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Can Psychologic Stress Elevate Intraocular
Pressure in Healthy Individuals?
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Purpose: To investigate if a stress event can inﬂuence intraocular pressure (IOP) in a group of healthy
individuals.
Design: Case-control study.
Participants: A total of 28 healthy subjects were included: 17 in the stress group and 11 in the control group.
Methods: The Trier Social Stress Test (TSST) is a tool to evaluate cortisol response to psychologic stimulation based on the stress induced by public speaking. All participants underwent a modiﬁed diurnal tension curve
(DTC) 1 week before the TSST, with 3 IOP measurements performed between 8:00 AM and 2:00 PM. We evaluated
the response to the TSST measuring the levels of salivary cortisol, IOP, and heart rate before, immediately after,
and 40 minutes after TSST. The State Trait Anxiety Inventory (STAI) was applied to evaluate the levels of anxiety at
the same time intervals.
Main Outcome Measures: Changes in IOP (mmHg), salivary cortisol, heart rate, and STAI scores.
Results: At baseline, there were no signiﬁcant differences between case and controls regarding age
(52.2  6.26 vs. 53.8  8.4 years, P ¼ 0.661), gender (52.94% male vs. 45.45% female, P ¼ 0.669), and ethnicity.
Salivary cortisol (6.8 nmol/l, P < 0.001) and heart rate (7.2 beats/min, P ¼ 0.035) increased signiﬁcantly after the
TSST. We observed a mean IOP increase of 1.0 mmHg (right eye, P ¼ 0.003) and 1.1 mmHg (left eye, P ¼ 0.004)
when comparing IOP measurements obtained during the DTC and immediately after TSST. In addition, 35% (6/
17) of the subjects in the TSST group showed an IOP increase higher than 2 mmHg after the test compared with
18% (2/11) in the control group. The STAI state score signiﬁcantly increased after the stress event compared with
baseline (P ¼ 0.026) and decreased from poststress to the recovery period (P ¼ 0.006) in the TSST group. The
control group did not show signiﬁcant changes in IOP, heart rate, salivary cortisol levels, and STAI scores.
Conclusions: Signiﬁcant elevations of IOP, salivary cortisol, STAI scores, and heart rate occurred after
inducing psychologic stress with TSST in a group of healthy individuals. Ophthalmology Glaucoma 2020;3:426433 ª 2020 by the American Academy of Ophthalmology

Stress is a complex biological response that prepares our
body to deal with a variety of threats, both acute and
chronic, protecting and restoring us to a steady state once
the threat is gone.1,2 Stress activates 2 main physiologic
responses: the hypothalamopituitary adrenal pathway,
which results in the release of cortisol, and the sympathoadrenal medullary pathway, which leads to the release of
adrenaline and noradrenaline.3 However, the physiologic
systems activated by stress not only can protect but also
can be harmful.4
There is a consensus that both acute and chronic stress
environments can lead to dysregulation of both systems
(hypothalamopituitary adrenal and sympatho-adrenal medullary) in susceptible individuals, increasing the risk for the
development of a variety of disorders, such as depression,
anxiety, and cardiovascular diseases (systemic hypertension,
atherosclerosis, and dyslipidemia).5,6 Of note, data are
scarce about the relationship between psychophysiologic
stress and intraocular pressure (IOP) behavior. The
majority of the available data suggest that IOP can be
related to anxiety.7-9

426

 2020 by the American Academy of Ophthalmology
Published by Elsevier Inc.

Sauerborn et al10 investigated the IOP response to a set of
mental arithmetic tasks to induce psychologic stress in a
group of myopes. They observed increased IOP
measurements after the stress event, which was
signiﬁcantly higher in myopes compared with controls.10
Later, Kaluza and Maurer11 used the same mental stressor
in a group of patients with glaucoma and found a
signiﬁcant increase in IOP immediately after exposition to
the stress event.
Glaucoma is the leading cause of irreversible blindness and
is expected to affect 111.8 million people worldwide in 2040.12
Controlling and monitoring IOP is the only way to halt the
development or the progression of the disease.13 Several
reports have shown an association between primary openangle glaucoma with anxiety and depressive disorders.14,15
Although we cannot establish causality between glaucoma
and anxiety/depression disorders, investigating the
relationship between IOP and psychophysiologic stress is
important. If IOP increases after a stress event, we could
promote antistress strategies in these individuals, reducing the
risk for development or progression of glaucomatous damage.
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The purpose of this study is to evaluate the IOP behavior
after applying a standardized protocol to induce psychologic
stress in a group of healthy individuals.

