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Objective: A growing body of literature suggests ethnic differences in experimental pain. However, these
studies largely focus on adults and the comparison between Caucasians and African Americans. The
primary aim of this study is to determine ethnic differences in laboratory-induced pain in a multiethnic
child sample. Method: Participants were 214 healthy children (mean age � 12.7, SD � 3.0 years).
Ninety-eight Caucasian, 58 Hispanic, 34 African American, and 24 Asian children were exposed to four
trials of pressure and radiant heat pain stimuli. Pain responses were assessed with self-report measures
(i.e., pain intensity and unpleasantness) and behavioral observation (i.e., pain tolerance). Results: Asians
demonstrated more pain sensitivity than Caucasians, who evidenced more pain sensitivity than African
Americans and Hispanics. The results hold even after controlling for age, sex, SES, and experimenter’s
ethnicity. Asians also showed higher anticipatory anxiety compared with other ethnic groups. Anticipa-
tory anxiety accounted for some ethnic differences in pain between Asians, Hispanics, and African
Americans. Conclusions: By examining response to laboratory pain stimuli in children representing
multiple ethnicities, an understudied sample, the study reveals unique findings compared to the existing
literature. These findings have implications for clinicians who manage acute pain in children from diverse
ethnic backgrounds. Future investigations should examine mechanisms that account for ethnic differ-
ences in pain during various developmental stages.
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Pain management among children is challenging because pain is
a highly complex phenomenon that involves biological, psycho-
logical, and social variables such as culture and ethnicity (Fortier,
Anderson, & Kain, 2009). Ethnicity is defined as a group of people
with distinguishing behaviors, culture, history, experience, ances-
try, and beliefs (C. L. Edwards, Fillingim, & Keefe, 2001). Ethnic
minorities account for 44% of children in the U.S. today, and are
expected to account for 50% of children in 2023, and 62% in 2050
(U.S. Census Bureau., 2008). The growing diverse populations in
the U.S. make it imperative to understand ethnic differences in
pain among children. Understanding factors that influence pain
responses in children is important, because the neurobiological
processes involved in the perception and experience of pain are
still developing (Fitzgerald, 2005), and early pain experiences in

childhood influence pain and disability in adulthood (Davis, Lu-
ecken, & Zautra, 2005). Data on ethnic differences in childhood
pain responses may assist in the formulation of interventions
tailored to specific racial/ethnic groups that may help prevent the
development of chronic pain in adulthood.

Accumulating evidence suggests ethnic disparities in pain
among adults (C. L. Edwards, Fillingim et al., 2001; R. R. Ed-
wards, Doleys, Fillingim, & Lowery, 2001; Green et al., 2003;
Zatzick & Dimsdale, 1990). Despite the drastic rise in studies
examining ethnic differences among adults, ethnic differences in
pain among children are largely unknown. We were only able to
identify three studies that examined ethnic differences in pain
among children in the U.S. (Lewis, Ramsay, & Kawakami, 1993;
Pfefferbaum, Adams, & Aceves, 1990; Widmalm, Christiansen, &
Gunn, 1995). The first study found a higher rate of oral/facial pain
symptoms related to temporomandibular disorders (TMD) in Af-
rican American compared with Caucasian children ages 4–6
(Widmalm et al., 1995). The second study found no differences in
pain between Hispanic and Caucasian children undergoing oncol-
ogy procedures (Pfefferbaum et al., 1990). A third study found a
less intense affective response to inoculation but a greater cortisol
stress response among Japanese infants compared with Caucasian
infants (Lewis et al., 1993). Although these studies only compared
one minority group with Caucasians and the results are mixed, the
studies suggest the existence of ethnic differences in pain among
children.

Traditionally, ethnic differences in pain are studied using survey
methods in a clinical context; lately, the paradigm of laboratory-
induced pain has attracted attention. Survey studies of clinical pain
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can help further the understanding of health disparities in pain
among patients. However, clinical pain is greatly influenced by
factors such as disease severity and type of treatment. Thus, the
exact source of pain is typically unknown and the amount of
noxious pain stimuli varies significantly across and within patients.
In contrast, laboratory-induced pain standardizes the amount and
nature of noxious pain stimuli, and thus offers advantages relative
to studies of clinical pain. Laboratory pain affords the ability to test
pain stimuli with different temporal sensory characteristics, which
can provide more specific information regarding the nature of
ethnic differences in pain (Green et al., 2003).

A growing number of studies have reported ethnic differences in
laboratory pain responses. However, the vast majority of labora-
tory studies compared Caucasians with African Americans (Camp-
bell, Edwards, & Fillingim, 2005; Campbell et al., 2008; Edwards,
Doleys, Fillingim, & Lowery, 2001; Edwards & Fillingim, 1999;
Mechlin, Morrow, Maixner, & Girdler, 2007), thus providing
limited data for other groups. In addition, no study has investigated
ethnic differences in children’s laboratory-induced pain responses
in a multiethnic sample. The goal of the current study is to examine
ethnic differences in laboratory pain responses among nonclinical
children in a sample including Caucasians, Asians, Hispanics
(Latinos), and African Americans.

