pressure (P = 0.013), 2.9 mmHg for mean arterial blood pressure 
(P = 0.079), and 3.6 mmHg for pulse pressure (P = 0.024). However, particulate respirator 
use was associated with changes in physiological stress markers. A parasympathetic activity 
marker (high frequency) significantly decreased by 24.0% (P = 0.029), whereas a sympathetic 
activity marker (ratio of low-to-high frequency) increased by 50.3% (P = 0.045). An oxidative 
stress marker, 8-hydroxy-2′-deoxyguanosine, increased by 3.4 ng/mg creatinine (P = 0.021) 
during the experimental period compared with that during the control period. Lung function 
indices indicated that wearing particulate respirators was protective; however, statistical 
significance was not confirmed.
Conclusion: Individual particulate respirator use may prevent PM2.5-induced blood-pressure 
elevation among elderly Korean women. However, the effects of particulate respirator use, 
including physiological stress marker elevation, should also be considered.

Trial Registration: Clinical Research Information Service Identifier: KCT0003526

Keywords: Blood Pressure; Elderly; Experiment; Particulate Matter; Stress

J Korean Med Sci. 2020 Mar 16;35(10):e64
https://doi.org/10.3346/jkms.2020.35.e64
eISSN 1598-6357·pISSN 1011-8934

Original Article

Received: Sep 6, 2019
Accepted: Jan 16, 2020

Address for Correspondence: 
Yun-Chul Hong, MD, PhD
Department of Preventive Medicine, Seoul 
National University College of Medicine, 103 
Daehak-ro, Jongno-gu, Seoul 03080, Korea.
E-mail: ychong1@snu.ac.kr

© 2020 The Korean Academy of Medical 
Sciences.
This is an Open Access article distributed 
under the terms of the Creative Commons 
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0/) 
which permits unrestricted non-commercial 
use, distribution, and reproduction in any 
medium, provided the original work is properly 
cited.

ORCID iDs
Youn-Hee Lim 
https://orcid.org/0000-0002-1290-5814
Woosung Kim 
https://orcid.org/0000-0003-3404-5576
Yumi Choi 
https://orcid.org/0000-0001-7291-5582
Hwan-Cheol Kim 
https://orcid.org/0000-0002-3635-1297
Geunjoo Na 
https://orcid.org/0000-0002-6626-0230
Hyoung-Ryoul Kim 
https://orcid.org/0000-0001-7535-3140
Yun-Chul Hong 
https://orcid.org/0000-0001-9010-7271

Youn-Hee Lim ,1,2 Woosung Kim ,3 Yumi Choi ,3 Hwan-Cheol Kim ,4 
Geunjoo Na ,4 Hyoung-Ryoul Kim ,5 and Yun-Chul Hong  2,3,6

1 Section of Environmental Health, Department of Public Health, University of Copenhagen, Copenhagen, 
Denmark

2Institute of Environmental Medicine, Seoul National University Medical Research Center, Seoul, Korea
3Department of Preventive Medicine, Seoul National University College of Medicine, Seoul, Korea
4Department of Occupational & Environmental Medicine, Inha University Hospital, Incheon, Korea
5 Department of Occupational & Environmental Medicine, College of Medicine, The Catholic University of 
Korea, Seoul, Korea

6Environmental Health Center, Seoul National University College of Medicine, Seoul, Korea

Effects of Particulate Respirator Use on 
Cardiopulmonary Function in Elderly 
Women: a Quasi-Experimental Study