stress research.20 We followed the protocol described next, as
described in a previous article.22

Methods

We used 5 distinct areas to perform the TSST protocol: 1 waiting
room for the control group, 1 waiting room for the case participants
before beginning the TSST, 1 room for recovery periods, a room
for speech preparation before the interview, and an interview room
to evaluate speech performance and the arithmetic task. The
interview room was arranged so that the participant faced the interviewers. Video and audio recording equipment were in the visual ﬁeld of the participant. All interviewers wore a laboratory coat
during the TSST to increase stress during the test. We instructed
interviewers to maintain eye contact with the participants and to
refrain from making emotional facial expressions.

Participants
This is a prospective, case-control study. We recruited participants
from the Glaucoma Clinic at the Hospital Oftalmológico de Brasília. The Institutional Review Board at the Hospital Oftalmológico
de Brasília approved the methods, and we obtained written
informed consent from all participants. All study methods complied with the Declaration of Helsinki guidelines for human subject
research. All subjects underwent a comprehensive ophthalmologic
examination, including review of medical history (comorbidities,
cigarette smoking, and alcohol consumption), visual acuity, slitlamp biomicroscopy, IOP measurement (Goldmann applanation
tonometry), gonioscopy with Posner goniolens, and dilated fundoscopic examination. We also performed in all subjects a modiﬁed diurnal tension curve (DTC) with 3 IOP measurements
between 8:00 AM and 2:00 PM 1 week before the stress test. The
DTC was performed to avoid regression to the mean effect.16

Groups
Inclusion criteria:
1.
2.
3.
4.

Subjects older than 18 years of age
Peak IOP <21 mmHg in the modiﬁed DTC
Open angle at gonioscopy
Optic disc with cup-to-disc ratio <0.6 with no signs of
glaucomatous neuropathy

Exclusion criteria:
1. Presence of any ocular disease (with the exception of
refractive errors)
2. Anxiety or depressive disorders
3. Use of medication for anxiety or depressive disorders
4. History of ocular trauma or surgery
5. Pregnancy
6. Use of any kind of oral/topical steroids
7. Cushing syndrome
8. Congenital adrenal hyperplasia
9. Adrenal insufﬁciency
Both age and sex can affect the response to stress. For instance,
older adults seem to have lower cortisol responses to the Trier
Social Stress Test (TSST).17 Furthermore, men seem to have higher
baseline salivary cortisol than women and are more likely to have
increased cortisol in response to the stress event.18 Therefore, we
performed pair matching, with a ratio of 2:1, in which clusters
were paired on the basis of their potential confounders (age and
sex) and then, within each pair, 1 cluster was randomized to
TSST or the control group.

Trier Social Stress Test
The TSST was developed in 1993 to evaluate psychologic stress
induced by public speaking.19 It incorporates social evaluation and
unpredictability by obliging the person to speak in front of an
unresponsive audience and completing a surprise mental
arithmetic test. The TSST can elevate cortisol levels 2- to 3-fold
compared with nonstress control conditions.20,21 The TSST
procedure is widely used in stress laboratories worldwide and is
currently considered the gold standard in human experimental

Setting Up

Salivary Cortisol
All subjects were submitted to a 3-hour fasting period for food and
beverage (other than water) before salivary cortisol measurements.
Also, patients were not allowed to smoke before the beginning of
the TSST protocol. The Salivette system (Sarstedt, Numbrecht,
Germany) was used to collect a sample of saliva. The system is
placed in the mouth, chewed for approximately 1 minute, and then
transferred into the tube. The swab can hold between 0.5 and 3 ml
of saliva. Salivary cortisol was measured by an immunoassay
method.23 The salivary cortisol is generally used to assess
pituitary-adrenal function in patients with Cushing disease, with
sensitivity higher than 80% and 92.3% speciﬁcity.24 For healthy
subjects, morning levels of cortisol in saliva below 20.30 nmol/l
are considered within the normal range.25