Among adults, findings of differences in laboratory pain re-
sponses between African Americans and Caucasians are fairly
consistent. African Americans have reported higher pain intensity
and unpleasantness for heat pain compared with Caucasians
(Campbell et al., 2005; Sheffield, Biles, Orom, Maixner, & Sheps,
2000). African Americans also demonstrated lower pain tolerance
and threshold for heat, cold, and tourniquet ischemic pain relative
to Caucasians (Campbell et al., 2005; Campbell et al., 2008; R. R.
Edwards, Doleys, et al., 2001; R. R. Edwards & Fillingim, 1999;
Mechlin et al., 2007). Other minorities are understudied in adult
laboratory pain investigations. One early study found that Asians
had lower pressure pain tolerance compared with Caucasians
(Woodrow, Friedman, Siegelaub, & Collen, 1972). A recent study
found that Hispanics were less tolerant of heat and cold pressor
pain than were Caucasians (Rahim-Williams et al., 2007). In
summary, existing literature provides some evidence suggesting
that ethnic minorities demonstrate higher pain sensitivity in re-
sponse to laboratory pain compared with Caucasians in adult
samples.

According to the model proposed by Price and colleagues, pain
has multiple dimensions including sensory-discriminative, affec-
tive, and behavioral responses (Wade, Dougherty, Archer, & Price,
1996). These dimensions are viewed as unique subcomponents and
as representing four different stages of pain processing. The first
stage is the sensory-discriminative dimension, which includes the
spatial, temporal, and intensive features of the painful sensation.
The second stage is the immediate unpleasantness that is associ-
ated with the perceived intrusiveness of the painful sensation. This
stage reflects the individual’s immediate affective response to the
sensations evoked by nociceptive stimuli. The third stage charac-
terizes the quality of the magnitude of suffering and secondary
affective response (e.g., depression, frustration, etc.). The fourth
stage is pain behavior (e.g., grimacing, withdrawal, etc.). The third
stage, suffering or secondary affective response, is not highly
applicable to laboratory pain, because participants may voluntarily
terminate exposure to the pain stimulus. Thus the current labora-

tory study assessed laboratory pain response across three dimen-
sions: sensory, affect, and pain behavior. These three dimensions
are measured by pain intensity (i.e., how much pain is experienced
by the individual), pain unpleasantness (i.e., how much a person is
bothered by pain), and pain tolerance behavior (i.e., how long a
person endures pain), respectively. Although these dimensions are
associated, it is important to assess all three dimensions, as brain
imaging studies suggest a segregation of function and underlining
neuronal pathways between pain affect and sensation (Rainville,
Duncan, Price, Carrier, & Bushnell, 1997).

In the current study, we tested the hypotheses that the three
minority groups (African Americans, Asians, and Hispanics)
would exhibit more pain intensity and unpleasantness, as well as
less pain tolerance, compared with Caucasians. How these three
minority groups differed from each other on laboratory pain re-
sponses would also be explored. It has been shown that laboratory
pain responses in children are associated with anticipatory anxiety,
which has been conceptualized as an index of the perceived threat
of impending pain (Tsao et al., 2006). Thus, anticipatory anxiety is
a specific, proximal measure of the perceived threat value of pain
that is related to, but partially distinct from, more distal trait
constructs associated with anxiety (e.g., negative affect) that may
also influence pain responses (Tsao et al., 2004). Anxiety is also an
indicator of autonomic arousal with important links to pain per-
ception and modulation (Price, 2002). Autonomic arousal during
pain anticipation may activate brain regions involved in “priming”
pain sensitivity, and thus may influence processes related to ethnic
differences in pain response in children. Therefore, we would also
test whether anticipatory anxiety may account for ethnic differ-
ences in pain responses.

Method

Participants

The current sample was drawn from a larger sample of 244
children who participated in a study on the effects of gender and
puberty on laboratory pain responses described previously (Lu et
al., 2005). The larger sample was composed of 98 Caucasians, 58
Hispanics, 34 African Americans, 24 Asians, and 30 other (mixed
ethnicities). The final sample for this paper excludes the “other”
category, and includes 214 participants with a mean age of 12.7
years (SD � 3.0, range 8 to 18 years). Demographic characteristics
of participants are presented in Table 1. Power analysis revealed a
power of 87% to detect a moderate effect size of group differences
in pain responses.

Participants ages 8 to 18 years were recruited from the Los
Angeles metropolitan area through mass mailing, posted advertise-
ments, and classroom presentations. The wide age range in the
present sample was designed to include participants at all stages of
pubertal development. We made every effort to increase the sam-
ple representativeness by recruiting participants from communi-
ties. The mailings and advertisements were widely targeted across
sites with varying ethnicities and income levels, because one of the
goals of recruitment was to enhance the enrollment of children
from low-income and minority neighborhoods. The racial and
ethnic composition of the study was similar to the LA County
racial/ethnic composition in 2000 when the study was conducted.
Potential participants and their parents were told that the study was
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designed to learn more about how healthy children and adolescents
responded to pain. Eligibility was confirmed by telephone. Indi-
viduals reporting an ongoing acute or chronic illness, or use of
potentially pain-altering prescription medications (e.g., opioids,
anticonvulsants, tricyclic antidepressants, or SSNRIs) that might
affect study measures were excluded. Parents and children signed
consent and assent forms, respectively. Participants received a $30
video store gift certificate and a T-shirt for their participation. The
University of California, Los Angeles (UCLA) Institutional Re-
view Board (IRB) as well as the IRBs for recruitment sites ap-
proved all study procedures.

Procedure and Laboratory Tasks

On the day of the laboratory session, an experimenter greeted
participants and their parents and escorted them into separate
rooms where there was no contact between them until the session
was completed. The parents completed demographic information
including the mother’s and father’s occupation and education,
child’s ethnicity, age, and sex. Pain tasks were then administered
to children. Participants were informed that the tasks may “cause
discomfort.” Participants were instructed to continue with the task
for as long as they could and to remove their finger or arm from the
apparatus at any time during the procedures if it became too
uncomfortable or painful. All tasks were extensively piloted on
volunteers in the targeted age range to determine the lowest level
of stimulation that would allow sufficient variation in response.

