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Abstract

Background: Studies on relationships between sex, ethnicity and pain largely have emanated
from the US and Europe. We compared cold (CPT) and pressure pain tolerance (PPT) in male
and female South Africans of African and European ancestry and assessed whether
psychosocial factors (including pain beliefs) predicted differences in pain tolerance.

Methods: We recruited 106 (62 female) students of African ancestry and 106 (55 female) of
European ancestry and subjected them to a cold-pressor test and pressure algometry.
Socioeconomic status (SES), pain catastrophizing, depression, anxiety and pain beliefs were
assessed as predictors of differences in pain tolerance.

Results: CPT was lower in students of African compared to European ancestry (for both
sexes), and PPT was lower in female than male students (for both ethnicities). Men were less
accepting of men expressing pain than were women, with males of African ancestry being
least accepting. Multivariate analysis identified that being of African ancestry, and
particularly a female of African ancestry predicted lower CPT. Anxiety was of borderline
interest. Sex was the only significant predictor of PPT on multivariate analysis (PPT females
< males) and catastrophizing was of borderline interest. Female sex and African ancestry
were important predictors of acceptance of expression of pain in males. SES was a variable of
interest.

Conclusions: Despite a different cultural and social background from US and European
cohorts, we saw similar patterns of sex and ethnic differences in CPT and PPT in an African
cohort. Traditional psychosocial predictors of pain sensitivity were identified as being of

interest but were not strongly associated.
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Introduction

Sex differences in clinical and experimental pain conditions have been well studied (for
review: [1]). Clinically, pain is more prevalent in females who are also likely to experience
pain more severely [2, 3], and females also have higher pain sensitivity under some
experimental conditions such as lower tolerance to cold pain and pressure pain [1]. A recent
systematic review suggested that there is little evidence for the effect of biological and
physiological factors on these sex differences, but that psychosocial factors may play a role

[4].

Differences in pain sensitivity clinically and experimentally have also been reported between
ethnicities, but there are far fewer studies published compared to sex differences in pain
sensitivity. In general, compared to people of European descent, African Americans tend to
report greater pain sensitivity and disability. For example, African Americans with chronic
pain report greater pain severity and disability [5, 6] and African Americans have displayed
lower tolerance, higher pain intensity and unpleasantness to several experimental pain stimuli
[7, 8]. Psychosocial factors such as socioeconomic status, hypervigilance and acculturation
may contribute to differences in pain sensitivity between ethnicities [7, 9, 10].

Importantly, ethnicity and sex interact. For example, differences in pain catastrophizing
between Americans of African and European ancestry mediated the sex differences seen in
cold pain tolerance [8]. As psychosocial influences on pain perception and behaviour vary
across cultures and countries, the effect these influences have on pain experience and
expression cannot necessarily be generalised. So whilst sex differences may have been well
studied in US and European populations, these differences require confirmation in other
cohorts including from Africa. Indeed, there is a dearth of data on pain sensitivity,
psychosocial modulators of pain sensitivity, and pain beliefs in populations of African
ancestry from Africa (we are unaware of any published studies on populations from sub-
Saharan Africa).

Whilst several psychosocial factors and their impact on pain both clinically and
experimentally have been well studied, beliefs regarding the appropriateness of reporting and
expression of pain have not. What studies there are, suggest that beliefs about expression of
pain may influence pain sensitivity between sexes and ethnicities. For example, Israeli
females believed that females had lower pain sensitivity than did men, but females from the
US, UK and Libya expressed the opposite belief [11-13]. And, in a study comparing pain
beliefs and pain tolerance in Indian and US university students, Indian students were less
accepting about others expressing pain and had greater cold pain tolerance than their
American counterparts [14]. The association between beliefs about expression of pain and
pain tolerance has not been assessed for more than one pain stimulus before. Furthermore,
neither pain beliefs nor their effect on pain tolerance have been assessed in an African
population.
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Having experimental pain data for an African population would provide a basis for greater
understanding of geo-ethnic variation in pain sensitivity and beliefs. Therefore we
investigated: 1) pain tolerance to thermal and mechanical stimuli, ii) beliefs about pain
expression, and iii) psychosocial factors that may influence pain sensitivity in a South
African cohort of African ancestry. To establish whether there are sex differences in the
measured variables we compared responses in males and females. Lastly, we compared the
results to a cohort of males and females of European ancestry. We hypothesised that there
would be no difference in pain tolerance to either cold or pressure stimuli between the sexes
or ethnicities. Furthermore, we hypothesised that worse socioeconomic status, maladaptive
psychological parameters (pain catastrophizing, depression, and anxiety), and negative pain
beliefs would not predict lower pain tolerance.

