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Abstract

Purpose: A field study was carried out in an optometry clinic, aimed at assessing the role of
perceived control and aversiveness of non-contact tonometry in intraocular pressure (IOP)
reactivity to psychosocial stressors, and analysing the covariation with cardiovascular and
affective reactivity. Methods: 44 customers volunteered to participate in the study. Perceived
control (self-efficacy and threat) was assessed at the onset. I0P, systolic and diastolic blood
pressure, heart rate, affect, and aversiveness of the IOP measurement procedure were assessed
throughout five phases with a mean duration for each phase of 9 minutes: arrival, optometry,
baseline, stressor task (speech in public task), and recovery. Results: The results suggest that
IOP decreases over time and the stressor task induced a remarkable reactivity in all the
physiological variables assessed. The interaction between self-efficacy and threat partially
explains individual variability in IOP: a high threat combined with a high self-efficacy
yielded higher reactivity in IOP or increased tonic values throughout the phases. The
aversiveness of the measurement procedure did not affect IOP. Conclusion: IOP is reactive to
social stressors and perceived control partially explains individual variability. Cardiovascular

and 10P reactivity are parallel phenomena but do not share a common regulatory mechanism.

Keywords: perceived control; self-efficacy; threat; intraocular pressure; cardiovascular

reactivity; affect
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Introduction

Glaucoma is one of the main causes of blindness worldwide (Wilson et al., 2002). This
condition causes progressive damage to the optic nerve (Bradford, 2004) through an increase
in intraocular pressure (IOP) above the normal range, between 12mmHg and 20mmHg
(Guyton & Hall, 2006). However, this disease can also affect IOP-normotensive individuals
(Rao, 2012). Although the damage to the optic nerve occurs from the onset of this disease,
patients with glaucoma do not usually perceive any symptoms of their pathology until the
damage to the optic nerve is already irreparable and there is a loss of the visual field and
visual acuity (Blazquez et al., 2008). Early detection and prevention are therefore essential,
since there is currently no effective cure for glaucoma, and treatment primarily focuses on
maintaining stable levels of IOP (Fogagnolo & Rossetti, 2011; Van der Valk et al., 2005). The
level of IOP depends on the balance between the production and drainage of aqueous humour,
a fluid that nourishes the anterior segment of the eye, which is evacuated through a structure

called Schlemm's canal (Bradford, 2004; Kanski & Bowling, 2011.

Despite the lack of studies on the psychophysiology of IOP, some authors (Brody et al.,
1999; Erb et al., 1998; Kaluza & Maurer, 1997; Kaluza et al., 1996; Sauerborn et al., 1992)
have provided evidence for the reactivity of IOP to various types of stressors ranging from 1.3
mmHg to 1.7 mmHg. One hypothetical physiological basis of this reactivity lies in the
sympathetic and parasympathetic regulation of the production and drainage of aqueous
humour, which determines IOP (Chiquet & Denis, 2004; Gherezghiher et al., 2004; Kanski &
Bowling, 2011). This is a regulatory mechanism that IOP shares with other dynamic
processes of the eye such as pupil dilation (Chen et al, 2019). Chronic psychosocial stress has
also been linked to higher levels of IOP (Yamamoto et al., 2008). Although the way in which
IOP responsivity to stress can impact the course of glaucoma still remains unclear, the study

by Méndez-Ulrich et al. (2013) suggested that the sensitivity of IOP to stress could
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compromise the validity of its measurement through a hypothetical phenomenon analogous to
white coat hypertension (MacDonald et al., 1999; Ogedegbe et al., 2002; Pickering et al.,
2002), which is referred to as ocular white coat hypertension (OWCH). As in the case of
white coat hypertension (MacDonald et al., 1999; O’Brien et al., 2003), OWCH could be
mediated by the degree of perceived control and threat related to the clinical context and the
invasive and aversive properties of the measurement procedure. And similar to what has been
found when measuring blood pressure (Enstrom, et al., 2000), there may be an increased
physiological arousal induced by certain contextual variables involved in the IOP assessment
procedure in clinical contexts that could be judged as stressful by the patient (due to, for
instance, the invasion of personal space, uncertainty regarding health status, or the presence of
the clinician). This could induce artificially high IOP levels, which could lead to an
overdiagnosis (due to false positives) of glaucoma. Moreover, some interactions have been
found between ocular pressure and cardiovascular function, such as the oculocardiac reflex,
which appears to be regulated by both sympathetic and parasympathetic pathways (Paton et
al., 2005).