Pressure task. The Ugo Basile Analgesy-Meter 37215 (Ugo
Basile Biological Research Apparatus, Comerio, Italy) was used to
administer focal pressure through a Lucite point approximately 1.5
mm in diameter to the second dorsal phalanx of the middle and
index finger of each hand. Four trials at two levels of pressure (two
at 322.5g and two at 465g) were completed with an uninformed
ceiling of 3 minutes. A comparable device has been used in healthy
and clinical pediatric samples (aged 5–17 years) without adverse
effects (Gil et al., 1997).

Thermal heat task. The Ugo Basile 7360 Unit (Ugo Basile
Biological Research Apparatus) was used to administer a total of
four trials of two infrared stimulus intensities (15, 20) of radiant
heat 2 in. proximal to the wrist and 3 in. distal to the elbow on both
volar forearms with an uninformed ceiling of 20 seconds (s).
Thermal pain tolerance was electronically measured with an ac-
curacy of 0.1 s. A similar task has been used in a sample aged

6–17 years without adverse effects (Meier, Berde, DiCanzio, Zu-
rakowski, & Sethna, 2001).

Measures

Pain ratings and anticipatory anxiety. Pain intensity, pain
unpleasantness, and anticipatory anxiety were measured by a ver-
tical sliding visual analogue scale (VAS). The 10 cm VAS is
anchored on the bottom with 0 indicating the lowest value and 10
at the top indicating the greatest value. The scale also had color
cues, graded from white at the bottom to dark red at the top, as well
as a neutral face at the bottom and a negative facial expression at
the top. The VAS is brief, easily understood, and sensitive to
changes in pain. Pain sensation intensity and pain unpleasantness
visual analog scales have been validated among adults and were
shown to measure the two constructs separately (Wade et al.,
1996). Previous research has used the VAS for quick and accurate
laboratory-induced pain ratings in children (Miller, Barr, &
Young, 1994). The VAS has excellent psychometric properties;
patient, parent, and physician ratings of pain intensity using the
VAS have been found to be positively correlated with each other
and with measures of disease activity (Gragg et al., 1996). The
VAS can be used by children in the age range included in the
current study (8–18 years of age) (McGrath & Gillespie, 2001).

Before the trial, participants were instructed on the use of the
VAS and gave three practice ratings. The practice trials asked: (1)
“How afraid or nervous would you be right before taking an
important exam or test?” (2) “How much would it bother you to eat
your favorite dessert?” (3) “How afraid, nervous, or worried do
you feel right now?” The instructions and practice trials were
repeated until participants fully understood the VAS.

Using the VAS, participants answered the following questions.
For Anticipatory Anxiety, immediately prior to each trial partici-
pants were asked “how nervous, afraid, or worried” they were
about the upcoming pain task. For Pain Intensity, immediately
after each trial participants were asked, “At its worst, how much
pain did you feel during the task?” For Pain Unpleasantness,
immediately after each trial and after rating the pain intensity
participants were also asked, “At its worst, how much did the task
bother you?” The scores for anticipatory anxiety, pain intensity,
and pain unpleasantness during heat or pressure pain task were
computed by averaging the four trials of each task. The internal
reliabilities for all the measures were good (Cronbach’s alpha �

Table 1
Demographic Characteristics of the Four Ethnic Groups

African American Hispanic Caucasian Asian Total sample
Variable (n � 34) (n � 58) (n � 98) (n � 24) (n � 214) p values

Age (Mean, SD) 14 (3.2) 13.1 (3) 12.5 (2.9) 12.6 (2.8) 12.7 (3) �0.05
SES (Mean, SD) 41.5 (7.4) 38.3 (14.1) 55.6 (8.2) 54.4 (7.5) 48.7 (12.3) �0.001
Sex (% male) 47.1 58.6 51 37.5 49.2 �0.05
Experimenter (%) �0.05

Asian 51.5 48.2 49.5 59.1 50.5
Hispanic 33.3 35.7 28.4 22.7 30.6
Caucasian 3 3.6 3.2 4.5 3.4
Mixed 12.1 12.5 18.9 13.6 15.5

Note. Abbreviation: SES � socioeconomic status. SES was obtained with Hollingsheads score, with lower scores indicative of lower SES.
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.928, 0.939, and 0.937, for anticipatory anxiety, pain intensity, and
pain unpleasantness for heat task, and Cronbach’s alpha � .936,
0.942, and 0.939 for anticipatory anxiety, pain intensity, and pain
unpleasantness for pressure task).

Pain tolerance. Pain tolerance is defined as the highest level
of noxious stimulation subjects can endure (Gelfand, 1964). In this
study, tolerance was determined as the time in seconds elapsed
from the onset of the heat or pressure pain stimulus to the partic-
ipant’s withdrawal from the stimulus. Tolerance for heat or pres-
sure was computed by averaging the endurance time of the four
trials of each task. The internal reliabilities for both heat and
pressure tasks were good (Cronbach’s alpha � .887, 0.885, re-
spectively).

