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Abstract: Social context has been shown to influence pain perception. This study aimed to broaden 
this literature by investigating whether relevant social stimuli, such as faces with different levels of 
intrinsic (based on physical resemblance to known individuals) and episodic (acquired through a 
previous experience) familiarity, may lead to hypoalgesia. We hypothesized that familiarity, whether 
intrinsic or acquired through experience, would increase pain threshold and decrease pain intensity. 
Sixty-seven participants underwent pain induction (the cold pressor test) viewing previously seen 
faces (Episodic Group) or new faces (Non-episodic Group) that differed in the level of intrinsic fa-
miliarity (high vs low). Pain threshold was measured in seconds, while pain intensity was measured 
on a rating scale of 0 to 10. The results did not show an effect of episodic familiarity. However, 
compared to low, high intrinsic familiar faces had an attenuating effect on pain intensity, even after 
controlling for pain expectation. These results suggest that physical features conveying a higher 
feeling of familiarity induce a top-down hypoalgesic modulation, in line with the idea that familiarity 
may signal safety and that the presence of familiar others reduce perceived threat-related distress. 
This study provides further evidence on the social modulation of pain and contributes to the lit-
erature on first impressions' influence on social behavior. 
Perspective: Consistent with the idea that familiar others signal safety and reduce the sense of 
threat, facial features conveying familiarity induce a top-down hypoalgesic modulation. This 
knowledge may contribute to understanding differences in pain perception in experimental and 
clinical contexts.

© 2023 The Author(s). Published by Elsevier Inc. on behalf of United States Association for the Study of 
Pain, Inc  
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T he presence and support of others are essential 
to human health and have relevant psychological 
and physiological consequences.1,2 The Social 

Baseline Theory (SBT)3 points out that proximity to social 
resources reduces the perceived distress associated with 
the threat. The SBT assumes that the human brain has 
evolved by learning that survival depends on others and 
that physiological needs are met more effectively when 
others are present.4,5 Consistent with research showing 
that the presence of cospecifics reduces behavioral and 
autonomic responses to threat, clinical and experimental 
studies have shown that the social context intervenes in 
descending (ie, top-down) pain modulatory mechan-
isms.6–10 Social context may lead to implicit or explicit 
pain expectations through conditioned or observational 
learning inducing placebo hypoalgesia or nocebo hy-
peralgesia.1,9–15 A specific line of research shows that 
affectively familiar individuals (ie, significant others such 
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as parents and romantic partners) have a pain-attenu-
ating effect.16-19 Providing a feeling of protection and 
serving as a safety signal,20 both active (ie, hand-holding) 
and passive (ie, mere physical proximity, photographs) 
presence of romantic partners reduces pain intensity and 
sensitivity in various clinical situations, such as recovery 
from surgery21 and labor.22 Pain reduction induced by 
the presence of affectively significant individuals has also 
been demonstrated in experimental paradigms using 
various measures such as thermal23-25 and electric26,27 

stimulation and pressure pain.28 

It is, therefore, reasonable to assume that familiar-
ity—even when not conveyed by affectively familiar 
others—can signal the presence of resources to cope 
with threatening situations and, thus, lead to a similar 
pain-attenuating effect. Recent research shows that 
health care providers’ facial features that convey feel-
ings of familiarity led to reduced patients' pain per-
ception during an invasive procedure in a clinical 
setting.29 Patients' positive feelings of similarity and 
trust toward physicians predicted lower pain ratings,30 

and doctors’ faces manipulated to look untrustworthy 
led to higher pain intensity with increased activity in 
brain regions associated with nociceptive pain, such as 
the insula and supplementary motor area.31 Here, we 
aimed to investigate whether viewing strangers with 
different levels of nonaffective familiarity can modulate 
pain perception. We focused on 2 types of nonaffective 
familiarity, namely intrinsic (ie, based on physical re-
semblance to known individuals32,33) and episodic (ie, 
acquired through a previous experience34) familiarity. 
To assess the effect of intrinsic familiarity, participants 
were asked to report their pain during cold pressor test 
(CPT) while exposed to high familiar-looking versus low 
familiar-looking faces. Participants were split into 2 
experimental groups to assess the effect of episodic 
familiarity. Half of them (ie, the Episodic Group [EG]) 
were exposed to high/low familiar-looking faces that 
they had already seen once, while the other half (ie, the 
Non-episodic Group [NG]) were exposed to completely 
new high/low familiar-looking faces. All participants 
were also exposed to a baseline control (no face) con-
dition as well. 

After the CPT, participants were also asked to report 
their experience in terms of anxiety, fear, pleasantness, 
and stress and to rate the faces in terms of how familiar/ 
trustworthy/caring they looked. 

We hypothesized that high familiar-looking faces and 
previously seen faces would increase the pain threshold 
and decrease pain intensity. Moreover, it is plausible 
that participants would benefit from an additive effect 
of intrinsic and episodic familiarity (ie, previously seen 
high familiar-looking faces). Given that individual dif-
ferences such as pain expectations and personality traits 
(ie, catastrophizing, anxiety, and fear of pain) have 
been found to exert an influence on pain experi-
ence,14,18,35 we controlled for these traits. 

