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Synergy between psychological impact and biochemical 
manifestation of stress among the COVID-19 
pandemic-affected population

Introduction

Globally, COVID-19 pandemic has reverberating consequences 
that led to the prevalence and persistence of anxiety, distress, 
and worry among populations. The stress associated with 
the fear of contracting the virus, family becoming sickened, 
isolation and quarantine measures, distress about separation 
from the family members, and the fear of long-term impacts of 
the global disruption served as a ground for the development 
of many physical and emotional disease conditions. Although 
the effect of the pandemic on the general population has been 
quite heterogeneous, with sporadic reports of stress resilience 
or no effect in some people, largely, the pandemic reflected 
a constant mental battle for a majority of people across the 
globe. In India, from January 2020 to September 06, 2023, 

there have been 44,997,326 confirmed cases of COVID-19 
with 532,023 deaths. WHO (2023) attributing COVID-19 as 
a major health crisis, threatening people’s lives and affecting 
their mental health leading to stress, anxiety, and depression.[1-3] 
The WHO reported that during the first year of the pandemic, 
the prevalence of anxiety and depression demonstrated a 25% 
increase worldwide,[4] which increased to 27.8% in 2023. Many 
studies demonstrated an impairment of cognitive functions 
and psychiatric disorders associated with the COVID-19 
pandemic.[5-8]

The persistence of stressful conditions induces the body to 
follow an array of biochemical modulations aimed at correcting 
the imbalances and coordinating the stress response. A series 
of stress mediators are released within different temporal 
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compartments of the body in a pattern specific to the type of 
stress and the level of individual resilience. This generates 
a diverse degree of susceptibility and resistance patterns. 
Relentless stress depletes the body’s ability to counter diseases 
and infections and affects the social aspects of a healthy 
life. In connection to the COVID-19 pandemic, two main 
features affecting mental health have been identified; the 
first relates to the fear of contagion, which may increase the 
perceived threat, causing panic, behavioral contagion, and an 
emotional epidemic.[9-11] The second relates to multiple and 
rapid changes to social, work-related, and familial habits due 
to social distancing measures.[12-14] The diagnosis involves 
the characterization of mental illnesses with qualitative and 
subjective measures of stress. However, these indices often 
lead to misdiagnosis and relatively imprecise insight into the 
severity of the condition. Furthermore, social stigmatization 
encompassing mental health is also a cause of non-compliance 
to the therapy or hesitation in seeking medical aid.

Psychiatric assessments for mental illness, when combined 
with laboratory investigation, may provide insights into 
the factors that determine the initiation and progress of 
prolonged psychological diseases. Studies have demonstrated 
an association between persistent psychological stress 
and an imbalance in oxidant-antioxidant homeostasis. An 
uncontrolled increase in oxidative stress identified by total 
antioxidant capacity (TAC) and thiobarbituric acid reactive 
substances (TBARS) triggers a multimodal stress response 
involving the neuroinflammatory, neuroendocrine, and 
metabolic junctions.[15] The neuroinflammatory processes 
hold significance in the manifestation of psychological 
stress, wherein the normal function of the immune system 
is negatively impacted. An alteration in the body’s TAC is 
associated with sleep disorders, depression, anxiety, and the 
development of neuropsychiatric disorders.[16]

The effect of stress manifested through the neuroinflammatory 
axis can be determined through C-reactive protein (CRP). The 
elevation in the CRP level is an indicator of chronic stress and 
may contribute to linking stress to low-grade inflammation 
and associated diseases. Many studies have demonstrated 
a correlation of CRP with the severity of disease in 
COVID-19 patients. CRP is also shown to be a good indicator 
of clinical outcome in many diseases.[17,18] Similarly, cortisol, a 
major player in the modulation of psychological and physical 
stress response is an indicator of the persistence of stress.[19] 
Cortisol significantly impacts metabolic functions as a response 
to stress.[20] Being a major regulator of neuroendocrine axis, 
an increased level of cortisol can lead to an increase in blood 
sugar, alterations in blood pressure, and suppression of the 
immune effectors.[21] Understanding the specific biomarkers 
and manifestation of psychiatric symptomologies can help 
in identifying the severity and extent of stress. Subsequently, 
this can provide insights into the critical mechanisms needed 
for the development of potential therapeutic and preventive 
interventions.

This study integrates the psychological indicators of stress 
with serum biochemical markers, providing a foothold in 
understanding the level of stress and associated mechanisms. 
Such information can help practitioner to identify stress and 
determine the course of treatment, and policymakers to develop 
mechanisms for restoring and promoting psychological health 
in the population.