Materials and Methods

Participants

The study was approved by the Human Research Ethics Committee (Medical) of the
University of the Witwatersrand (Clearance certificate: M120648). We recruited healthy
students of self-identified African and European ancestry from the student population at the
University of the Witwatersrand, Johannesburg between September 2012 and June 2013. All
participants were at least in their second year of study at university level, and were not
subordinate to the investigators. The University is an English medium institution, and
competence in English was assumed. Participants were excluded if they were pregnant, were
taking medication for high blood pressure, were currently in pain, had a chronic pain
condition, or had used analgesics within four hours of the interventions. We aimed to recruit
at least 41 individuals into each ethnicity and sex group in order to detect an effect size of
0.57 for pain tolerance [15, 16].

Measurements

Patients completed questionnaires to assess psychosocial factors (depression, anxiety, pain
catastrophizing), socioeconomic status, and pain beliefs before taking part in cold-pressor and
pressure pain tests.

Psychosocial factors

The Pain Catastrophizing Scale (PCS) was used to assess catastrophic thinking related to pain
[17]. The PCS was administered before exposure to the experimental pain stimuli to
determine trait catastrophizing, a person’s general tendency to catastrophize. Participants
rated each of the 13 items on the questionnaire on a 5-point Likert scale, ranging from 0 “not
at all” to 4 “all the time”. The total score is 52 with a higher score indicating a greater
tendency to catastrophize. PCS scores > 30 indicate a clinically significant level of
catastrophizing [18].
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Anxiety and depression were assessed using the 25-item Hopkins Symptom Checklist
(HSCL-25) [19]. Participants rated the extent to which they had experienced 25 symptoms
within the last week, scoring each item on a 4-point Likert scale ranging from 1 “not at all” to
4 “extremely”. Mean scores for the 10-item anxiety subscale and the 15-item depression
subscale items were calculated (mean subscale scores > 1.75 indicate clinically relevant
levels of anxiety or depression [20]).

Socioeconomic status

No validated, quantifiable measure of socioeconomic status (SES) exists for the South
African context. Core measurement domains of socioeconomic status (SES) include
education, income and occupation [21] and previously used measures in South Africa have
assessed ownership of certain assets [22]. Therefore we measured education, income and
occupation in a similar manner to a previous study of pain and SES in the US [10] and also
asked about ownership of culturally relevant assets. Because the cohort consisted of full-time
students we used parental/guardian education level, employment status, and ownership of
material household items as proxies for participants’ socioeconomic status.

Pain beliefs

The Appropriate Pain Behavior Questionnaire (APBQ) was used to assess pain beliefs [14].
The questionnaire is a 14-item questionnaire that measures beliefs about the appropriateness
of expressing pain in the presence of others. Assessed pain behaviors included: crying,
grimacing, talking about the pain or holding the painful site. There are two components to the
APBQ: the APBQ-Male (APBQ-M), which assesses how appropriate individuals find men
expressing pain to be and the APBQ-Female (APBQ-F), which assesses how appropriate
individuals find women expressing pain to be.

Eight items on the ABPQ express a positive attitude to pain expression, and 6 express a
negative attitude towards expressing pain. Participants rated the extent to which they agreed
with each of the 14 statements by scoring them on a 7-point Likert scale, ranging from 1
“strongly disagree” to 7 “strongly agree”. To facilitate interpretation of APBQ scores, we
calculated the difference between the mean score of the eight statements that assess whether
it is appropriate to express pain behaviors and the mean score of the six statements that assess
whether it is inappropriate to express pain behaviors. The final score has a bounded range -6
to +6, with negative values indicating a bias towards pain expression being considered
inappropriate and positive values indicating a bias towards pain expression being considered
appropriate. We interpreted a score close to zero as indicating an individual had a neutral
view of pain expression. Results of the ABPQ were assessed both as an outcome measure in
the univariate analysis and also as a dependent variable in the multivariate analysis.
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Experimental pain procedures

Following completion of the questionnaires, participants underwent a cold-pressor test to
assess cold-pain tolerance (CPT), and then a pressure pain test to assess pressure-pain
tolerance (PPT). The order of the interventions was kept constant.