Methods 

Design 
A 3 within (high familiar, low familiar, no face) × 2 

between (Episodic, Non-episodic) mixed-subjects design 
was used in this study (Fig 1A). Participants were ran-
domly divided into 2 experimental groups: the EG was 
exposed to faces already seen the day before the pro-
cedure, and the NG was exposed to new faces. The total 
experiment lasted 5 days. Participants performed the 
CPT 3 times (on 3 consecutive days), and the order of the 
conditions (high familiar, low familiar, no face) was 
randomized across days. 

Participants 
A power analysis using G*Power software (Kiel 

Universität, Germany)36 showed that a sample of 66 
participants was required to achieve sufficient power (1- 
β  > .95) for α = .05, assuming a medium effect (f = .20) 
and a correlation of .50 between repeated measures for 
3 within (high familiar, low familiar, no face) × 2 be-
tween (Episodic, Non-episodic) mixed-model analyses of 
variance (ANOVAs). Eighty-six individuals were re-
cruited to participate in the study. They were all Cau-
casian University students enrolled in the second year of 
Medicine and Surgery at the University of Bologna, 
Italy. Exclusion criteria included any current self-re-
ported medical (eg, syncope, cardiovascular disease, 
pulmonary disease, vascular disease, chronic pain, or use 
of pain medication) or psychological (eg, psychiatric 
disorders, alcohol, or other drug abuse) conditions that 
might be influenced by the induced pain. Thirteen 
participants were excluded due to technical problems or 
because they did not complete the experimental ses-
sions. In addition, data were checked for outliers (ie, z- 
scores  >   ± 3 standard deviation [SD]). Six participants 
fell under this condition in pain threshold or pain rat-
ings and thus were excluded. The final sample consisted 
of 67 participants. Of these, 34 (19 females, 15 males; 
M = 20.91  ±  1.90 years) were assigned to the EG, and 33 
(19 females, 14 males; M = 20.32  ±  1.07 years) were as-
signed to the NG. The experimental procedures were 
approved by the Institutional Review Board of the 
University of Bologna. All participants signed an in-
formed consent form. The real purpose of the study was 
not disclosed to the participants, but they were fully 
debriefed at the end of the study. 

Cold Pressor Test 
The CPT is considered a safe and standardized method 

for pain induction.37 In this procedure, the participant’s 
hand is immersed in an ice water bath for about 3 min-
utes. Afterward, the participant's hand is immediately 
dried and warmed. In our study, participants placed their 
nondominant hand in the cold tank, which was kept at a 
temperature of 2.5 °C ( ± .5 °C). Before immersion, they 
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were instructed to keep their hand open (rather than in a 
closed fist position) under water until the pain became 
unbearable. However, the cutoff time was set at 3 min-
utes, after which the participants were asked to remove 
their hands from the water. The participants were not 
informed about this maximum limit. 

Familiarity Manipulation 
Stimuli 

The stimuli consisted of 24 emotionally neutral 
Caucasian faces (12 female faces) selected from the 
Chicago Face Database38 according to their standar-
dized appearance-based ratings of familiarity. Specifi-
cally, the faces were selected based on a standardized 
average (z score) of their familiarity ratings from an 
independent Italian sample of 342 (47 men; age 
M = 22.73, SD = 6.94 years) individuals. The final set in-
cluded 12 low familiar-looking faces (6 men; M = 2.52, 
SD = .18) and 12 high familiar-looking faces (6 men; 
M = 4.76, SD = .38). Four additional faces (2 low familiar- 
looking faces and 2 high familiar-looking faces, gender- 
balanced) were used for practice trials. 

Face Encoding Task 
In order to manipulate experimentally the episodic 

familiarity, all participants performed a Face Encoding 
Task the day before (ie, day 1) the pain experimental 
induction. On the following days, participants assigned 
to the EG were exposed to the same faces that they 
rated during the Face Encoding Task, while participants 

assigned to the NG were exposed to completely new 
faces (different from the faces they were presented 
with during the Face Encoding Task). 

Sixteen images (800 × 600-pixel bitmap) depicting a 
frontal face image (8 high familiar-looking and 8 low fa-
miliar-looking, gender-balanced) were presented in a 
randomized order. To ensure continuous attention during 
the acquisition phase, participants were asked to rate each 
face on a scale of 1 (not at all) to 9 (extremely) on how 
familiar/trustworthy/dominant/attractive/typical/caring the 
face looks (see Supplementary Materials, Supplementary 
Table 1 for ratings’ means and SDs of the stimuli used 
during the CPT). Participants rated each face on all traits at 
once. Each participant was assured that there were no 
right or wrong answers and that they should rely on their 
first impression. The task began with 2 practice trials to 
familiarize the participant with the task. Each trial was 
preceded by a fixation cross for 1 second 

Measures 
Demographics 

At the beginning of the CPT session (ie, day 2), parti-
cipants signed the consent form and were asked to 
provide their demographic information (ie, age and sex). 

State of Anxiety 
The level of state of anxiety before the CPT was 

measured with State-Trait Anxiety Inventory-State ver-
sion (STAI-S39). STAI-S has 20 items for assessing state 
anxiety. All items are rated on a 4-point scale (from 

Figure 1. Experimental design (A) and procedure (B). Panel A shows the experimental mixed design, while panel B shows the 
experimental procedure. Note that the order of conditions (high, low, no face) was randomized across days in the actual ex-
periment. 
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“Almost Never” to “Almost Always”). Higher scores in-
dicate greater anxiety. Reliability analysis yielded good 
internal consistency (Cronbach’s alpha = .94). 