Materials and Methods

Participation and sampling

This study was conducted from August 2021 to December 
2022. The participants were informed about the study and a 
written consent was obtained from all participants. This cross-
sectional study included 207 participants who were negative 
for COVID-19 quantitative polymerase chain reaction and have 
not had any episode of COVID-19 before or during the study. 
The study population prospectively included those attending 
the general medicine of the outpatient clinic of Era’s Lucknow 
Medical College and Hospital, India. To meet the objectives 
of the current study, four measures namely: COVID-19 
anxiety scale (CAS); perceived stress scale (PSS); preventive 
health behavior (PHB) scale, and demographic information 
bank (DIB) were used. The participant was given access 
to the online Google forms to complete the surveys, which 
also included information regarding the research objectives, 
confidentiality of the data, freedom to withdraw, and contact 
of the responsible researcher. The questionnaire starts with the 
informed consent to participate in this study. Participants can 
access the questionnaire only if they consented and agreed to 
participate in the study. The questionnaire took approximately 
15–20 min to fill. The completion of questionnaires was 
tracked and the date and time of the survey were noted. The 
participation in the study was solely on a voluntary basis and no 
compensation or incentive was offered. The instructions in the 
study indicated that; participation in the study was anonymous 
answering questions was voluntary and the participants can 
withdraw anytime. The data collected through this study are 
for research purposes only. The exclusion criteria were age, 
and only adults (above 18 years) were included in this study. 
Participants who had any episode of COVID-19 infection 
previously or during the study were excluded from the study.

Measures

Sociodemographic information blank
DIB includes information regarding age, gender, education 
level, marital status, personal monthly income, residential 
area, occupation and history of COVID-19 infection or disease, 
or other illness, and overall health index, of the respondents. 
The data were obtained through questionnaires, with a total of 
207 respondents, wherein, 57 questionnaires were incomplete 
and were excluded from the study. Finally, a total of 150 
participants 75 females and 75 males were included in the 
study.
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The CAS; Silva et al. 2020
The 7-item CAS was used to measure anxiety. In CAS, the 
participants indicated how much each item reflected their 
behavior in the last months, regarding COVID-19. A 4-point 
scale (0 = not applicable to me and 3 = very applicable to me) 
was used. The level of anxiety was measured by averaging 
the participants’ scores. The overall score ranged between 0 
and 21. The higher the average, the greater the anxiety of the 
individual regarding COVID-19. Cronbach’s alpha score on 
the scale was 0.89 and for the current sample, it was 0.861.

PSS; 10-item version (PSS10; Cohen et al., 1983)
The PSS10 is used to assess the respondents’ perceived 
stress (PS) due to the COVID-19 pandemic. This scale was 
originally compiled as a global 14-item based measure to 
evaluate the degree of stress caused by factors considered to 
be unpredictable, uncontrollable, or overwhelming.[22,23] The 
10-item version of the PSS was used in this study. Items were 
rated on a five-point Likert scale ranging from 1 (not at all) 
to 5 (very much). Participants have to respond according to 
their feelings or thoughts of COVID-19 for the past month. 
Of the total, four items (PS4, PS5, PS6, and PS7) were 
reverse items. The higher the score, the more stressful will be 
for the respondents. The PSS10 demonstrated good internal 
consistency (α = 0.801). In the current sample, it was 0.756.

PHB; Brug et al. 2004
COVID-19-related PHB was measured by adapting items 
from the study of Brug et al., who assessed SARS-related 
precautionary behaviors.[24] There were 16 items on the scale, 
four items specific to COVID-19 were added, with a total of 
20 items. The scale has a total of 20 items rated on a 5-point 
Likert scale (5 = “always” and 1 = “never”); a higher score 
implied a better degree of practice of preventive behaviors. 
A higher score presents greater engagement in PHB against 
COVID-19. The Cronbach’s alpha reliability of the scale in 
this study was 0.890.

Overall physical health (Ware and Sherbourne, 1992)
The Rand 36-item health survey (SF-36) integrates eight 
concepts of health including physical functioning, body pain, 
physical health problems, personal/emotional problem-related 
limitation, emotional well-being, social functioning, energy/
fatigue, and general health perceptions. In addition, one item-
based indication of perceived change is associated with health. 
The 36 items in SF-36 are adapted from extensive instruments 
filled by participants in the Medical Outcomes Study (Hays 
and Shapiro, 1992; Stewart, Sherbourne, Hays, et al., 1992).[25] 
The height and weight were obtained by trained personnel 
with a Tanita brand scale (model bc-533) and a measuring 
tape attached to the wall, which was used to calculate the 
body mass index (BMI). The hip and waist circumferences 
were also obtained by trained personnel using a measuring 
tape, and these measurements were used to calculate the 
waist-to-hip ratio.

Blood collection and laboratory investigations
Early morning blood samples (8 mL) were collected after 
8–10-h fasting, in a blood collecting tube (Vacuum II, Villfend 
Corporation). Sampling was carried out by a phlebotomist, and 
the sample was transferred to the laboratory. The serum was 
separated by centrifugation and stored at −80℃ until further 
analysis. Before sampling, the participants were informed 
about the sampling and protocols of the study in a simple and 
common language. Participants who agreed were asked to fill 
an informed consent form before sample collection.