Lazarus and Folkman (1986) highlighted the influence of cognitive assessment on
stress levels and physiological reactivity. These authors identified a series of personal and
situational factors (novelty, ambiguity, uncertainty or predictability of occurrence) that could
be responsible for eliciting the stress response. These authors particularly emphasised the role
of global control beliefs such as locus of control (Rotter, 1966) in the moderation of stress in
ambiguous situations. In contrast, in the situations where such ambiguity does not exist,
situational-specific beliefs such as self-efficacy and outcome expectancies (Bandura, 1977,
Bandura et al., 1982) become the major factors influencing the stress response. Indeed, some
studies have found a relationship between self-efficacy and physiological reactivity (Bandura,

1992; Bandura et al., 1982; Feltz & Mugno, 1983; Gerin et al., 1995; Gerin et al., 1996; Sanz
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& Villamarin, 1997; 2001; Sanz et al., 2006a; Sanz et al., 2006b; Sanz et al., 2007; Wright &
Dill, 1993; Wright & Dismukes, 1995; Wright, Shaw & Jones, 1990). Moreover, the results of
these studies suggest that self-efficacy usually interacts with situational or dispositional
factors to regulate physiological reactivity, thus providing strong support for interactionist
models of the personality-emotion-physiology relationship (Stemmler & Wacker, 2010). In
this regard, Sanz et al. (2006a) assert that self-efficacy regulates cardiovascular reactivity
primarily when the incentive value of the task is high (i.e. when the consequences of the
behaviour are perceived as important). The results of the latter study indicate that the highest
cardiovascular reactivity occurs when the person is tested under conditions of low self-
efficacy and high incentive value. Similarly, Gerin et al. (1995) have argued that coping with
a painful stimulus through avoidance behaviour can have an impact on cardiovascular
reactivity. Therefore, competence and contingency beliefs (Skinner, 1996) could explain the
individual variability in physiological reactivity when coping with stressful events or contexts
(Sanz et al., 2006Db).

Although the personality, cognitive, and affective mechanisms underlying cardiovascular
reactivity related to stressful conditions have been extensively studied for decades, relatively
little is known about how these processes affect intraocular pressure.

On the basis of the results obtained from previous research, the following hypotheses were
formulated:

e H1. Psychosocial stressors will induce significant IOP and cardiovascular reactivity.

e H2. Individual differences in IOP reactivity to a psychosocial stressor will partially

depend on the interaction between self-efficacy and threat.

e H3. Aversiveness of the IOP measurement procedures will partially predict individual

differences in I0OP.
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H4. When faced with a psychosocial stressor, there will be a strong correlation between
IOP and cardiovascular reactivity.

One possible account of 10P reactivity that has been proposed in the scarce literature
on this issue (Méndez-Ulrich et al., 2013) is the aversive properties of its measurement
procedure, which have been related to (1) the invasion of personal space and (2) the
manipulation of the eye. Therefore, in the present study a measure of this aversiveness
was included in the IOP measurement procedure in order to test this hypothesis. A further
factor that has been proposed to play a role in IOP reactivity is the impact of the clinical
setting and the presence of the clinician. For this reason, the present study was conducted
in a real-life clinical context (an optometry office) in which the participants received a
clinical assessment of their ocular health status, thus providing our results with ecological

validity (Brewer, 2000).

Methods

Participants

This study was carried out using a sample of participants who were required to
undergo an optometric procedure at an opticians located on the campus of the Autonomous
University of Barcelona (UAB). A total of 44 customers voluntarily agreed to participate in
the study, which was presented as a part of a campaign for the analysis and prevention of
glaucoma. The exclusion criteria were: (1) Medical history of glaucoma or ocular
hypertension; (2) previous eye surgery of any kind, and (3) consumption of any drugs
(cannabis, etc.) that could affect IOP up to two hours prior to the study. One participant was
excluded due to having undergone glaucoma surgery in the past, and thus the final sample

consisted of 43 participants, of which 28 were women (68.3%). The mean age was 38 years
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(SD = 15.92; range [19-65]), and 83.3% of the participants were right-handed. For the overall
sample, the mean 1OP upon arrival at the clinic was 14.19 mmHg (SD = 2.76, range [9-22])
for the left eye (LE) and 13.62 mmHg (SD = 2.23, range [9-19]) for the right eye (RE).
Neither gender (F(1,38) =.80; p = ns for LE; F(1,38) = 1.76; p = ns for RE) or age (r=.20; p =
ns for LE; r =.08; p = ns for RE) predicted IOP upon arrival. In addition, men and women did
not differ in terms of age (F(1,38) = .16; ns).

Apparatus

IOP was measured with a Keeler Pulsair Intelipuff® noncontact tonometer. Several
studies have confirmed the comparability of this instrument with the Goldmann method
(Parker et al., 2001; Lawson-Kopp et al., 2002). Goldmann applanation tonometry is the gold
standard for IOP measurement. In this technique, direct, progressive pressure is applied to the
previously anaesthetised cornea. Noncontact tonometry is also a proven alternative method
for IOP measurement (Ogbuehi & Almubrad, 2008). Using this less invasive alternative, a
soft air puff is applied to the cornea, which determines the level of IOP depending on the time
between the puff and the resulting deformation on the cornea (Paul, 2006). According to the
manufacturer, the error margin of this device is £1mmHg.

Systolic blood pressure (SBP), diastolic blood pressure (DBP), and heart rate (HR)
were measured with an oscillometric sphygmomanometer (Welch Allyn®), following the
recommendations of the Association for the Advancement of Medical Instrumentation for
blood pressure automatic measurement (ANSI/AAMI, 2013). According to the manufacturer,
the error margin is £3mmHg.