Pain Expectation 
Participants’ expectation about the pain was mea-

sured on a 10-point Likert scale ("How much pain do 
you think you are going to feel?") to control for in-
dividual differences. 

Pain Threshold and Pain Tolerance 
Latency to pain threshold (ie, the time in seconds 

from hand immersion to the first pain rating, when the 
participant indicates that they feel pain by pressing the 
space bar) and pain tolerance (ie, the time in seconds 
from hand immersion to the time the participant vo-
luntarily removes their hand) were measured in seconds 
using a stopwatch. 

Pain Intensity 
Pain intensity was measured on a verbal numerical 

rating scale of 0 to 10 (where 0 = no pain and 10 = the 
worst possible pain) every 20 seconds after the pain 
threshold and at the time the hand was removed from 
the water. It is important to note that the aim of col-
lecting pain intensity ratings every 20 seconds after the 
threshold was 2-fold, namely to calculate average pain 
intensity and to control for the effect of time (ie, dif-
ferences in time during the pain procedure, as acute 
cold exposure has been demonstrated to be dependent 
on habituation40). 

Feelings About Procedure 
After the CPT, participants were asked to answer questions 

to determine how emotional and stressful the experience 
was. The questions were as follows: 1) “How much anxiety 
did you feel during the procedure?” 2) “How much fear did 
you feel during the procedure?” 3) “How much un-
pleasantness did you feel during the procedure?” 4) “How 
much stress did you feel during the procedure?” Participants 
had to rate their answers on an 11-point scale (0 = "not at 
all" to 10 = "maximum extent"). 

Pain-Related Questionnaires 
Level of anxiety, fear of pain, and pain catastro-

phizing were measured with the Anxiety Sensitivity 
Index-3 (ASI-341), the Fear of Pain Questionnaire- III 
(FPQ- III42,43), and the Pain Catastrophizing Scale (PCS44), 
respectively. 

ASI-3 is a 16-item self-report scale measuring concerns 
about possible negative consequences of anxiety 
symptoms; FPQ- III is a 30-item questionnaire that as-
sesses fear of pain; and the PCS is a 13-item scale that 
quantifies the degree of pain-related catastrophizing, 
that is, the degree of exaggerated negative orientation 
toward actual or anticipated pain experiences. We ad-
ministered these scales to make sure that the groups did 
not differ in personality traits related to pain 

perception. The pain-related questionnaires were ana-
lyzed using sum scores. Reliability analysis yielded a 
good internal consistency (Cronbach’s alpha: ASI-3 = .87, 
FPQ-III = .89, PCS = .87). 

Procedure 
The total duration of the study was 5 days, as shown 

in Fig 1B. On day 1, participants performed a Face En-
coding Task at home via Qualtrics. Over the next 3 days, 
participants performed the CPT at the laboratory and 
were exposed to faces they had seen during the Face 
Encoding Task (EG) or completely new faces (NG), de-
pending on the experimental condition. Participants 
were also exposed to a no face condition (control). In 
total, the participants performed the CPT 3 times, that 
is, once per day to avoid a possible habituation effect 
among conditions within a day. The CPT was always 
conducted in the afternoon (from 2.00 to 5.00PM) to 
exclude any possible influence of variations in the time 
of day. On day 5, participants were administered pain- 
related questionnaires at home via Qualtrics. 

Prior to the CPT 
After giving consent to participate, all participants were 

contacted by email at home on day 1 and given a Qualtrics 
link to the Face Encoding Task. The link was sent on a well- 
defined schedule to ensure that participants completed 
the task within 24 hours before the CPT. 

The CPT 
On the next 3 days (day 2, day 3, day 4), participants 

performed the CPT individually in the Bologna University 
Psy-Lab at the Morgagni-Pierantoni Forlì Hospital. 

On arrival at the laboratory, participants were greeted 
by the experimenter. To ensure that they could immerse 
themselves in the situation, they were told: “[.] imagine 
you are in a hospital for a clinical test. The test will be 
conducted by a healthcare professional who can be seen 
on the computer monitor on the desk where you are 
sitting.” Before the test began, participants were told 
that they could stop the task at any time. After the 
participants sat down, the experimenter went behind a 
screen so as not to be visible during the procedure. At 
the beginning of the session, participants signed the 
consent form and were asked to provide their demo-
graphic information. They also indicated their current 
anxiety levels using the STAI-S,39 and their expectation 
about the pain. Then, CPT instructions were provided 
entirely through the computer, written on the right side 
of the screen, next to the face that ostensibly re-
presented the health care professional conducting the 
procedure. Participants had to press the space bar after 
reading the instructions to advance. Once participants 
had immersed their hands in the water, the face was 
presented (18 cm high × 21 cm wide) at 80 cm viewing 
distance from the center of a 19-inch computer monitor, 
subtending a visual angle of approximately 12.83 to 
14.95°. The face (or fixation cross in the No Face condi-
tion) remained in the center of the screen for the entire 
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duration of the CPT, and the participant was asked to 
look at it during the whole procedure. In total, each 
participant was exposed to 2 faces (high- and low-fa-
miliar conditions) and to a fixation cross (no face condi-
tion). During each CPT, each participant, whether 
belonging to the EG or NG, was exposed to a single face, 
which could have been low or high familiar-looking, 
depending on the condition, randomly selected from the 
stimulus set. Faces were gender-balanced across condi-
tions (eg, if the participant saw a female low-familiar 
face, then he/she saw a male high-familiar face. See  
Supplementary Materials, Supplementary Table 2 for 
analyses controlling for gender face stimuli. No sig-
nificant effect of gender was found on pain threshold 
and pain intensity). The order of the conditions (No Face, 
Low, High) was randomized across days (see also  
Supplementary Materials, Supplementary Table 3 for 
analyses controlling for day order on pain intensity. No 
significant effect of day order was found on pain in-
tensity). During the CPT, participants were instructed to 
immerse their hand in the water and to rate their pain. 

