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The parent-child pain relationship offers a unique context within 
which to study critical components of the biopsychosocial model 

of pain. The investigation of such associations in relation to clinical 
pain, while informative, is confounded by factors such as personal pain 
history as well as complex bidirectional interactions between parents 
and children during inherently variable pain experiences. Laboratory 
studies permit the examination of parent-child pain relationships 
using standardized, novel pain tasks that control for variables such as 
previous pain history and type of pain stimulus. Previous research has 
linked children’s acute laboratory pain responses to numerous parent 
factors ranging from mere parental presence (1-4), to parent pain 
behaviours (eg, attention) (5-7), to parent psychosocial characteristics 
such as anxiety sensitivity (8), somatization and history of negative life 
events (9). These findings are consistent with a broad social learning 
perspective that posits that parents may directly and indirectly affect 
their children’s pain responses by various means including reinforce-
ment, modelling and vicarious learning.

Within the biopsychosocial model, it is recognized that a complex 
interplay among biological, psychological and social factors is involved 
in the development and maintenance of chronic pain (10). Thus, in 
addition to shared environment, genetic factors may also play a role in 
children’s pain responsivity. The majority of extant work indicates at 
least moderate heritability for chronic pain (11), and two recent stud-
ies indicate heritability for laboratory pain sensitivity in the range of 
22% to 60% (12,13). As noted by Mogil (11), chronic pain may be 
considered a classic example of gene × environment interaction 
because only a small minority of individuals with inflammatory and/or 
nerve injuries that are known or suspected to be etiological in chronic 
pain syndromes actually develop chronic pain.

The examination of parent-child pain relationships may, therefore, 
offer important clues to the developmental origins of chronic pain. 
However, relatively little attention has focused on the association 
between the pain responses of parents and children to the same labora-
tory pain stimuli assessed independently and without experimental 
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BaCKgRouND: There is limited information regarding the relation-
ship between parent and child responses to laboratory pain induction in 
the absence of experimental manipulation. 
oBJeCTIveS: To assess the association between responses to cold and 
pressure pain tasks in 133 nonclinical mothers and children (mean age 
13.0 years; 70 girls), and the moderating effects of child sex and pubertal 
status on these mother-child relationships. 
MeThoDS: Mothers and children independently completed the cold 
and pressure pain tasks. Multiple linear regression analyses examined the 
association between mothers’ and children’s laboratory pain responses. The 
moderating effects of child sex and pubertal status were tested in the linear 
models by examining the interaction among mother laboratory pain 
responses, and child sex and pubertal status.
ReSuLTS: Mothers’ cold pain anticipatory anxiety and pressure pain 
intensity were associated with children’s pressure pain anticipatory anxiety. 
Mothers’ pressure pain tolerance was associated with children’s pain toler-
ance for both the cold and pressure pain tasks. Mothers’ cold pain toler-
ance was associated with children’s pressure pain tolerance. Pubertal status 
moderated two of the three significant mother-child pain tolerance rela-
tionships, such that the associations held for early pubertal but not for late 
pubertal children. Sex did not moderate mother-child pain associations.
CoNCLuSIoNS: The results indicate that mother-child pain relation-
ships are centred primarily on pain avoidance behaviour, particularly 
among prepubertal children. These findings may inform interventions 
focused on pain behaviours, with a particular emphasis on mothers of pre-
pubertal children, to reduce acute pain responses in their children.
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La puberté modère l’association entre la 
tolérance à la douleur de la mère et de l’enfant 
en laboratoire