Preventive &  
Social Medicine

https://jkms.org
https://cris.nih.go.kr/cris/search/search_result_st01_en.jsp?seq=12257&ltype=&rtype=
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0002-1290-5814
https://orcid.org/0000-0002-1290-5814
https://orcid.org/0000-0003-3404-5576
https://orcid.org/0000-0003-3404-5576
https://orcid.org/0000-0001-7291-5582
https://orcid.org/0000-0001-7291-5582
https://orcid.org/0000-0002-3635-1297
https://orcid.org/0000-0002-3635-1297
https://orcid.org/0000-0002-6626-0230
https://orcid.org/0000-0002-6626-0230
https://orcid.org/0000-0001-7535-3140
https://orcid.org/0000-0001-7535-3140
https://orcid.org/0000-0001-9010-7271
https://orcid.org/0000-0001-9010-7271
https://orcid.org/0000-0002-1290-5814
https://orcid.org/0000-0003-3404-5576
https://orcid.org/0000-0001-7291-5582
https://orcid.org/0000-0002-3635-1297
https://orcid.org/0000-0002-6626-0230
https://orcid.org/0000-0001-7535-3140
https://orcid.org/0000-0001-9010-7271
http://crossmark.crossref.org/dialog/?doi=10.3346/jkms.2020.35.e64&domain=pdf&date_stamp=2020-02-04


Trial Registration
Clinical Research Information Service 
Identifier: KCT0003526

Funding
We acknowledge financial support from the 
National Strategic Project-Fine particle of 
the National Research Foundation of Korea 
(NRF), funded by the Ministry of Science 
and ICT (MSIT), the Ministry of Environment 
(ME), and the Ministry of Health and Welfare 
(MOHW) (#2017M3D8A1092008 and 
#2017M3D8A1092009); and the Center for 
Environmental Health through the Ministry of 
Environment.

Disclosure
The authors have no potential conflicts of 
interest to disclose.

Author Contributions
Conceptualization: Lim YH, Kim W, Hong YC. 
Data curation: Lim YH, Kim HC, Choi Y, Na G, 
Kim W. Methodology: Kim HR, Kim HC. Writing 
- original draft: Lim YH, Hong YC. Writing - 
review & editing: Lim YH, Hong YC.

INTRODUCTION

Studies have suggested that long-term exposure to ambient particulate matter leads to an 
estimated 42,241,000 premature deaths globally.1 Elderly persons aged 70 years or older 
account for the largest share of deaths (2,228,300 deaths).1 When exposed to air pollution, 
elderly adults are more susceptible to cardiovascular and pulmonary conditions than younger 
adults.2,3 Previous studies have shown that an increase in particulate matter of less than 2.5 
μm (PM2.5) in size is associated with an increase in systolic and diastolic blood pressure (SBP 
and DBP).4-8 An association between exposure to air pollution and decline of peak expiratory 
flow rate in elderly adults in Korea was also suggested.9

Because the health impact of PM2.5 is considerably large and there is a need to employ 
strategies to reduce emission of pollutants and exposure to air pollution, several studies have 
investigated person-level strategies for preventing air pollution-associated health effects. The 
investigation of personal protection measures such as particulate respirators, air purifiers, 
supplementation drugs, and dietary intake patterns have shown inconsistent effects.10-22 
Most studies have investigated the efficacy of person-level protection among young healthy 
populations, while only a few have examined air filtration, supplementation, and nutrition 
in elderly adults.11,17,19 However, to the best of our knowledge, no previous studies have 
examined the health protection effects of particulate respirators in elderly adults. Moreover, 
it is unclear whether particulate respirators are safe for extended use in this population. In 
a previous study, long-hour use of respirators for health care providers caused headache, 
shortness of breath, and discomfort.23 Occupational health studies have also suggested 
that workers experience poorer performance and anxiety while wearing respirators.24,25 For 
elderly adults, particulate respirator use may cause adverse effects, including physiological 
stress.26 However, no studies have examined whether particulate respirators both reduce 
exposure to particulate matter and elevate stress in elderly adults.

Given the effects of PM2.5 exposure on cardiopulmonary function, we aimed to investigate the 
efficacy of particulate respirators in protecting elderly adults against exposure to particulate 
matter. In a quasi-experimental study, we compared cardiopulmonary indicators before and 
after the use of particulate respirators among elderly women.

METHODS

Participants
We conducted a quasi-experimental study in women aged 65 years or older in Seoul, Korea 
from May to July 2018. To control for gender effects in the small study, we recruited older 
women participants only. We estimated that with a sample of 20 participants, the study 
would have a 90% power to detect a mean difference of SBP that was 7 mmHg lower while 
wearing particulate respirators compared with the control group,15 using a log-rank test at 5% 
significance level. Assuming a 5% dropout rate, we recruited 21 women aged 65 years or older 
who agreed to participate, had no history of tobacco smoking, and no clinically-diagnosed 
chronic diseases such as myocardial infarction, diabetes, asthma, dementia, and cancer.