We used the E-Prime software (Psychology Software 
Tools, Inc., Pittsburgh, PA, USA, http://www.pstnet.com/) 
for stimulus presentation and response data collection 
throughout the procedure in the laboratory. 

Following the CPT 
After the CPT, participants were asked to answer 

questions about how they felt during the procedure in 
terms of anxiety, fear, unpleasantness, and stress. 

Participants were blind to the aims of the study and 
the experimental within- and between-subjects manip-
ulations. However, to check whether the manipulation 
of within-subjects (High vs Low intrinsic familiarity) and 
between-subjects (EG vs NG) familiarity was successful, 
participants were asked at the end of the procedure 
whether they had ever seen the face shown during the 
experiment before and how much the face looked fa-
miliar to them. Participants were also asked to rate faces 
in terms of trustworthiness and caringness to control 
their impression of the health care professional who 
ostensibly conducted the procedure. 

Finally, on day 5, participants received a second 
Qualtrics link containing the 3 pain-related ques-
tionnaires (ie, ASI-3, FPQ-III, PCS). 

Data Analysis 
Supplementary Fig 1 shows the data analysis overview. 

First, we tested whether the experimental manipulations 
(ie, intrinsic familiarity and episodic familiarity) worked as 
intended. After the CPT, participants were asked how 
much the face shown in the experiment looked familiar to 
them and whether they had ever seen the face shown in 
the experiment. To check for intrinsic familiarity, an 
F-test was calculated to evaluate differences between high 
and low intrinsic familiar conditions on familiarity ratings 
across experimental groups. To check for episodic famil-
iarity, recognition was considered accurate if participants 

from the EG recognized faces seen during the encoding 
task and if participants from the NG did not falsely re-
cognize faces. 

Preliminary analyses were then conducted to examine 
participants' characteristics. EG versus NG differences in 
demographic variables, anxiety state (STAI-S), pain ex-
pectation, and pain-related questionnaires were calcu-
lated using t-tests, χ2-tests, and F-tests as appropriate. 
As anxiety state and pain expectation are state mea-
sures that can vary from day to day, differences within 
conditions were also explored. For the following ana-
lyses, total scores (ie, regardless of within conditions) 
were used for variables that did not differ between 
conditions and groups. Bivariate correlations were per-
formed to determine the relationship between the de-
pendent variables (ie, pain outcomes and feelings about 
the procedure) and the STAI-S, pain expectation, and 
pain-related questionnaires. Finally, a t-test was calcu-
lated to evaluate differences between high and low 
intrinsic familiar conditions on trustworthiness and 
caring judgments across experimental groups. 

Consistent with CPT studies34,45-47 and as described 
above ("Measures"), we calculated the following de-
pendent pain measures: 1) mean scores for pain 
threshold (ie, time in seconds from hand immersion to 
first pain rating) and 2) mean pain ratings (ie, average 
pain intensity) during CPT for all participants. Pain tol-
erance (ie, the time in seconds from the time the hand is 
immersed to the time the participant voluntarily re-
moves the hand from the water) was not analyzed as all 
participants kept their hand in the water until the end 
of the procedure (ie, the 3-minute interval). 

To examine familiarity effects, pain threshold and pain 
intensity outcomes were analyzed using mixed ANOVAs, 
with Intrinsic Familiarity (High Familiar-looking Face, Low 
Familiar-looking Face, No Face) as a within-subjects factor 
and Episodic Familiarity (EG, NG) as a between-subjects 
factor. To control for the effect of time (ie, differences in 
time during the pain procedure), individual ratings of pain 
intensity (collected every 20 seconds after threshold) were 
also analyzed using a mixed ANOVA (within-subject fac-
tors: Intrinsic Familiarity, Time; between-subjects factor: 
Episodic Familiarity). Analyses of covariance (ANCOVAs) 
were also run using the variables that were significantly 
different among groups or significantly correlated with 
dependent variables as covariates. Following re-
commendations when conducting ANCOVAs for mixed 
design,48 all covariates were centered (ie, subtracting the 
mean covariate score from each covariate score) before 
entering them into the models. Finally, we were also in-
terested in examining the modulation of familiarity on 
questions after the CPT, namely participants’ feelings 
about the procedure (ie, anxiety, fear, unpleasantness, 
stress). Accordingly, a mixed multivariate analysis of var-
iance (MANOVA, within-subject factor: Intrinsic Familiarity; 
between-subjects factor: Episodic Familiarity) was com-
puted. For F-tests, partial eta-squared (ηp

