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ABSTRACT

Background: The aim of this study was to assess heart rate variability (HRV) as a measure of cardiac
autonomic status in psychiatric patients exposed to chemical irritants, comparing them to a healthy control
group.Materials and Methods: A total of 100 participants, including 50 psychiatric patients exposed to
chemical irritants (case group) and 50 age- and gender-matched healthy individuals (control group), were
recruited. HRV was measured using a 24-hour ambulatory Holter monitor, and time-domain (SDNN, RMSSD,
PNN50) and frequency-domain (LF, HF, LF/HF ratio) measures were analyzed. Demographic information,
including chemical exposure history, was collected using structured questionnaires. Statistical analyses were
performed using SPSS version 25.Results: Significant differences in HRV measures were found between the
case and control groups. The case group had significantly lower SDNN, RMSSD, and PNN50 values (28.4 + 7.5
ms, 20.1 £ 6.3 ms, and 16.7 £ 9.2%, respectively) compared to the control group (42.5 £ 10.2 ms, 33.5 £ 8.9 ms,
and 22.8 + 7.1%, respectively) (p < 0.001). Additionally, the case group exhibited lower LF and HF power and a
higher LF/HF ratio, suggesting increased sympathetic dominance. Chemical exposure characteristics revealed
that 30% of the case group were exposed to industrial chemicals, 44% to household cleaning products, and 20%
to solvents. Significant negative correlations between HRV measures and chemical exposure duration were
observed.Conclusion: This study highlights that psychiatric patients exposed to chemical irritants exhibit
altered autonomic regulation, with reduced parasympathetic activity and increased sympathetic dominance.
These findings suggest that prolonged chemical exposure may contribute to autonomic dysfunction and have
important implications for cardiovascular health in psychiatric patients.

Keywords: Heart rate variability, Cardiac autonomic regulation, Psychiatric patients, Chemical exposure,
Sympathetic dominance.
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INTRODUCTION

Heart rate variability (HRV) has emerged as an
essential tool for assessing the autonomic
nervous system (ANS), particularly its balance
between the sympathetic and parasympathetic
branches. It refers to the physiological variation
in the time intervals between consecutive
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heartbeats, often measured through the analysis
of R-R intervals from electrocardiogram (ECG)
recordings. HRV is a reliable indicator of cardiac
autonomic regulation and has gained widespread
recognition for its role in monitoring various
health conditions, including cardiovascular
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diseases, stress responses, and psychological
well-being.*

In psychiatric populations, particularly those
exposed to chemical irritants, HRV holds
considerable diagnostic and prognostic potential.
Psychiatric ~ disorders, such as anxiety,
depression, and post-traumatic stress disorder
(PTSD), have been associated with altered
autonomic functioning. These conditions often
lead to an imbalance in the autonomic nervous
system, which is reflected in HRV patterns. In
recent years, researchers have focused on
exploring the complex relationship between
psychiatric illness, HRV, and environmental
stressors, such as exposure to chemical irritants.
Chemical irritants, which are common in certain
occupational settings or due to environmental
pollution, can adversely affect human health by
triggering inflammatory responses and disrupting
normal physiological functions. In particular,
exposure to airborne toxins, volatile organic
compounds, or industrial chemicals has been
linked to exacerbated symptoms in individuals
with preexisting psychiatric conditions, further
affecting their autonomic regulation.?

The autonomic nervous system, which controls
involuntary physiological functions such as heart
rate, digestion, and respiratory rate, plays a
critical role in maintaining homeostasis and
responding to external stressors. It is composed
of two primary branches: the sympathetic
nervous system (SNS) and the parasympathetic
nervous system (PNS). The sympathetic system
is responsible for the "fight-or-flight" response,
increasing heart rate and preparing the body for
stress, while the parasympathetic system governs
the "rest-and-digest™ functions, slowing the heart
rate and promoting relaxation. In a healthy
individual, there is a dynamic balance between
these two systems, ensuring that the body can
appropriately respond to environmental demands.
However, chronic stress, trauma, or exposure to
harmful chemicals can disrupt this balance,
leading to autonomic dysfunction.®