State Trait Anxiety Inventory
The State Trait Anxiety Inventory (STAI) was developed by
Gaudry et al26 in 1970 and has been used without signiﬁcant
modiﬁcations to assess psychologic stress. This questionnaire
contains 40 statements (divided equally in 2 parts) about the
feelings of the participant. In the ﬁrst part, subjects are instructed
to indicate the intensity of their feelings of anxiety at a particular
moment (state anxiety), using scores ranging from 1 (absolutely
not) to 4 (very much). In the second part, subjects describe how
they generally feel (trait anxiety) by reporting the frequency of
their symptoms of anxiety, again using scores ranging from 1
(hardly ever) to 4 (often).27 The total score of each part may
range between 20 and 80, with higher scores indicating higher
levels of anxiety. This instrument was previously validated into
Brazilian Portuguese by Biaggio and Natalício.28

Prestress Measurements
After the patients remained in the waiting room for 45 minutes, we
measured the IOP with the Goldmann applanation tonometer and
the heart rate with a ﬁnger pulse oximeter (G-Tech, Beijing Choice
Electronic Technology, Beijing, China). The STAI was then
applied to assess prestress anxiety. Subsequently, we performed the
collection of a prestress salivary cortisol. We instructed patients to
chew the Salivette system. All samples were labeled and stored
at 20 C. We then brought the participant to the speech preparation room, where the following script was read to the participant:
“This is the speech preparation portion of the task; you need to
prepare a 5-minute speech describing why you would be a good
candidate for a job at Hospital Oftalmológico de Brasília. Your
speech will be videotaped and reviewed by a panel of judges
trained in public speaking. You have 10 minutes to prepare, and
your time begins now.”
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Speech and Math Tasks
After 10 minutes, we took the subjects from the speech preparation
area to the interview room and read the following script to the
participant: “This is the speech portion of the task. You are to
deliver a speech describing why you would be a good candidate for
this job. You should speak for the entire 5-minute time period.
Your time begins now.” We turned on the video camera, and the
participant began the speech. If the participant stopped talking
during the speech, we allowed him (or her) to remain silent for 20
seconds. If the subject did not resume speaking, we instructed him
(or her) by saying: “You still have time remaining.”
At the end of the 5-minute speech, the following script was read
to the participant: “During the ﬁnal 5-minute math portion of this
task, you will be asked to sequentially subtract the number 13 from
1022. You will verbally report your answers aloud and be asked to
start over from 1022 if a mistake is made. Your time begins now.”
If the participant made a mistake, we would tell him (or her): “That
is incorrect, please start over from 1022.” During this task, we used
a digital timer to control the 5-minute limit and measured the heart
rate once. At the end of the math performance period of the TSST,
we measured the IOP, the heart rate, collected a “stress” saliva
sample (within a 10-minute timeframe), and administered the
poststress STAI.

Recovery Measurements
We took participants to the recovery room, where they waited for
40 minutes. We used this time to explain to the participant the true
nature of the experiment, clarifying that their performance was not
recorded and that no analysis of their speech or math performance
would be conducted. We then measured the recovery IOP and heart
rate, and collected new saliva sample; subjects were instructed to
complete the recovery STAI.
All the interviews, IOP, and cortisol measurements were made
between 8:00 AM and 2:00 PM to allow a comparison with the
modiﬁed DTC made 1 week before the TSST. The control group
did not perform the TSST, but underwent the same IOP, salivary
cortisol, heart rate, and STAI measurements, respecting the same
time intervals of the TSST group. One investigator (TCS) performed all IOP measurements, and another investigator (ID) performed all salivary cortisol measurements. Both of them were
masked to the identity of the patients.

Statistical Analysis
Normality of the variables was assessed using the SkewnessKurtosis test. Descriptive statistics included mean and standard
deviation and Student t tests for normally distributed (using 1tailed test) and median, interquartile range, and Wilcoxon ranksum for nonparametrically distributed variables. For categoric
variables, we used the Fisher exact test. We evaluated magnitude of
change for different time points (baseline, stress, poststress, and
recovery) for variables such as IOP, salivary cortisol, heart rate,
and STAI scores. All statistical analyses were conducted with
STATA version 13 (StataCorp LP, College Station, TX). The alpha
level (type I error) was set at 0.05.