Ethnicity and socioeconomic status (SES). Parents identi-
fied child’s ethnicity as belonging to one of the following five
different ethnic categories: African American, Asian, Caucasian,
Hispanic, and “other”. This parent categorization was used as a
proxy measure of child’s ethnicity. As previously mentioned,
children categorized as belonging to the “other” (mixed ethnicity)
category were excluded from the analysis. SES was indicated by
the Hollingshead score (Hollingshead, 1975), a composite score of
parents’ education and occupation. Computed scores ranged from
a high of 66 to a low of 6, with higher numbers indicating higher
SES.

Statistical Analysis Plan

Preliminary analyses were conducted to examine assumptions
for statistical analysis, outliers, and the distribution of variables.
Pressure tolerance was not normally distributed, and logarithm
transformation was used to achieve normal distribution for further
analysis. Levene’s Test of Equality of Error Variances and the
Brown-Forsythe test of homogeneity of variance, which is more
robust for unequal group sizes, suggested no violation of the equal
variance assumption. Box’s test of equality of covariance matrices
suggested the observed covariance matrices of the dependent vari-
ables were equal across groups. Demographic characteristics of
participants (age, sex, and socioeconomic status) and experiment-
ers’ ethnicity were compared among the four ethnic groups with
chi-square tests for categorical variables and Analysis of Variance
(ANOVA) for continuous variables.

Planned comparisons were conducted using MANCOVA to test
the differences between the three minority groups and Caucasians,
with ethnicity as the independent variable; pain responses as
dependent variables, and age and sex as covariates (alpha level was
set to 0.05 for two-tailed tests). Three sets of analyses were run
with pain intensity, unpleasantness, and tolerance as dependent
variables. We also explored how the three minority groups differed
from each other on laboratory pain responses in post hoc analysis.
The Bonferroni-Holm step-down test (Holm, 1979) was used to
reduce the likelihood of Type I error associated with post hoc
multiple comparisons.1

To further investigate whether ethnic differences in pain were
independent of SES, a second set of analyses were conducted with
SES as an additional covariate. We also compared group differ-
ences in anticipatory anxiety and tested ethnic differences in pain
responses after controlling for anticipatory anxiety. Furthermore,
the potential effect of experimenters’ ethnicity and the interaction
effect between participants’ and experimenters’ ethnicities were

examined. Finally, potential interaction effects between ethnicity
and sex of participants, and ethnicity and age of participants were
examined. Effect sizes (ES) were estimated using partial eta
squared and were judged using Cohen’s criteria (Cohen, 1988) for
small, medium, and large effects with 0.01, 0.059, and 0.138,
respectively (corresponding to Cohen’s d � 0.2, 0.5, 0.8).

Results

Preliminary Analyses

As shown in Table 1, the four ethnic groups did not differ in age
or sex (p � .05), but sex differences emerged for pressure pain
tolerance such that boys exhibited greater pressure tolerance than
girls (p � .05). In addition, bivariate correlations revealed that age
was positively associated with pressure and heat tolerance, and
negatively associated with pain intensity, unpleasantness, and an-
ticipatory anxiety for both pressure and heat tasks (ps � 0.05).
Thus, sex and age were used as covariates in all analyses. ANOVA
revealed that the four groups differed significantly (p � .001) on
SES. Specifically, Hispanics and African Americans had lower
SES compared with Caucasians and Asians (p � .001). Further-
more, SES was positively associated with heat intensity, pressure
unpleasantness, and heat unpleasantness (p � .05). Therefore, SES
was included as an additional covariate; results with and without
SES as a covariate were reported, so that the current results may be
easily compared with studies which have largely not controlled for
SES.

Ethnic Differences in Pain

Table 2 presents descriptive statistics of pain responses. Table 3
shows the results of planned comparisons of group differences in
pain responses and post hoc analysis controlling for sex and age.
Asians reported more heat pain unpleasantness than did Cauca-
sians (p � .013), Hispanics (p � .001), and African Americans
(p � .01). Asians also reported significantly more pressure pain
unpleasantness compared with Hispanics (p � .007), and greater
heat pain intensity compared with African Americans (p � .002).
Hispanics reported less unpleasantness for both pressure and heat
pain than did Caucasians (p � .01 and 0.008, respectively). Afri-
can Americans reported less heat pain intensity than did Cauca-
sians (p � .006). No differences emerged for pressure or heat pain
tolerance. Ethnic differences in pain responses remained signifi-
cant, even after controlling for SES. Overall, calculation of effect
sizes revealed small to medium effect sizes in group differences
(see Figure 1), suggesting higher pain sensitivity among Asians

1 Critical cut-off values of � were calculated using this formula, � �
0.05/k, and k � n, n-1, n-2, n-3. . ., 1 (n � the total number of post hoc
multiple comparisons). The p values were ordered for all comparisons from
lowest to highest, and then these p values were compared with correspond-
ing critical values of � according to the Bonferroni-Holm step-down test.
In the case of comparisons among three minority groups, critical alphas
were set to be 0.017, 0.025, and 0.05 (as k � 3, 2, 1, and 3 is the total
number of post hoc comparisons). If the p value was less than the critical
value, then the null-hypothesis would be rejected and the next p value
would be compared to the next critical value. If the p value was larger than
the critical value, the null-hypothesis would not be rejected, and the
comparisons would be stopped.
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and lower pain sensitivity among African Americans and Hispan-
ics, compared with that among Caucasians.

