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Background: Substantial literature has demonstrated racial differences in pain perception

and endogenous pain modulation is proposed to be a mechanism for the racial differences.

Although Indians in Singapore reported higher pain severity than Chinese, the only study on

racial difference in experimental pain response in Singapore did not find any difference

between the two racial groups.

Purpose: The aim of this study was to investigate pain sensitivity and conditioned pain

modulation in Chinese and Indians in Singapore.

Patients and methods: Sixty age-and sex-matched (30 Chinese 50% female, 30 Indian,

50% female) healthy adults participated in this study. Pressure pain threshold, thermal pain

threshold and cold pain tolerance were measured. Conditioned pain modulation, general self-

efficacy and depression were also tested, in an attempt to assess endogenous pain inhibition

and psychological presentation between the two groups.

Results: No difference in pain thresholds was found between the two groups. Indians

demonstrated less cold pain tolerance and less efficacious conditioned pain modulation

than Chinese. Conditioned pain modulation was a mediator between race and cold pain

tolerance.

Conclusion: These findings of racial disparities in pain tolerance and endogenous pain

inhibition could possibly contribute to the higher pain severity in Indians.
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Introduction
Pain is considered to be an experience with sensory, cognitive and emotional

components.1 Besides the biological basis of pain, cultural and social factors are also

viewed as the foundation to the expression and treatment of pain.2 Race is a social

categorization imposed on people related to physical appearance for the purpose of

making hierarchical power-based distinctions in social relations.3 Experimental pain

testing in healthy individuals helps to elucidate potential differences in pain perception,

without being confounded by disease-specific factors and disparities in pain management

present in clinical pain studies.4,5 Racial disparities in pain perception and response have

been demonstrated, with most of the research conducted on African-Americans and

Caucasians.6,7 African-Americans exhibit lower pain tolerance and higher unpleasant-

ness ratings than Caucasians in experimental pain studies.6,7 Several studies have

compared Caucasians with Asians such as Indian and Chinese.8–12 Asians generally

demonstrated lower pain tolerances than Caucasians.11,12 The evidence for lower pain
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thresholds in Asians is inconsistent.7–9 These studies were

performed on young adults; hence generalization of results to

the entire adult population cannot be made.

Conditioned pain modulation (CPM) refers to reduced

pain intensity perception for a test stimulus when also

exposed to a painful conditioning stimulus.13 The mea-

surement of CPM provides a model for studying endogen-

ously mediated pain modulation.14 Six studies compared

racial differences in CPM, with the majority comparing

African-Americans and Caucasians.13–18 The findings

were inconsistent and the existence of racial differences

in CPM is inconclusive.6

Psychological factors and endogenous pain inhibitory

response are suggested to be potential contributors to the

racial differences across all stimulus modalities.7

According to Bandura’s (1977) social-cognitive theory,

self-efficacy refers to personal judgments of how well a

person believes he can perform specific behaviors in par-

ticular situations.19 Whilst self-efficacy is a task-specific

belief, general self-efficacy (GSE) is a relatively stable,

trait-like, generalized competence belief in one’s ability to

deal effectively with a variety of stressful situations.20,21

GSE has cognitive, affective and motivational

components20 People with higher GSE were found to be

healthier and socially better integrated after a stressful

event than their low GSE counterparts.22 In a general

adult population survey, compared to health self-efficacy,

GSE was more strongly associated with psychological

distress in participants regardless of pain status; GSE

was also more strongly associated with disability in parti-

cipants with chronic pain.23 GSE is studied in this study as

it is a relatively stable belief which could potentially

influence pain perception and response in experimental

pain, a stressful situation.

Specific psychological factors seem to be associated

with modality-specific CPM responses in healthy indivi-

duals. Heat-based CPM correlated with depression, but not

anxiety and pain catastrophizing.24 Studies have demon-

strated depression to be associated with greater clinical

pain25 and greater experimental pain sensitivity.26 On the

contrary, a meta-analysis found depressed patients had

higher experimental pain thresholds than controls, suggest-

ing diminished pain.27 In a recent study on Asian

Americans and Caucasian Americans with knee osteoar-

thritis, Asian Americans reported higher levels of

depression.28 Mediational analysis demonstrated that the

higher levels of depression in Asian Americans may con-

tribute to their higher levels of clinical pain and

experimental pain sensitivity.28 The complexity of the

underlying psychosocial mechanism of pain warrants

further investigation. Depression was assessed in view of

its potential influence on experimental pain sensitivity and

its association with heat-based CPM24 employed in this

study.