Results
We included a total of 28 healthy individuals in the study: 17 in the
TSST group and 11 as controls. No difference was found between
groups regarding age, sex, ethnicity, systemic medication,
comorbidities, alcohol consumption, and smoking habit (Table 1).
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Table 1. Baseline Clinical and Demographic Variables of Subjects
Included in the Study
Variables
Age, yrs
Gender, % female
Race
% White
% African American
% Asian
Systemic hypertension,
yes
Diabetes, yes
Cigarette smoking, yes
Alcohol consumption,
yes

Case (17
Subjects)

Control (11
Subjects)

P
Value

52.2  6.26
52.94%

53.8  8.41
45.45%

0.661
0.699

52.94%
35.29%
11.76%
23.53%

45.45%
54.55
0%
18.18%

0.378

11.76%
11.76%
29.41%

9.09%
9.09%
36.35%

0.823
0.823
0.700

0.736

We observed that salivary cortisol levels were signiﬁcantly higher
in cases than in controls both after the TSST (11.8  5.91 vs. 3.5 
1.81 nmol/l, P < 0.001) and in the recovery period (5.3  2.42 vs.
3.4  2.11 nmol/l, P ¼ 0.020) (Table 2). No statistically signiﬁcant
differences in IOP and heart rate measurements were observed
when comparing cases with controls. The STAI state score after
the TSST was signiﬁcantly higher in cases (41.8  7.48) than in
controls (34.2  7.65, P ¼ 0.007) (Table 2).
When we evaluated the IOP change from DTC measurements
among participants of the TSST group, we observed signiﬁcant
IOP increases in both the right eye (1.0  1.41 mmHg, P ¼ 0.003)
and the left eye (1.1  1.57 mmHg, P ¼ 0.004) (Table 3). In
addition, when we compared IOP measurements immediately
before and after TSST, we observed signiﬁcant mean IOP
elevations of 0.7  1.40 mmHg (P ¼ 0.027) and 0.5  1.32
mmHg (P ¼ 0.047) in the right and left eye, respectively.
During the recovery period, the mean IOP declined signiﬁcantly
at approximately 0.8 mmHg in both eyes (P ¼ 0.004) (Table 3).
No signiﬁcant IOP change was observed in the control group.
We found that 35% (6/17) of subjects in the TSST group
showed an IOP increase higher than 2 mmHg, comparing the
mean IOP obtained during the DTC and the mean IOP after the
stress event, whereas only 18% (2/11) in the control group had
the same change (P ¼ 0.419).
The salivary cortisol increased signiﬁcantly after patients underwent the TSST (6.8  5.65 nmol/l, P < 0.001). We also
observed an increase in the heart rate of patients after the TSST
(7.2  13.90 beats/min, P ¼ 0.035), although the magnitude of
change was more dramatic when comparing interview and recovery measurements (a decrease of 11.7  16.82 beats/min, P ¼
0.010) (Table 3). Again, no change was observed in the cortisol
level and heart rate in the control group.
In Table 4, we list the STAI scores in subjects performing the
TSST. The STAI state score signiﬁcantly increased after the
stress event compared with baseline (P ¼ 0.026) and decreased
from poststress to the recovery period (P ¼ 0.006). No change
was observed in the STAI trait scores when baseline and
poststress scores were compared, but both groups showed a
signiﬁcant decrease (2.1  4.20, 2.81  3.15; P ¼ 0.024, P ¼
0.014; case and control, respectively) after recovery (Table 4).
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Table 2. Salivary Cortisol, Intraocular Pressure, Heart Rate, and State Trait Anxiety Inventory Scores of Subjects Included in the Study
Variables

Case (17 Subjects)

Control (11 Subjects)

P Value

4.9  2.56
11.8  5.91
5.3  2.42

3.9  2.08
3.5  1.81
3.4  2.11

0.248
<0.001
0.020

Salivary cortisol, nmol/l
Baseline
Stress
Recovery
IOP right eye, mmHg
DTC
Baseline
Stress
Recovery
IOP left eye, mmHg
DTC
Baseline
Stress
Recovery
Heart rate, beats/min
Prestress
Interview
Poststress
Recovery
STAI trait (score range, 20e80)
Baseline
Poststress
Recovery
STAI state (score range, 20e80)
Baseline
Poststress
Recovery