Intervention
A total of 21 women participated in the intervention. Participants served as their own control 
and underwent the following study protocol for three consecutive weeks to avoid potential 
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confounders, including long-term and seasonal trends in health outcomes: one control 
period in which participants wore no particulate respirators, one experimental period 
in which they did wear respirators, and an additional control period in which they again 
wore no respirators. No participants missed any health examinations. At the recruitment, 
participants were asked to draw a number out of a hat. The participants were randomly 
assigned a date (one of the weekdays) from May–July 2018 for an initial health visit and were 
followed for three consecutive weeks (e.g., 1st Control, May 11th– May 17th; Experiment, May 
18th – May 24th; and 2nd Control, May 25th – May 31st). On the last day of each period (May 
17th, 24th, and 31st in the above example), the participants completed questionnaires and 
underwent thorough cardiopulmonary and heart rate variability tests as well as urine and 
blood sampling. On the day before the last day of each period, participants were asked to visit 
the study site at 9 am and wear a direct reading personal aerosol monitor for at least 12 hours 
(from 10:00 am to 9:59 pm) or for as long as possible. For the experiment, participants were 
given 6 particulate respirators (one per day) and were instructed to wear the same respirator 
each day for 6 days (May 19th to May 24th in the above example) until the health examination 
and for as long as possible except while eating, sleeping, and washing.

Health examinations
Standing height (cm) and weight (kg) were recorded at the first visit to the study site. We 
collected information on demographic characteristics such as age, education years, income, 
physical activity, smoking, alcohol consumption, diagnosed diseases, and dietary patterns via 
questionnaire. Cardiopulmonary tests included measurements of BP (SBP, DBP, mean arterial 
pressure [MAP], and pulse pressure [PP]) and lung function (forced expiratory volume in 1 
second [FEV1, L], forced vital capacity [FVC, L], the ratio of FEV1 to FVC [FEV1/FVC, %], and 
forced expiratory flow at 25%–75% of the FVC [FEF25–75, L/s]).

Changes in heart rate variability (HRV) explain increased respiration rate while wearing 
respirators.27 We measured four HRV markers, including two time-domain (the standard 
deviation of normal-to-normal intervals [SDNN] and square root of the mean squared 
differences of successive NN intervals [rMSSD]) and two normalized frequency-domain 
variables (high frequency [HF] and low frequency [LF]). The ratio of LF to HF was also 
computed. Additionally, increased oxidative stress indicates an imbalance between 
prooxidants and antioxidants in the body, which can also be viewed as physiological stress.28 
Therefore, urinary 8-hydroxy-2′-deoxyguanosine (8-OHdG) was measured as an oxidative 
stress marker. Detailed methods for measuring BP, lung function, HRV, and 8-OHdG are 
described in Supplementary Method 1.

Particulate respirators
Disposable particulate respirators (PNTD, Mungyeong, Korea) were used during the quasi-
experimental study. The minimum measured filtration efficiency of the respirators was 80% 
for 0.6 µm nonoil particulates.29 A respirator fitting test assessing the face-to-respirator seal 
was performed using the Mask Fitting Tester MT-03 (SIBATA Science Technology, Saitama, 
Japan). Detailed methods for the particulate respirator and the associated fitting test are 
described in Supplementary Method 2.

Environmental data
We used moving averages of daily ambient PM2.5 concentrations and apparent temperature 
(AT, °C) on the concurrent days and up to previous five days (lag 05) to control for short-
term and cumulative exposure to PM2.5 and AT. Additionally, we used a 24-hour direct 
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reading monitor to obtain data regarding personal exposure to PM2.5. Detailed methods 
for measurements of ambient PM2.5 and AT and personal exposure to PM2.5 are described in 
Supplementary Method 3.