Singapore is a multi-racial Asian society comprising of

three major racial groups, namely, Chinese, Malay and

Indian. In a national survey of Singaporean older adults,

Indians reported greater pain severity compared to

Chinese.29 Indians used the highest amount of morphine

and reported the highest pain intensity after cesarean deliv-

ery, compared to Chinese and Malay.30 However, no dif-

ference between the three racial groups was found in

experimental pain measuring only heat pain threshold.31

Further study using experimental pain measuring pain

tolerance and CPM would give insight into the racial

difference in pain intensity reported.

The objective of this cross-sectional study is to exam-

ine racial differences in pain thresholds, pain tolerance,

CPM and psychological factors (GSE and depression)

between healthy Chinese and Indian adults in Singapore.

Materials and methods
Participants
A total of 60 healthy Chinese and Indian adults were

recruited from hospital staff and the general public through

poster advertisements in National University Hospital

(NUH), Singapore. The race of participants was through

self-identification. Individuals with mixed parentage were

excluded ie, parents of our participants were both Chinese,

or both Indian. Participants in these two racial groups were

age- and sex-matched. Inclusion criteria ensured that all

participants were in good health, no prior history of pain

requiring treatment or psychiatric disorders. Female parti-

cipants were not pregnant or breastfeeding. Prior to parti-

cipating in the study, verbal and written informed consent

from all participants were obtained. The study was

approved by NUH’s medical research ethics committee.

This study was conducted in accordance with the

Declaration of Helsinki.

Procedure
All measurements were taken by the same author (Ng T.S.).

Participants came for one visit at NUH, which did not fall

during the ovulatory phase of the female participants’ men-

strual cycle as pain inhibition is higher during ovulation.32
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All participants completed demographic details and two

questionnaires. This was followed by physical measure-

ments taken in the same order in all participants: pressure

pain threshold (PPT) (left tibialis anterior, left median

nerve, right tibialis anterior, right median nerve, spinous

process of fifth cervical vertebra C5), heat pain threshold,

cold pressor test, heat pain threshold. Each triplicate mea-

surement was separated by a 30-second interval. The tests

were performed in an air-conditioned laboratory with tem-

perature set at 22 °C.

Measures
Pressure pain threshold

PPT was measured using a pressure algometer with a probe

size of 1 cm2 and application rate of 40 kPa/s (Somedic AB,

Sweden). PPTs were measured at mid-cervical spine (C5),

median nerve trunk at the elbow bilaterally and tibialis ante-

rior muscle belly bilaterally. Subjects pressed a control but-

ton when the sensation changed from one of pressure alone to

one of pressure and pain. At each test site, the mean of three

readings taken was calculated.

Cold pressor pain

Participants’ nondominant hand was first immersed in a

bucket of water at room temperature (22°C) for 1 min.

Following that, the same hand was immersed to just above

the wrist in a recirculating water bath (Polyscience model

912, USA). Water temperature was kept constant at 2±0.2°C.

Participants were instructed to raise the dominant hand the

moment cold sensation first became painful. The time that

elapsed from immersing the nondominant hand into cold

water to raising of the dominant hand was recorded as the

cold pressor pain threshold.9 The nondominant hand was

withdrawn when pain was intolerable (Figure 1). Cold pain

tolerance was the time that the non-dominant hand was

immersed in water minus the cold pressor pain threshold

time.9 A ceiling of 120 seconds was imposed for pain toler-

ance to prevent tissue damage, thereafter this task was dis-

continued. Participants rated pain intensity every 15 s after

hand immersion on the 10 cm visual analogue scale, until

hand withdrawal or until the ceiling time was reached.

Mean of all the pain intensity ratings was used for analysis.