hISToRIQue : On possède peu d’information quant à la relation entre 
les réponses du parent et de l’enfant à l’induction de douleur en laboratoire 
sans manipulation expérimentale.
oBJeCTIFS : Évaluer l’association entre les réponses aux tâches entraînant 
une douleur causée par le froid et par la pression chez 133 mères et enfants 
non cliniques (70 filles; âge moyen de 13,0 ans) et les effets modérateurs du 
sexe et de la puberté de l’enfant sur ces relations entre la mère et l’enfant.
MÉThoDoLogIe : Les mères et les enfants ont effectué de manière 
indépendante les tâches entraînant une douleur causée par le froid et par la 
pression. Les analyses de régression linéaire multiple ont porté sur 
l’association entre les réponses des mères et des enfants à la douleur en 
laboratoire. Les chercheurs ont examiné les effets modérateurs du sexe de 
l’enfant et de la puberté dans des modèles linéaires en examinant 
l’interaction des réponses de la mère à la douleur en laboratoire avec le sexe 
et la puberté de l’enfant.
RÉSuLTaTS : L’anxiété anticipative de la mère à la douleur causée par le 
froid et à l’intensité de la douleur causée par la pression s’associait à 
l’anxiété anticipative des enfants à la douleur causée par la pression. La 
tolérance de la mère à la douleur causée par la pression s’associait à la 
tolérance de l’enfant à la douleur attribuable à la fois à des tâches 
entraînant une douleur causée par le froid et la pression. La tolérance de la 
mère à la douleur causée par le froid s’associait à la tolérance des enfants à 
la douleur causée par la pression. La puberté modérait deux des trois rela-
tions importantes de tolérance à la douleur entre la mère et l’enfant, de 
manière que ces associations se maintenaient chez les enfants ayant une 
puberté précoce, mais pas chez ceux ayant une puberté tardive. Le sexe ne 
modérait pas les associations entre la mère et l’enfant.
CoNCLuSIoNS : D’après les résultats, les relations entre la douleur de 
la mère et de l’enfant sont principalement axées sur un comportement 
d’évitement de la douleur, notamment chez les enfants prépubères. Ces 
observations peuvent étayer des interventions axées sur des comporte-
ments liés à la douleur, notamment chez les mères d’enfants prépubères, 
afin de réduire les réponses de douleur aiguë chez leurs enfants.
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manipulation of pain behaviours. Such research may elucidate the 
aspects of the pain experience that are more closely linked in parents 
and children. If, for example, anxiety about pain is found to be highly 
related in parents and children, interventions targeting pain anxiety in 
parents could be developed to influence children’s pain responses. A 
robust parent-child relationship for pain tolerance and/or pain inten-
sity ratings would highlight the importance of psychosocial factors, 
such as pain coping, rather than sensory aspects of the pain experi-
ence, typically assessed using pain threshold (14).

Only two published reports, both conducted by the same research 
group, have measured parent and child reactivity to the same labora-
tory stimulus (ie, the cold pressor [CP] task), without additional 
manipulation. Thastum et al (15) studied 15 children with juvenile 
idiopathic arthritis (JIA) and 25 healthy children, as well as their 
parents. For both the JIA and control groups, child pain intensity was 
correlated with parent pain intensity. Parent and child pain tolerance 
were correlated in the healthy group only. The second study (16) 
tested 16 JIA and 14 healthy parent-child pairs. The JIA group was 
split into ‘low-pain’ and ‘high-pain’ groups based on clinical findings. 
In the healthy and low-pain JIA groups, parent-child correlations were 
found for pain intensity but not for pain tolerance; pain tolerance was 
correlated between parents and children in the high-pain JIA group. It 
is difficult to draw conclusions from this research given the small 
sample sizes, heterogeneous patient groups and somewhat contra-
dictory findings. 

The aim of the present study was to test mother-child associations 
for acute pain responses to standardized tasks involving cold and pres-
sure pain, in a large, nonclinical sample. We also sought to examine 
whether mother-child pain relationships were moderated by child sex 
and pubertal status. Previous research has indicated a greater influence 
of maternal factors on girls’ pain responses compared with boys’ 
(5,7-9). Although research on pubertal effects is scarce, previous work 
suggests that during adolescence, the influence of parents on children’s 
pain expression becomes less salient compared with that of peers (17). 
Data from epidemiological studies indicates that pubertal onset is a 
time when children may be especially vulnerable to the development 
of chronic pain (18-20). Recent data indicate that the prevalence of 
most chronic and recurrent pain problems generally increases with 
pubertal maturity (21). Parental influences during the child’s 

prepubertal years may, therefore, set the stage for possible future 
development of chronic pain problems in children. 

We hypothesized that, overall, mothers’ pain responses would be 
related to children’s pain responses but that these relationships would 
be moderated by sex and pubertal status. That is, we expected that 
mother-child pain relationships would be stronger between mothers 
and daughters versus mothers and sons, and more robust among early 
pubertal versus late pubertal children. We also conducted exploratory 
analyses to examine sex × pubertal interactions, as well as the poten-
tial role of race and ethnicity in mother-child pain relationships.