2) were calculated 
as effect sizes. Significant main effects or interactions were 
followed up by posthoc Bonferroni adjusted analyses. 
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Results 

Manipulation Check 
Both experimental manipulations (ie, intrinsic famil-

iarity and episodic familiarity) were successful. The se-
lected images were perceived as differing in intrinsic 
familiarity. ANOVA on intrinsic familiarity showed a 
significant effect of Intrinsic Familiarity (F(1, 67) = 65.24, 
P  <  .001, ηp

2 = .48), while no significant effect was 
found for Episodic Familiarity (ie, the group, F(1, 67 

= 3.33, P = .07, ηp
2 = .03), or the interaction between 

Intrinsic Familiarity and Episodic Familiarity (F(1, 67) = .02, 
P = .89, ηp

2 = .00). Table 1 reports means and SDs of in-
trinsic familiarity across groups. See also Supplementary 
Materials for individual participants’ data on intrinsic 
familiarity (Supplementary Fig 2). 

For episodic familiarity, participants’ recognition ac-
curacy was high for both high (EG = 88%; NG = 79%) 
and low (EG = 88%; NG = 76%) intrinsically familiar 
faces. That is, whereas participants in the EG correctly 
recognized the faces that they had seen before, parti-
cipants in the NG correctly did not recognize these 
faces. In the Supplementary Materials, we report the 
main analyses and results on pain outcomes performed 
only on participants who were 100% accurate (N = 50). 
Results show no differences between these participants 
and the total sample (Table S4). 

Concerning the inferences from face stimuli, MANOVA 
showed a significant effect of Intrinsic Familiarity, F(2, 64) 

= 65.14, P  <  .001, Wilk’s Λ = .33, ηp
2 = .67, on trust-

worthiness (F(1, 65) = 100.37, P  <  .001, ηp
2 = .61) and caring 

(F(1, 65) = 116.73, P  <  .001, ηp
2 = .64) judgments, showing 

that both judgments were significantly larger for high 
familiar-looking faces than for low familiar-looking faces. 
No significant effect was found for Episodic Familiarity 
(trustworthiness: F(1, 65) = 1.10, P = .30, ηp

2 = .02; caring: 
F(1, 65) = .41, P = .52, ηp

2 = .01), or the interaction between 

Intrinsic Familiarity and Episodic Familiarity, F(2, 64) = 1.14, 
P = .32, Wilk’s Λ = .96, ηp

2 = .03. Table 2 shows the means 
and SDs of trustworthiness and caring ratings of high 
familiar-looking faces and low familiar-looking faces 
across groups. 

Participants’ Characteristics 
The 2 groups of participants (EG vs NG) did not differ 

in terms of sex distribution (EG: F = 19, M = 15; NG: 
F = 19, M = 14, χ2 (1, N = 67) = .20, P = .54) and age (EG: 
M = 20.91  ±  1.90, NG: M = 20.32  ±  1.08, t (66) = 1.52, 
P = .13). Similarly, no significant differences in anxiety 
state (STAI-S scores) within conditions (F(2, 128) = 1.75, 
P = .18, ηp

2 = .03) and between groups (F(2, 128) = .41, 
P = .66, ηp

2 = .01) were found before the procedure. This 
was also the case for pain expectation among condi-
tions (F(2, 128) = .12, P = .88, ηp

2 = .01) and between 
groups (F(2, 128) = 1.76, P = .17, ηp

2 = .03). 
Table 3 reports psychological characteristics in terms of 

anxiety (ASI-3), catastrophizing (PCS), and fear of pain 
(FPQ-III), which were measured after the procedure. Ex-
perimental groups were found to be significantly dif-
ferent in terms of fear of pain. Accordingly, FPQ-III scores 
were used as covariates in the main analyses. 

Table S5 reports correlations between dependent 
variables (ie, pain threshold, average pain intensity, 
feelings about the procedure) and STAI-S, pain ex-
pectation, and pain-related questionnaires. STAI-S were 
found to be correlated with feelings about the proce-
dure (ie, anxiety, fear, and stress), while pain expecta-
tion with all the dependent variables. PCS and FPQ-III 
were correlated with pain threshold. Accordingly, they 
were used as covariates in the main analyses. 

Effect of Familiarity on Pain Outcomes 
Table 4 reports means and SDs on pain threshold and 

pain intensity across conditions and by groups. 

Pain Threshold 
ANOVA on pain threshold showed no significant main 

effect for Intrinsic Familiarity (F(2, 130) = .82, P = .91, ηp
2 

= .001), Episodic Familiarity (F(1, 65) = .56, P = .46, ηp
2 

= .009), or the interaction (F(2, 130) = .65, P = .52, ηp
2 

= .01), between Intrinsic Familiarity and Episodic 
Familiarity (Supplementary Fig 3). Since pain expecta-
tion and PCS scores were found to be correlated with 

Table 1. Means and Standard Deviations on 
Intrinsic Familiarity for Both Experimental Groups          

TOT (N = 67) EG (N = 34) NG (N = 33)  

M SD M SD M SD  

High-familiar  5.48  2.08  5.19  2.04  5.77  2.04 
Low-familiar  3.69  1.97  3.26  1.81  4.12  2.05 