Statistical analysis
We used linear mixed-effect models to account for repeated measurements and to investigate 
the effects of particulate respirators on cardiopulmonary function and physiological 
stress. HRV (SDNN, rMSSD, HF, LF, and the ratio of LF to HF) and pulmonary test results 
(FEV1, FVC, and FEV1/FVC) were log-transformed for normality before regression analysis. 
The intervention was coded as a dummy variable (0 for control and 1 for experiment) 
and examined in the regression model. In the model, we controlled for age, weight (kg), 
height (cm), regular alcohol drinking (yes or no), and antihypertensive medication use 
(0 for no and 1 for yes). The covariates were included in the fixed term, whereas random 
intercepts for subjects were incorporated into the model to account for correlation within 
individuals. The effects were expressed as either changed values or percentages among 
those with a particulate respirator compared with the control groups who did not wear 
particulate respirators (who were evaluated before and after those with the respirators, with 
the corresponding 95% confidence intervals [CI]). Because we observed similar results 
between the control groups (pre- and post-respirator period), we combined the two control 
periods for the main analysis and performed a separate analysis for the individual control 
groups (i.e., before and after the respirators). The results of these analyses are shown in the 
supplementary materials. In addition, PM2.5 and AT during each period were controlled for 
in the model to reduce the confounding effects of the background environment during the 
control and experimental periods and estimate independent effects of particulate respirators 
on cardiopulmonary and stress markers from environmental factors (PM2.5 and AT). In an 
additional analysis, we compared the efficacy of particulate respirators among those with and 
without antihypertensive medication use. In a sensitivity analysis, we repeated the analysis 
for those who had low compliance for wearing their particulate respirators. All statistical 
analyses were performed using the “gamm4” package for R software (version 3.5.1; R Project 
for Statistical Computing, Vienna, Austria).

Ethics statement
All subjects voluntarily participated and provided written informed consent, and this study was 
approved by the Institutional Review Board (IRB) of Seoul National University Hospital (IRB 
No. H-1710-046-892). An independent data and safety monitoring board monitored the study. 
The protocol was in accordance with the Declaration of Helsinki and institutional guidelines.

RESULTS

The mean age of participants was 72.7 years (min, 64.0; max, 79.0; SD, 3.8), and mean weight 
and height were 56.6 kg and 152.5 cm, respectively. One person was exposed to secondhand 
smoking at home for an average of 2 hours per day, whereas the other participants were not 
exposed to secondhand smoking at home or any other indoor places. Only four elderly women 
were current drinkers, and all participants were never-smokers. Eight elderly women were 
under antihypertensive treatment (38.1%) (Table 1). Prior to participating in the study, all 
participants reported that they usually did not wear particulate respirators unless they were in 
areas with a high level of dust. However, during the study period, all participants adhered to the 
study guidelines except for two women as described in Supplementary Method 4.
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Mean levels of PM2.5 concentrations during the two control periods and the experimental 
period are compared in Supplementary Table 1. Based on the 12-hour personal PM2.5 monitor, 
the mean levels of measured personal PM2.5 concentrations during the two control periods 
(pre- and post-non-respirator period) and the respirator period were 31.9 µg/m3, 25.6 µg/m3, 
and 27.4 µg/m3, respectively. Accounting for respirator fitting performance (Supplementary 
Table 2), we estimated plausible personal exposure to PM2.5 while wearing particulate 
respirators during the experimental period (Fig. 1). For persons wearing respirators during the 
experimental period, the mean estimated level of personal exposure to PM2.5 was 19.8 µg/m3, 
which was calculated by multiplying the personal monitored level with the individual's leaking 
rate. The difference in the mean level of exposure to PM2.5 between the experimental period 
and control periods, accounting for respirator fitting performance, was 9.0 µg/m3 (calculated 
by subtracting 19.8 µg/m3 from 28.8 µg/m3).