Psychometric instruments

A computerized form was created with Google Forms in order to record socio-

demographic, exclusion and confounding variables (subjects, handedness, room temperature,

hour, and date) and psychometric and physiological variables. We evaluated self-efficacy and
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perceived threat regarding the optometry procedure using the respective subscales of an ad-
hoc adaptation of the Spanish version of the Primary Appraisal and Secondary Appraisal scale
(PASA,; Gaab et al., 2005). These subscales have good internal consistency (Cronbach’s a. =
.83 and o = .81 for the threat and self-efficacy subscales, respectively). In order to assess
affective valence, arousal, and dominance regarding the IOP measurement procedure, the
Self-Assessment Manikin (SAM; Bradley & Lange, 1994) was employed. SAM is a cross-
cultural, pictographic instrument in which the affective dimensions are assessed on a scale
ranging from 1 to 9. The battery also included an ad-hoc 1-10 point scale to assess the
aversiveness of the IOP measurement procedure. The participants were asked to respond to
the question “to what extent do you feel that the measurement of IOP was unpleasant for
you?”
Procedure

The procedure (Table 1) was designed as an extension of the optometric procedure that
had been prescribed by an optician. Each participant was met by the optician (1 out of 3), who
gave him/her the informed consent form to read and sign. In order to simulate the feeling of
receiving a clinical evaluation, both the professionals and researchers of the centre always
wore a white coat during the session. The participant was then led to the optometry room and
seated in the optometry chair. Each participant also received a brief explanation about the I0OP
measurement procedure. The sessions lasted 65 minutes on average, and when required, the
participants interacted with the questionnaires through a monitor connected to a laptop placed
in front of them. The session consisted of 5 phases, each lasting for approximately 9 min:
arrival (Phase 1), optometry (Phase 2), baseline (Phase 3), social stressor task (Phase 4) and
recovery (Phase 5). At the beginning of Phase 1 (arrival) the participants completed the PASA
subscales of self-efficacy and threat. During Phase 2 (optometry) an optometric procedure

was carried out by one of three optometrists (the same clinician that met and recruited the
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participant). All of these were staff members of the optometry centre and were instructed so
as to standardise their interaction with the participants in this phase. In Phase 3 (baseline)
participants were left to rest alone whilst completing the online questionnaire to gather data
related to sociodemographic, exclusion, and confounding variables. In the social stressor task
(Phase 4), a shortened version of the public speaking task of the Trier Social Stress Test
(TSST; Kirschbaum et al., 1999) was administered. In this task, the participants were asked to
speak for five minutes about their main virtues and defects in front of a video camera, in the
presence of two persons: The main researcher (who conducted the physiological recordings)
and a second experimenter who was falsely introduced as an expert in communication and
whose hypothetical function was to assess the credibility of their speech. The participants
were given five minutes to prepare the task, during which they remained alone in the
experimental room with a sheet of paper and a pen for note-making purposes, although the
use of these notes was not permitted during the speech. The purpose of this 5-minute phase
was to allow the participants to develop an anticipatory anxiety response. The cardiovascular
variables were recorded during the 50s leading up to the start of the task, and 2 min after the
start of the task the participants were interrupted to record the IOP, informing them that they
were in the middle of their task in order to maintain the activation induced by the stressor
during the measurement of the IOP. Once these measurements had been recorded, the
participant was informed that the task had ended. Finally, during recovery (Phase 5) the
participant rested alone in the optometry room.
[Insert Table 1 about here]

At the end of each of the five phases, SBP, DBP, and HR were assessed, after which
IOP was measured (twice per eye) following the pattern LE-RE-LE-RE. The maximum delay
between the first and the fourth measurement was 2 minutes. Finally, arousal, valence,

dominance, and aversiveness of the IOP measurement were assessed.
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Data preparation

The Statistical Package for Social Sciences v.22 for Windows was used for descriptive
and inferential analyses. Independent variables (self-efficacy and threat) were dichotomized
(high vs. low), by a median split. Further, 10 within-subject analyses of variance (ANOVAS)
were conducted to compare the pairs of IOP measures obtained for each eye and phase. The
results did not reveal any significant differences between the two IOP measures for either eye
or phase, except for the LE in Phase 1 (F(1,41) = 4.51, p =.04). Therefore, the two measures
per eye per phase were averaged, and these values were employed in the next set of statistical
analyses. For the rest of the dependent variables (SBD, DBP, HR, IOP, arousal, valence,
dominance and aversiveness) raw data were used in the subsequent inferential analyses. In
addition to the excluded participant, two other participants were considered as missing cases
due to the fact that were unable to access their IOP records. Therefore, a total sample of 41
cases were used for the statistical analyses.

In order to test for the effect of threat and self-efficacy on physiological and affective
variables, we conducted a set of analyses of variance (mixed model). For each dependent
variable a phase (5) x threat (2) x self-efficacy (2) factorial model was planned, with phase

being a within-subjects factor, and threat and self-efficacy the between-subject factors.

Results

Perceived control, physiological reactivity and affective response

The ANOVA conducted on the SBP data revealed a main effect of phase (Wilks's A =
22; F(4,24) = 21.76; p < .0005; partial n? = .78). A nonlinear, cubic model provided the best
fit for the trend observed throughout the phases (Fig. 1; F(1,27) = 93.87; p < .0005; partial n?