Abbreviation: M, Mean; EG, Episodic Group; NG, Non-episodic Group: TOT, 
Total  

Table 2. Means and Standard Deviations of Trustworthiness and Caring Ratings of High Familiar- 
Looking Faces and Low Familiar-Looking Faces Across Experimental Groups                

HIGH FAMILIAR-LOOKING FACES LOW FAMILIAR-LOOKING FACES  

TOT EG NG TOT EG NG  

(N = 67) (N = 34) (N = 33) (N = 67) (N = 34) (N = 33)  

M SD M SD M SD M SD M SD M SD  

Trustworthiness 6.72 1.38 6.53 1.46 6.91 1.28 4.19 1.70 4.09 1.71 4.30 1.70 
Caring 6.34 1.43 6.09 1.50 6.61 1.32 3.90 1.83 3.94 1.86 3.85 1.82 

NOTE. N = 67. 
Abbreviation: EG, Episodic Group; NG, Non-episodic Group: TOT, Total  
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pain threshold, and experimental groups were found to 
differ in FPQ-III scores, ANCOVAs with them as covari-
ates were also run. ANCOVA with pain expectation as a 
covariate showed that pain expectation was sig-
nificantly related to pain threshold (F(1, 64) = 8.54, 
P  <  .01, ηp

2 = .12), but again no significant main effect 
was found for Intrinsic Familiarity (F(2, 128) = .08, P = .91, 
ηp

2 = .001), Episodic Familiarity (F(1, 64) = .55, P = .46, ηp
2 

= .008), or the interaction (F(2, 130) = .65, P = .52, ηp
2 = .01) 

between them, indicating that pain expectation did not 
change the effects of episodic and intrinsic familiarity 
on pain threshold. Pain threshold was also analyzed 
using ANCOVA with the stable personality traits (ie, PCS 
and FPQ-III scores) as covariates, but both were found to 
be not significant (PCS: F(1, 63) = 1.02, P = .32, ηp

2 = .02; 
FPQ-III: F(1, 64) = 2.41, P  <  .13, ηp

2 = .04). 

Pain Intensity 
ANOVA on average pain intensity showed a sig-

nificant effect of Intrinsic Familiarity (F(2, 130) = 4.39, 
P  <  .01, ηp

2 = .06), while no significant effect was found 
for Episodic Familiarity (F(1, 65) = .14, P  <  .71, ηp

2 = .002), 
or the interaction between Intrinsic Familiarity and 
Episodic Familiarity (F(2, 130) = .88, P  <  .42, ηp

2 = .01). 
Posthoc comparisons showed that participants reported 
less average pain intensity in the high (M = 7.30, 
SD = 1.43) than in the low (M = 7.69, SD = 1.43) intrinsic 
familiar condition (Fig 2), while no differences with the 
No Face condition were found. Pain expectation and 
FPQ-III scores were used as covariates in 2 separated 
ANCOVAs. Pain expectation was found to be a sig-
nificant covariate (F(1, 64) = 76.36, P  <  .001, ηp

2 = .54). 
However, adding pain expectation did not change the 
effects of intrinsic and episodic familiarity. There was a 
significant effect for Intrinsic Familiarity (F(2, 128) = 4.31, 

P = .01, ηp
2 = .06) and no significant effect for Episodic 

Familiarity (F(1, 64) = .16, P = .69, ηp
2 = .003), or the in-

teraction between Intrinsic Familiarity and Episodic Fa-
miliarity (F(2, 128) = .89, P = .41, ηp

2 = .01). FPQ-III scores 
were not a significant covariate (F(1, 64) = .35, P = .85, 
ηp

2 = .01). 
To control for differences across time during the pain 

procedure, ANOVA on pain intensity ratings with Time 
as a within-subject factor was performed. Results in-
dicated that there was a significant effect of Intrinsic 
Familiarity (F(2, 84) = 7.57, P  <  .001, ηp

2 = .15) and Time 
(F(6, 252) = 24.21, P  <  .001; ηp

2 = .37). A significant inter-
action between Intrinsic Familiarity and Time was also 
found (F(12, 504) = 2.69, P  <  .05, ηp

2 = .06). Interestingly, 
posthoc comparisons revealed that pain intensity rat-
ings were lower in the high compared to low intrinsic 
familiar and no face conditions between +20 seconds 
and +80 seconds from pain threshold, while at 
+100 seconds and +120 seconds (ie, the last ratings) 
there were no differences among conditions (Fig 3). 

Effect of Familiarity on Feelings About 
Procedure 

MANOVA on anxiety, fear, unpleasantness, and stress 
reported by participants after the CPT showed no sig-
nificant main effects for Intrinsic Familiarity (F(8, 58) = .87, 
P = .55, Wilk’s Λ = .89, ηp

2 = .11), Episodic Familiarity (F(4, 

62) = 1.24, P = .30, Wilk’s Λ = .93, ηp
2 = .07), or the inter-

action between Intrinsic Familiarity and Episodic 
Familiarity (F(8, 58) = .24, P = .98, Wilk’s Λ = .97, ηp

2 = .03). 