MeThoDS
Participants
The current data were derived from a larger study testing laboratory 
pain responses in children and their parents. Child participants were 
133 nonclinical youth (70 [52.6%] girls), with a mean (± SD) age of 
13.0±2.9 years (range eight to 17 years) (additional demographic 
information presented in Table 1). The broad age range was specified 
to include children from all stages of puberty from prepubertal through 
postpubertal sexual maturity (see Measures section for description of 
the assessment of puberty). Demographic information for participating 
mothers is presented in Table 1. Participating families were recruited 
via advertisements and community events, and by referrals from previ-
ous participants. Study advertisements were posted on online forums 
(eg, Craigslist) and at physical locations (eg, libraries, pediatricians’ 
offices, etc). Participants were also recruited by study staff at commun-
ity events (festivals/fairs, etc). Participants were informed that the 
purpose of the study was to learn more about how children and their 
parents respond to laboratory stress tasks. Previous participants were 
offered the opportunity to refer their friends/neighbors and earn an 
additional US$25 for each referred family that completed the study. 
Previous participants were given Institutional Review Board-approved 
study flyers to give to potential participants that included a brief 
description of the study and the contact number to telephone if they 
were interested in participating. 

Study eligibility was confirmed by telephone. A trained research 
assistant interviewed parents to determine whether they or their child 
met any of the following exclusionary criteria: acute illness or injury 
that may affect study participation (eg, fever, influenza symptoms), or 
that affected sensitivity of the extremities (eg, Reynaud’s disease, hand 
injuries); daily use of opioids at the time of the laboratory session;  
developmental delay or autism that may preclude comprehension of 
study procedures; or significant anatomical impairment that would 
impact participation in pain induction procedures. If a family had 
more than one child who met inclusion criteria, only one child per 
family was enrolled in the study. Of the 187 families screened for eligi-
bility, five children (2.7% of those screened) were excluded due to 
acute or chronic illness, use of medications that could affect study 
outcomes or developmental delay. Of the 182 families invited to par-
ticipate, 47 (25.8%) declined to participate due to lack of interest or 
scheduling difficulties. Two families were removed from the sample 
due to ineligibilities that were discovered after study completion (child 
age below minimum required and child developmental delay). 

The study was approved by the University of California, Los 
Angeles Institutional Review Board (Los Angeles, California, USA). 
Written informed consent forms were completed by parents, and chil-
dren provided written assent. Each child and each parent received 
US$50 for their participation.

Procedure
Parents and children were greeted and escorted to separate rooms; 
there was no contact between parent and child until after the entire 
laboratory session was completed. Parents and children completed 
questionnaires using an online system (only those questionnaires rel-
evant to the current study are discussed in the present article). Child 
participants were then escorted into the laboratory where medication 
use for that day was determined, height and weight were recorded, and 

Table 1
Demographic information and descriptive statistics for 
boys, girls, total child sample and mothers

Characteristic
boys  
(n=63)

Girls  
(n=70)

Total child 
sample 
(n=133) Mothers

Age, years, mean ± SD 12.9±3.1 13.2±2.8 13.0±2.9 43.2±7.3
Ethnicity
   Hispanic/Latino 21 (33.3) 20 (28.6) 41 (30.8) 37 (27.8)
   Non-Hispanic/ 

   Non-Latino
42 (66.7) 50 (71.4) 92 (69.2) 96 (72.2)

Race*
   White 28 (45.2) 28 (41.2) 56 (43.1) 67 (51.9)
   African-American 16 (25.8) 17 (25.0) 33 (25.4) 34 (26.4)
   Asian 1 (1.6) 1 (1.5) 2 (1.5) 4 (3.1)
   American Indian/  
      Alaska native

1 (1.6) 0 (0) 1 (0.8) 1 (0.8)

   Native Hawaiian/other  
      Pacific Islander

0 (0) 0 (0) 0 (0) 2 (1.6)

   Multiracial 16 (25.8) 22 (32.4) 38 (29.2) 21 (16.3)
Pubertal status
   Early puberty† 26 (41.3) 20 (28.6) 46 (34.6) N/A
   Late puberty‡ 37 (58.7) 50 (71.4) 87 (65.4) N/A

Data presented as n (%) unless otherwise indicated. *Data regarding race 
were unavailable for three children (one boy and two girls) and four mothers; 
†Tanner stages I and II; ‡Tanner stages III to V. N/A Not applicable
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leads for physiological recording were attached (physiological data will 
be reported elsewhere). Participants were instructed on the use of the 
0 to 10 numerical rating scale (NRS); 0 was used to indicate none/not 
at all (eg, no pain) and 10 was used to indicate the worst/most (eg, 
worst pain). To assess comprehension of the NRS, six practice items 
were administered (see Measures section). Instructions for using the 
NRS and practice items were repeated until participants fully under-
stood the scale.