Fig. 2 and Supplementary Table 1 show cardiopulmonary and stress indicators during 
experiment and pre- and post-experiment control periods. The experiment period resulted in 
lower levels of SBP, DBP, MAP, PP, and log-HF than the control periods, but higher levels of 
log-FEV1, log-LF/HF, and 8-OHdG.
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Table 1. Basic characteristics of participants (n = 21)
Variables Values
Age, yr 72.7 ± 3.8
Weight, kg 56.6 ± 6.5
Height, cm 152.5 ± 5.3
Secondhand smoking at home or any indoor location 1 (4.7)
Regular alcohol use 3 (14.3)
Antihypertensive medication use 8 (38.1)
Lag 0–5, μg/m3 19.4 ± 5.8
Personal monitor, μg/m3 28.3 ± 12.7
Resting blood pressure

SBP, mmHg 125.9 ± 14.7
DBP, mmHg 75.9 ± 8.0
MAP, mmHg 92.6 ± 9.0
PP, mmHg 50.1 ± 12.3
HR, bpm 68.3 ± 8.7

Lung functiona

FEV1, L 1.7 (1.2–2.5)
FVC, L 2.2 (1.6–3.1)
FEV1/FVC, % 77.3 (65.3–91.5)
FEF25-75, L/sec 1.4 (0.7–3.0)

Heart rate variabilitya

SDNN, ms 26.5 (11.8–59.7)
rMSSD, ms 21.0 (5.8–75.7)
LF, n.u. 47.4 (21.3–105.6)
HF, n.u. 44.4 (16.8–117.4)
LF/HF 1.1 (0.2–5.9)

Oxidative stress
8-OHdG, ng/mg creatinine 9.5 ± 6.4

Data are presented as mean ± standard deviation or number (%).
SBP = systolic blood pressure, DBP = diastolic blood pressure, MAP = mean arterial pressure, PP = pulse pressure, 
HR = heart rate, FEV1 = forced expiratory volume in 1 second, FVC = forced vital capacity, FEV1/FVC = the ratio of FEV1 
to FVC, FEF25–75 = forced expiratory flow at 25%–75% of the FVC, SDNN = the standard deviation of normal-to-normal 
intervals, rMSSD = square root of the mean squared differences of successive NN intervals, HF = high frequency 
(normalized), LF = low frequency (normalized), n.u. = none-unit, LF/HF = the ratio of LF to HF, 8-OHdG = 8-hydroxy-
2′-deoxyguanosine.
aGeometric mean and 95% confidence limits.
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Table 2 shows the effects of particulate respirators on cardiopulmonary indicators after 
controlling for covariates, including PM2.5 levels. We observed a significant reduction in 
resting SBP (−5.3 mmHg [95% CI, −9.3 mmHg, −1.2 mmHg]), MAP (−2.9 mmHg [95% 
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Fig. 1. Kernel density estimation of personal exposure to PM2.5 concentrations during control and experimental 
periods with and without particulate respirators after accounting for respirator fitting performance (n = 21). Two 
smoothing lines for the distribution of PM2.5 exposure levels with and without particulate respirators were derived 
based on Kernel density estimation. 
PM2.5 = particulate matter < 2.5 µm in diameter.

Table 2. Changes in cardiopulmonary indicators during the experimental period compared with the control 
periods
Parameters Change (95% CI) P value
Resting blood pressure

SBP, mmHg −5.3 (−9.3, −1.2)a 0.013
DBP, mmHg −1.8 (−5.0, 1.4) 0.278
MAP, mmHg −2.9 (−6.2, 0.3)b 0.079
PP, mmHg −3.6 (−6.5, −0.6)a 0.024
HR, bpm 0.3 (−1.8, 2.5) 0.748

Lung function
FEV1, % 1.7 (0.0, 3.3)b 0.052
FVC, % 1.3 (−1.2, 3.9) 0.319
FEV1/FVC, % 0.4 (−1.9, 2.7) 0.762
FEF25-75, % 1.9 (−5.6, 10.1) 0.627

HRV
SDNN, % 1.1 (−12.7, 17.0) 0.884
rMSSD, % −13.1 (−30.1, 8.0) 0.211
LF, % 14.0 (−4.2, 35.7) 0.145
HF, % −24.0 (−40.1, −3.4)a 0.029
LF/HF, % 50.3 (1.8, 122.0)a 0.045