Measurement of TAC
The serum TAC of the samples was assessed by ferric-
reducing antioxidant power (FRAP) assay.[26] The method 
follows a simple, quantitative, and automated colorimetric 
assay to determine the TAC for biological fluids by their 
ability to reduce ferric compounds. On reduction of ferric 
tripyridyltriazine complex to its ferrous form, the intense blue 
color of the complex is changed. This change is measurable 
through spectrophotometric assessment, and the difference in 
the absorbance is used to calculate TAC. The FRAP assay was 
carried out using a TAC kit (Merck, MAK187), according to the 
manufacturer’s protocol. The result is considered statistically 
significant when P < 0.05.

TBARS assay
The assay was carried out in serum using the TBARS (TAC 
Method; Assay Kit Item No. 700870, Cayman Chemicals). 
This assay allows indirect estimation of lipid hydroperoxide 
in human serum. The measurement was done according to 
the manufacturer’s protocol, using malondialdehyde as a 
standard. The reaction with TBARS analyzed the level of 
lipid peroxidation at 37°C at 535 nm and a molar extinction 
coefficient of 1.56 × 105/M/cm. The results were expressed as 
nM TBARS/min/mg.

Cortisol assay
Serum cortisol was measured in the serum sample using 
the enzyme-linked immunosorbent assay (ELISA), with 
absorbance at 450 nm (Cortisol ELISA Kit -ab108665, 
Cambridge, UK) in the serum samples, in accordance with the 
manufacturer’s instructions. The samples and standards were 
run in triplicate. The detection limit for cortisol was 0.1 µg/dL 
with inter- and intra-assay variations of <5.6% and 7.2%. The 
sensitivity of the test method was 96% and specificity was 
93%. The kit demonstrates no cross-reactivity.

CRP testing
The serum samples were tested for CRP using the human 
CRP ELISA Kit (CRP - ab260058, Abcam), according to the 
manufacturer’s protocol. Briefly, the protocol was based on the 
colorimetric assessment using the sandwich ELISA method. 
The sensitivity of the method was 5.36 pg/mL and covered a 
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range between 18.75 pg/mL and 1200 pg/mL. The test assay 
has a 100% sensitivity 94% specificity and 0% cross reactivity.

Statistical testing

The data were statistically analyzed using SPSS, v24 (IBM 
SPSS Software, Chicago, IL, USA). The results are presented 
as bars and scatter dots with information about the mean and 
SD. All relevant statistical information is presented in the figure 
legends. Spearman’s correlation coefficients (r) were used to 
evaluate the association between the variables. The values of 
“r” between 0.2 and 0.39 were considered as weak, between 
0.4 and 0.59 as moderate, and between 0.6 and 0.79 as a strong 
association between the tested variables. The P < 0.05 were 
considered statistically significant.

Ethical statement

The study protocol was approved by the Institutional 
Ethics Committee with the reference number ELMC & 
H/20 21R-cell/178. The study was conducted with full 
consideration regarding participant well-being amidst 
pandemic-related stress, as mentioned in the participation and 
sampling section (Section 2.1).

Results

Sociodemographic characteristics

Table 1 depicts that majority of the participants 118 (78.7%) 
were in the age group of 18–29 years, 25 (16.7%) were 
between 30 and 34 years, and 7 (4.7%) were between 35 
and 45 years. The gender information shows that male and 
female respondents included in the study were equal 75 (50%). 
The information for the educational profile indicates that 
7 (4.7%) were educated up to a certificate course or a diploma, 
54 (36.0%) were graduates, 80 (53.3%) were post-graduates or 
PhD, 9 (6.0%) were educated up to intermediate, and 3 (2%) 
were educated up to high school. The educational profile reflects 
that most of the people in the study were highly educated up to 
post-graduation or PhD. The marital status of the group shows 
that 49 (32.7%) were married and remaining 101 (67.3%) were 
unmarried (single, widowed, or divorced). With regards to 
the job status of the respondents, data indicate that 11 (7.3) of 
them were businessmen, 39 (26%) were employed, 4 (2.7%) 
were homemaker, 85 (56.7%) were students, and 11 (7.3%) 
were unemployed. Hence, the overall profile indicates that 
most of the respondents were students. The income profile of 

Table 1: Sociodemographic characteristics of the participants and study variables. The values in the table show the number (n) and 
frequency (%) of different categories of eight variables including age, gender, education level, marital status, residence, job status, and 
annual income. Somatic health characteristics values are given as mean±SD
Variables Categories No. of participants (n) Frequency (%)