A 5 min habituation period for recording of baseline physiology 
followed during which participants were instructed to sit quietly and to 
watch a neutral nature video with no sound. Participants were then 
administered a series of pain induction tasks, described in detail else-
where (22). In addition to the two tasks described below (CP and 
tonic pressure [TP]), participants completed an evoked pressure task 
involving phasic pressure stimuli, and a conditioned pain modulation 
task with pressure pain as the test stimulus and cold water as the con-
ditioning stimulus. Each task was separated by an intertask interval of 
between 3 min and 5 min and the tasks were administered in a fixed 
order. Before the start of each task, participants were given instruc-
tions and allowed to ask questions before beginning the task. After the 
completion of the final laboratory task, there was another 5 min period 
during which participants were instructed to sit quietly for recording of 
post-task physiology. After the child completed these procedures, par-
ents completed an identical laboratory session. 

Two female experimenters conducted the laboratory sessions and 
were present during the entire testing period. In the laboratory testing 
room, experimenters were positioned as far as possible from partici-
pants while still ensuring participant safety and protocol adherence. 
Experimenters gave instructions and answered participants’ questions 
verbally. Participants were instructed not to speak unless answering an 
experimenter query (eg, giving NRS responses). Eye contact between 
experimenters and participants was made during explanation of tasks 
and while obtaining NRS responses but not during performance of the 
tasks.

Laboratory pain tasks
CP: A CP unit (Techne TE-10D Thermoregulator, B-8 Bath, and 
RU-200 Dip Cooler; Techne, USA) with water maintained at a tem-
perature of 5°C was used; the water was continuously circulated to 
prevent localized warming around the hand. Participants placed their 
right hand into the unit up to approximately 5 cm above the wrist. A 
single trial of the CP task with an uninformed ceiling of 3 min was 
administered (ie, participants were not informed that the trial would 
terminate at 3 min). The CP has been used extensively in laboratory 
pain research among children in the targeted age range (14). 

Participants were given the following instructions for the CP: “In 
this cooler is cold water. I am going to ask you to put your right hand 
in the water and to keep it in for as long as you possibly can. When you 
put your hand in, do it with the palm of your hand facing up towards 
the ceiling, so that the back of your hand lays flat against the bottom 
of the cooler. When you can no longer keep your hand in, take it out. 
I may tell you to take it out before you decide to do so. During the time 
your hand is in the water, please do not talk or wiggle your fingers. Try 
to keep it in as long as you possibly can. When you take your hand out 
just lay it down on the towel and keep it still. I will come dry it off. Do 
you have any questions?”
TP: Focal pressure was administered via a Lucite point approximately 
1.5 mm in diameter to the second dorsal phalanx of the middle finger 
of the right hand using the Ugo Basile Analgesy-Meter 37215 (Ugo 
Basile Biological Research Apparatus, Italy). A single trial was admin-
istered using 322.5 g of pressure. The trial had a 3 min uninformed 
ceiling. The TP task has been extensively tested among children in 
the study age range (22-25).

Participants were given the following instructions for the TP: 
“During this task, you will experience pressure on your finger. When I 
ask you to, you will place your middle finger onto this flat surface and 
I will lower this point onto your finger. The point should contact your 

finger at the spot we marked earlier. Leave your finger in place for as 
long as you can but you are free to ask me to lift the lever at any time. 
When you can no longer keep your finger under the pressure, say the 
word ‘done’ and I will lift the lever. I may lift the lever before you ask 
me to. Do you have any questions?”

Measures
NRS: The NRS assessed anticipatory anxiety and pain intensity using 
a 0 to 10 scale (0 = none/not at all; 10 = worst/most). For anticipatory 
anxiety, participants were asked to rate “how nervous, afraid, or wor-
ried” they felt immediately before the start of each task. For pain 
intensity, participants were asked “At its worst, how much pain did 
you feel?” immediately after each task. To ensure comprehension of 
the scale, the following six practice items were administered before the 
start of the pain tasks: “How much pain do you feel right now?”; “How 
painful would it be to walk up 2 steps?”; “How painful would it be to 
touch a hot stove?”; “What might cause a 5 on this scale?”; “How nerv-
ous, afraid, or worried do you feel right now?”; and “How nervous, afraid, 
or worried would you be before taking a test?”. The NRS has shown reli-
ability and validity for children as young as eight years of age (26).
Pain tolerance: Pain tolerance was assessed as the time in seconds 
from the onset of the pain stimulus to the time participants withdrew 
from the task. 
Pubertal stage: Pubertal stage was assessed using Tanner’s Sexual 
Maturity Scale (27,28), a self-report measure consisting of schematic 
drawings and written descriptions of five stages of secondary sexual char-
acteristics on two separate dimensions (eg, female breasts and pubic 
hair). Tanner self-assessment ratings of pubertal status correlate well 
with ratings based on physical examination by physicians (29-32). Child 
participants rated themselves on each of the two dimensions by selecting 
the sex-appropriate schematic drawings closest to their stage of develop-
ment. A single individual score, ranging from I (prepubertal) to V 
(adult) level of development was computed by averaging the two rat-
ings. In accordance with previous work (33,34), participants were cat-
egorized into early puberty (Tanner stages I and II) and late puberty 
(Tanner stages III to V) groups. The number of participants in the early 
and late puberty groups is shown in Table 1. In the current sample, age 
and pubertal status were highly correlated (r=0.75, P<0.001). 

