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ABSTRACT… Objective: To investigate the processes that make people with panic disorder more vulnerable to the anxiety 
brought on by exposure to carbon monoxide. Study Design: Randomized, Cross-over Design. Setting: Hayatabad Medical 
Complex and Khyber Girls Medical College. Period: April 2022 to December 2022. Material & Methods: Patients with anxiety-
related conditions and volunteers in good health who underwent CO2 testing were included in the research. Various gas 
mixtures, including air, 5% CO2, and 7.5% CO2, were administered to participants in a random order. Behavioral measures, 
physiological parameters, and biochemical markers were assessed during and after CO2 inhalation. Results: Panic 
episodes were elicited in both patients with panic disorder and healthy controls by inhaling 5% CO2. Panic disorder patients 
experienced significantly higher anxiety, nervousness, dread, and sadness levels during 5% CO2 inhalation compared to 
healthy subjects. Physiological effects, such as increased pulse rate, contrasted those with panic disorder with those without 
it. No significant changes were seen in either group as a result of inhaling CO2 with respect to bloodstream levels of “free 
3-methoxy-4-hydroxyphenylglycol, cortisol, growth hormone, or prolactin”. Conclusion: The inhaling of CO2 may trigger 
panic episodes and cause more intense behavioral and physicological reactions in those with panic disorder. 
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INTRODUCTION
Anxiety can be brought on by carbon dioxide 
inhalation in both nervous individuals and healthy 
persons.1 In healthy persons, the anxiogenic 
concentration range is between 6% and 13% 
for inhalation times ranging from two to twenty 
minutes.2 Even when exposure to higher levels 
of CO2 is only restricted to a few inhalations, it 
is anxiogenic. The anxiogenic effects of C02 
inhalation may be more sensitive in patients 
with panic anxiety disorders.3 In two of three 
recent patient trials, it is shown that individuals 
with panic disorders are more likely than healthy 
participants to experience an increase in anxiety 
when exposed to CO2.4 In Pakistan, the mean 
overall prevalence of anxiety and depression 
based on community samples is 33.62%, with a 
point prevalence of 45.5 % in women and 21.7% 
in men.5

Unknown are the processes by which CO2 causes 
anxiety as well as the reasons underpinning people 
with panic disorders’ behavioral sensitivity to 
CO2.6 These methods may entail C02 stimulating 
noradrenergic neural activity, according to a 
theory.7 Carbon dioxide increases norepinephrine 
turnover and brain catecholamine synthesis in 
rats, as well as the rate at which neurons fire in 
the locus ceruleus noradrenergic nucleus of 
rats and “3-methoxy-4-hydroxyphenylglycol” 
levels in the plasma of rhesus monkeys, which 
is a metabolite of norepinephrine8 Patients with 
PD always begin a description of their disorder 
by reporting symptoms related to breathing, the 
heart, the digestive tract and ‘nerves.9,10 Due to 
the somatic symptoms, 90% of patients with PD 
believe they have a physical condition instead of 
a mental disorder. Therefore, proper diagnosis 
and management of these patients is important 
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for mental health professionals and general 
physicians alike.11

The underlying causes of anxiety disorders 
may be illuminated by investigating the 
mechanisms behind C02’s differently anxiogenic 
and anxiogenic effects in people with panic 
disorders.11 The goals of the current study were 
twofold: first, to confirm that patients with panic 
disorders are more vulnerable to the anxiogenic 
effects of CO2 compared to sound subjects; and 
second, to ascertain whether the consequences 
seen in these individuals at fewer carbon dioxide 
proportions are also present in healthy people 
at higher levels. Another goal was to discover 
how C02’s noradrenergic actions contribute 
to its anxiety-inducing properties. Plasma 
methylhydroxyphenylglycine will employed as 
a surrogate marker for central and peripheral 
noradrenergic turnover. we suggest that the 
reported variability in CO2-induced panic rates 
across studies might, in part, be due to differences 
on important methodological parameters, 
including the panic provocation method, the 
approach taken for panic assessment, and the 
criteria used to define panic attacks. We argue 
that the lack of methodological standardization 
in studies using CO2 panic challenge reduces 
substantially the advances in our understanding 
of PD that these studies might provide.