Age (18–45 years) 18–29 118 78.7

30–34 25 16.6

35–45 7 4.7

Gender Male 75 50

Female 75 50

Education level Up to senior secondary 11 7.3

Graduation 39 26

Higher degree (postgraduation, PhD, etc.) 15 10

Marital Status Married 49 32.7

Single 101 67.3

Residence Rural 18 12

Urban 132 88

Job status Business 11 7.3

Employed 39 26

Homemaker 15 10

Student 85 56.7

Annual Income Above Rs 71,000 47 31.3

<Rs 10,000 11 7.3

Rs 11,000–Rs 30,000 30 20

Rs 31,000–Rs 70,000 62 41.3

Mean±SD

Somatic health characteristics Body mass index 27.31±4.71

Central adiposity (waist-to-hip ratio) 0.89±0.09

Overall physical health 90.71 ± 4.65
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the study population shows that 47 (31.3%) have a monthly 
income above 71,000 INR, 11 (7.3%) have an income <10,000 
INR, 30 (20%) people have an income within the range of 
11,000–30,000 INR, 35 (23.3%) have an income within the 
range of 31,000–50,000 INR and 27 (18%) of the participants 
have an income between 51,000 and 70,000 INR. Overall, the 
monthly income of the respondents was over 71,000 INR. The 
residential status shows that 18 (12.0%) people belonged to 
the rural area whereas 132 (88%) belonged to the urban area 
indicating that most of the respondents were from the urban 
area. The physical health characteristics showed a BMI with a 
mean ± SD of 27.31 ± 4.71, a central adiposity of 0.69 ± 0.09 
(mean ± SD), and an overall physical health index of 90.71 ± 
4.65 (mean ± SD), which reflects that most of the respondents 
were in good health condition. A total of 207 questionnaires 
were received, however, incomplete responses, participants with 
any chronic health conditions such as diabetes, heart problems, 
and respiratory conditions were excluded from the study. The 
total number of participants after the exclusion of incomplete 
questionnaires, and people with chronic disease was 150.

Psychological distress

Table 2 demonstrates that the mean and SD of PS was 18.72 ± 
6.42, with minimum and maximum values being 1.00 and 32.00. 
Similarly, the mean and SD of COVID-19 anxiety (CA) was 
10.10 ± 5.34, with 0.00 and 21.00 as minimum and maximum 
values. The mean value and SD of PHB were 52.42 ± 11.66, 
with 15.00 and 76.00 being the minimum and maximum values. 
Table 3 and Figure 1 demonstrate the level of stress for each 
variable, indicating the prevalence frequency of low, moderate, 

and high stress levels. The range was low at ≤7.00 for CA, ≤17.0 
for the PS, and ≤49.00 for PHB. The stress was considered 
moderate within the range of 8.00–13.00 for CA, 18.00–21.00 
for PS, and 50.00–58.00 for PHB. A score of >22.00 for PS, 
>14.00 for CA, and >59.00 for PHB was considered high. Of 
the total, 64 (42.7%) of participants experienced low levels of 
stress, 39 (26.0%) had moderate, and 47 (31.3%) experienced 
high levels of stress. The majority of adults, 86 (57.3%), had 
moderate-to-high levels of stress. In addition, 68 (45.3%) 
respondents had a low level of anxiety, 36 (24.0%) had moderate, 
and 46 (30.7%) had a high level of anxiety. More than half of the 
adults, 82 (54.7%), experienced moderate to high levels of CA 
stress. Furthermore, Table 4 demonstrates a significant difference 
between males and females was observed in PS (P = 0.003) and 
CA (P = 0.000). In contrast, no significant difference was present 
between male and female participants in PHB (P = 0.143).

An independent t-test was performed to compare the mean 
scores of male and female adults on PS, CA, and PHB. As 
shown in Table 4, the mean score for PS for males (M = 17.1733, 
SD = 2.787) and the mean score for females (M = 20.273, 
SD = 1.623) was similar. The mean difference of 3.033 was 
significant at P < 0.01 (t = 3.033, P = 0.003). For CAS, there 
was a significant difference in the mean score for males (M = 
8.5867, SD = 2.387) and females (M = 11.613, SD = 2.876; t = 
3.607, P = 0.000). Moreover, the difference in the mean score 
of PHB for males (M = 54.173, SD = 14.014) and females was 
not significant (M = 57.106, SD = 10.003; t = 1.474, P = 0.143).

We observe a prevalence of moderate-to-high levels of stress 
and anxiety among the participants in general and women in 
particular. In addition, adherence to the recommended PHBs, 
such as wearing masks and maintaining social distancing was 
inadequate. The results further revealed different levels of 
stress, anxiety, and health behavior significantly linked with an 
elevated level of biochemical indices such as serum cortisol, 
TAC, TBARS, and CRP (Figure 3). The increased level of 
these biomarkers adversely affects the health parameters. 
The results emphasize the need that special attention should 
be given to the mental health problems of the population in 
general and women in particular, as they are more susceptible 
to stress and anxiety.