The cold-pressor test involved participants submerging their dominant hand in a bath of ~5°C
water. The procedure ended when participants could no longer tolerate the cold or they
reached a 300 second cut-off (participants were not informed about the cut-off before the
intervention). Time in seconds was recorded from when participants submerged their
dominant hand until they reached tolerance or the cut-off time was reached. On completion of
the task, participants immediately recorded the intensity of their pain at tolerance or the cut-
off time on a 100mm visual analog scale (VAS) anchored at “no pain” and “the worst pain
imaginable”.

Once participants had indicated that they had regained sensation and had no residual pain in
their dominant hand, PPT was assessed in their non-dominant hand. Pressure was applied to
the nail bed of the index finger using a pressure algometer with a 10mm?® probe (Algometer,
Somedic AB, Sweden). The test was terminated when participants were unable to tolerate the
pressure, or a cut-off pressure of 1500kPa was reached. The pressure being applied, and the
intensity of the pain experienced at tolerance or cut-off pressure, was recorded immediately
after the intervention.

Statistical analysis

Continuous parametric data are presented as mean (standard deviation, SD) and non-
parametric data as median (inter-quartile range, IQR). A Fisher’s exact test was used to
analyse each of the SES components (education, employment and household assets) and
those reaching the time and pressure cutoffs in the cold and pressure tests. A Kruskal-Wallis
test was used to compare psychosocial variables, pain beliefs and pain tolerance and
intensities for the cold and pain tests. If participants did not complete a questionnaire fully,
their score was excluded. For all univariate analyses, significant findings in omnibus tests
were followed by specific post-hoc comparisons, such that comparisons were performed
between ethnicity-matched sex groups (European ancestry males vs European ancestry
females, and African ancestry males vs African ancestry females) and sex-matched ethnicity
groups (African ancestry males vs European ancestry males, and African ancestry females vs
European ancestry females). This pattern of comparisons was used in the univariate analysis
to reduce the possible confounding influence interaction between ethnicity and sex may have
had on the interpretation of findings. In the multivariate analysis we allowed for interaction
between ethnicity and sex. As we were performing four comparisons for each posthoc
analysis, we used a Bonferroni correction for multiple comparisons. As such, a p value
<0.0125 was deemed significant.
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When performing multivariate analyses, the data did not conform to the underlying
assumptions of multiple linear regression (i.e., linearity, normality of residuals,
homoskedasticity), despite attempts to transform the data, and therefore regression tree
analysis was performed. Given the likelihood for complex interactions between sex, ethnicity
and psychosocial factors, it is not surprising that the data did not conform to a global linear
model. Regression tree analysis is a nonparametric recursive partitioning technique, which
involves the repeated partitioning of the data into smaller bits that are more manageable from
the perspective of modelling in the presence of interaction. These multiple smaller models are
used to build the global model. The regression tree analysis was implemented to model
predictors of pain intensity, pain tolerance, and pain behavior. Single trees were generated for
each response variable, and the robustness (stability) of each model was confirmed using a
bootstrap random forest approach. For the random forest analyses, each model was repeated
four times; varying the number of bootstrap samples (500 or 2000) and the number used to
seed the modeling process. In all models, the number of randomly preselected predictor
variables for each split in the tree was set at three, and the calculation of variable importance
assumed possible correlation between predictors. Variables were judged to be informative if
their importance value was above the absolute value of the lowest negative-scoring variable.
Data analysis was completed using GraphPad Prism 6 (GraphPad, California), and R version
3.1 [23] using the party package [24-27].