Chemical irritants, including various air
pollutants and hazardous substances, can affect
the body in multiple ways. When inhaled or
absorbed through the skin, these substances can
lead to inflammation, oxidative stress, and
disruptions in cellular signaling pathways. This
physiological disruption can, in turn, affect
autonomic regulation, influencing HRV. For
instance, studies have shown that individuals
exposed to high levels of air pollution or
chemicals such as pesticides and solvents exhibit
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lower HRV, suggesting that their autonomic
systems are less able to respond flexibly to
environmental changes. In individuals with
preexisting psychiatric conditions, the effects of
chemical irritants may be amplified, further
compromising  autonomic  function  and
exacerbating symptoms.*

The relationship between psychiatric conditions
and HRV has been extensively studied. Low
HRV has been observed in individuals with
anxiety, depression, and PTSD, conditions that
are commonly characterized by heightened
emotional responses and difficulty in regulating
stress. These individuals often show a reduced
parasympathetic influence on the heart, leading
to a dominance of sympathetic activity, which is
associated with increased heart rate and reduced
ability to adapt to stress. HRV has been proposed
as a potential biomarker for the severity of
psychiatric symptoms and treatment response.
For instance, patients with severe anxiety or
depression often exhibit a marked decrease in
HRV, which can be used to track the progress of
their condition or the effectiveness of therapeutic
interventions. Furthermore, alterations in HRV
have been linked to other psychiatric phenomena,
such as poor emotional regulation, heightened
stress reactivity, and an increased risk of
developing other comorbidities, including
cardiovascular diseases.’

In the context of individuals exposed to chemical
irritants, the impact on HRV can be multifaceted.
On one hand, chemical exposure may exacerbate
existing psychiatric symptoms, further skewing
autonomic balance. On the other hand, the stress
associated with exposure to environmental
toxins, combined with the physiological effects
of the chemicals themselves, can create a
feedback loop that worsens autonomic
dysfunction. The assessment of HRV in these
individuals could offer valuable insights into the
combined effects of psychiatric illness and
environmental  stressors, aiding in the
development of targeted interventions and
treatments.®’

AIM AND OBJECTIVES

The aim of this study was to assess heart rate
variability (HRV) as a measure of cardiac
autonomic status in psychiatric patients exposed
to chemical irritants, comparing them to a
healthy control group.

MATERIALS AND METHODS

Study Design

This study was designed as a case-control study
to assess heart rate variability (HRV) as a
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measure of cardiac autonomic function in

psychiatric patients exposed to chemical irritants.

Study Population

The study included a total of 100 participants,

divided into two groups:

e Case Group (n=50): Psychiatric patients
diagnosed with various psychiatric disorders
and documented exposure to chemical
irritants in their work or home environments.

e Control Group (n=50): Age- and gender-
matched healthy individuals with no history
of psychiatric illness or exposure to chemical
irritants.

Study Place

The study was conducted in the Department of

Pharmacology, Saraswathi Institute of Medical

Sciences, Hapur, Uttar Pradesh, Indiain

collaboration withDepartment of Psychiatry,

Saraswathi Institute of Medical Sciences, Hapur,

Uttar Pradesh, India, for HRV assessments.

Study Period

The study was conducted over a period of 12

months, from October 2017 to September 2018,

including patient recruitment, data collection,

and analysis.

Ethical Considerations

e The study was approved by the Institutional
Ethics Review Board (IRB) before
commencement.

e Informed written consent was obtained from
all participants prior to inclusion.

e Confidentiality of patient data was strictly
maintained throughout the study.

Inclusion Criteria

o Age between 18 and 60 years.

¢ No history of major cardiovascular disease.

o No use of medications affecting HRV (e.g.,
beta-blockers, anti-anxiety medications).

Exclusion Criteria

e Presence of acute or chronic illnesses (other
than psychiatric disorders in the case group).

e Pregnancy.

e Use of pacemakers or presence of
arrhythmias, which could interfere with HRV

measurement.

Study Procedure

1. Heart Rate Variability (HRV)
Measurement

o HRV was assessed using a 24-hour

ambulatory Holter monitor (XYZ model,
Company).
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o Participants were instructed to wear the
device continuously while maintaining
normal daily activities.

o Data were analyzed for HRV parameters
using software associated with the Holter
monitor.

2. HRV Indices Assessed:

o Time-Domain Measures:

— Standard deviation of NN intervals (SDNN)

— Root mean square of successive differences
(RMSSD)

— Percentage of successive RR intervals
differing by more than 50 ms (PNN50)

o Frequency-Domain Measures:

- Low-frequency (LF) power

- High-frequency (HF) power

—  LF/HF ratio

3. Demographic and Exposure Data
Collection

o Structured questionnaires collected

information on age, gender, occupation, and
medical history.

o For the case group, data on duration and
types of chemical exposure (industrial
chemicals, solvents, household cleaning
products) were recorded.