Table 2: Sample size and descriptive statistics of the study 
variables. The table shows the sample size assessed for three 
stress variables the minimum and maximum score and the 
mean±SD for each variable
Variable Sample 

Size (N)
Minimum Maximum Mean±SD

Perceived Stress  150 1.00 32.00 18.72±6.42

Covid Anxiety  150 0.00 21.00 10.10±5.34

Preventive 
Health Behavior

 150 15.00 76.00 52.42 ± 11.67

Table 3: Prevalence of stress levels among the study population: range, level, frequency, and percentage
Variable Range Level Frequency (f) Percentage

Perceived stress ≤17.0 Low 64 42.7

18.00–21.00 Moderate 39 26.0

22.00+ High 47 31.3

COVID-19 Anxiety ≤7.00 Low 68 45.3

8.00–13.00 Moderate 36 24.0

14.00+ High 46 30.7

Preventive Health Behavior ≤49.00 Low 63 42.0

50.00–58.00 Moderate 46 30.7

59.00+ High 41 27.3
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Psychological distress associated biochemical 
alterations
Table 5 and Figure 3 indicates that psychological stress is 
correlated with significant changes in the blood biochemistry, 
and these alterations arbitrate the level of stress. A decrease 
in TAC was observed in PS, with a mean ± SD of 2.84 ± 
0.29 in low stress, 1.02 ± 0.56 in moderate stress, 0.78 ± 

Figure 1: The distribution of low, moderate, and high-stress levels in 
different stress conditions. The colored bars represent the frequency 
at which each stress is prevalent in the study population. The green 
is representative of low, high, and moderate stress in the perceived 
stress category, orange for COVID-19 anxiety, and blue for preventive 
health behavior. Grey bars represent the percentage reflecting the 
frequency for each group (low, moderate, and high)

Table 4: Difference between male and female participants on perceived stress, COVID-19 anxiety, and preventive health behavior
Variable Gender Number of participants Mean±SD t‑value P‑value

Perceived stress Male 75 17.17±6.79 3.033 0.003*

Female 75 20.27±5.65

COVID-19 Anxiety Male 75 8.59±5.39 3.607 0.000*

Female 75 11.61±4.88

Preventive Health Behavior Male 75 54.17±14.01 -1.474 0.143

Female 75 57.11 ± 10.00
*P<0.001 is considered statistically significant. *P-value was calculated using the Chi-squared test, Student’s t-test, and Mann—Whitney U test

Table 5: Stress variables and the serum concentration of biochemical markers (TAC, TBARS and CRP) were obtained for each category 
of participants (low, moderate, and high). Frequency (%) is the number of people from the category tested for serum biochemical markers. 
The total number of participants in the study who filled out questionnaires was 150, out of which 121 participated in blood sampling
Variable Level Frequency (f) TAC mM TBARS (µM) Serum cortisol (µg/dL) CRP mg/L

Perceived stress Low 49/64 2.84±1.17 1.34±0.33 16.7±3.33 7.22±2.67

Moderate 33/39 1.02±0.76 2.98±1.01 26.0±2.19 10.45±3.35

High 39/47 0.78±0.23 3.91±1.21 31.3±3.11 12.57±2.34

COVID-19 Anxiety Low 37/68 2.99±0.98 1.97±0.43 24.0±3.23 9.98±2.56

Moderate 22/36 0.98±0.43 3.19±0.76 30.7±4.32 11.56±2.78

High 43/46 0.69±0.12 3.87±0.91 45.3±4.98 13.45±1.98

Preventive Health 
Behavior

Low 31/63 2.89±1.08 2.73±1.56 42.0±3.78 6.75±2.90

Moderate 40/46 0.95±0.34 1.97±0.98 30.7±3.54 6.25±1.78

High 39/43 0.67 ± 0.27 2.78 ± 1.35 27.3 ± 3.78 6.95 ± 1.45
TAC: Total antioxidant capacity, TBARS: Thiobarbituric acid reactive substances, cortisol, CRP: C-reactive protein

0.29 in high stress. There was a significant difference in TAC 
concentrations between high- and low-stress levels, while 
no significant change was observed between moderate and 
high-stress values. The results indicate the presence of low 
total antioxidant status in the participants. To further assess 
the oxidative profile of participants, TBARS was measured in 
the same serum samples. TBARS measures lipid peroxidation 
indicating oxidative damage. TBARS was found to be higher 
in high level of stress in PS category as well as CAS and PHB 
categories. The svalues were significantly higher in PS, ranging 
1.34 ± 0.33 in low, 2.98 ± 1.01 in moderate, and 3.91 ± 1.21 
in high stress. Similarly, the CAS group also demonstrated 
a high concentration of TBARS equal to 1.97 ± 0.98 in low, 
3.19 ± 0.76 in moderate, and 3.87 ± 0.91 in high stress. In 
PHB, the level of TBARS was 2.73 ± 1.26 in low, 1.97 ± 1.14 
in moderate, and 2.78 ± 1.15 in high stress. The difference 
between the low and high stress was non-significant.