Oxidative stress
8-OHdG, ng/mg creatinine 3.4 (0.6, 6.2)a 0.021

In the model, we controlled for age (years), weight (kg), height (cm), regular alcohol drinking (yes or no), 
antihypertensive medication use (0 for no and 1 for yes), PM2.5, and apparent temperature (reference: control periods).
CI = confidence interval, SBP = systolic blood pressure, DBP = diastolic blood pressure, MAP = mean arterial 
pressure, PP = pulse pressure, HR = heart rate, FEV1 = forced expiratory volume in 1 second, FVC = forced vital 
capacity, FEV1/FVC = the ratio of FEV1 to FVC, FEF25–75= forced expiratory flow at 25%–75% of the FVC, HRV = heart 
rate variability, SDNN = the standard deviation of normal-to-normal intervals, rMSSD = square root of the mean 
squared differences of successive NN intervals, HF = high frequency (normalized), LF = low frequency (normalized), 
LF/HF = the ratio of LF to HF, 8-OHdG = 8-hydroxy-2′-deoxyguanosine.
aP < 0.05; bP < 0.1.
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CI, −6.2 mmHg, 0.3 mmHg]), and PP (−3.6 mmHg [95% CI, −6.5 mmHg, −0.6 mmHg]). 
Participants using antihypertensive medications showed a slightly greater reduction in SBP, 
DBP, and MAP than those without antihypertensive medication use, although differences in BP 
between participants with and without antihypertensive medication use were not statistically 
significant (Supplementary Fig. 1). We also found associations for other outcome variables than 
primary outcome markers. Lung function indices generally indicated that wearing particulate 
respirators was protective (FEV1, 1.7% [95% CI, 0.0%, 3.3%]; FEF25-75, 1.9% [95% CI, −5.6%, 
10.1%]); however, statistical significance was not confirmed (Table 2). A comparison among 
the three periods showed similar results (Supplementary Table 3). After excluding two women 
elderly adults with low compliance for wearing the respirators, results showed improvements in 
lung function (FEV1, 2.3% [95% CI, 0.5%, 4.1%]) (Supplementary Table 4).

Physiological stress markers were associated with wearing particulate respirators (Table 2). 
Parasympathetic activity (HF) significantly decreased (−24.0% [95% CI, −40.1%, −3.4%]) 
while wearing respirators, whereas sympathetic activity (LF/HF ratio) significantly increased 
(50.3% [95% CI, 1.8%, 122.0%]). We observed greater changes in LF, HF, and the LF/
HF ratio among participants with antihypertensive medication use than those without 
(Supplementary Fig. 2). Furthermore, we observed that the oxidative stress marker 8-OHdG 
increased by 3.4 ng/mg creatinine (95% CI, 0.6 ng/mg creatinine, 6.2 ng/mg creatinine) 
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during the experimental period compared with that during the control period. Similar to 
the BP markers, we observed slightly greater changes in physiological stress markers after 
excluding those with low compliance for wearing respirators. These changes for other 
outcomes can be regarded as exploratory findings at the moment, which need to be evaluated 
further in the future.

DISCUSSION

This study evaluated the effect of particulate respirators on cardiopulmonary indicators 
among elderly women in Korea. We observed a significant reduction in resting BP during the 
experimental period compared with that during the control period. Although lung function 
appeared to improve with the use of particulate respirators, this change was not statistically 
significant. Furthermore, we observed increased physiological stress markers, including 
increased sympathetic (LF/HF) and decreased parasympathetic (HF) activities and increased 
oxidative stress (8-OHdG) during the experimental period.

The beneficial effect of particulate respirators on BP was consistent with a previous study. 
Shi et al.30 investigated the effects of particulate respirators among university students, and 
their results showed the same direction in BP change as the present study. They found a 2.7 
mmHg (95% CI, −5.2 mmHg, −0.1 mmHg) decrease in SBP during the experimental period 
(particulate respirator use) compared with that during the control period (no particulate 
respirator use). Our results suggest that the benefit of particulate respirators is greater among 
elderly adults (5.3 mmHg).