Test for CPM

The test stimulus was contact heat delivered centrally over

the mid-cervical spine using the thermotest system

(Somedic AB, Sweden), a reliable tool for assessing ther-

mal perception.33 Active surface area of the contact ther-

mode was 25×50 mm. The temperature was preset to

increase at a rate of 1°C/s from a baseline of 30°C. The

maximum temperature was set at 50°C. Participants

pressed a patient-controlled switch when the heat sensa-

tion first became painful.34,35 This was the heat pain

threshold measurement. The mean of triplicate readings

of heat pain threshold (HPT) was used for analysis. The

conditioning stimulus was cold water in the cold pressor

pain test described above. Heat pain threshold was mea-

sured again 30 seconds (HPT30) after hand withdrawal in

cold pressor test. CPM at 30 seconds was calculated by

subtracting HPT from HPT30.

Non-dominant hand 
immersed

0 second

Non-dominant hand 
immersed

Time 1

Cold pressor pain 
threshold

Non-dominant hand withdrawn

Time 2

Cold pain tolerance

= time 2 - time1

Dominant 
hand 
raised

Figure 1 Measurement of cold pressor pain threshold and cold pain tolerance during the cold pressor test.
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Questionnaires

In order to determine the contribution of psychological fac-

tors to group differences in experimental pain responses, all

participants completed the following questionnaires.

The New General Self-efficacy Scale36 was used to mea-

sure GSE. It is a unidimensional questionnaire comprising of

8 items scored on a 5-point Likert scale (1=completely dis-

agree, 3=don’t know, 5=completely agree). The average of

the responses is the GSE score, with GSE score of 5 being the

maximum score. It has been validated and reliable, with a

higher score indicating higher general self-efficacy.36

The 10-item Patient Health Questionnaire (PHQ-9)37

which inquired about depression within the last two weeks

was used to assess depression. It is a reliable and valid tool

for measuring depression.37 Response options are rated on

a 4-point Likert scale (0-“not at all”, 3-“nearly every

day”). The sum of scores in the 9 items was used for

analysis. The maximum possible score is 27. A total

score of 10 or more is recommended as the cutoff point

for clinically significant depression which corresponds to

depression of at least moderate severity.37,38

Statistical analysis
Descriptive statistics were computed and normality of each

variable was assessed. The distributions of cold pressor pain

threshold and cold tolerance were skewed. Logarithm trans-

formation was conducted to normalize the distribution of

cold pressor pain threshold and cold pain tolerance.

Wilcoxon signed-rank test was used to test group difference

in depression score as transformation was ineffective.

Repeated measures ANOVAs were used to compare vari-

ables with normal distribution in the matched groups, ie

PPTs, heat pain threshold, cold pressor pain threshold, cold

pain tolerance, CPM. α was set at 0.05.

Prior to mediational analysis of variables that were sig-

nificantly different between both groups, Pearson’s correla-

tion analysis was performed to test the fulfillment of the

conditions of mediation. Mediational analysis was then per-

formed using linear regression.

Results
Thirty Chinese (mean age 35.5±11.3 years, 50% female)

and 30 Indian adults (mean age 35.3±9.6 years, 50%

female) participated in this study. Both groups did not

have depression and were similar in PHQ-9 score

(Chinese: Median 2 Interquartile range (IQR)2; Indian:

Median 2 IQR3, Z=−0.22, p=0.83. GSE was significantly

higher in Indians (Chinese:3.95±0.39, Indian:4.24±0.44, F

(1,29)=11.59, p=0.002, effect size=0.29).

Pain measures
PPTs, heat, cold and cold pressor pain thresholds in both

groups were similar (Table 1). Chinese demonstrated greater

cold pain tolerance than Indians. Average cold pain intensity

was similar in both groups (Chinese: 7.3±1.4, Indian: 7.4±1.1,

F(1,29)=0.19, p>0.05). Thirty seconds after hand withdrawal

from the cold pressor test, CPMwas less efficacious in Indians

(Table 1). Seventy-three percent of Chinese and 43% of

Indians had positive values of CPM indicating pain inhibition.