Statistical analysis
Demographic characteristics are expressed as mean ± SD for continuous 
variables and frequencies (%) for categorical data. Bivariate correlation 
coefficients were calculated as a preliminary evaluation of the associa-
tion between the mother and child variables. Kendall’s tau correlation 
was used because of non-normality in the distribution of some variables. 
For these preliminary analyses, P<0.05 (two-tailed) was considered to be 
statistically significant. Significant bivariate correlations were further 
examined using linear regression analysis, which allows testing of the 
potential effects of moderating variables on mother-child relationships. 
Moreover, linear regression analysis is robust to deviations from the 
assumption of normality. In these multivariable analyses, children’s lab-
oratory pain responses constituted the dependent variable, and the 
mother’s laboratory pain responses, child sex and child pubertal status 
were the independent variables. The moderating effects of child sex and 
pubertal status were tested in the linear models by examining the inter-
action between mother laboratory pain variables, and child sex and 
pubertal status. The variance inflation factors were examined for all the 
regression models to ensure there were no serious multicollinearity prob-
lems. For the multivariable models, a Bonferroni correction was used to 
lower the risk of type I error for the two classes of data (self-report and 
behavioural) (α=0.025). Analysis was performed using SAS software 
version 9.2 (SAS Institute, USA).

Both within-task (eg, mother CP tolerance and child CP tolerance) 
and cross-task (eg, mother CP tolerance and child TP tolerance) asso-
ciations were tested in the analyses. Cross-task relationships were exam-
ined to test mother-child relationships across the two different pain 
modalities (cold and pressure pain). Recent data on the heritability of 
laboratory pain sensitivity indicate that the majority of the variance 
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explained by genetic and environmental factors is specific to each pain 
modality, suggesting that different pain modalities are distinct phenom-
ena from both a genetic and environmental standpoint (12). In addi-
tion, both within-measure (eg, mother and child pain intensity) and 
cross-measure (eg, mother pain intensity and child anticipatory anxiety) 
relationships were examined. Cross-measure relationships were tested in 
light of existing data supporting the fear-avoidance model of chronic 
pain, which posits that anxiety and fear of pain play a pivotal role in the 
development and exacerbation of chronic pain (35). Both within-task/
measure and across-task/measure relationships were expected; however, 
multivariate analyses were conducted only on those associations found 
to be significant in bivariate analyses. 

ReSuLTS
Bivariate results
Demographic characteristics for children and mothers are presented in 
Table 1; descriptive statistics for the laboratory pain variables are pre-
sented in Table 2. Bivariate correlations between mother and child 
laboratory pain variables are presented in Table 3. For each individual 
variable, there were at most only two data points missing. Thus, the 
final number of mother-child pairs analyzed ranged from 131 to 133.

As shown in Table 3, the following significant within-task and 
within-measure correlations were found: mother and child CP tolerance 
(Kendall’s tau correlation coefficient [denoted as r] = 0.20; P=0.0005), 
mother and child TP anticipatory anxiety (r=0.21; P=0.0011) and 
mother and child TP tolerance (r=0.14; P=0.0323). Also displayed in 
Table 3, the following significant cross-task and cross-measure correla-
tions were found: mother CP anticipatory anxiety and child TP antici-
patory anxiety (r=0.16; P=0.0172), mother CP tolerance and child TP 
tolerance (r=0.13; P=0.0394), mother CP pain intensity and child TP 
anticipatory anxiety (r=0.14; P=0.0300), mother TP tolerance and child 
CP tolerance (r=0.15; P=0.0144) and mother TP pain intensity and 
child TP anticipatory anxiety (r=0.19; P=0.0041). 