= .78). Bonferroni contrasts revealed the following order: phase: > phasez = phases < phases >

10
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phases. The interaction phase x threat was also significant and fitted a cubic model (F(1,27) =
6.31; p = .01; partial n? = .19). Analysis of simple effects revealed a significant difference
between the groups for threat in phases (F(1,29) = 7.72; p = .009; partial n? = .21) and in
phases (F(1,29) = 3.98; p=.04; partial n?=.12). A between-subjects ANOVA (Fig. 2) revealed
a main effect of threat, and the interaction between threat and self-efficacy approached
significance. Simple effects analyses revealed higher SBP values for participants in the high
threat group (M = 132.40 vs. M = 114.87; F(1,15) = 7.14; p = . 01; partial n? = .32) but only
when self-efficacy was high.

[Insert Fig. 1 about here]

[Insert Fig. 2 about here]

The ANOVA conducted on the DBP data revealed a main effect of phase (Wilks's A =

.18; F(4,24) = 27.06; p < .0005; partial n?=.82). A nonlinear, cubic model provided the best
fit for the trend observed throughout the phases (Fig. 1; F(1,27) = 95.34; p < .0005; partial n?
=.78). Bonferroni contrasts revealed the following order: phase1 = phase2 = phases < phases >
phases. Between-subjects ANOVA (Fig. 3) revealed main effects of threat and self-efficacy,
and the interaction between these two variables approached statistical significance. Simple
effects analyses revealed higher SBP values for participants in the high threat group (M =
84.00 vs. M = 73.78; F(1,15) = 7.95; p = .01; partial n? = .35) but only when self-efficacy was
high.

[Insert Fig. 3 about here]

The ANOVA conducted on the HR data revealed a main effect of phase (Wilks's A =

.26; F(4,24) = 17.13; p < .0005; partial n? = .74). A nonlinear, cubic model provided the best
fit for the trend observed throughout the phases (Fig. 1; F(1,27) = 42.41; p < .0005; partial n?
=.61). Bonferroni contrasts revealed the following order: phase: = phasez = phases < phases >

phases. A significant interaction phase x threat x self-efficacy also appeared (Fig. 4), which

11
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best fitted a cubic model (F(1,27) = 5.41; p = .02; partial n?=.17). Simple effects analyses
revealed higher levels of HR in phases in the high threat group, but only when self-efficacy
was low (M = 92.6 vs. M = 80.11; F(1,29) = 7.72; p = .009; partial > = .21). The between-
subjects ANOVA did not reveal any significant effects.

[Insert Fig. 4 about here]

A double ANOVA was carried out to analyse the 10P data. First, a phase (5) x eye (2)
within-subjects ANOVA was conducted on these data (Fig.5), revealing a main effect of eye
(Wilks's A = .83; F(1,37) = 7.44; p = .01; partial n? = .17), with IOP values on LE (M =
13.78) being higher than those on RE (M=13.39). A main effect of phase was also found
(Wilks's A = .64; F(4,34) = 4.79; p = .004; partial n> = .36), but the interaction phase x eye did
not reach statistical significance. Contrast analyses for the phases revealed a trend that best
fitted an order 4 model (F(1,37) = 20.55; p = .004). Bonferroni contrasts revealed the
following order: phase1 = phasez > phases < phases > phases. Therefore, the results suggest
(Fig. 2) atendency for I0OP to decrease in both eyes during the phases prior to introduction of
the stressor, which peaks during the task, and then returns to baseline during the recovery
phase. With regard to the specific changes in IOP during the stressor task in the whole sample
(Adifference between stressor task and baseline), an increase was found in both eyes
(+.80mmHg for the LE and +.42mmHg for the RE) that reached statistical significance
(Wilks's A =.77; F(1,37) = 11.62; p = .002; partial n?= .23).

[Insert Fig. 5 about here]

In order to conduct the subsequent ANOVA (within and between-subjects), we
averaged the 10P across the LE and RE. We then conducted a phase (5) x threat (2) x self-
efficacy ANOVA. This analysis revealed that the data followed the same pattern throughout
the phases as that confirmed in the first step (Fig. 1), and also showed a significant phase x

threat interaction (Wilks's A = .69; F(4,26) = 2.96; p = .03; partial n? = .31). This analysis also

12
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confirmed the interaction phase x self-efficacy long with a near significant second order
interaction phase x threat x self-efficacy. Therefore, a between-subjects analysis (Fig. 6) was
then conducted for each phase. This analysis revealed that when the level of perceived threat
was high, there was a significant effect of self-efficacy on 10P in phasez and phaseas.
Specifically, IOP was higher for the high self-efficacy condition in both phasez (M = 16.18 in
high vs. M = 12.53 in low; (F(1,10) = 9.23; p = .01; partial n?= .48) as well as in phases (M =
15.78 in high vs. M = 13.27 in low; (F(1,10) = 4.66; p = .05; partial n?>= .31). A similar trend
was observed in phasei, phases, and phases, but the differences did not reach statistical
significance.

[Insert Fig. 6 about here]

An ANOVA conducted on the arousal data revealed a main effect of phase (Wilks's A
= .16; F(4,28) = 38.39; p < .0005; partial n?= .85) which best fitted a nonlinear, cubic model
(Fig. 3; F(1,31) = 149.99; p < .0005; partial n? = .83). Bonferroni contrasts revealed the
following order: phase1 > phasez = phases < phases > phases. Further, a phase x self-efficacy
interaction fitted a cubic trend and reached statistical significance (Fig. 7; F(1,33) =3.91; p <
.05; partial n?=.11). Analysis of each phase (Fig. 8) revealed a main effect of self-efficacy
that reached statistical significance in phases: higher self-efficacy induce lower arousal (M =
6.88 vs. M = 5.39; F(1,33) = 6.07; p = .01; partial n> = .16).