Mediational analysis
As GSE was significantly higher in the Indian group, there

was a possibility of mediation between GSE, race and cold

tolerance as well as CPM. Pearson’s correlational analysis

Table 1 Mean and standard deviation (SD) of pain thresholds, pain tolerance and CPM

Variable Chinese (n=30) mean±SD Indian (n= 30) mean±SD Statistic p

PPT C5 347±81 kPa 360±74 kPa F=0.47 0.50

PPT left median nerve 302±79 kPa 303±60 kPa F=0.003 0.96

PPT right median nerve 309±78 kPa 306±43 kPa F=0.09 0.76

PPT left tibialis anterior 544±128 kPa 559±124 kPa F=0.29 0.60

PPT right tibialis anterior 565±141 kPa 577±115 kPa F=0.17 0.69

Heat pain threshold 43.2±3.4 °C 44.9±3,5 °C F=3.38 0.08

Cold pressor pain threshold 6.56±3.66 s 6.64±3,34 s F=0.032 0.86

Cold pressor pain tolerance 24.12±25.72 s 18.91±22.50 s F=5.05

Effect size 0.15

0.03*

CPM 1.7±2.7 °C −0.6±3.7 °C F=7.61

Effect size 0.21

0.01*

Note: *p<0.05.
Abbreviation: s, seconds.
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revealed that GSE was not significantly correlated with

cold tolerance (correlation coefficient −0.005; p=0.97) and
CPM (correlation coefficient −0.10, p=0.46). Hence, med-

iational analysis on GSE was not performed. Race, cold

tolerance and CPM were significantly correlated (Table 2).

Mediational analysis was performed on these three vari-

ables and revealed CPM as a mediator in the association

between race and cold pain tolerance (Table 3, Figure 2).

Discussion
Our findings demonstrate racial difference in experimental

pain responses. While the Chinese did not differ from

Indians on pain threshold measures (pressure pain, heat

pain, cold pressor pain) and pain intensity, they displayed

significantly higher cold pain tolerance. Chinese also

exhibited more efficacious CPM than Indians.

Pain tolerance is believed to reflect the affective-moti-

vational dimension of pain whereas pain threshold and

pain intensity ratings reflect the sensory-discriminative

aspect of pain.9,39,40 Our results show racial difference in

pain tolerance but not in pain thresholds. This is consistent

with previous findings.6 This finding may have clinical

importance in that suprathreshold pain measures have

been reported to be the most relevant experimental pain

tasks to clinical pain.6 In Singapore, Indians have been

found to have higher self-reported pain severity ratings

than Chinese.29,30 Indians’ lower pain tolerance found in

this study, indicative of the affective–motivational dimen-

sion of pain, could contribute to the greater pain severity

in this racial group. Pain tolerance is not independent of

culture and psychosocial influence.10 In this study, psycho-

logical factors of depression and GSE were not associated

with pain tolerance. Belief about appropriate pain response

was not investigated in this study but was found to con-

tribute to variance in pain tolerance in two different

cultures.10 Cultural difference in pain belief systems

could possibly play a part in the stronger affective-motiva-

tional dimension of pain and hence lower pain tolerance

demonstrated in Indians.

CPM activates spinal-supraspinal-spinal pathways and

appears to depend on endogenous opioid system, a des-

cending pain-inhibitory system.4,41 In our study, Indians

demonstrated less efficacious CPM than Chinese, indicat-

ing differences in endogenous pain inhibition between

Indians and Chinese. The less efficacious CPM in healthy

Indians in this study could be a possible mechanism to the

greater pain severity reported in the Indian adults in

Singapore.

As affective-motivational dimension of pain and CPM

are under the influence of cortical structures,41–45 psycho-

logical factors are potential contributors to the racial dif-

ference in pain tolerance and CPM. However, assessment

of psychological distress using depression did not reveal

any difference between Chinese and Indians. The mean

GSE score was reported to be 3.88 in healthy undergrad-

uates and 4.22 in working adults.20 Although the GSE

scores in both Chinese and Indians were comparable to

scores in other healthy adults,20 GSE score was lower in

Chinese than Indians in this study. Our results demon-

strated that GSE, the belief of competence in dealing

effectively with stressful situations, did not have any rela-

tionship with pain tolerance and CPM. Chinese reported

lower GSE but exhibited higher cold pain tolerance and

more efficacious CPM than Indians. In another aspect,

Asian students reported lower GSE than non-Asian peers

even though they were more successful in terms of aca-

demic achievements.21,46 Self-reported GSE could vary

between races or nations21 and may not be associated

with actual performance in stressful situations such as

experimental pain and academic examinations. It is possi-

ble that other psychological factors such as pain

Table 2 Correlational analysis between race, cold pain tolerance

and conditioned pain modulation (CPM)