Multivariate results
Results of the linear regression models are shown in Table 4. When 
child sex and pubertal status were taken into account, mother CP 
anticipatory anxiety was associated with child TP anticipatory anxiety 
(regression coefficient [denoted as β] = 0.25; P=0.0192), and mother 
TP pain intensity was associated with child TP anticipatory anxiety 
(β=0.28; P=0.0036). There were no main or moderating effects of 
child sex or puberty for the above relationships. Mother TP tolerance 
was associated with child CP tolerance (β=0.14; P=0.0125); there was 
also a main effect of puberty such that late-puberty children exhibited 
greater CP tolerance than early-puberty children, but there was no 
main effect of child sex or any moderating effects of child sex or 
puberty on this mother-child relationship. Mother TP tolerance was 
associated with child TP tolerance, and there was a moderating effect 
of puberty; mother and child TP tolerance was significantly associated 
among early-puberty children (β=0.42; P=0.0024) but not among 

late-puberty children. Puberty also moderated the relationship 
between mother CP tolerance and child TP tolerance; mother CP 
tolerance was significantly associated with child TP tolerance among 
early-puberty children only (β=0.57; P=0.0048). The moderating 
effect of puberty on these mother-child relationships is illustrated in 
Figures 1 and 2.

exploratory analyses
The regression models were examined including the puberty × sex inter-
action term, but none of the results were statistically significant (results 
not shown). To evaluate racial/ethnicity differences in mother-child 
pain responses, mother-child correlations stratified by race (white versus 
nonwhite) and ethnicity (Hispanic versus non-Hispanic) were exam-
ined. The results indicate that there may be differences due to race, but 
not ethnicity. Further regression analyses were conducted that included 
the mother variables, race and puberty status as predictors, but no sig-
nificant race effects were identified (results not shown).

DISCuSSIoN
In the present large, nonclinical sample, we assessed acute pain 
responses to laboratory tasks involving cold and pressure pain in moth-
ers and children separately without additional experimental manipula-
tion. Pain responsivity was assessed using task-specific ratings of 
anticipatory anxiety and pain intensity, as well as pain tolerance. We 
found partial support for our hypothesis of significant relationships 
between mothers’ and children’s pain responses. However, these 
mother-child associations were not consistent across tasks or across 
pain response measures. In bivariate analyses, mother and child pain 
responses were significantly correlated for cold tolerance, pressure tol-
erance and pressure anticipatory anxiety (Table 3). Moreover, a num-
ber of mother-child correlations were found across tasks (eg, mother 
cold anticipatory anxiety and child pressure anticipatory anxiety) and 
across measures (eg, mother cold pain intensity and child pressure 
anticipatory anxiety) (Table 3). However, in multivariate analyses tak-
ing into account child sex and pubertal status, far fewer significant 
relationships emerged – mother cold anticipatory anxiety and mother 
pressure pain intensity were both associated with child pressure antici-
patory anxiety, and mother pressure tolerance was associated with child 
cold tolerance. In addition, pubertal status moderated the relationship 
between mother pressure tolerance and child pressure tolerance, as well 
as the association between mother cold tolerance and child pressure 
tolerance. In both cases, as hypothesized, the mother-child relationship 
was significant among early-puberty children but not among late-
puberty children (Table 4). Contrary to expectations, there was no 
moderating effect of sex on mother-child pain relationships. Thus, our 
hypothesis of stronger mother-child pain associations between mothers 
and daughters compared with mothers and sons was not confirmed. 

The current results largely agree with the only two previous studies 
by Thastum et al (15) that similarly examined the relationship 
between parent and child responses to the CP task. The first study 
found that for both healthy children and children with JIA, parent 
and child pain intensity were correlated but pain tolerance was correl-
ated in healthy children only (15). In the second study (16), parent-
child correlations for pain intensity but not pain tolerance were found 
for healthy and low-pain JIA participants whereas among high-pain 
JIA participants, parent-child correlations were found for pain toler-
ance only. Although direct comparisons are somewhat difficult since 
the effects of age were not examined in these previous analyses, our 
findings of a significant relationship between mother and child cold 
and pressure pain tolerance in younger, prepubertal children but not 
older, postpubertal children in a healthy sample are largely in agree-
ment with the studies by Thastum et al (15,16). 