To evaluate the neuroendocrine axis of stress, we determined 
the serum cortisol concentrations in the participants. High 
concentration of cortisol was found to be associated with 
high levels of stress and as a cause for a range of physical and 
mental health disorders. In the PS category, low stress was 16.7 
± 3.33, moderate stress 26.0 ± 2.19, and high stress 31.3 ± 3.11, 
respectively. In the CA category, serum cortisol values were 24.0 
± 3.23 in low stress, 30.7 ± 4.32 in moderate stress, and 45.3 ± 
4.98 in high-stress groups. In the PHB category, low stress was 
associated with a serum cortisol of 27.3 ± 3.78, moderate stress 
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with a serum cortisol concentration of 30.7 ± 3.54, and high 
stress with a serum cortisol concentration of 42.0 ± 3.78. We 
observed that high stress correlates with a high concentration of 
cortisol in all three categories. Furthermore, the range of increase 
in cortisol is higher in CA and PHB than in PS.

We also assessed the neuroinflammatory axis of stress 
transduction by analyzing serum CRP. Being a non-specific 
indicator of inflammation, even a slight to moderate increase 
in CRP can be used as an early indicator of the production 
of cytokines. Our study observed that in the PS category, 
CRP was 7.22 ± 2.67 in the low-stress group, 10.45 ± 3.35 
in moderate-stress group, and 12.57 ± 2.34 in the high-stress 
group. In the CA category, CRP was 9.98 ± 2.56 in low stress, 
11.56 ± 2.78 in moderate stress, and 13.45 ± 1.98 in high stress. 
However, the level of CRP was 6.75 ± 2.90 in low, 6.25 ± 1.78 
in moderate, and 6.95 ± 1.45 in high-stress groups in the PHB 
category. Overall, the values of CRP were considerably close 
to the normal range in low, moderate, and high stress in the 
PHB category.

A link has been demonstrated between chronic psychosocial 
stress and CRP, which can subsequently lead to the development 
of diseases associated with low-grade inflammation; CRP may 

be an important indicator of stress with a propensity for disease 
progression in patients.

Correlation between psychological stress level 
and biochemical markers
To ascertain the correlation between stress and its biochemical 
effectors, we carried out Spearman’s rank correlation analysis, 
with the p-value for each correlation set at P < 0.05. As 
shown in Figure 2, the results indicate a negative correlation 
of serum TAC with the three categories of stress (PS, CA, 
and PHB). Contrarily, TBARS, cortisol, and CRP show a 
positive correlation with stress in all the categories. In our 
analyses, we observed that increased stress demonstrated a 
higher correlation with all biomarkers. High-stress levels 
show a strong negative correlation with plasma TAC levels. 
Specifically, a higher negative correlation was observed in 
CA (with −0.54, −0.65, and −0.81) as compared to PS (−0.47, 
−0.65, and −0.62) and PHB (−0.27, −0.41, and 0.51). We 
observed that an increase in serum TBARS showed a positive 
correlation with the three categories of stress, PS (0.34, 0.67, 
and 0.78), CA (0.56, 0.65, and 0.87), and PHB (0.39, 0.56, and 
0.76). Similarly, cortisol was strongly positively correlated 
with PS (0.61, 0.69, and 0.75), CA (0.71, 0.72, and 0.83), and 
PHB (0.51, 0.65, and 0.65). Furthermore, CRP also showed a 

Figure 2: Heat map of correlation between biochemical markers and low, moderate, and high stress within PS, CA, and PHB categories. The heat 
map demonstrates the degree of correlation between stress levels (low, moderate, and high) and the four metabolites (TAC, TBARS, Cortisol, 
and CRP), which were found to be significantly altered in serum in stress conditions. The heat map is generated for all three stress categories: PS, 
CA, and PHB. The adjusted P-values are set at P < 0.05. The red bars indicate a negative (-) correlation, and the green bars indicate a positive (+) 
correlation. PS: Perceived stress, CA: COVID-19 anxiety, PHB: Preventive health behavior, TAC: Total antioxidant capacity, TBARS: Thiobarbituric 
acid reactive species, CRP: C-reactive protein, “+” represents positive correlation, and “-“ represents negative correlation
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strong positive correlation with PS (0.59, 0.63, and 0.67) and 
CA (0.77, 0.81, and 0.86) and a moderate correlation with PHB 
(0.44, 0.45, and 0.45). Notably, no difference was observed in 
the correlation between CRP and the level of stress in the PHB 
category). We ascertain that correlation analysis demonstrated 
that the psychological component of well-being is connected 
with the four biomarkers tested in this study.

Discussion

The COVID-19 pandemic was closely associated with 
stress, anxiety, and depression in the population vis-à-vis the 
pathological outcomes of the disease.[27,28] Stress impacted almost 
everyone globally to varying degrees and extents.[29-31] The 
sudden and unprecedented changes in life due to the COVID-19 
virus outbreak were overwhelming, significantly affecting the 
prevalence of the stress, anxiety, and health behavior among the 
people.[31] Hence, assessing psychological indices is imperative 
in restoring psychosocial and physical health stability in the post-
COVID-19 era.[31,32] From the therapeutic perspective, empirical 
assessment of psychological measures mandates understanding 
biochemical parameters that can directly indicate the extent and 
type of stress. The current study is one of the few to address 
psychological variables and associated biochemical markers in 
the Indian population during the COVID-19 pandemic.