4. Psychiatric Assessment

o Psychiatric diagnoses were confirmed based
on the DSM-5 criteria through clinical
interviews by a psychiatrist.

o Additional psychiatric assessments included:

— Hamilton Depression Rating Scale (HDRS) for

depression severity.

— Positive and Negative Syndrome

(PANSS) for psychotic disorders.

Outcome Measures

e Primary Outcome: HRV parameters
(SDNN, RMSSD, PNN50, LF, HF, LF/HF
ratio) to evaluate autonomic function.

Scale

e Secondary Outcomes: Relationship
between HRV measures and psychiatric
severity, chemical exposure levels, and

duration of exposure.
STATISTICALANALYSIS
Data Processing and Software: All statistical
analyses were conducted usinglBM SPSS
Statistics version 20.0.
o Descriptive Statistics:
o Continuous variables (e.g., age, HRV
parameters) were summarized as mean *

standard deviation (SD) or median
(interquartile range, IQR)depending on
normality.
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o Categorical  variables  (e.g.,  gender,
occupational exposure) were presented as
frequencies and percentages.

Comparative Analysis:

o Independent t-tests were used to compare
normally distributed HRV parameters (e.g.,
SDNN, RMSSD) between the case and
control groups.

o Chi-square test (¢?) was applied to compare
categorical ~ variables  (e.g., gender
distribution, exposure type).

o Correlation Analysis:

o Pearson’s correlation coefficient (r) was
used to examine associations between HRV

RESULTS
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measures and chemical exposure duration in
the case group for normally distributed data.

e Multivariate Regression Analysis:

o A multiple linear regression modelwas used
to assess independent predictors of HRV
alterations, adjusting for potential
confounders such asage, gender, psychiatric
diagnosis, and duration of exposure to
chemical irritants.

e Statistical Significance:A p-value < 0.05
was considered statistically significant in all
analyses.

Table 1: Demographic Characteristics of Participants

Characteristic Case Control p-value
Number of Participants 50 (100%) 50 (100%) -
Age (Mean + SD) 39.5+102 | 38.2+9.8 0.72
Gender
Male 22 (44%) 24 (48%) 0.72
Female 28 (56%) 26 (52%)
Occupation
Industrial workers, cleaners 15 (30%) 0 (0%) <0.001
Office workers, healthcare workers 0 (0%) 22 (44%)
Other occupations 35 (70%) 28 (56%)

Table 1 presents the demographic characteristics
of the participants in both the case and control
groups. The total number of participants in each
group was 50 (100%). There was no significant
difference in the age of participants between the
two groups, with the case group having a mean
age of 39.5 £+ 10.2 years and the control group
having a mean age of 38.2 + 9.8 years (p = 0.72).
The gender distribution was also comparable
between the groups, with 44% males and 56%
females in the case group, and 48% males and
52% females in the control group (p = 0.72). In

terms of occupation, a significant difference was
observed: 30% of participants in the case group
were industrial workers or cleaners, compared to
0% in the control group (p < 0.001). Conversely,
44% of participants in the control group worked
as office workers or healthcare workers, while
0% in the case group had these occupations. The
case group had a higher proportion of
participants in  other occupations (70%)
compared to the control group (56%), though this
difference was not statistically significant (p =
0.30).

Table 2: Time-domain HRV measures comparison between Case and Control groups

HRV Measure | Case Group (Mean + SD) | Control Group (Mean + SD) | p-value
SDNN (ms) 284+75 42,5+10.2 <0.001
RMSSD (ms) 20.1+6.3 33.5+8.9 <0.001
PNN50 (%) 16.7 £9.2 22.8+7.1 <0.001

Table 2 and figure I, compares the time-
domain heart rate variability (HRV) measures
between the case and control groups. The
HRV measures include SDNN (standard
deviation of NN intervals), RMSSD (root
mean square of successive differences), and
PNN50 (percentage of successive RR intervals
differing by more than 50 ms). The case group
exhibited significantly lower values in all three

©2018 Int. J. LifeSci.Biotechnol.Pharma.Res.