MATERIAL & METHODS
The study objective was to investigate the 
processes that make people with panic disorder 
more vulnerable to the anxiety brought on by 
exposure to carbon monoxide. The study design 
was randomized, cross-over design in Hayatabad 
Medical Complex and Khyber Girls Medical 
College from April 2022 to December 2022 after 
approval from ethical committee 78-N(10-4-22). 
All participants in this study provided written 
informed permission before beginning. Patients 
themselves or were referred by experts who had 
heard about the therapy program via word-of-
mouth or had read about it in the local press.

Diagnosis of severe depression and obsessive-
compulsive disorder. In none of the individuals 
with comorbid conditions were the panic attacks 

limited to depressive episodes or primarily 
triggered by obsessive-compulsive symptoms. All 
of the patients had good overall health. Physical 
exam, electrocardiogram, and lab tests for 
haematology, hepatic, renal, and thyroid function 
all returned normal results in each patient. The 
mean age of patient was 35.8 1.5 years.

All participants in the research started weekly 
group psychotherapy after they were enrolled. 
The C02 testing was done while receiving a 
placebo for the first time. The inclusion criteria 
were prior to their first test day, all patients but two 
had maintained a drug-free lifestyle for a minimum 
of five weeks in a row. Both patients had gone 
three and two weeks without using any drugs. 
Throughout the trial, patients were asked not 
to take any additional psychotropic medicines. 
Exclusion criteria was patients who had chronic 
illness, and are on medication.

Advertisements and recommendations from 
other healthy individuals were used to find healthy 
volunteers. Each participant provided written 
informed permission to participate in the study. 
Based on a psychiatric interview, inclusion criteria 
were determined that the healthy participants 
had no mental disorders, and no one in their 
immediate family has ever been diagnosed with 
a mental disorder. The healthy volunteers had 
similar health screening results to the patients 
and reported no use of psychoactive drugs in the 
four weeks prior to screening.

The Clinical Neuroscience Research Unit was 
used for the C02 testing. Patients received one 
session of 5% C02 testing and one session 
of placebo testing.1 Test sessions with air, 5% 
CO2, and 7.5% CO2 were performed on healthy 
volunteers. The testing sessions occurred on 
different days and in a jumbled schedule, and the 
administration instructions were similarly chaotic.

The used gas mixtures included air (0.03% CO2, 
21.1% oxygen, and 79.1% nitrogen), 5% C02 (5% 
CO2, 21.1% oxygen, and 74% nitrogen), and 
7.5% C02 (7% CO2, 21.1% oxygen, and 71.5% 
nitrogen)12 The C02 mixtures were of a clinical 
blood gas grade manufactured specifically for 
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equipment calibration. The test gas mixtures were 
transported in a clear plastic canopy hood with a 
removable top and a sloppy neck seal.

The hood had a 70 L/min airflow rate, which 
entered via a hole behind the subject’s head and 
exited through a port near the subject’s neck. 
A C02 analyzer was utilized to continuously 
measure the percentage of CO2 in the hood, with 
its sample intake positioned around 13 cm in front 
of the subject’s lips. On days with 5%, 7.5%, and 
air-grade 5% C02, as well as on days with 5% and 
7.5% C02 with the gas that would be provided to 
the person, the C02 analyzer was calibrated.

Physiologic and Biochemical Methods
The individual was supine when a study nurse 
took their vital signs. 15 seconds were spent 
taking the wrist pulse. With the use of a mercury 
sphygmomanometer, the blood pressure (BP) 
was measured. The individual was allowed to 
lie still for one minute while breaths were softly 
counted.

Gas chromatography-mass spectrophotometry 
was used to measure the plasma free MHPG 
concentrations. Through the use of a double-
antibody radioimmunoassay, plasma growth 
hormone was evaluated. 45 Plasma cortisol 
and prolactin concentrations were measured 
using radioimmunoassay kits. Duplicate plasma 
specimens were analyzed to lessen technique 
variation. The specific values provided are the 
means of the two specific values obtained from 
these samples.