The results indicate the prevalence of moderate to high 
stress among the studied population in general and women 
in particular (Table 4). According to various reports from 
different regions of the world, similar levels of stress have 
been observed. Women and younger people were the most 
disproportionately affected, and multifactorial stress was 
observed to be exacerbated among women.[33] Female caregivers 
and women who were pregnant during this time comprise the 
most stressed group among the female population.[34,35] Many 
reports specifically demonstrate a higher PS and CA in women 
associated with an increased compliance with the PHB, similar 
to our study [Table 4]. Several studies consistently report that 
men’s compliance to several PHB measures is lower than 
females.[36,37] An important reason for this disparity may be due 
to the higher agreeableness and conscientious inclination of 
women than men, which subsequently leads to a willingness 
to comply more to PHB.[38]

This study provides evidence for the prevalence of stress and 
anxiety among the respondents (Figure 1). More than half of the 
adults reported having moderate to high levels of stress (57.3%) 
and covid-related anxiety (54.7%) in their day-to-day life while 
living with the COVID-19 crisis. The result is consistent with 
the study conducted by Verma and Mishra (2020), who reported 
a 25%, 28%, and 11.6% prevalence of depression, anxiety, 
and stress, respectively, among the Indian population during 
the lockdown.[29] The level was moderate to extremely severe. 
Similarly, Roy et al. also reported high levels of anxiety among 
Indians during the COVID-19 era.[39] In another study, Rehman 
et al. (2020) reported mild-to-moderate levels of psychological 

distress during the lockdown. A study by Wang et al. found 
severe psychological distress (anxiety, stress, and depression) 
during COVID-19 among Chinese nationals.[11]

PS is pivotal to the overall psychological and physical 
dimensions of health, contributing to physical functioning and 
healthcare, and a predictor of morbidity and mortality.[40,41] PS 
contributes to the development of considerable mental stress 
and well-being. We observed a negative correlation between 
PS and serum levels of TAC and a positive correlation with 
TBARS, cortisol, and CRP associated with an increase in PS 
(Figure 2). PS is a subjective indicator and harbors a relevance 
in many health conditions including cancers and has been 
demonstrated as a predictor of survival.[42] We can conjecture 
that improving health management can buffer the harmful 
effect of PS on psychological and physical health.

A low-to-moderate level of compliance with preventive health 
guidelines was observed in the present study. PHB is of utmost 
importance in combating the spread of the virus, and the low-to-
moderate compliance observed in our study was alarming. It is, 
therefore, crucial to identify the key factors influencing individual 
compliance with the required health behavior. Understanding 
people’s perceptions and behavior during and after the pandemic 
could guide the practice of preventive health measures for 
current and future pandemics or similar situations. The findings 
of the study underscore the need to use the health belief model, 
as an effective framework for identifying a wide range of PHBs. 
The biochemical reflection of adherence to PHB varying from 
low to high can be observed in a decrease in the TAC (2.02± in 
high, and 1.22± in low) as the adherence reduced from high to 
low [Figure 3a]. Similarly, high adherence to PHB is associated 
with lower levels of TBARS and cortisol compared to moderate 
and low adherence to PHB [Figure 3b and c]. The results indicate 
a direct correlation between PHB adherence and reduction in 
the biochemical indicators of stress; however, combatively low 
changes were observed in CRP values [Figure 3d]. CRP was 
significantly higher in low PHB adherence than in moderate and 
high adherence, with no significant difference between moderate 
and high PHB adherence. This could be addressed based on the 
possibility of high exposure to stressors when low PHB was 
observed. Contrarily, comparatively higher levels of CRP in the 
high PHB adherence category may be due to psychological stress 
inherent in the behavior that leads a person to practice extreme 
caution and strictly follow PHB. Nonetheless, the COVID-19 
pandemic inflicts a range of stress to intrinsically persuade stress-
susceptible individuals toward high PHB practice.