Notably, of the 16 possible mother-child relationships for pain 
intensity and anticipatory anxiety, we found that only two were signifi-
cant and the amount of variance in child anticipatory anxiety 
explained by mothers’ pain intensity/anticipatory anxiety was rela-
tively small (6% to 8%). More and stronger associations were found 

Table 2
laboratory pain variables of boys, girls, total child sample 
and mothers

Variable
boys  
(n=63)

Girls  
(n=70)

Total child 
sample 
(n=133) Mothers

CP anticipatory anxiety 2.2±2.1 2.4±2.2 2.3±2.1 1.8±2.2
CP tolerance, s 42.9±48.4 47.7±53.7 45.4±51.1 32.6±41.9
CP pain intensity 6.2±2.7 5.7±2.7 6.0±2.7 6.2±2.6
TP anticipatory anxiety 3.6±2.6 4.0±2.7 3.8±2.7 3.3±2.9
TP tolerance, s 85.2±73.3 84.8±73.7 85.0±73.3 78.6±75.5
TP pain intensity 6.0±2.5 5.9±2.3 6.0±2.4 6.1±2.4

Data presented as mean ± SD. Range for cold pressor (CP) and tonic pres-
sure (TP) tolerance times 0 s to 180 s; range for anticipatory anxiety and pain 
intensity variables 0 to 10 on a numerical rating scale
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between mother pain tolerance and child pain tolerance. Of the four 
possible mother-child relationships for tolerance, three were signifi-
cant and the amount of variance in child pain tolerance explained by 
mother pain tolerance ranged from 10% to 15%. Thus, the current 
findings point to mother-child pain relationships centred primarily on 
avoidance behaviour. As noted by Piira et al (36), pain tolerance and 
pain intensity are not necessarily closely associated. Piira et al (36) 
also highlighted the clinical importance of pain tolerance measures by 
suggesting that for painful medical procedures, the level of pain the 
child is able to tolerate (ie, pain tolerance) may influence the type of 
pain management or intervention required to a greater extent than the 
reported level of pain intensity. For example, interventions aimed at 

reducing procedural pain often incorporate behavioural aspects, such 
as distraction, to enable children to tolerate painful procedures for as 
long as necessary for the procedure to be completed. In the case of 
chronic pain, the accepted model of treatment is to improve child 
function rather than reduce perceived pain as the first goal. The focus 
of multidisciplinary pediatric pain rehabilitation programs is to assist 
children in increasing their tolerance of pain while engaging in daily 
activities even if pain report remains high. Thus, for parents and chil-
dren reporting low pain tolerance, interventions may be aimed at 
helping the child to improve function (or tolerate painful procedures) 
despite pain as well as assisting parents in learning strategies that do 
not reinforce illness behaviours for avoiding activity/painful 

Table 3
bivariate correlations between mother and child laboratory pain responses

Child CP anxiety Child CP tolerance
Child CP pain  

intensity Child TP anxiety Child TP tolerance
Child TP pain  

intensity
Mother CP anxiety 0.09 (0.20) 0.08 (0.25) 0.03 (0.68) 0.16 (0.0172) 0.004 (0.95) 0.13 (0.06)
Mother CP tolerance 0.03 (0.67) 0.20 (0.0005) 0.01 (0.91) –0.06 (0.34) 0.13 (0.0394) –0.01 (0.88)
Mother CP pain intensity 0.13 (0.06) –0.002 (0.98) 0.04 (0.57) 0.14 (0.0300) 0.06 (0.38) 0.04 (0.57)
Mother TP anxiety 0.08 (0.22) 0.003 (0.96) 0.03 (0.62) 0.21 (0.0011) 0.01 (0.92) 0.08 (0.22)
Mother TP tolerance 0.08 (0.25) 0.15 (0.0144) 0.01 (0.89) –0.06 (0.33) 0.14 (0.0323) –0.01 (0.85)
Mother TP pain intensity 0.11 (0.11) –0.03 (0.59) 0.08 (0.21) 0.19 (0.0041) 0.05 (0.46) 0.01 (0.91)

Data presented as r (P). Bolded values are statistically significant. Kendall’s tau correction was used due to non-normal distributions. CP Cold pressor task; TP Tonic 
pressure task

Table 4
Multiple linear regression of mother laboratory pain responses, child sex and pubertal status on child laboratory pain 
responses

Outcome Predictor
Regression coefficient 

β (95% CI) P R2

Child CP tolerance Mother TP tolerance 0.14 (0.03 to 0.26) 0.0125 0.10
Late puberty 22.68 (4.76 to 40.61) 0.0136

Child TP anticipatory anxiety Mother CP anticipatory anxiety 0.25 (0.04 to 0.46) 0.0192 0.06
Child TP anticipatory anxiety Mother TP pain intensity 0.28 (0.09 to 0.47) 0.0036 0.08
Child TP tolerance*
   Early puberty Mother TP tolerance 0.42 (0.15 to 0.69) 0.0024 0.14
   Late puberty Mother TP tolerance 0.06 (–0.14 to 0.26) 0.55
Child TP tolerance†