Behavioral Measures
Self-report measures included visual analogue 
scales (VASs) and the Panic Attack Symptom 
Scale.13 Thirteen different emotional states, 
including those in Table-III and others including 
sadness, sleepiness, activity, and anger, were 
rated using the participants’ VASs. The subject 
marked his present emotional state perpendicular 
to a 100 mm line at the left edge of the scales, 
and the distance between the two points was 
measured in millimeters. As a result, the scores 
might be between 0 (not at all) and 100 (the highest 
ever). Additionally, participants took the PASS, a 

test intended to gauge the intensity of symptoms 
frequently connected with panic episodes or 
elevated states of functional autonomy. 

RESULTS
C02-Induced Panic Attacks
At 5% carbon dioxide, both patients and healthy 
persons experienced anxiety that was diagnostic 
of a panic attack “Fisher’s exact test, two-taile”. 
Patients did not have any anxiety attacks after 
CP.01’s air session. The anxiety caused by 7.5% 
CO2 was severe enough to cause a panic attack 
in 3 out of 8 healthy volunteers (Fischer’s exact 
test, two-tailed; no significant difference between 
patients breathing 5% CO2 and healthy subjects 
experiencing 7.5% CO2). Whether a patient 
suffered a panic episode had no discernible 
relationship to the sequence in which the test 
gases were administered.

Patients who panicked when exposed to C02 
had a higher frequency of spontaneously 
occurring panic attacks. Patients with more than 
2.5 occurrences per week, and even those with 
fewer incidents, reported C02-induced panic 
attacks. The subset of those who experienced 
C02-induced panic reported more spontaneous 
panic attacks per week than the control group. 
Results on the Clinical Global Impairment Scale, 
the Patient Rated Anxiety Scale, and the Hamilton 
Anxiety Scale were similar across panic attack 
sufferers and those who did not experience these 
symptoms. There were no significant differences 
between the panicking and nonpanicking groups 
at baseline with respect to VAS or PASS ratings, 
systolic or diastolic blood pressure, pulse rate, 
respiration rate, or the blood level of free MHPG, 
cortisol, growth hormone, or prolactin.

At the end of the 15-minute C02 inhalation phase, 
all sick and healthy subject groups showed the 
maximal behavioral effects of CO2, and at the 
second measurement, taken fifteen minutes 
after resuming to breathing room air, they had 
returned to baseline. In what follows, “during 
C02 inhalation” findings relate to data collected 
immediately after removing the hood (+15 
minutes).
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Healthy Subjects 
Carbon dioxide caused dose-related elevations in 
VAS fear along with VAS indicators in the healthy 
individuals. Significant placebo-controlled 
increases in VAS anxiety were seen after inhalation 
of 5% C02. When taking in 7.5% carbon dioxide, 
VAS anxiety, nervousness, and terror showed 
substantial placebo-controlled increases from 
baseline, but relaxation and mellowness showed 
a significant decrease.

Patient-Healthy Subject Comparison
The ill group had behavioural effects of 5% 
CO2 that were larger than those experienced 
by the healthy patients. Patients experienced 
VAS anxiety, nervousness, dread, and sadness 
at much higher levels during 5% C02 inhalation 
than did healthy participants with placebo-
controlled rises from baseline. Concern, anxiety, 
and apprehension all increased significantly from 
base after C02 inhalation in patients and dread, 
indicating that these changes were not exclusively 
attributable to the patients’ bigger declines on the 
placebo day.

Physiologic Effects
In the healthy participants, carbon dioxide led 
to measurable dose-related elevations in these 
parameters. The overall sick group and the healthy 
patients had the same physiological effects 
from 5% CO2. Comparisons within the patient 
population showed that the panicking patients 
experienced higher increases in pulse rate than 
the nonpanicking individuals. Systolic blood 
pressure rose less in the nonpanicking patients 
compared to the healthy controls. Systolic and 
diastolic arterial pressures and pulse rates were 
similar between patients and healthy controls at 
the outset. There was a significant increase in the 
patients’ first-breath rate.