However, we also observed an increase in physiological stress markers among our 
participants. Increased sympathetic (LF/HF ratio) and decreased parasympathetic (HF) 
activities are related to respiration rate27 and psychological stress.31,32 Increased oxidative 
stress was also associated with particulate respirator use in our study. Particulate respirator 
use may protect from exposure to particulate matter,33 but it may also lead to increased skin 
temperature,25 anxiety,24 shortness of breath, discomfort, and headache.23 Furthermore, 
hypertensive participants seem to be more sensitive to wearing particulate respirators 
compared with non-hypertensive participants, in terms of changes in HRV and oxidative 
stress. In contrast to our findings, Shi et al.30 found that particulate respirators had protective 
effects on HRV markers, including decreased sympathetic (LF/HF ratio) and increased 
parasympathetic (HF) activities. Although we do not have a clear explanation for the 
discrepancy between the study by Shi et al. and the present study, it may be due to differences 
in the studies' parameters, including ambient PM2.5 levels (19 µg/m3 vs. 74 µg/m3), age (elderly 
adults vs. college students), brand/type of particulate respirator (KF80 vs. N95), and other 
unknown factors that may have impacted the results.

This quasi-experimental study is the first to investigate the effects of particulate respirator 
use in an elderly population, using one experimental and two control periods to measure 
personal exposure to PM2.5, cardiopulmonary function, and physiological stress indicators. 
Our study had several limitations. First, we restricted participant inclusion criteria to 
relatively healthy, nonsmoking, and women elderly subjects with no critical health conditions 
(except hypertension). Therefore, generalization of the results to the elderly population is 
limited due to the high prevalence of diabetes, dyslipidemia, and other chronic diseases in 
this population.34,35 Additionally, because we used a specific type of particulate respirator 
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(KF80), we cannot generalize our results to other types of particulate respirators that have a 
different particle filtration quality.

Second, we conducted the study in participants' ordinary life settings. Therefore, we could 
not control for other factors that may influence PM2.5 exposure and health indicators. 
However, in this quasi-experimental study, an individual was randomly assigned to an 
intervention date and acted as her own control, which permitted between- and within-
group comparisons, resulting in a reduction in measured and unmeasured confounders.36,37 
Although the comparison of pre- and post-experiment was not randomized, the resulting 
schedule for the comparison of pre- and post-experiment was decided by the first random 
allocation to participants. Moreover, the open-label trial could have affected the outcome by 
changing behaviors, which we did not measure in the study. Therefore, the open-label effect 
is a limitation of the study.

Third, we investigated the effects of particulate respirators with similar levels of PM2.5 
(around 20 µg/m3) during the control and experimental periods. Therefore, we could not 
estimate changes in markers associated with wearing particulate respirators by different 
PM2.5 levels (e.g., low vs. high concentration of PM2.5). Because recent studies have shown a 
nonlinear dose-response relationship,38-41 the intervention-benefit relationship may also not 
be linear. Our study is limited in that we cannot apply our result directly to different ranges 
of PM2.5 levels. Moreover, we cannot recommend the optimal PM2.5 level at which particulate 
respirators should be worn by elderly people. Further studies examining a wide range of PM2.5 
levels are needed to determine the level at which the positive effects of wearing a particulate 
respirator outweigh the adverse effects.

Finally, the present study lacked a wash-out period (usually lasting for approximately 
two weeks) between the control and respirator periods to eliminate any influence of one 
period on another. Although a wash-out period would have been important to control for 
the potential impact of wearing the respirator on the second control period, we did not 
consider this in the study. However, we did observe that the two control periods had similar 
outcomes (e.g., SBP and DBP levels), although these differed from those of the respirator 
period. Therefore, we assumed that wearing respirators could have immediate rather than 
delayed effects.

Our study suggests that particulate respirators have protective effects in the elderly 
population, which include the prevention of PM2.5-induced elevated BP and the increase 
of physiological stress when wearing particulate respirators. Therefore, those with 
cardiovascular disease may benefit from the effects of particulate respirators. Due to the 
limitations of our study design, caution should be exercised when interpreting the results of 
this study and when applying the findings in clinical practice. Further studies are warranted 
to compare the effects of particulate respirator use with various PM2.5 levels in healthy elderly 
adults versus those with chronic illness such as respiratory disease, cardiovascular disease, 
and diabetes.
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