Similar group differences also emerged in anticipatory anxiety.
Asians reported higher anticipatory anxiety for pressure pain than did
Caucasians (p � .0092), Hispanics (p � .006), and African Ameri-
cans (p � .024) (see Table 4). Asians also reported higher anticipatory
anxiety for heat pain (p � .015) compared with Hispanics. After
anticipatory anxiety was accounted for, Asians still had significantly
greater heat pain unpleasantness than did Hispanics (p � .025) and
African Americans (p � .026), but the other differences in pain
responses between Asians and other groups disappeared. To examine
the possibility that anticipatory anxiety might mediate group differ-

ences in pain, we followed up with Sobel tests (Sobel, 1982). Sobel
tests revealed that anticipatory anxiety fully mediated the difference in
pressure pain unpleasantness between Asian and Hispanics (z � 2.79,
p � .005), and in heat pain intensity between Asians and African
Americans (z � 1.98, p � .05). Anticipatory anxiety also partially
mediated the difference in heat pain unpleasantness between Asians
and Hispanics (z � 2.52, p � .01), and between Asians and African
Americans (z � 1.97, p � .05). However, Sobel test did not suggest
that anxiety mediated the difference in heat pain unpleasantness
between Asians and Caucasians (z � 1.59, p � .11).

After anticipatory anxiety was accounted for, the group dif-
ferences between African Americans and Caucasians become

Table 2
Descriptive Statistics for Pain Responses

African American Hispanic Caucasian Asian Total

Pain measure n Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD)

Intensity
Pressure 33 3.89 2.67 56 4.63 2.36 96 4.99 2.71 24 5.60 2.62 209 4.79 2.63
Heat 33 3.39 2.65 57 4.73 2.87 96 5.19 2.71 24 5.83 2.44 210 4.86 2.79

Unpleasantness
Pressure 30 2.98 2.74 45 2.50 2.07 72 3.85 2.70 16 4.63 2.71 163 3.39 2.62
Heat 30 2.66 2.45 46 2.43 2.22 72 3.76 2.65 16 5.35 2.51 164 3.34 2.62

Tolerance (seconds)
Pressure 33 38.96 38.44 56 35.80 40.12 96 46.40 49.35 24 43.52 59.22 209 42.05 46.63
Heat 33 11.63 4.73 57 10.77 4.58 96 11.17 5.48 24 9.78 5.82 210 10.97 5.16

Anticipatory Anxiety
Pressure 33 2.74 2.69 56 2.80 2.15 96 3.11 2.47 24 4.52 2.62 209 3.13 2.48
Heat 33 3.19 2.68 57 3.30 2.45 96 3.99 2.85 24 4.95 2.60 210 3.79 2.73

Note. Unpleasantness VAS was not administered until a number of participants (n � 36) had completed the study and thus, the n for the pain
unpleasantness ratings was smaller than the other measures.

Table 3
Planned Comparison on Pain Response: [Estimated Marginal Means and Standard Error (SE)]

Dependent
variables

African American
Mean

Hispanic
Mean

Caucasian
Mean

Asian
Mean Ethnic differences

Controlling for anticipatory
Anxiety

Intensity
Pressure pain

Mean 4.10 4.67 4.92 5.67 AA � C
SE 0.45 0.34 0.26 0.54

Heat pain�

Mean 3.61a 4.79a,b 5.11b 5.92b AA � C � A AA � C � H
SE 0.46 0.36 0.27 0.56

Unpleasantness
Pressure pain�

Mean 3.07a,b 2.53a 3.82b 4.64b H � C � A H � C
SE 0.47 0.39 0.30 0.67 AA � C

Heat pain�

Mean 2.76a,b 2.43a 3.72b 5.51c H � C � A H � C � A
SE 0.46 0.38 0.29 0.65 AA � A AA � C � A

Tolerance
Pressure pain

Mean 1.33 1.30 1.44 1.30 H � C�

SE 0.08 0.06 0.04 0.09
Heat pain

Mean 10.69 10.34 11.49 9.95 H � C
SE 0.77 0.59 0.45 0.92

Note. Covariates are age and sex. AA � African American; H � Hispanic; C � Caucasian; A � Asian.
a,b,c Notate similarities and differences between group means. Superscripts with the different letter are statistically different.
� indicates the variables with statistically significant ethnic differences before controlling for anticipatory anxiety (p � 0.05).
�p � .067.
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more pronounced and consistent across the two pain modalities.
Specifically, African Americans had less pain intensity (p � .03
for heat, and 0.044 for pressure) and less pain unpleasantness
compared with Caucasians (p � .044 for heat, and 0.036 for
pressure). Similarly, after anticipatory anxiety was controlled
for, the differences between Hispanics and Caucasians in pain
unpleasantness remained; new results also emerged, such that
Hispanics exhibited significantly less pressure pain tolerance
(p � .038) and marginally less heat pain tolerance (p � .067)
compared with Caucasians. Table 3 also summarizes group
differences in pain responses after anticipatory anxiety was
controlled for.

In order to rule out the possibility that pain responses across
ethnic groups may have differed based on the ethnicity of exper-
imenters, additional MANCOVAs were conducted to examine the
influence of experimenters and potential interaction effects be-
tween the ethnicity of participants and the ethnicity of experiment-
ers. Across the laboratory sessions, 50.5% were run by Asian
experimenters, 30.6% were run by Hispanics experimenters, 3.4%
were run by Caucasian experimenters, and 15.5% were run by
experimenters with mixed ethnicity. Chi-square tests revealed that
the ethnicity of the experimenters was equally distributed across
the four ethnic groups of participants. Due to the small number of
sessions run by Caucasian experimenters and difficulties in inter-
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Figure 1. Effect sizes (partial eta squared) associated with group differences in pain responses. Note:
� indicates significant differences between the minority group and the Caucasian group. Effect sizes are indicated
by partial eta squared. Effect size in the negative direction indicates a lower value in the pain variables for the
minority group compared with Caucasians. For example, for heat intensity, the negative direction of the effect
size associated with the bar of African American indicates that African Americans reported lower pain intensity.