13.0
13.3
14.0
13.2






2.23
2.89
2.65
2.43

14.2
13.5
14.2
13.8






1.73
0.70
2.76
2.13

0.121
0.854
0.839
0.523

13.1
13.6
14.2
13.3






2.23
2.59
2.86
2.44

14.4
14.0
14.3
13.9






1.59
0.74
2.69
2.42

0.105
0.727
0.906
0.560

71.5
78.7
73.6
67.0






13.18
13.06
17.57
13.78

71.5  11.17
N/A
69.7  9.69
68.7  10.49

0.990
N/A
0.295
0.784

43.7  10.83
43.4  10.66
41.2  8.89

40.3  9.35
40.0  11.08
37.1  10.40

0.409
0.422
0.280

37.8  8.76
41.8  7.48
39.2  8.96

36.9  7.59
34.2  7.65
35.2  9.89

0.779
0.007
0.275

DTC ¼ diurnal tension curve; IOP ¼ intraocular pressure; N/A ¼ not applicable; STAI ¼ State Trait Anxiety Inventory.

Discussion

development of glaucoma and the only modiﬁable risk
factor to prevent the development or progression of glaucoma.13,29 Because glaucoma and anxiety disorders
frequently coexist, it is important to better understand the
relationship between psychologic stress and IOP.30,31

The current study demonstrated that a standardized stress
event increased IOP in a group of healthy individuals.
Intraocular pressure is the most common risk factor for the

Table 3. Intraocular Pressure, Salivary Cortisol, and Heart Rate Changes during the Study
IOP Magnitude of Change, mmHg

Mean DTC vs.
IOP Stress

P Value






0.003
0.500
0.004
0.930

Case (right eye)
Control (right eye)
Case (left eye)
Control (left eye)

1.0
0.0
1.1
0.0

1.41
2.15
1.57
2.25

Salivary Cortisol Magnitude of Change, nmol/l
Case
Control

Basal IOP vs.
IOP Stress

P Value






0.027
0.103
0.043
0.340

0.7
0.0
0.5
0.0

1.40
1.34
1.32
1.20

IOP Stress vs.
IOP recovery

P Value






0.004
0.242
0.004
0.211

0.8
0.4
0.8
0.4

1.13
1.21
1.21
1.12

Basal Cortisol vs.
Cortisol Stress

P value

Cortisol Stress vs.
Cortisol recovery

P value

6.8  5.65
0.3  1.88

<0.001
0.575

6.5  5.56
0.1  1.84

<0.001
0.781

Heart Rate Magnitude of Change, beats/min

Prestress vs.
Interview

P Value

Interview vs.
Poststress

P Value

Interview vs.
Recovery

P Value

Case

7.2  13.90

0.035

5.1  17.83

0.151

11.7  16.82

0.010

Heart Rate Magnitude of Change, beats/min

Prestress vs. Poststress

P Value

Poststress vs. Recovery

P Value

1.8  6.06

0.448

1.0  10.29

0.805

Control
DTC ¼ diurnal tension curve; IOP ¼ intraocular pressure.
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Table 4. State Trait Anxiety Inventory Changes during the Study
STAI State Magnitude of Change
Case
Control
STAI Trait Magnitude of Change
Case
Control

Prestress vs. Poststress

P Value

Poststress vs. Recovery

P Value

4.0  7.88
2.6  5.59

0.026
0.148

2.5  3.69
1.0  7.60

0.006
0.617

Prestress vs. Poststress

P Value

Poststress vs. Recovery

P Value

0.2  3.51
0.3  5.39

0.367
0.827

2.1  4.20
2.81  3.15

0.024
0.014

STAI ¼ State Trait Anxiety Inventory.