[Insert Fig. 7 about here]

The ANOVA conducted on the valence data revealed a main effect of phase (Wilks's
A =.66; F(4,28) = 3.68; p = .01; n?= .35) which fitted a nonlinear, order 4 trend (Fig. 7;
F(1,31) = 15.47; p < .0005; partial n?=.33). Bonferroni post-hoc analysis revealed the
following order: phasei1 = phasez = phases > phases < phases. A between-subjects ANOVA did
not yield any significant main effects or interactions between the variables of interest.

[Insert Fig. 8 about here]

13
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An ANOVA conducted on the dominance data revealed a main effect of phase
(Wilks's A =.66; F(4,30) = 3.75; p < .01; partial n? = .33) which fitted a nonlinear, cubic
model (Fig. 7; F(1,33) = 14.06; p = .001; partial n? = .30). Bonferroni contrasts revealed the
following order: phase: < phasez = phases > phases < phases. A between-subjects ANOVA
revealed a main effect of self-efficacy (Fig. 9): subjects with higher self-efficacy showed
higher dominance (M = 6.67 vs. M = 5.02; F(1,33) = 11.75; p = .002; partial n? = .26).

[Insert Fig. 9 about here]

An ANOVA condicted on the aversiveness of IOP measurement revealed a main
effect of phase (Wilks's A = .55; F(4,28) = 5.65; p <.002; n? = .45) which only fitted a linear,
decreasing trend (Fig. 7; F(1,31) = 29.83; p < .0005; n2 = .44). Bonferroni contrasts revealed
the following order: phase1 > phasez = phases > phases = phases. A between-subjects ANOVA
found a main effects of both threat and self-efficacy (Fig. 10): Participants with a higher level
of perceived threat showed lower aversiveness (M =1.70 vs. M = 3.29; F(1,33) =4.77;p =
.03; partial n?=.13) and those with higher self-efficacy also showed lower aversiveness (M =
1.78 vs. M = 3.21; F(1,32) = 4.13; p = .05; partial n?=.11).

[Insert Fig. 10 about here]
Common vs. specific regulatory mechanisms for psychophysiological variables

Although all the physiological variables shared a common topography (a progressive
tendency to decline from Phase 1 (arrival) to Phase 3 (baseline), sharply disrupted by a peak
during the stressor task (Phase 4), two distinct patterns appear to emerge, grouping SBP, DBP
and HR. and 10P for LE and RE on the other hand. In order to test the significance of this
apparent grouping, individual within-subject Pearson’s correlations were computed (i.e. a
correlation matrix for each participant (n=38) was computed from absolute values of 5
variables x 5 phases). Table 2 shows the grand averages of these within-subject correlations.

[Insert Table 2 about here]

14
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The results showed that mean within-subject correlations range from r=-.04 (HR with
IOP-RE) to r=.81 (SBP with DBP). A within-subject ANOVA conducted on these “meta-
correlations” revealed significant differences in mean within-subject correlations (Wilks’s A
=.33; F(9,28) = 13.78; p < .0005; partial n? = .28). Bonferroni contrasts grouped the
correlations into the following four groups: rser,oBr) > F(sBr,HR) = I'(DBP, HR) > I'(SBP, I0P) = I'(DBP,
10p) = FHR; 10p). Further, two principal component analyses (PCA) were carried out in order to
test whether a one-dimension or a two-dimension model was the best fit for grouping the
patterns in terms of physiological variables. Physiological raw data were reduced to mean
samples in order to control for individual variability, and then normalised (Z-scores) in order
to homogenise the scales of measurement.

As it can be observed in Table 3, a one-dimension factorial solution explained 81.8%
of the variance, and physiological variables had a factorial load in the range [.85-.96]. A two-
dimension factorial solution (with Varimax rotation) explained 99.6% of the variance,
grouping the cardiovascular variables in Factor 1 with factorial loadings in the range [.93-.96]
and grouping the IOP measurements in Factor 2 with factorial loadings in the range [.93-.95].
In spite of this, IOP contributed to the cardiovascular reactivity factor with factorial loadings
from .30 to .36 and reciprocally cardiovascular variables contributed to the 10P reactivity
factor with factorial loadings from .29 to .37.

[Insert Table 3 about here]

As a complimentary strategy for identifying the covariation of physiological variables,
an array of 38 principal component analyses was carried out (one per subject). Two factors
were extracted, and factor loadings were calculated with VARIMAX rotation. Each pair of
variables were declared as covariates if both had a factor loading above .70. Table 4 displays
the number of subjects for which this criterion was reached for each pair of variables:

[Insert Table 4 about here]

15
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Aversiveness of the measurement procedure and IOP
In order to analyse the relationship between aversiveness of the procedure and
variability in IOP for each phase of the study, a series of linear, quadratic and cubic
regressions were planned, where aversiveness was the regressor and IOP the dependent
variable. The results (see Table 5) failed to show a relationship between these two variables in
any of the phases, with the exception of Phase 4, in which the quadratic model reached
statistical significance.
[Insert Table 5 about here]
Discussion

At first glance, the results reported here indicate that the participants were sensitive to the
demands of the task throughout the study, since all the dependent variables measured showed
a significant effect of phase. Of particular interest was the physiological and affective
response to the social stressor task, characterised by an increase in SBP, DBP, HR, IOP, and
arousal, and by a decrease in valence and dominance. The perceived aversiveness of the IOP
measurement procedure was the only measured variable that did not appear to be reactive to
the social stressor task and instead showed a sustained tendency to decrease throughout the
course of the study, despite the demands of the various phases.