Results

Demographic characteristics

Two-hundred and twelve students were recruited and gave informed consent. One-hundred
and six participants identified themselves as being of European ancestry (55 female) and 106
participants identified themselves as being of African ancestry (61 female). The four groups
(African ancestry males, European ancestry males, African ancestry females and European
ancestry females) were similar with regards to age [Mean (SD) of whole cohort: 20.5 years
(2.0); Kruskal Wallis between groups: p = 0.42] and years of education [Median (range) 14
(13 - 21); Kruskal Wallis between groups: p = 0.26]. Following posthoc analysis, body mass
index was greater in European ancestry males than European ancestry females (24.3 vs 22.8
kg/m?*; Kruskal Wallis; p=0.001) but was similar between the female groups and African
ancestry females and males (Kruskal Wallis; p > 0.0125). Regarding socioeconomic status:
there was lower ownership of assets by African ancestry students, who were less likely to
own a car, washing machine or microwave oven. There was no difference between the groups
in terms of their parents’ employment status, however, and the difference in education status
between the groups’ parents, did not survive Bonferroni correction (Table 1).

7 of 24



Author pre-print manuscript

Univariate analysis

Table 2 shows pain tolerance and pain intensity data for cold-pressor and pressure-pain tests
across the ancestry and sex groups and number of individuals in each group who reached the
cutoff limit.

Cold pressor test results

Cold pain tolerance differed significantly between the groups, such that female participants
had a lower cold pain tolerance than their ancestry-matched male counterparts (Kruskal
Wallis test p=<0.01; Post hoc Dunn’s tests: AAF < AAM and EAF < EAM), and participants
of African ancestry had a lower cold pain tolerance than their sex-matched counterparts of
European ancestry (Kruskal Wallis tests p<0.0001; Post hoc Dunn’s tests: AAM < EAM and
AAF < EAF). Significantly fewer females of African ancestry reached the time cutoff for the
cold pain test than females of European ancestry and males of African ancestry (Fisher’s
exact tests, p<0.0001 for both). There was no difference between the females and males of
European ancestry or between the two male groups (Fisher’s exact, p>0.05 for both). Despite
differences in how long the groups could tolerate the cold water for, all the groups reported
similar pain intensity at tolerance (Kruskal Wallis tests; p>0.05).

Pressure test results

For the mechanical stimulus, females had a significantly lower pressure-pain tolerance than
their ancestry-matched male counterparts (Kruskal Wallis tests p<0.0001; Post hoc Dunn’s
tests: AAF < AAM and EAF < EAM). However, within each sex, there were no significant
differences between the groups of African and European ancestry (Kruskal Wallis tests; p >
0.05). Despite the sex differences in pressure pain tolerance, all groups reported similar pain
intensities at tolerance (Kruskal Wallis; p = 0.46). Very few individuals reached the pressure
cutoff, and there were no differences between the groups in the number of people reach the
cutoff (Chi squared; p = 0.08).

Pain beliefs

Table 3 shows the results of the APBQ assessment on attitudes towards the expression of
pain by males (APBQ-M) and females (APBQ-F). Scores from the APBQ-F showed that on
average all groups, (irrespective of sex or ancestry) were accepting of females expressing
pain. Scores from the APBQ-M however, showed that males of African ancestry found it less
appropriate for males to express pain behaviors than did females of African ancestry and
males of European ancestry. Although the scores of males of African ancestry were
significantly lower than those of the other groups, the median ABPQ-M score for males of
African ancestry still was positive, but close to zero.

8 of 24



Author pre-print manuscript

Pain catastrophizing, anxiety and depression

Table 4 shows the results for psychological variables (pain catastrophizing, anxiety and
depression) in the four groups. Females of African ancestry had higher catastrophizing scores
than males of African ancestry and females of European ancestry. There were no differences
in catastrophizing scores between the male groups or between females and males of European
ancestry. Whilst on average, none of the groups had clinically relevant levels of pain
catastrophizing [18], 19% of females of African ancestry, compared with 4% of females of
European ancestry, 9% of males of African ancestry, and 2% of males of European ancestry
had catastrophizing scores greater than 30, which are considered clinically significant [18].

Female participants had higher scores for the anxiety and depression subscales of the HSCL-
25 than their ethnicity-matched male counterparts. There were no differences between the
sex-matched groups on the anxiety subscale, nor between the female groups on the
depression subscale but males of African ancestry had greater depression scores than the
males of European ancestry. Forty-nine percent of females of African ancestry and 40% of
females of European ancestry had HSCL-25 anxiety subscale scores greater than 1.75, which
are deemed clinically significant [20], compared with 12% of males of African ancestry and
8% of males of European ancestry. Similarly, 54% of females of African ancestry and 34% of
females of European ancestry had HSCL-25 depression subscale scores greater than 1.75,
compared with 19% of males of African ancestry and 2% of males of European ancestry.