We found that among the group submitted to the TSST, a
mean of 1.0 and 1.1 mmHg (right and left eyes, respectively) increase in IOP were observed when mean DTC
measurements were compared with post-TSST measurements. Although it achieved statistical signiﬁcance in both
eyes (P ¼ 0.003 and P ¼ 0.004, respectively), one may
wonder whether this IOP increase is clinically meaningful. It
is important to highlight that 35% (6/17) of subjects in the
TSST group showed an IOP increase higher than 2 mmHg,
whereas only 18% of eyes in the control group had similar
IOP elevations. Although the current study evaluated a
short-term IOP increase, several population-based studies
have described chronic high levels of IOP as a risk factor for
glaucoma.32-34 The Barbados Eye Study, which included
3222 subjects older than 40 years of age, revealed that
baseline IOP was a signiﬁcant risk factor for development of
glaucoma during a follow-up of 9 years.35 For every 1
mmHg increase in baseline IOP, there was a 12%
increased risk of incidence of glaucoma (conﬁdence
interval from risk ratio 1.08e1.16). In the Visual
Impairment Project, which included 3271 Australian
individuals older than 40 years of age, each 1-mmHg
increase in baseline IOP was associated with a 10%
increase (conﬁdence interval from risk ratio 1.04e1.12) in
the risk of developing of glaucoma.36 Thus, the literature
has evidence suggesting that even modest elevations of
IOP can increase the risk for the development of glaucoma.
In the current study, we evaluate the effect of an acute
stressor event. The IOP elevation may be caused by an
autonomic nervous system response to stress.37 Although the
exact mechanisms that control the rhythm of aqueous humor
production are poorly understood, the lack of balance on
adrenergic stimulation could modify the aqueous humor
production rate and decrease outﬂow facility.38 In addition,
chronic endogenous elevation of cortisol levels secondary
to psychologic stress could eventually cause permanent
damage to the trabecular meshwork.39 Every system of the
human body can respond to acute events, releasing
mediators that promote adaptation and survival. However,
when these acute stressors are overused or inefﬁciently
managed, an overload of the system may occur.40
Previous studies have already used acute stressors to
evaluate the behavior of cardiovascular physiology and the
ocular response to stress.41 The TSST is based on the stress
induced by public speaking, and hundreds of research
studies have used the TSST to examine the impact of
acute stress on human neurobiology.20 Woo et al42
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performed a study with 20 normal individuals to assess
the effects of psychosocial stress (induced by TSST) on
the IOP and lacrimal secretion. The mean IOPs before and
after TSST were 14.52  3.18 mmHg and 15.08  3.18
mmHg, respectively (P ¼ 0.240). Although this change
was not statistically signiﬁcant, the authors found that the
mean post-TSST IOP (15.08  3.18 mmHg) was signiﬁcantly higher than the mean IOP measured 1 week after
performing the TSST (14.18  3.30 mmHg, P ¼ 0.027). In
our study, signiﬁcant IOP increases were observed when
poststress measurements were compared with both the IOP
measured immediately before the TSST and the mean IOP
measured during a modiﬁed DTC obtained 1 week before
the TSST (Table 2).
Jimenez and Vera43 investigated the effect of an acute
stress (academic examination) on the IOP of 33 healthy
University students. A repeated-measures design was used
with 2 different conditions (examination and control). A
Bayesian statistical analysis showed signiﬁcantly higher
IOP values in the examination session in comparison with
the control condition (P < 0.001). Brody et al44 studied the
effects of psychologic stress (5-minute mental arithmetic
tasks) on the IOP of 49 healthy adults and reported a statistically signiﬁcant elevation of 1.3 mmHg (P < 0.001)
after the stressor. However, none of the previous studies had
a control group that was not submitted to a stress test. The
absence of signiﬁcant IOP, heart rate, and cortisol level
changes in this group suggests that IOP, cortisol, and heart
rate elevations in healthy individuals submitted to the TSST
were real (Table 3).
It is important to investigate if the basal anxiety level
could inﬂuence the IOP response to a stress event. MendezUlrich et al7 investigated the effect of “white coat ocular
hypertension” in 61 healthy subjects to evaluate whether
an anticipatory anxiety state or trait could predict an IOP
elevation in an artiﬁcial clinical setting. They found that
IOP at arrival to the simulated clinical setting was 2.62
and 1.93 mmHg higher (for the right and left eyes,
respectively) in participants who had a high anxiety state
in comparison with those who had a low anxiety state.
Although we used different questionnaires to assess
anxiety levels, we also observed a signiﬁcant increase in
the STAI state score (mean of 4.0, P ¼ 0.026) in subjects
undergoing the TSST, whereas the STAI trait did not
show a signiﬁcant change.
The current study did not evaluate the stress response in
patients with glaucoma. However, evidence suggests that
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patients with glaucoma also might have an increase in IOP
after stress events. Kaluza and Maurer11 investigated the
impact of a mental stressor test on the IOP of patients
with open-angle glaucoma. They observed that immediately after exposition to the mental stressor, a mean IOP
increase of 1.5 mmHg was noted, and after a 10-minute
recovery period, the mean IOP returned to baseline levels.
Recently, a case report from Gillmann et al9 described a 78year-old patient with pseudoexfoliative glaucoma who presented an acute asymmetrical increase in IOP immediately
after an emotional stress.9 In their investigation, no other
cause for the transient acute hypertensive episode was
found, and the authors suggested that the IOP peak might
have been caused by the acute stressor event experienced
by the patient. These studies highlight the importance of
further investigation of the IOP response to acute or
chronic stress.
Another way to assess the effects of stress on patients
with glaucoma is to measure the IOP behavior following
therapies designed to reduce stress. Recently, Dada et al45
evaluated the effects of mindfulness-based stress reduction
on IOP and stress biomarkers in a randomized trial
including 90 patients with glaucoma. Patients were
divided into a 21-day mindfulness meditation group or a
control group. The results showed signiﬁcant mean IOP
reductions in meditators (right eye: from 18.8 to 12.7
mmHg and left eye: from 19.0 to 13.1 mmHg, P < 0.001),
which correlated signiﬁcantly with systemic cortisol levels
(497.3 to 392.3 ng/ml, P < 0.001) and other stress biomarkers. Further research, with long-term, prospective,
randomized trials, is needed to validate these antistress
methods as useful therapies to reduce the risk for development or progression of glaucoma.
Study Limitations
The present study has several limitations. First, the modest
magnitude of IOP change could be due to examiner variability or tonometry error.46 However, we tried to minimize
this effect by eliminating interobserver variability (the same
investigator performed all IOP measurements) and by using
the same calibrated Goldmann applanation tonometer in all
patients to avoid device calibration error. Moreover, 35% (6/
17) of subjects in the TSST group showed an IOP increase
higher than 2 mmHg after the stressor, whereas only 18% in
the control group had similar IOP elevations. Second, we
did not include patients with glaucoma, and our results
may not reﬂect the outcomes in older patients or those at
risk for glaucoma, because the mean age was 50 years in
both groups (Table 1). The compensatory mechanisms to
stress and its ability to mitigate IOP increase may be
compromised in older adults. Evidence suggests that older
individuals have distinct patterns of diurnal cortisol and
that reactivity to psychosocial challenges increase with
age.47,48 Our ﬁndings may be understated, because an
older population (with higher risk for glaucoma) may have
a larger increase in IOP due to age-related changes in
their physiology and a lower ability to adjust to ﬂuctuating
stressors within ocular tissues.49 We plan to continue
recruiting patients to report the outcomes in older subjects