measures compared to the control group.
Specifically, the case group had an SDNN of
28.4 = 7.5 ms, which was significantly lower
than the control group’s 42.5 = 10.2 ms (p <
0.001). Similarly, RMSSD was 20.1 + 6.3 ms
in the case group, compared to 33.5 £ 8.9 ms
in the control group (p < 0.001), and PNN50
was 16.7 + 9.2% in the case group, lower than
the control group’s 22.8 + 7.1% (p < 0.001).
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Figure I: Time-domain HRV measures between the case
and control groups
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Table 3: Frequency-domain HRV measures comparison between Case and Control groups
HRV Measure | Case Group (Mean + SD) | Control Group (Mean + SD) | p-value
LF (ms?) 250.5+72.1 375.1 £985 <0.001
HF (ms?) 130.2 £ 58.3 215.4 +80.4 <0.001
LF/HF Ratio 2.7+0.9 1.5+05 <0.001

Table 3 show that the frequency-domain HRV
measures, including LF (low-frequency power),
HF (high-frequency power), and the LF/HF ratio.
The case group showed significantly lower LF
and HF power compared to the control group.
The case group had a mean LF of 250.5 + 72.1
ms2, while the control group had a higher mean
of 375.1 = 98.5 ms? (p < 0.001). Similarly, the
HF power was 130.2 + 58.3 ms? in the case

group, which was lower than the control group’s
215.4 + 80.4 ms? (p < 0.001). The LF/HF ratio, a
marker of the balance between sympathetic and
parasympathetic activity, was significantly
higher in the case group (2.7 £ 0.9) compared to
the control group (1.5 £ 0.5) (p < 0.001),
suggesting an increased sympathetic dominance
in the case group.

Table 4: Chemical Exposure Characteristics in the Case Group

Exposure Type Number of Participants Percentage (%)
Industrial chemicals 15 30%
Household cleaning products 22 44%
Solvents 10 20%
Mixed exposure 3 6%

Table 4 show that the chemical exposure
characteristics in the case group. Among the 50
participants in the case group, 30% were exposed
to industrial chemicals, 44% were exposed to

household cleaning products, 20% to solvents,
and 6% had mixed exposure. The most common
type of exposure was household cleaning
products, followed by industrial chemicals.

Table 5: Correlation between HRV measures and chemical exposure in the Case grou

HRV Measure Correlation with Chemical Exposure p-value
Duration (r)
SDNN -0.35 0.02
RMSSD -0.42 0.01
PNN50 -0.30 0.05
LF -0.28 0.07
HF -0.33 0.03
LF/HF Ratio 0.48 <0.001

©2018 Int. J. LifeSci.Biotechnol.Pharma.Res.
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Table 5 show that the correlation between HRV
measures and the duration of chemical exposure
in the case group. Several HRV measures,
including SDNN, RMSSD, PNN50, and HF,
showed significant negative correlations with the
duration of chemical exposure, suggesting that
longer exposure to chemicals is associated with
reduced parasympathetic activity. Specifically,
the correlation coefficients were -0.35 for SDNN
(p = 0.02), -0.42 for RMSSD (p = 0.01), -0.30 for
PNN50 (p = 0.05), and -0.33 for HF (p = 0.03).
The LF/HF ratio showed a positive correlation
with chemical exposure duration (r = 0.48, p <
0.001), indicating that longer exposure was

associated  with increased  sympathetic
dominance.
DISCUSSION

In terms of demographics, this study found no
significant differences in age or gender between
the case and control groups, consistent with the
studies by Smith et al. (2012), which reported no
age-related HRV differences between psychiatric
patients and controls. However, the significant
occupational difference observed in the case
group (30% exposed to industrial chemicals) is
noteworthy.® The finding that 30% of the case
group was composed of industrial workers or
cleaners, in contrast to 0% in the control group,
is supported by Jones et al. (2013), who noted
that individuals working in environments with
chemical exposure were at a higher risk for
developing autonomic dysfunction.®
Furthermore, the higher proportion of office and
healthcare workers in the control group is
consistent with studies that show less exposure to
industrial chemicals and thus lower levels of
chemical-related stress (Adams et al., 2010).%°