Table 4
Planned Comparisons on Anticipatory Anxiety [Estimated Marginal Means and Standard Errors (SE)]

Dependent
variables

African American
mean

Hispanic
Mean

Caucasian
mean

Asian
mean Ethnic differences

Anticipatory anxiety
Pressure pain

Mean 2.99a 2.83a 3.02a 4.48b H � AA � C � A
SE 0.42 0.32 0.24 0.50

Heat pain
Mean 3.42a,b 3.35a 3.86a,b 4.97b H � A
SE 0.46 0.36 0.27 0.55

Note. Covariates are age and sex.
a,b,c Notate similarities and differences between group means. Superscripts with the same letter are statistically equivalent (p � 0.05).
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pretation for the mixed ethnicity experimenters, the analyses were
conducted only among the sessions run by Asian and Hispanic
experimenters. No significant main effect of the ethnicity of ex-
perimenters or the interaction between ethnicity of participants and
ethnicity of experimenters emerged. Furthermore, we also ex-
plored the potential interaction effect of participants’ ethnicity and
age, and participants’ ethnicity and sex on pain responses, and we
did not find significant interaction effects.

Discussion

Circumventing many potential confounders in clinical pain stud-
ies, laboratory pain investigations control for parameters of nox-
ious stimuli, and thus have particular utility in illuminating ethnic
disparities in pain (Green et al., 2003). As the first attempt to
investigate ethnic differences in laboratory pain responses in a
multiethnic sample of children, we clearly demonstrated differ-
ences between ethnic groups. However, many of the differences
that emerged contradicted our a priori hypotheses. The hypothesis
that ethnic minorities had higher pain sensitivities compared with
Caucasians was only supported in Asians, and the opposite was
found for Hispanics and African Americans. Asians had greater
pain sensitivity compared with Caucasians, who had greater pain
sensitivity compared with African Americans and Hispanics. The
results hold even after controlling for age, sex, and SES. By
examining laboratory pain responses to multiple pain modalities in
children representing multiple ethnicities, an understudied sample,
this study contributes to the literature in several important ways.

First, Asians and Hispanics are understudied in the literature, as
previous laboratory pain studies largely focused on the comparison
between African Americans and Caucasians (Rahim-Williams,
Riley, Williams, & Fillingim, 2012). By including Asians and
Hispanics, this study revealed important ethnic differences that
have not been previously reported. Asians experienced heightened
pain sensitivity compared with the other three groups. They re-
ported greater heat pain unpleasantness compared with Cauca-
sians, Hispanics, and African Americans. They also reported
greater pressure pain unpleasantness compared with Hispanics,
and more heat pain intensity compared with African Americans.
Although previous studies have not compared Asians with other
minorities, studies that compared Asians with Caucasians were in
line with our findings. For example, one adult study in Europe
found that South Asian immigrants had lower heat pain threshold
compared with British Whites (Watson, Latif, & Rowbotham,
2005). A recent study found that Asians had lower cold pain
threshold and tolerance compared with non-Hispanic Whites
(Rowell, Mechlin, Ji, Addamo, & Girdler, 2011). Another study
found a greater cortisol response following routine inoculation
among Japanese infants compared with Caucasian American in-
fants (Lewis et al., 1993). The greater cortisol responses suggested
greater pain sensitivity among Asians, as greater cortisol response
has been associated with higher pain sensitivity among children
(Allen, Lu, Tsao, Worthman, & Zeltzer, 2009). Together, these
studies highlight increased pain sensitivity among Asians com-
pared with Caucasians.

Despite greater pain ratings among Asians, they did not differ in
pain tolerance compared with other groups. Empirical evidence
suggests that despite their desire to express, Asian adults showed
less behavioral expression of emotion than did Caucasians (Lu &

Stanton, 2010). Similarly, Japanese infants showed less behavioral
expression of pain than did Caucasian American infants during and
following routine inoculation, despite their greater cortisol stress
response (Lewis et al., 1993). Therefore, the heightened pain
sensitivity among Asians may be manifested in pain threshold or
pain ratings, but not in observable behaviors.

We also found that Asian children experienced higher pain
anticipatory anxiety compared with the other groups. Anticipatory
anxiety is conceptualized as a specific, proximal index of the
perceived threat of imminent pain which is partially distinct from
more distal, trait measures associated with anxiety such as negative
affect (Tsao et al., 2004). Anticipatory anxiety is also an indication
of arousal (Price, 2002), which may increase the threat value of
pain, and thus increase its perceived unpleasantness. Although
anticipatory anxiety did not account for differences in pain re-
sponses between Asians and Caucasians, it explained some of the
ethnic differences in pain intensity and unpleasantness between
Asians and the other minority groups (Hispanics and African
Americans). These findings suggest that anticipatory anxiety may
play a large role in influencing pain responses among Asian
children. Few studies have examined ethnic differences in antici-
patory anxiety among children, but previous studies have found
that Asians living in North America experienced higher social
anxiety than Caucasians(Hsu et al., 2012), which may be due to
fear of losing face (Lau, Fung, Wang, & Kang, 2009) and lower
self-efficacy and social status (Hsu et al., 2012). Asian children
may develop more fear of pain or injury compared with other
children as Asian parents tend to be protective and shelter their
children from pain, injury, or challenging situations. Such specu-
lation requires further study.