It is worth noting that we found a significant difference in IOP between the two eyes
throughout the study. Undoubtedly, healthy individuals can show a lateralization in IOP
(Dane et al., 2003), a difference that appears to be related to sympathetic asymmetry (Reddy
& Mohan, 2010), and this strong IOP asymmetry can be a risk factor for glaucoma (Williams
et al., 2013). In the general population there is an increase in RE IOP, an effect that is
particularly marked in right-handed people. In contrast, in our study LE IOP was consistently
enhanced throughout the phases. Moreover, in our sample the vast majority of the participants

(83.3%) were right-handed. Therefore, there is no anatomical or physiological basis for our
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results. One possible explanation could lie in our chosen methodology. In particular, this
difference between LE and RE IOP could be explained in terms of an habituation process
affecting the second eye to be measured (RE), which would further confirm that
psychological processes have an impact on IOP.

Regarding the role of perceived control in physiological and affective functioning, the
results obtained clearly support our hypothesis. Thus, an interaction between self-efficacy and
threat could partially explain individual differences in cardiovascular response to the demands
of the study. Subjects experiencing threat with a high sense of self-efficacy sustained elevated
levels of SBP and DBP throughout all the phases compared with participants in the other
three conditions. The former group also showed an enhanced HR reactivity on the stressor
task, although this failed to reach statistical significance. For this variable, the interaction was
limited to the stressor task, and indicated that the subjects with low self-efficacy and high
threat were more reactive. This pattern of results is similar to that reported in previous studies
(Gerin et al., 1995, 1996; Sanz & Villamarin, 2001), in which high elevations in blood
pressure (particularly DBP) and moderate increases in HR are indicative of active coping,
whilst higher HR reactivity and moderate changes in blood pressure are indicative of anxiety
and stress as a physiological state that prepares the individual for an avoidance response (Sanz
et al., 2006a). This is also congruent with the results obtained with regard to affect, since
subjects with high self-efficacy (despite their perceived level of threat) showed lower arousal
and higher dominance throughout all the phases of the study. Our results also indicate that
perceived control affected IOP in a manner similar to that of SBP and DBP. Again, an
interaction was found, since subjects with higher levels of self-efficacy and threat showed an
increased IOP in comparison with those in the other three conditions, although this difference
reached statistical significance in the two phases (optometry and stressor social test) in which

an overt response was required by the subjects. Therefore, the results suggest that IOP is not
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only sensitive to the psychosocial demands of the context, but (as with the case of blood
pressure) is also regulated by the levels of perceived control, which serves as a preparatory
strategy for active coping.

Regarding the perceived aversiveness of the IOP measurement procedure, it has been
argued that this depends on the degree of discomfort caused by the invasion of personal space,
along with manipulation of the eye. Such discomfort could be an important source of stress
that explains changes in 10P. This assertion, however, is not supported by our results, since
there were negligible correlations between IOP and the perceived aversiveness of the IOP
measurement (none of these were statistically significant) throughout the five phases of the
study. Moreover, the aversiveness ratings were generally low in the total sample and declined
throughout the course of the study. This hypothesis was initially derived from the results
obtained in studies in which Goldmann tonometry was employed. This procedure is highly
invasive and implies the use of anaesthesia and contact between the tonometer and the surface
of the eye. In contrast, we employed a noncontact tonometer, which can be regarded as a less
invasive or threating instrument.

Despite the seemingly similar topography of I0OP and cardiovascular variables
throughout the study, two main differences emerged between them: IOP showed a clear
tendency to decline throughout the phases, with moderate reactivity to the social stressor task.
Cardiovascular variables, however, did not show any general trend and remained stable over
time but showed intense reactivity to the social stressor. The statistical analyses clearly
classified the individual variability into two slightly related but different factors, the most
important of which included SBP, DBP, and HR, and the second of which only included IOP
for both eyes. Therefore, regarding the regulatory mechanisms underlying the reactivity of
physiological parameters measured in this study, our findings, as expected, suggest a common