Multivariate analysis

Multivariate regression tree and random forest analysis were used to identify predictors of
pain sensitivity and pain beliefs. Variables were included in the model if they were found to
be significant on univariate analysis (i.e., predictors of cold-pain tolerance, pressure pain
tolerance, APBQ-M).

Figure 1 shows the regression tree analyses for predictors of cold and pressure pain tolerance,
and scores for the male appropriate pain behaviour questionnaire. For cold-pain tolerance,
regression tree analysis identified being of African ancestry, and particularly being a female
of African ancestry predicted lower cold pain tolerance. The importance of these two factors
was confirmed by random forest analysis. Additionally, anxiety was identified as a variable
of interest but the association was borderline (Supplementary Figure 1). Regression tree
analysis identified female sex as the only significant predictor of pressure-pain tolerance,
with females having lower pressure-pain tolerance than did men. This finding was confirmed
by the random forest analysis and catastrophizing was identified as a variable of interest
although the association was borderline (Supplementary Figure 2). Regression tree analysis
identified that sex and self-identified ancestry were important predictors of APBQ-M score,
such that being female predicted greater APBQ-M scores, and amongst males, being of
African ancestry predicted significantly lower APBQ-M scores than did being of European
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ancestry. Random forest analysis supported these findings and also identified ownership of
assets as a variable of interest (Supplementary Figure 3).

Discussion

We assessed 1) pain tolerance to thermal and mechanical stimuli, ii) beliefs about pain
expression, and iii) psychosocial factors that may influence pain sensitivity in a South
African cohort of African ancestry. As sex and ethnicity both affect pain tolerance in clinical
and experimental conditions, we assessed sex differences in these variables and also
compared the results to a cohort of males and females of European descent. This was the first
assessment of factors affecting pain tolerance and intensity of experimental pain in a sub-
Saharan African population and the first time more than one stimuli has been assessed in any
African population. Our study was necessary because cultural and social factors are
reportedly important in influencing pain tolerance [1, 8, 10]. These factors vary between
populations and the available data are primarily from the US and Europe, with almost no
African, and certainly no sub-Saharan African, data. We hypothesised that, in contrast to
previous data, there would be no difference between students of African or European ancestry
for tolerance to either cold or pressure stimuli, which was true for tolerance to the pressure
test but there was a difference between students of African and European ancestry students
for tolerance to the cold test. Males of African ancestry were the least accepting of males
expressing pain, but pain beliefs did not explain differences in cold pain tolerance. Anxiety
identified as a variable of interest in predicting cold pain tolerance, however. Conversely, sex
differences were demonstrated for pressure-pain tolerance but not for cold. We had
hypothesised that there would be no differences for either test. Women were more accepting
of pain expression than men, but neither pain beliefs nor psychosocial factors explained
differences in pressure-pain tolerance. This was the first characterisation of beliefs about the
appropriateness of pain expression in an African cohort and the first assessment of these
beliefs in relation to pressure pain tolerance anywhere.

Our univariate analyses showed that for both ethnicity groups, male participants had greater
cold-pain tolerance than did females, and within each sex, individuals of European ancestry
had a greater cold-pain tolerance than their counterparts of African ancestry (Table 2). Both
these findings are consistent with those reported by other investigators [1, 28], including
those comparing cold-pain tolerance in African Americans to Europeans [7, 29, 30]. Between
sex and ethnicity, multivariate analysis demonstrated that ethnicity was the most important of
these predictors, followed by sex, such that females of African ancestry had the lowest cold-
pain tolerance, followed by males of African ancestry (Figure 1 and Supplementary Figure

1). Anxiety was identified as a variable of interest for predicting cold pain tolerance on
random forest analysis but the association was borderline.

There also were similarities between our findings and those of investigators assessing
pressure-pain tolerance in European and US cohorts [1], such that we found a significant sex-
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effect, with males tolerating higher pressures than did females in univariate (Table 2) and
multivariate analyses (Figure 1 and Supplementary Figure 2). Moreover, we found no
association between ethnicity and pressure-pain tolerance. We are unaware of other studies
comparing pressure-pain tolerance between different ethnicities, but studies comparing
thresholds for pressure-pain in Europeans and African Americans also reported no ethnicity
differences in sensitivity to mechanical stimuli [29, 30].