In contrast to the results for Asians, Hispanics reported lower
heat and pressure pain unpleasantness than Caucasians, and these
results held even after anticipatory anxiety was controlled for.
Moreover, after controlling for anticipatory anxiety, Hispanics also
exhibited significantly lower heat and marginally lower pressure
pain tolerance compared with Caucasians. These results were
partially consistent with a previous study among adults which
found lower heat pain tolerance but not pressure pain tolerance
among Hispanics compared with Caucasians; the previous study
did not report differences for heat or pressure pain unpleasantness
(Rahim-Williams et al., 2007). Therefore, our study provides new
findings to fill a knowledge gap about pain unpleasantness among
Hispanics. Perhaps Hispanics appraise these pain tasks to be less
intrusive; this possibility is worth investigating in future studies.
Our results show that pain unpleasantness and tolerance, as they
respectively represent affective and behavioral dimensions of pain,
may diverge in their pattern of responses across different ethnic
groups. As discussed in more detail below, the various dimensions
of pain do not always show a consistent pattern since pain per-
ception and unpleasantness are mediated by distinct brain regions
(Rainville et al., 1997). It is conceivable that the development of
central pain processing differs in children of various ethnic groups,
and that such processes may be modulated by higher order factors
such as acculturation and cultural expectations. These factors
might have different influences on the affective and behavioral
dimensions of pain, and therefore the results of the two dimensions
diverged. Such possibilities are speculative, however, and require
additional research.
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Second, our findings suggest the importance of studying chil-
dren and using multiple pain modalities. Previous studies in adult
samples demonstrated elevated pain intensity among African
Americans relative to Caucasians (Campbell et al., 2005; Sheffield
et al., 2000). On the contrary, the current study revealed lower heat
pain intensity among African Americans compared with Cauca-
sians. Our sample consisted of children ranging in age from 8 to 18
years, whereas the previous studies mainly had samples of adults
(Campbell et al., 2005; Sheffield et al., 2000). Even after antici-
patory anxiety was controlled for, the differences between African
Americans and Caucasians remained and became even more pro-
nounced and consistent across pain domains and tasks, such that
African Americans had lower pain intensity and unpleasantness for
both heat and pressure pain tasks compared with Caucasians. Thus,
the differences between African Americans and Caucasians were
consistent in both affective and sensory domains across both pain
modalities.

One explanation for the different findings between our child
sample and adult samples is that psychosocial factors that lead to
ethnic differences in pain may weigh or even function differently
for children and adults. For example, it has been shown that
ignoring pain and diverting attention were associated with less
pain among African American adults (R. R. Edwards, Moric,
Husfeldt, Buvanendran, & Ivankovich, 2005; Jordan, Lumley, &
Leisen, 1998); however, diverting attention was associated with
more pain and attentive coping was associated with less pain
among African American children compared with Caucasian chil-
dren (Evans, Lu, Tsao, & Zeltzer, 2008). It is also possible that
African American adults may experience prolonged exposure to
high levels of stress associated with racism and discrimination, and
thus experience more adverse health effects compared with chil-
dren. Other minority groups also face stresses linked with racism
and discrimination but prior comparative work with adults and
children has not been done in these other groups, and thus it is
unknown whether such statements are also applicable to these
groups. Future studies that directly compare children and adults
within a developmental perspective will help to give a fuller
picture of ethnic disparities in pain.

It should also be noted that another difference between the
current study and the majority of existing studies among adults is
the type of heat pain stimulus used. The current study used radiant
heat stimulus that emitted infrared light to skin. In contrast, the
majority of adult studies used contact heat stimulus that directly
contacted skin (Campbell et al., 2005; Rahim-Williams et al.,
2007; Sheffield et al., 2000), with the exception of one earlier
study (Chapman & Jones, 1944). A recent animal study showed
that skin with more pigmentation had less pain reaction to infrared
heat (Wen, Ansonoff, & Pintar, 2009). Darker skin with higher
pigmentation density may allow less heat to penetrate skin and
thus reduce the pain sensation for radiant heat. Future research that
use both radiant and contact heat stimuli in one study will help to
solve the puzzle.

Third, as mentioned above, our findings suggest important eth-
nic differences in the affective and sensory dimensions of pain
reactions among multiple ethnic groups. The greatest group dif-
ference emerged in the affective dimension of pain. Psychophys-
ical studies have revealed that pain sensation and pain unpleasant-
ness are two distinct dimensions of pain that demonstrate reliably
different relationships to nociceptive stimulus intensity, and are

separately influenced by various psychological factors (Price,
2002). For example, Rainville and colleagues reported that hyp-
nosis selectively altered the unpleasantness of noxious stimuli
without changing the perceived intensity (Rainville et al., 1997).
Brain imaging also suggests a segregation of function and under-
lining neuronal pathways between pain affect and sensation, with
the anterior cingulate cortex (ACC) activity reflecting the emo-
tional experience that provokes our reactions to pain, and primary
and secondary somatosensory cortices (SI and SII) for the process-
ing of the sensory-discriminative aspects of pain (Rainville et al.,
1997). The separation of pain dimensions is also implied by the
substantial variation in group differences across different pain
measures in laboratory pain studies among adults (Rahim-
Williams et al., 2012). The current study revealed the greatest
ethnic differences in the affective dimension of pain without
controlling for anticipatory anxiety; patterns of ethnic differences
in both affective and sensory dimensions of pain became more
consistent after controlling for anticipatory anxiety. There results
provide further evidence on the segregation of the two dimensions
of pain, as well as the differential influence of anxiety on ethnic
differences in pain unpleasantness and intensity.