The time-domain HRV measures in this study
(SDNN, RMSSD, and PNN50) were
significantly lower in the case group compared to
the control group, suggesting reduced
parasympathetic activity in the case group. These
results align with findings from Taylor et al.
(2011), who reported that individuals exposed to
environmental stressors, including chemical
agents, exhibited reduced HRV. Specifically,
the SDNN value of 28.4 £ 7.5 ms in the case
group is comparable to the findings of Thayer et
al. (2014), who observed SDNN values of 30 + 5
ms in workers exposed to chemical irritants, and
lower than the 42.5 £ 10.2 ms in the control
group of this study, similar to Williams et al.
(2013), who found that unexposed individuals
had higher SDNN values (40 + 9 ms). 28
Furthermore, the significantly reduced RMSSD
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(20.1 £ 6.3 ms vs. 33.5 = 8.9 ms) in the case
group is consistent with studies showing
diminished vagal tone in individuals exposed to
chemical irritants (Anderson et al., 2012)."

The frequency-domain measures, including LF,
HF, and LF/HF ratio, also showed significant
differences between the case and control groups.
The case group had lower LF and HF power and
a higher LF/HF ratio, indicating a shift toward
sympathetic ~ dominance.  These  results
corroborate Choi et al. (2010), who found that
chemical exposure is linked to an increased
LF/HF ratio, suggesting heightened sympathetic
activity.™® The case group’s LF (250.5 + 72.1
ms?) and HF (130.2 + 58.3 ms?) are both
significantly lower than the control group’s LF
(375.1 £ 98.5 ms?) and HF (215.4 + 80.4 ms?),
consistent with Mayer et al. (2014), whose study
of chemical workers revealed similar reductions
in LF and HF power.’® The significantly higher
LF/HF ratio in the case group (2.7 £ 0.9)
compared to the control group (1.5 £ 0.5) is in
line with Erdem et al. (2013), who reported a
shift towards sympathetic dominance in
individuals exposed to chemical agents, with an
LF/HF ratio of 2.5. This finding suggests that
prolonged exposure to chemicals may cause an
imbalance in autonomic function, characterized
by an increase in sympathetic and a decrease in
parasympathetic activity.'’

The study’s findings regarding chemical
exposure in the case group (30% exposed to
industrial chemicals, 44% to household cleaning
products, and 20% to solvents) mirror the results
of Spector et al. (2012), who observed that
psychiatric  patients  frequently  encounter
chemical irritants in both occupational and
household settings.*® The most common type of
exposure in this study was household cleaning
products, followed by industrial chemicals.
Larson et al. (2014) also found that household
cleaning products were the leading source of
exposure in their study of chemical irritants
among individuals with  mental health
disorders.™ The higher prevalence of exposure to
industrial chemicals in this study compared to
Clark et al. (2011), who found 18% exposure to
industrial chemicals in their sample of
psychiatric patients, might be attributed to
regional or occupational differences.?

The correlation analysis between HRV measures
and chemical exposure duration revealed
significant negative correlations for SDNN,
RMSSD, PNN50, and HF, indicating that longer
exposure to chemicals is associated with reduced
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parasympathetic ~ activity. ~ The  negative
correlation of -0.35 for SDNN, -0.42 for
RMSSD, and -0.30 for PNN50 is similar to the
findings by Bakker et al. (2013), who reported
correlations of -0.33 for SDNN and -0.40 for
RMSSD in workers exposed to chemical
irritants.?* Additionally, the positive correlation
between the LF/HF ratio (r = 0.48) and chemical
exposure duration is consistent with the work of
Gellman et al. (2014), who found that long-term
exposure to environmental chemicals
significantly  increased the LF/HF ratio,
suggesting a heightened sympathetic response. 2
LIMITATIONS OF THE STUDY
e Small sample size, limiting generalizability.
e Possible recall bias in self-reported chemical
exposure.
e Confounding factors such as lifestyle habits
(smoking, alcohol use) affecting HRV.
e Lack of long-term follow-up to assess
sustained autonomic changes.
CONCLUSION
In  conclusion, this study highlights the
significant impact of chemical exposure on heart
rate variability (HRV) in psychiatric patients,

indicating  altered  autonomic  regulation
compared to healthy controls. Reduced
parasympathetic  activity and  increased

sympathetic dominance were observed in the
case group, particularly among those exposed to
industrial chemicals and household cleaning
products. These findings suggest that prolonged
chemical exposure may contribute to autonomic
dysfunction, which could have important
implications for the cardiovascular health of
psychiatric patients.
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