Biochemical Effects

Plasma MHPG 
Healthy subjects showed no change in plasma free 
MHPG levels in response to either concentration 
of carbon dioxide. The plasma free MHPG levels 
of the patients were not significantly affected by 
the administration of 5% C02. No significant C02 

percentage by time interaction was found in the 
ANOVA comparing the effects of air and C02, 
whether the exposure was to 5% or 7.5% C02 in 
the healthy individuals, 5% or 5% in the general 
patient group, or 5% in either the panicking or 
nonpanicking patient subgroup. Figure 4 shows 
that the maximal MHPG increases from baseline 
were comparable across ill groups and healthy 
patients on air days, 5% C02 days, and 7.5% C02 
days. At first, the levels of free MHPG in the plasma 
of both patients and healthy controls were similar.

Plasma Cortisol 
7.5% of the C02 generated in the healthy 
participants was 5% C02 did not cause slight 
increases in plasma cortisol levels. The ANOVA 
did not find any significant differences between 
the outcomes of air and 5% C02. significant 
time-dependent interaction C2%. Significant C02 
percent age by duration interactions were found 
in ANOVAs comparing air and 7.5% C02 and air, 
5% C02, and 7.5% C02.

Growth Hormone 
Human growth hormone plasma levels were 
unaffected by inhaling carbon dioxide at either 
5% or 7.5% for 15 minutes in either healthy 
volunteers or patients with panic disorders. 
Growth hormone changes from baseline after 30 
minutes of placebo treatment are seen in Fig. 5. 
One healthy subject’s data and three patients’ 
data were discarded since their development 
hormonal baseline levels were over 5 ng/mL (5 
g/L) on one or more test days.

The values show the placebo-controlled change 
from the starting point, while the numbers 

Figure-1. Patient traits and anxiety before an exam



Panic Disorders 

Professional Med J 2023;30(10):1339-1345. 1343

with bars show the subjects’ or patients’ 
statistics. Each group’s cortisol and prolactin 
concentrations peaked at 30 minutes on C02 days. 
30-minute measurements of growth hormone are 
representative of longer-term values. Asterisks 
denote P.10 for time-point-versus-baseline 
comparisons.

Rises in plasma prolactin levels caused by carbon 

dioxide were not dose-related, were not different 
between patients and healthy people, and did not 
distinguish between patients who were panicking 
and those who were not. The patient’s prolactin 
levels weren’t accessible. the highest placebo-
controlled deviations from the mean (at 30 minutes 
in all groups). Patients’ baseline prolactin values 
were comparable to those of healthy persons.

Rating Healthy 
Subjects

Patients 
(5% CO2)

5% CO2 35±18 35±16
7.5% CO2 39±7 61±9
Total 52±8 18±20
Panicking 58±9 49±11
Nonpanicking 16±6 41±8
Anxious 9±5 35±7
Nervous 40±8 52±9
Fearful 4±3 57±10
Calm 22±5 38±6
Mellow 12±7 21±10
Happy -6±5 14+3
High 4±6 -2±3
Depressed 9±4 17±7
Talkative -11±5 10±5

Table-II. Relationship between subject health and 
anxiety during assessments

Subject/Age y/Sex Sequence Stress Out At 
7.5% CO2

1/19/F A 5, 7 YES
2/20/M 5 A, 7 NO
3/20/F A 5, 7 YES
4/22/F 5 A
6/33/M A 7
7/34/F 5 A
8/40/F 5 A NO
9/43/F A 5, 7 YES
10/46/F 7 5, A NO
11/49/M 5 7, A NO

Table-III. Analyzing the impact of carbon dioxide on 
behavioral in healthy individuals and panic disorder 

patients

DISCUSSION
The following is what we found to be true: For 
three reasons: (1) the physiological effects of 
5% carbon dioxide are the same in patients with 
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Patient/
Age, y/Sex DSM-III Diagnosis HASf PRASt CGIt

Panic 
Attacks per 

Week

Seq-
uence

Panic 
With 5% 

CO2
1/28/M Anxiety Disorder 13.2 13.1 2.9 0.1 A Y
2/29/F Anxiety Disorder, Major Depressive Disorder 6.2 5.3 Y Y
3/30/M Anxiety Disorder 13.4 22.1 4.8 0.2 5 Y

4/32/F Panic Disorder, Major Depressive Disorder, 
Obsessive-Compulsive Disorder 17.3 39.5 6.6 5.6 5 Y