and patients with glaucoma in the future. Third, the small
sample size limited the possibility of performing a logistic
regression to evaluate odds ratios of studied variables.
Nevertheless, the increase in salivary cortisol and heart
rate validated the effect of the TSST as an acute stressor
tool. Finally, we could not evaluate the effect of chronic
stress in this protocol. A prospective, longitudinal study
identifying possible stressor events in a large group of
patients could be useful to determine if chronic
psychologic stress is a risk factor for glaucoma progression.
In conclusion, this study showed that a signiﬁcant IOP
elevation might occur after an acute psychologic stress event
in healthy subjects. This ﬁnding is in agreement with previous studies. Although it is hard to establish causality between glaucoma and anxiety/depression disorders, our
ﬁndings suggest that if stress is induced by these comorbidities, the resulting IOP increase may act as a risk factor
for glaucoma development.
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Pictures & Perspectives

Gas Bubble in a Glaucomatous Cup
A 56-year-old man with a known case of primary open-angle glaucoma underwent vitrectomy surgery for macular hole. At 1-month
follow up, the macular hole was closed, and the retina was well attached. A small gas bubble was observed on the glaucomatous optic cup
(Fig A). On spectral-domain (SD) OCT there was presence of a double reﬂectivity in the cup demonstrating the presence of the gas bubble
(Fig B). Since he had a deep optic disc cup due to glaucoma, the bubble found a space to settle down on the optic disc giving a vivid
appearance on SD OCT and infrared imaging. (Magniﬁed version of Fig A-B is available online at www.ophthalmologyglaucoma.org/).

SARANG P. LAMBAT, MD
VINAY B. NANGIA, MD, FRCS
PRABHAT V. NANGIA, MD
Suraj Eye Institute, New Colony, Nagpur, India

433