Race Cold tolerance CPM

Race

Pearson correlation 1 −0.30 −0.34

Significance p 0.02 0.008

Cold tolerance 1

Pearson correlation −0.30 0.38

Significance p 0.02 0.003

Table 3 Conditioned pain modulation (CPM) as a mediator between race and cold pain tolerance

B Standard error Beta t p

Race −2.85 3.39 −0.11 −0.84 0.41

CPM 2.09 1.01 0.27 2.06 0.04

Note: Cold pain tolerance is the dependent variable.
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catastrophizing and fear avoidance, and/or social factors

such as socioeconomic status not measured in this study,

could play a part in the observed racial differences in pain

tolerance and CPM.

The mediational analysis in this study revealed CPM as a

mediator in the relationship between race and cold pain toler-

ance. This suggests that the mechanism by which race affects

cold pain tolerance could be contained in CPM. The higher

cold pain tolerance in Chinese was mediated by endogenous

pain inhibitory mechanism measured by CPM. Besides the

role of central modulating system present in both pain toler-

ance and endogenous pain inhibition in CPM, there could

possibly be a biological mechanism such as genetics to the

racial difference in pain tolerance. Mu-opioid receptor gene

(OPRM1) has been found to modulate pain perception and

mediates the analgesic effects of opioid compounds in the

central nervous system.47–49 The allele frequencies for the

118G allele of OPRM1 gene was significantly different

between Chinese and Indian, and Indians have higher frequen-

cies than Chinese.49,50 This OPRM118G genotype was asso-

ciated with higher pain scores and morphine usage.49 The role

of biological factors such as OPRM118G genotype in endo-

genous pain inhibition could possibly contribute to racial

difference in pain tolerance. Endogenous pain inhibitory

response measured by CPM, a mediator that contributes to

the observed racial difference in pain tolerance, could possibly

be the underlying mechanism to reported pain severity in

clinical and the general population in Singapore.29,30

Clinicians need to be aware of the racial difference in

pain tolerance and CPM between Chinese and Indian adults,

especially those with persistent pain. A systematic review

has shown that CPM is impaired in populations with

chronic pain, highlighting the dysfunction of endogenous

pain modulatory mechanisms in such populations.43 The

underlying endogenous pain inhibitory mechanism could

be less efficacious in Indians who experience pain, hence

requiring a different approach to pain management. For

example, pain management approach which targets the

central modulatory system may be helpful for this race.

Further study into the complex interaction between socio-

cultural, psychological and biological factors would help to

further explain the mechanism of CPM and racial difference

in pain severity.

There are a few limitations of this study. All the

experimental pain tasks were acute, painful laboratory

experiences which the participants had control over. The

cold pressor pain intensity was recorded every 15 s and

the average was used for analysis. This was one of the

limitations of the study in that the number of times cold

pressor pain intensity was recorded could vary between

participants, depending on the tolerance of the partici-

pants. Results from these tasks may be less generalizable

to the clinical populations. However, several studies have

used these experimental pain procedures to predict clin-

ical pain.51,52 Socioeconomic status such as income and

educational level is reported to be associated with inci-

dence of pain.53 Due to the lack of information on our

participants’ socioeconomic status, the impact of socio-

economic status on racial difference cannot be deter-

mined. The cross-sectional design of our study also did

not allow a determination of the causal relationship

between the observed racial differences and outcome

such as pain severity. Nonetheless, the strengths of the

present study had been demonstrated, ie the participants

were age- and sex-matched, with care taken to collect

data during a standardized phase of menstrual cycle of

female participants.

Conclusion
Racial differences in cold pain tolerance and CPM were

demonstrated between healthy Chinese and Indian adults.

The higher cold pain tolerance in Chinese was mediated

by endogenous pain inhibitory mechanism measured

by CPM.

Race

Cold pain 
tolerance

CPM

Figure 2 Conditioned pain modulation (CPM) is a mediator of race and cold pain tolerance.
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