The assessment of serum samples for each stress category 
identified low TAC concentration, which strongly correlates with 
psychological stress in individuals with low, moderate, or high 
levels [Figure 3]. This alteration is inversely proportional to the 
stress level, wherein an increase in stress levels is linked to a 
decrease in the TAC. Our results coincide with previous studies 
that psychological stress related to job, academic, or personal life 
is related to imbalances in the oxidative hemostasis, which can 
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subsequently lead to the development of oxidative stress.[43,44] In 
disease conditions, an increase in pro-oxidants usually precedes 
immune activation and inflammation processes associated with 
the development of numerous diseases and disorders. Nonetheless, 
in the absence of any disease, an increase in oxidative stress may 
be directly linked to psychological stress. On the other hand, low 
blood TAC values have the potential to induce psychological 
disturbances. Studies have demonstrated a link between low 
dietary TAC and the subsequent development of stress, sleep 
disorders, depression, and anxiety. Numerous studies have shown 
a clear relationship between suicidal tendencies and oxidative and 
nitrosative stress.[45-47] Unipolar and bipolar psychiatric disease 
patients have been associated with the high oxidant load observed 
in large-scale studies.[48,49] Hence, a clear connection has been 
established between TAC and stress, depression, and anxiety 
states. Although the current researches reveal that low TAC can 
be a cause or an effect of stress, we conjecture that the intense 
stress generated due to disease spread and preventive measures 
during the COVID-19 pandemic, a reduction in the TAC may 
be an effect of stress. The reduced antioxidant potential and the 
generation of oxidative stress can become an initiating node for 
a cascade of effectors spanning metabolic, neuroinflammatory, 
and neuroendocrine axes. The current study also found elevated 
cortisol levels, normally induced as a response to stress. Studies 
have identified an increase in cortisol as an important biomarker 
for assessing the probability of onset and the severity of mental 
illnesses. During the pandemic phase, cortisol is of significant 
relevance when a general increase in the prevalence of mental 
symptoms was observed, associated with preventive measures 
and infection spread.[21] It is known that exposure to stress 

and perceptions of stress lead to the modulation of systemic 
inflammation.[50,51] Most studies have identified a correlation 
between diurnal cortisol slope changes and psychosocial stress, 
demonstrating a direct association with inflammation, that is, 
CRP, interleukin-6, fibrinogen, etc. In our study, we observed a 
distinct increase in cortisol levels in the PS category, wherein an 
increase is proportional to an increase in stress levels. However, 
low stress showed the highest cortisol levels in the CA category 
and comparatively lower in the moderate- and high-stress 
categories. This could be reflective of the allosteric load in 
people with significant chronic stress. Low cortisol in high-stress 
indicates adrenal fatigue, which can lead to chronic inflammation. 
As indicated by our analyses, we observe increased CRP levels in 
people who reported CA. The CRP is significantly increased in a 
low-stress group compared to moderate and high-stress groups. 
Long-term exposure to stress has shown prominent repercussions 
in the immune axis, with an increase in the risk for hypertension, 
diabetes, gastrointestinal disorders, and immunosuppression.[52-54] 
In a longitudinal cohort on women’s health, moderate and high 
levels of PS were identified to increase the risk for diabetes.[54,55] 
Our results are also supported by the outcome of animal studies 
demonstrating structural and functional deficits as a result of 
social isolation and learned helplessness.[56,57] This was directly 
associated with increased cortisol in animal models.[58] Studies on 
human and animal models indicate a direct correlation between 
altered functionality of the brain that reflects qualitatively in the 
behavior associated with depression. Our results align with the 
allostatic load model of psychosomatic health, wherein cortisol 
plays a central role in integrating stress exposure to PS and 
anxiety with immune functioning.[59-61]

Figure 3: The effect of low, moderate (mod), and high levels of stress on biochemical indices of (a) Total antioxidant capacity, (b) Thiobarbituric 
acid reactive substances, (c) cortisol, and (d) C-reactive protein. The data indicate the difference between each biomarker at different stress 
levels in three subsets: perceived stress, COVID-19 anxiety, and preventive health behavior. Each stress is color coded with green for perceived 
stress, orange for COVID-19 anxiety, and blue for preventive health behavior
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Conclusion

The findings of the present study indicate the prevalence of 
moderate to high stress and anxiety among literate Indian 
adults during the COVID-19 pandemic. Corroborated with 
the biochemical markers, namely, TAC, TBARS, cortisol, 
and CRP, the study affirms the presence of stress in the study 
population. The results emphasize the need for special attention 
should be given to the mental and physical health problems 
of the population in general and women in particular, as they 
are more susceptible to stress and anxiety. The adherence to 
COVID-19 PHB was found to be poor to moderate among the 
people. Comparatively, a limited proportion of people strictly 
follow the COVID-19 preventive guidelines. Given the vital 
role of PHBs in reducing the spread of diseases, there is a 
need to enforce preventive health measures in public and take 
necessary steps for compliance. Furthermore, the presence 
of chronic psychological stress influenced an increase in the 
levels of serum TBARS, the marker of lipid peroxidation, 
cortisol, and CRP levels, and the overall antioxidant 
capacity. Hence, a decrease is observed in the serum TAC. 
It is therefore evident that long-term stress, as observed in 
the COVID-19 pandemic times, could subsequently alter 
oxidative homeostasis by its effect on neuroinflammatory, 
neuroendocrine, and metabolic junctions, affecting the overall 
immune functioning of an individual. The general COVID-19-
associated anxiety demonstrates a high score in our study. This 
study underlines the importance of biochemical indices and 
psychological measures synergistically enhancing the health-
care ability to prognosticate stress levels in the population 
specifically. Despite its limitations, this research significantly 
contributes to the current global stress management need. The 
government and other agencies can use it to tackle the adverse 
psychological effects of COVID-19-related stressors among 
literate Indian adults.
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