mechanism for cardiovascular variables, sharing between 37% and 65% of the variability
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observed. In contrast, only a weak covariation was found among cardiovascular variables and
IOP, since SBP, DBP, and HR only shared 5% to 10% of the variability with IOP. These
results are consistent with the findings of previous research (Méndez-Ulrich et al., 2013) and
do not support the theoretical assertion of a shared regulatory mechanism for IOP and the
cardiovascular system. Undoubtedly, the lack of specificity of control exerted by the
autonomic system, as postulated by Selye (1956), has been brought into question. There is a
vast body of evidence suggesting high specialisation of the neurons of the sympathetic and
parasympathetic systems, which are involved in the specific regulation of each of the target
organs (Furlan et al., 2016). This is congruent with evidence suggesting that the autonomic
nervous system is organised (in the words of Norman et al., 2014) as a heterarchy in which
two effector systems can exhibit a different pattern of autonomic regulation whilst a single
effector system changes its autonomic space regulation over time (Bernston et al., 1994).
Taken together, the results obtained in this study support the notion that IOP reactivity
is influenced by cognitive processes, and runs parallel to affective changes, which could be
the basis for suggesting a hypothetical white coat effect on the ocular system. However, this
possibility should be explored in glaucoma patients due to the fact that they have a
hypothetically different physiology in comparison with healthy subjects and that, unlike
healthy individuals, they are accustomed to experiencing fear as a result of the measurement
procedure. However, this assertion should be treated with caution since we have found
evidence that, whilst IOP and cardiovascular reactivity may be parallel, they are essentially
independent processes, and thus the OWCH, if it exists, would be an analogous but very
different phenomenon to that of white coat hypertension. Therefore, the results obtained here
suggesting a link between IOP and both cognitive and emotional processing can be seen as
supporting a relationship between these processes and transient elevations in IOP, but do not

necessarily imply that these processes play some role in the aetiology of glaucoma. Therefore,
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the usefulness of these results is that they suggest the convenience of taking this effect into
account in further clinical research, since glaucoma could be over-diagnosed.

On the basis of the results obtained here, we conclude by responding to the questions
set out in our original hypotheses:

H1. Did the psychosocial stressors present in the clinical setting cause significant IOP
and cardiovascular reactivity? Our results strongly support this hypothesis: IOP declines over
time and is moderately sensitive to psychosocial stressors, whilst SBP, DBP, and HR are
stable over time and highly reactive to psychosocial stressors.

H2. Are individual differences in 10P reactivity to psychosocial stressors partially
dependent on the interaction between self-efficacy and threat? Our results strongly support
this hypothesis: The combination of high self-efficacy and high threat appeared to render the
participant more susceptible to higher tonic or phasic changes in IOP, along with higher SBP
and DBP levels. This condition was also characterised by moderate to high HR reactivity,
higher dominance, lower arousal and lower perceived aversiveness of the IOP measurement
procedure. For all of the dependent variables, we found a main effect of self-efficacy, or an
interaction between self-efficacy and threat.

H3. Did a high level of perceived aversiveness of the IOP measurement procedures
partially predict individual differences in IOP? Our results failed to support this hypothesis:
Aversiveness decreased over time, independently of IOP values. Thus, aversiveness did not
appear to account for the individual variability in IOP when employing non-contact
tonometry.

H4. Was there a strong correlation between IOP and cardiovascular reactivity when
faced with a psychosocial stressor? Our results failed to confirm a common regulatory
mechanism for all the physiological variables analysed. SBP and DBP appeared to be highly

correlated over time, and HR shared a moderate to high covariation with SBP and DBP, but
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IOP changed over time independently of cardiovascular variables. A specific regulatory
model would better fit the results obtained. As a whole: Did the results provide support for the
phenomenon of ocular white coat hypertension? The evidence derived from this study is
strongly compatible with an ocular white coat effect. In our opinion, this encourages further
clinical research to specifically address this hypothetical phenomenon. However, our results
in relation to this hypothesis should only be considered as a preliminary step towards
addressing this issue, since the study was conducted with a healthy sample, and this
phenomenon should be tested in clinical contexts with real glaucoma patients in order to
evaluate its relevance for ophthalmologic clinical practice.

This study makes a contribution to an emerging field in Health Psychology that has been
named Psycho-Ophthalmology (Méndez-Ulrich & Sanz, 2016) in which three major areas of
research have been initiated: the effects of stress on IOP, the emotional impact of ocular
diseases, and adherence to treatment. In our opinion, the chief contribution of this study is that
it provides an empirical basis for postulating the existence of ocular white-coat hypertension.
Thus, our findings support the possibility that some of the determinants of white-coat
hypertension could also underlie 10P reactivity. In the future, clinical trials should be
conducted to characterise this hypothetical phenomenon. And, if effectively confirmed, it
must be included in measurement protocols of IOP, as is now a matter of routine with respect
to blood pressure (O’Brien et al., 2003).

As argued in the discussion, the lack of covariation between cardiovascular variables
and 10P in the presence of psychosocial stressors could be explained in terms of a specific
regulatory mechanism that operates for each of these, a notion that has received empirical
support from anatomical and physiological research (Bernston et a., 1994). However, there is
an alternative methodological reason that could underlie this lack of covariation. In addition,

some studies postulated that the reactivity of IOP to stress, and even loss of vision, could be
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regulated by a mechanism called the "eye-brain-vascular triad™ (Sabel, et al., 2018; Sabel et
al.,2018Db). This hypothesis represents an interesting alternative that should be explored in
more depth in future studies on the physiology of 10P reactivity to stress. In the present study
cardiovascular variables were simultaneously measured during a brief interval (20 secs
approx.) whilst IOP was measured four times during a later 2-minute period. This lack of
synchronicity in the measurement of the psychophysiological variables is a limitation that
should be addressed in next studies. In any case, the results obtained in this study encourage
future research aimed at disentangling the relationship between stress and IOP, on the one

hand, and to identify a possible white-coat effect that affects the ocular system, on the other.
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Tables and Figures