   Early puberty Mother CP tolerance 0.57 (0.18 to 0.97) 0.0048 0.15
   Late puberty Mother CP tolerance –0.29 (–0.71 to 0.13) 0.17

All models included child sex and pubertal status as covariates and tested possible interaction effects between the mother variables and child sex and puberty. Only 
significant results are reported. In models with significant interaction between the mother variable and puberty status, the estimated mother effect is reported for each 
puberty group separately. *P=0.0326 for the between-puberty group difference for mother tonic pressure task (TP) tolerance; †P=0.0034 for the between-puberty 
group difference for mother cold pressor task (CP) tolerance

Figure 1) Fitted regression lines illustrating the mother tonic pressure task (TP) 
tolerance and child TP tolerance relationship stratified according to pubertal 
status

Figure 2) Fitted regression lines illustrating the mother cold pressor task 
(CP) tolerance and child tonic pressure task (TP) tolerance relationship 
stratified according to pubertal status
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procedures. As discussed below, the optimal time for such interven-
tions may be during the child’s prepubertal years. 

Although the magnitude of our findings was relatively modest, a 
key clinical implication of our findings is that interventions centred 
on avoidance behaviour, particularly among mothers of prepubertal 
children, may be useful in reducing acute pain responses in children. 
Overt pain avoidance behaviour by mothers is more likely to influence 
children whose cognitive abilities are still developing and are, there-
fore, less able to comprehend the internal experiences of others such as 
feelings of anxiety or pain intensity. The ability to discern and empa-
thize with another’s internal experience depends on a level of cogni-
tive sophistication that younger children have yet to develop. 
Similarly, children’s observable responses to pain represent more sali-
ent targets for reinforcement by mothers compared with internal pain 
experiences that may be difficult to determine. Epidemiological 
research indicates that the onset of adolescence is a time when chil-
dren may be more vulnerable to the development of chronic pain 
(18-20). A recent review found that the prevalence of most chronic 
and recurrent pain problems generally increases with age (21). 
Adolescence is also a time when the influence of the mother, as well 
as the rest of the family, on children’s pain expression begins to wane, 
and the influence of peers becomes more important (17). Our findings 
suggest that interventions focused on mothers’ avoidance behaviour 
that are initiated before the onset of puberty in vulnerable children 
may help prevent the development of chronic pain, which increases in 
prevalence with advancing puberty. Such possibilities are speculative, 
however, and should be examined in additional research. 

As noted above, we unexpectedly found no sex differences in 
mother-child pain associations in this sample. The current findings are 
at odds with our previous work indicating that the relationship between 
parent anxiety sensitivity and children’s laboratory pain responses holds 
for girls but not for boys (8). Other investigations have also found 
stronger relationships between parent pain behaviours and girls’ com-
pared with boys’ laboratory pain responses (5,7), but at least one other 
study did not find this sex differentiation (6). Two investigations by 
Moon et al (3,37) found that neither the sex of the child nor the sex of 
the parent differentially influenced children’s pain responses to the CP 
task, when parents observed their child during the procedure (3), or 
when parents verbally interacted with the child during the procedure 
(37). The divergent findings on sex differences in parent-child pain 

relationships may be due to a variety of factors such as differences in 
study procedure, sample composition and/or participant expectations. In 
particular, these previous studies included children with very different 
ages ranging from four to 12 years in the Moon et al (3,37) studies to 
eight to 17 years in the present study, and sex-differentiated mother-
child relationships may vary depending on the developmental maturity 
of the child. Although we did not find any sex × puberty interactions in 
mother-child pain relationships in the current study, further work is 
needed to examine the potential impact of such interactions because 
few previous studies have included these types of analyses. 

Limitations to the present study should be noted. The current find-
ings are correlational in nature and causality cannot be inferred. The 
design of the present study was not able to elucidate how mothers’ 
responses to pain influence their children’s acute pain reactivity. As 
discussed above, existing studies have supported the role of parental 
pain behaviours, such as maternal modelling of pain responses (6), 
pain-promoting/pain-reducing verbalizations (5) and parental 
attention/distraction (7,37), in shaping children’s laboratory pain 
responses. The current results were obtained in a healthy population 
and may not generalize to a clinical population of children with 
chronic pain. Additional work is presently underway to examine these 
mother-child associations in a pediatric pain sample.

SuMMaRy
The present study indicated more robust mother-child laboratory pain 
relationships for pain tolerance than for pain intensity or pain-related 
anticipatory anxiety. These mother-child associations for pain toler-
ance were primarily found among prepubertal children. Future research 
may seek to identify the specific maternal pain behaviours that influ-
ence children’s acute pain responses across pubertal development. 
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