5/33/F Anxiety Disorder 8.4 14.1 3.8 0.1 A Y
6/34/M Panic Disorder 20.1 49.2 6.4 9.2 5 Y
7/36/F Anxiety Disorder 17.2 38.5 8.1 8.1 A Y
8/36/F Anxiety Disorder, Major Depressive Disorder 11.1 17.2 4.6 0.4 A Y
9/37/M Anxiety Disorder 22.5 68.8 7.8 17.9 A Y
10/37/F Anxiety Disorder 29.9 72.7 7.6 1.8 5 N
11/38/F Anxiety Disorder 14.1 14.6 3.2 0.2 A N
12/38/M Anxiety Disorder 16.5 35.5 6.2 0.8 5 N
13/46/F Anxiety Disorder, Major Depressive Disorder 19.5 36.5 5.2 0.9 A N
14/47/F Anxiety Disorder, Major Depressive Disorder 12.9 23.9 5.6 0.1 A N

Table-I. Patient traits and anxiety before an examination
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panic disorder as in healthy subjects; (2) a subset 
of patients experience carbon dioxide-induced 
panic attacks, and this portion is to blame for the 
greater behavioral response in the entire patient 
group; and (3) the behavioral effects of 5% carbon 
dioxide in individuals with anxiety disorder are 
identical to the behavioral consequences of 7.5% 
carbon dioxide in healthy subjects. (5) Serum 
cortisol levels are somewhat higher during C02-
induced panic episodes compared to those 
measured on placebo days as well as higher 
pulse rate rises than those seen in nonpanicking 
patients.14

The design flaw of this research is that steady-
state end-inspiratory percentages were matched 
between patients and controls, but end-tidal (end-
expiratory) percentages were not. In most cases, 
brain tissue CO2 concentrations and endtidal 
CO2 percentages are same15 In an experiment like 
this one, the end-tidal CO2 percentage is mostly 
governed by the inspired CO2 %. However, it is 
also influenced by other factors, There may be 
differences between patients and controls in a 
number of aspects, including initial end-tidal CO2 
pressure, the rate at which the body generates 
CO216 and the ventilatory response to CO2. It 
was decided against measuring the end-tidal 
CO2 % since doing so would have required the 
participants to wear a nose clip and a mouthpiece 
though under the hood, which might have 
contributed to increased anxiousness on placebo 
day.17

Finding that healthy participants exposed to 
5% and 7.5% C02 breath for 15 minutes suffer 
dose-related rises in anxiety lends credence 
to the idea that this concentration and duration 
render C02 anxiogenic.12 In the literature, there 
has been considerable debate over whether 
CO2 increases110 or decreases 51”6 anxiety. 
According to statistics on panic attacks, VAS, 
and somatic symptoms, Those who suffer from 
panic attacks are especially vulnerable to C02’s 
anxiety-inducing properties.

Individuals experiencing anxiety-related 
conditions may be classified into two groups, one 
of which is more anxiogenic to carbon dioxide 

than the other. Disparities between patients and 
healthy subjects in C02’s effects on anxiety and 
somatic symptoms were driven by those patients 
whose symptoms met the diagnostic criteria for 
a panic attack18 In terms of anxiety brought on 
by C02 and somatic symptoms, the no panicking 
patients matched the healthy participants. It’s 
probable that the individuals who have panic 
attacks and those who don’t have diseases with 
various underlying pathologic causes19,20 Another 
explanation that fits the results is that they share 
a problem that, at the time of testing, was more 
severe in the panicked group.

CONCLUSION
The panic disorders are more likely to experience 
anxiety in response to exposure to CO2 than 
people without panic disorders. The inhaling 
CO2 may trigger panic episodes and cause more 
intense behavioral and physiological reactions 
in those with panic disorder. No significant 
correlation was seen between CO2 inhalation and 
shifts in plasma levels of MHPG, cortisol, growth 
hormone, or prolactin, however. The limitation of 
study was to further understand the exact effects 
of carbon dioxide on neurotransmitter systems in 
panic disorder, more study is required. 
Copyright© 11 Aug, 2023.
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