Discussion 
Based on studies showing a pain attenuating effect 

induced by the presence of affectively familiar 

Table 3. Psychological Characteristics for Both Experimental Groups            
TOT EG NG    

(N = 67) (N = 34) (N = 33)    

M SD M SD M SD T P  

ASI-3 21.27 10.12 20.79 8.28 21.76 11.84 .39* .35 
PCS 24.48 8.16 23.74 8.14 25.24 8.24 .75* .23 
FPQ-III 77.33 14.64 73.44 10.94 81.33 16.92 2.27* .01 
STAI-S 33.48 6.46 34.48 6.61 32.46 6.24 −.14* .89 
Pain expectation 6.58 1.68 6.54 1.64 6.61 1.72 1.27* .21 

Abbreviations: M, Mean; EG, Episodic Group; NG, Non-episodic Group: t, independent samples t-test; TOT, Total 
*df = 65.    

Table 4. Means and SDs on Pain Threshold and Pain Intensity Across Conditions and by Groups             
HIGH FAMILIAR-LOOKING FACE LOW FAMILIAR-LOOKING FACE NO FACE  

MEAN (SD) MEAN (SD) MEAN (SD)  

TOT EG NG TOT EG NG TOT EG NG  

Pain threshold 19.26 20.45 18.03 14.69 20.83 16.44 19.25 19.45 14.93 
(15.33) (16.52) (14.14) (26.27) (19.91) (11.29) (14.76) (17.45) (11.63) 

Pain intensity 7.30 7.28 7.31 7.69 7.52 7.86 7.61 7.60 7.60 
(1.43) (1.29) (1.58) (1.43) (1.47) (1.40) (1.59) (1.43) (1.76) 

NOTE. N = 67. 
Abbreviation: EG, Episodic Group; NG, Non-episodic Group: TOT, Total  
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others,3,17,18,23,28,45 the aim of the present study was to 
test the effect of nonaffective familiarity on pain per-
ception. Specifically, we aimed to investigate whether 
nonaffective familiar faces would have an impact both 
on pain threshold and perceived pain intensity. To as-
sess intrinsic (ie, based on facial appearance and thus on 
physical features resemblance to known individuals) 
and episodic familiarity (ie, acquired through a previous 
experience), half of the participants (ie, the EG) were 

exposed, during CPT, to high/low familiar-looking faces 
that they had seen before on 1 occasion, while the 
other half (ie, the NG) were exposed to new high/low 
familiar-looking faces. 

We found that the presence of a relevant social sti-
mulus, such as a face that looks familiar, modulates an 
unpleasant sensory and emotional experience by having 
a top-down analgesic effect on pain. Neuroimaging 
studies have shown that expectations and beliefs based 

Figure 2. Violin plots of pain ratings for each condition (ie, No face, High familiar-looking face, Low familiar-looking face), 
reporting posthoc comparisons between conditions. Each violin represents data distribution and includes a standard box plot, 
which indicates the summary statistics (median, interquartile range). Means are depicted by the dark blue dot. Colored dots re-
present pain ratings for each participant. *P  <  .05. 

Figure 3. Pain ratings by conditions across time. Line plot shows pain ratings by conditions across time. Asterisks indicate the time 
intervals when ratings during high intrinsic familiar conditions differ significantly from ratings during low intrinsic familiar con-
ditions and no face conditions (*P  <  .05). Table reports means and SDs by conditions at each time interval. 
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on what typically occurs in the individual’s environment 
influence perception by inducing changes not only in 
sensory brain regions (ie, bottom-up mechanisms) but 
also in regions involved in interpreting incoming in-
formation (ie, top-down mechanisms), such as cingulate 
and prefrontal cortices.9,49-51 This evidence highlights the 
importance of top-down processes associated with con-
textual and social information influencing pain percep-
tion.52 Consistently, we showed that the perceived pain 
intensity differed according to the level of intrinsic fa-
miliarity of the faces presented during the procedure. In 
line with our hypotheses and previous studies showing 
that the presence of affectively familiar individuals is 
associated with placebo hypoalgesia,18 physical features 
that conveyed a higher feeling of familiarity had an at-
tenuating effect on pain. The effect of the presence of 
an intrinsically familiar face emerged on the actual pain 
experience, while no effect was found on pain onset (ie, 
pain threshold). This is not surprising as self-reported 
pain is more likely to be influenced by emotional and 
social information than pain threshold.53 

Conversely, the results did not show an effect of epi-
sodic familiarity and, hence, did not support its effect on 
the cold pain measures, at least with regard to the ma-
nipulation of episodic familiarity employed in this study. 
Even though participants accurately recognized the faces 
they had seen the day before, this nonsignificant result 
might be somewhat limited by the fact that face en-
coding from only 1 experience was not sufficient to af-
fect pain perception. This is consistent with what has 
been found in studies of animal models on the reg-
ulatory effect of familiarity on anxiety-like behavior.54 

Specifically, anxiety has been shown to be sensitive to 
the frequency of prior experience (ie, multiple training 
sessions) with a stimulus, and thus we can assume that 
pain is affected by this frequency as well. Further studies 
with a stronger manipulation of episodic familiarity (eg, 
face encoding with more than one presentation) should 
be carried out to test this possibility. However, it is also 
possible that episodic and intrinsic familiarities are pro-
cessed differently. As an important determinant of face 
evaluation, intrinsic familiarity has been shown to influ-
ence social behaviors.32,33 As such, in line with studies on 
the positive evaluation of typical faces,55,56 high familiar- 
looking faces may be evaluated as more positive and 
safer because of the common characteristics shared with 
affectively familiar individuals. In fact, we did find that 
high familiar-looking faces were perceived as more 
trustworthy and caring. This positive association57 could 
explain the placebo hypoalgesia effect of high familiar- 
looking faces and the null effect on pain of previously 
seen faces just on 1 occasion. 