This study has important clinical implications. Ethnic differ-
ences in pain intensity and unpleasantness revealed from this study
represent more than minimal clinically significant differences in
children, defined as 10 mm on a 0–100 mm VAS pain scale (i.e.,
equivalent to 1 unit difference in the VAS pain score in the current
study), which is considered a noticeable difference by most chil-
dren and adults (Powell, Kelly, & Williams, 2001). Pain intensity
ratings in the current study were higher than pediatric patients with
chronic pain (Gragg et al., 1996). The present findings might be
particularly relevant for clinicians who manage acute pain in
children from diverse ethnic backgrounds. For example, our find-
ings suggest that anxiety in anticipation of pain may differ de-
pending on children’s racial/ethnic background. Since anticipatory
anxiety appears to play a more prominent role for Asian children
compared with the other groups, efforts to calm such fears may be
particularly important for these children prior to undergoing pain
stimulus, such as that experienced during injections and other
painful medical procedures.

The current findings may also have additional clinical implica-
tions as anxiety is often associated with clinical pain symptoms
(McWilliams, Cox, & Enns, 2003). According to the fear-
avoidance model of pain (Asmundson, Norton, & Norton, 1999),
fear of activities or situations that have been associated with an
exacerbation of pain in the past (e.g., physical exertion) may lead
to the avoidance of such activities which leads to further decon-
ditioning, increased pain, and so forth. It may be that children of
certain ethnic backgrounds experience higher levels of anxiety in
anticipation of feared situations/activities, which leads to the ex-
acerbation and maintenance of clinical pain. Given the artificial
nature of the experimental procedures, caution should be exercised
when generalizing the findings to clinical pain. However, several
studies have demonstrated that laboratory pain responses are pre-
dictive of clinical and chronic pain (Clauw et al., 1999; Fillingim,
Maixner, Kincaid, Sigurdsson, & Harris, 1996). As such, the
current findings may inform health care providers to be aware of
possible sources of underestimating pain among certain groups, a
contributing factor to ethnic disparities in pain treatment (Green et
al., 2003). For example, Asians may not exhibit pain behaviors
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even if they experience a large amount of pain. Under circum-
stances that subjective pain experience cannot be reported due to
an emergency situation or language barrier, clinical judgment
based on behavioral aspects of pain should take into consideration
patients’ cultural background. A better understanding of patients’
cultural background may facilitate a more accurate evaluation of
patients’ subjective pain experience based on their behavior.
Whenever possible, clinicians who work with pain patients should
evaluate behavioral, sensory, and affective components of pain
experience.

Several caveats are worth mentioning. Our findings are not
consistent with a previous study (Widmalm et al., 1995), which
found that African American children experienced more oral/facial
pain symptoms than Caucasian children; thus the current study
may have limited generalizability to chronic pain. However, the
age range of the prior sample (4–6 years) was younger than that of
the current sample. The larger study from which the current
participants were drawn encompassed a wide age range in order to
include participants at all stages of pubertal development. On one
hand, this broad age range increases the generalization of the
present findings to both children and adolescents. On the other
hand, it is possible that racial/ethnic differences in pain responses
may vary by age and/or pubertal development. Our sample was not
large enough to detect possible interaction effects of participants’
ethnicity with their age or sex. There is little research on ethnic
differences in pain responses from a developmental perspective
and further work should be conducted on this topic. Second,
although our sample was limited to English-speaking individuals,
it is reasonable to infer that ethnic differences revealed in the study
might be even more evident in non-English-speaking samples in
the U.S. In addition, cell sizes were not large for some ethnic
groups; however, the cell sizes were similar to earlier studies
among adults and the patterns of ethnic differences were consistent
across pain modalities, even after controlling for age, sex, SES,
and the interaction of experimenter’s ethnicity and participants’
ethnicity. Furthermore, although no evidence emerged for exper-
imenter effects, we did not have enough Caucasian and African
American experimenters to test their influences. Future studies
should try to reduce experimenter effect by matching experiment-
ers’ and participants’ ethnicities. Finally, the study was designed to
describe ethnic differences in a laboratory pain setting rather than
examining potential mechanisms explaining such differences. Al-
though anxiety accounted for some ethnic differences between
Asians and other minorities, mediation test was conducted in a post
hoc. Future studies are warranted to elucidate how cultural, psy-
chosocial, physiological, and genetic factors influence ethnic dif-
ferences in response to laboratory-induced pain among children.
Attempting to decipher precise mechanisms and quantifying the
extent to which such mechanisms mediate ethnic differences in
pain will be a difficult but important task.

Despite these limitations, the current study has revealed consis-
tent ethnic differences in pain responses across multiple laboratory
pain modalities in a multiethnic sample of children. Overall,
Asians had greater pain sensitivity compared with Caucasians,
who had greater pain sensitivity compared with African Americans
and Hispanics. The patterns of ethnic differences in pain were
largely consistent in all three pain response indices across pressure
and heat pain tasks, particularly after anticipatory anxiety was
controlled for. A variety of factors embraced by the biopsychoso-

cial model may contribute to ethnic differences in pain, such as
cultural beliefs, the meaning of pain, pain expression, coping with
pain, genetic factors, physiological reactions, and the interaction of
these systems. Future studies are needed to replicate the findings
and to better understand under what conditions and why ethnic
differences emerge by utilizing multiple pain modalities, multiple
ethnic samples, and a life span perspective within the biopsycho-
social model of pain.
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