Table 1
Phase
Category Variable Instrument Ar:}val Optometry Baseline Stressor Recovery
Cognitive Self-efficacy
variables Threat PASA \
0P Non-contact tonometer v \ \ \ \
Physiological ~ SBP Electro- v v v v v
variables DBP Sphygmomanometer \ \ \ \ \
HR N N N N N
Arousal \ \ \ \ \
Affective Valence SAM \ \ \ \ \
variables Dominance \ \ \ \ \
Aversiveness One-item scale \ \ \ \ \

PASA: Primary Appraisal-Secondary Appraisal Scale; I0P: intraocular pressure; SBP:
Systolic blood pressure; DBP: Diastolic blood pressure; HR: Heart rate; PC: Perceived
control; SAM; Self-Assessment Manikin.

Table 2
Diastolic Heart IOP I0P
BP rate left eye right eye
Systolic BP 81 .62 .33 21
Diastolic BP .61 .23 A7
Heart rate 22 -.04
10P left eye 27
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Table 3
One-dimension . )
PCA model Two-dimensions PCA model
Factor 1 Factor 1 Factor 2
Loadings loadings loadings
Systolic BP .96 .93 .37
Diastolic BP .93 .96 .29
Heart rate .95 .94 .34
IOP left eye .83 .30 .95
IOP right eye .85 .36 .93
Variance explained per 57 5% 42 1%
factor
Variance explained per 81.6% 99.6%
model
Table 4
DBP HR IOP-LE IOP-RE

SBP 11 10

DBP 12 9

HR 13 6

IOP-LE
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Linear Quadratic Cubic

model model model

RZ p R? P RZ p
Arrival 01 54 .07 .32 .08 52
Optometry .01 .54 .05 47 .08 .50
Baseline .03 .34 .09 .24 .09 42
Stressor .02 40 19 .04 19 .08
Recovery 01 .67 .02 .76 03 .86
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Fig.5

Fig.6
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Fig.7
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Perceived control & intraocular pressure
Legends

Table 1. Instruments employed and variables measured along the study.

Table 2. Correlation of IOP (intraocular pressure) and cardiovascular parameters.

Table 3. Comparison of two factorial models for physiological reactivity along the study.
SBP=systolic blood pressure, DBP=diastolic blood pressure, HR=heart rate, IOP-LE=
intraocular pressure-left eye; IOP-RE=intraocular pressure-right eye.

Table 4. Number of subjects of the sample (n=38) in which a pair of physiological variables
loaded in the same factor >.70 in the individual factor analysis (PCA, two-dimensions
extracted).

Table 5. Adjustment to linear, quadratic, and cubic models of regression of aversiveness to
IOP measurement (regressor) and IOP (dependent variable).

Figure 1. Patterns throughout the phases of the study for systolic blood pressure (SBP),
diastolic blood pressure (DBP), heart rate (HR), and intraocular pressure (IOP) for left eye
(LE) and right eye (RE). Values are in normalised units (Z-scores).

Figure 2. Estimated mean systolic blood pressure (SBP) as a function of dichotomised threat
and Self-Efficacy scales for all phases of the study (*p <.05; **p <.01; ***p <.001).

Figure 3. Estimated mean diastolic blood pressure (DBP) as a function of dichotomised threat
and self-Efficacy (SE) scales for all the phases (*p <.05; **p < .01; ***p < .001).

Figure 4. Estimated mean heart rate (HR) as a function of dichotomised threat and self-
efficacy (SE) scales for each phase (*p<.05; **p<.01; ***p<.001).

Figure 5. IOP (intraocular pressure) means for the LE (left eye) and RE right eye) throughout
the phases of the study.

Figure 6. Estimated mean 0P (intraocular pressure) as a function of dichotomised threat and

self-efficacy (SE) scales for each phase (*p < .05; **p <.01; *** p <.001).

Figure 7. Means for the affective dimensions (arousal, valence, and dominance) assessed by
the Self-Assesment-Manikin (SAM) and the scale of aversiveness to intraocular pressure
(IOP) measurement throughout the phases of the study (values for aversiveness have been
adjusted to a 1 to 9 points scale).
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Figure 8. Estimated mean arousal as a function of dichotomised threat and self-efficacy (SE)
subscales of PASA (Primary and Secondary Assessment) for each of the five phases of the
study. Asterisks reflect the between-subjects significant effects (*p < .05; ** p <.01; ***p <
.001).

Figure 9. Estimated mean dominance as a function of dichotomised threat and self-efficacy
(SE) subscales of PASA (Primary and Secondary Assessment) for each of the five phases of
the study. Asterisks reflect the between-subjects significant effects (*p<.05; **p<.01;
***p<.001) (*p<.05; **p<.01; ***p<.001).

Figure 10. Estimated mean aversiveness of IOP measurement as a function of dichotomised
threat and self-efficacy (SE) subscales of PASA (Primary and Secondary Assessment) for
each of the five phases of the study. Asterisks reflect the between-subjects significant effects
(*p<.05; **p<.01; ***p<.001) (*p<.05; **p<.01; ***p<.001).
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