Importantly, the present study, conducted in an ex-
perimental setting, replicates and extends recent evi-
dence that inferences of familiarity from health care 
professionals' facial features explain a significant pro-
portion of the variance in pain intensity during a real 
medical procedure.29 Overall, both results converge in 
identifying intrinsic familiarity as contributing to the 
top-down process of pain perception; an effect that is 
found regardless of whether the pain is experimentally 

or clinically induced. One possible interpretation of this 
effect, which needs further investigation, could be that 
a high familiar-looking face represents a reassuring 
stimulus that triggers a feeling of safety and thus re-
duces pain intensity. In line with SBT,3 individuals with 
facial features that convey a sense of familiarity and 
safety, similar to affectively familiar individuals, could 
be perceived as a social resource that can provide pro-
tection and care to cope with threatening situations. 
This is also consistent with neuroimaging studies that 
have shown that pain relief induced from the presence 
of familiar people is positively associated with the ac-
tivation of brain areas related to safety signals and re-
ward processing, such as the ventromedial prefrontal 
cortex and the nucleus accumbens, respectively.23,58 

However, additional research must be conducted to 
examine whether familiarity with facial appearance can 
serve as a safety stimulus and whether the underlying 
mechanism acting on pain perception is related to 
safety and reward mechanisms.59 

Interestingly, the effect of high intrinsic familiarity 
(ie, lower average pain intensity compared to low in-
trinsic familiarity and the no face baseline) persisted 
over time. Only toward the end of the painful proce-
dure average pain intensity decreased even when a low 
familiar-looking face was present and when the face 
was not present at all, possibly due to a pain habitua-
tion effect. Previous evidence suggests that pain in-
creases over the course of the CPT and then reaches a 
plateau or decreases, likely because habituation to the 
cold benefits humans through increased skin tempera-
ture and decreased shivering.40,60 Indeed, in contexts in 
which pain is unlikely to be associated with bodily da-
mage (as in an experimental condition where partici-
pants are embedded in a painful but controlled 
procedure), it is adaptive to habituate to it. Moreover, 
habituation has been shown to be influenced also by 
social factors, as whether a situation is potentially 
threatening or not is often learned by observing other 
individuals, especially caregivers.59 Here, high familiar- 
looking faces, probably acting as a safety signal and 
reward, may have helped to modulate the pain habi-
tuation and induce placebo hypoalgesia since the early 
moments of pain experience. The present findings may 
help to further understand why studies examining an-
algesic effects in the presence of strangers compared to 
alone conditions often yielded contradictory results.18 

For example, it is possible that unmeasured perceptual 
differences (ie, intrinsic familiarity) between strangers' 
faces may have influenced earlier results. 

Previous studies61 point to a crucial role of expecta-
tions shaping the top-down modulation of pain percep-
tion. Indeed, pain expectation enhances the possibility of 
a decrease in pain threshold and an increase in perceived 
pain intensity due to nocebo hyperalgesia.8 Consistently, 
our results showed that pain expectation had a sig-
nificant negative and positive relationship with pain 
threshold and perceived pain intensity, respectively, as 
individuals with a higher expectation of feeling pain 
during the procedure had a lower pain threshold and 
reported higher pain intensity. However, even when 
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controlling for pain expectation, our study still provides 
evidence for a hypoalgesic effect induced by the social 
context (ie, the presence of a high familiar-looking face), 
as the effect of intrinsic familiarity on pain intensity de-
scribed above remained significant. 

Some limitations of the present study should be ac-
knowledged. First, several factors have been shown to 
impact day-to-day variations in pain.62 Although the 
CPT was conducted always in the afternoon (from 2.00 
to 5.00PM) to exclude possible influences due to diurnal 
fluctuations in the nociceptive system, other variables 
such as fatigue or menstrual cycle were not controlled. 
Second, we did not collect data on participants’ specific 
attitudes toward the health care providers, which were 
experimentally represented by the face displayed. 
However, since our sample consisted of medical stu-
dents, we may assume that they do not have negative 
attitudes toward health care providers and do not 
perceive them as threatening. More importantly, parti-
cipants rated high familiar-looking faces as more trust-
worthy and caring than low familiar-looking faces. 
Finally, since CPT is characterized by cold habituation 
toward the end of the immersion period, future studies 
using other pain induction methods are needed to dis-
entangle the temporal characteristics of the effect. 

Conclusions 
Our results show that placebo hypoalgesia, namely a 

reduction in reported pain perception, can be induced 

by individuals conveying a higher feeling of familiarity. 
This supports the idea that the presence of familiar 
others reduces threat-related responses, even if the fa-
miliarity is based only on facial appearance. It is not 
surprising that humans have learned to cope with 
painful situations by relying on perceptual cues of fa-
miliarity, highlighting the importance of a social sti-
mulus with a higher safety signal without necessarily 
being affectively relevant. 

Finally, the present results extend previous studies that 
have shown the influence of first impressions on social 
behavior,63,64 suggesting that social inferences can in-
fluence not only decision-making but also an unpleasant 
sensory and emotional experience such as pain. 
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