Differences in cold-pain and pressure-pain tolerance between the groups in our study were
not accompanied by significant differences in the pain intensity reported when tolerance was
reached. It is not clear whether groups with lower cold- and/or pressure-pain tolerance
reached their maximum pain intensity sooner than did those with greater tolerance levels, or
whether those with greater tolerance levels merely tolerated the pain intensity for longer once
the tolerance intensity had been reached. A limitation of our study was that we did not
measure pain intensity at regular intervals during the pain tests, including documenting pain
threshold, as these data may have highlighted which of these scenarios was the case. We
could also have measured pain intensity at set pressures in the pressure test. Future studies
should add these additional pain measures for a more comprehensive understanding of
responses to experimental stimuli.

For tolerance differences between males and females, sex-related differences in the physico-
mechanical properties of the hand and fingers may have contributed to the differences we
observed, but we do not feel such physico-mechanical factors would have contributed
significantly to ethnicity differences within each sex. Elsewhere, a study investigating cold-
pain tolerance between groups of European ancestry and African Americans also reported no
difference in cold-pain intensity at tolerance, despite the African American cohort having
lower cold-pain tolerance [30]. Differences in pain intensity reported at tolerance to a
mechanical stimulus have been mixed [1].

Socioeconomic status has been found to be an important factor in pain sensitivity [10]. There
are several components used in the assessment of socioeconomic status including education,
occupation and material wealth and the weighting of each component is debatable [21]. We
only found differences in ownership of assets between the groups in our study (Table 1).
Ownership of assets was only identified as a borderline variable of interest for predicting
APBQ-M score but we recruited from a student population from a single tertiary-education
institution and so the cohort may well have been too homogeneous.

Pain catastrophizing is greater in African Americans than it is in Europeans, and is associated
with reduced cold-pain tolerance in African Americans compared to subjects of European
ancestry [8, 31, 32]. We found no such ethnicity-dependent differences in cold-pain tolerance
despite participants of African ancestry having greater levels of pain catastrophizing than did
participants of European ancestry, with females of African ancestry having the highest pain
catastrophizing scores (Table 4). Neither of the papers assessing trait pain catastrophizing in
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US students of African and European ancestry divided their cohort by both sex and ethnicity
so sex and ethnicity-dependent comparisons cannot be made [8, 31]. However, mean
catastrophizing scores of our entire cohort [15.6 SD (10.4)] were similar to one cohort of US
students [15.9 (8.2)] [31], but much lower than another (means of individual sex and ethnicity
groups ranged from 21-28) [8]. It is not clear whether healthy young South Africans tend to
catastrophize less than those in North America, or whether high catastrophizers did not
volunteer to take part in our study [33]. Whilst our lack of association between
catastrophizing and cold pain tolerance is consistent with the results from a Danish study [33]
the catastrophizing score of these Danish students was so low (median PCS score 8) the
analysis may have been unable to detect an association. We did find catastrophizing a
variable of interest in predicting PPT, however, the association was borderline.
Catastrophizing has associated with PPT in Canadians presenting for physiotherapy for neck
pain [34] and also had a borderline association with PPT in healthy Swiss students [35].

We also measured the burden of depression and anxiety symptoms (Table 4). Whilst the
HSCL-25 is not a clinical diagnosis, scores >1.75 on the subscales of the HSCL-25 suggest
clinically relevant levels of anxiety and/or depression [20]. Over 40% of females had relevant
levels of anxiety. Additionally, a third of the females of European ancestry and half of the
females of African ancestry had relevant levels of depression. In comparison, clinically
relevant anxiety and depression scores in the males of African and European ancestry were
less than 19% and 11%, respectively. Whilst depression and anxiety are frequently associated
with clinical pain conditions [34], their effect on tolerance to short-lived experimental pain
tests and contribution to sex differences in experimental pain are less convincing [4, 35],
however, anxiety was a borderline variable of interest for predicting cold pain tolerance.

Like previous reports, we found both sex and culture affected how appropriate expressing
pain was seen to be. Whilst all groups were equally accepting of females expressing pain,
differences were seen in how appropriate it was perceived for men to express pain. Firstly,
there was a sex difference, but only between students of African ancestry. Whilst, other
studies comprising European, Japanese and Indian participants, have found females generally
to be more accepting than males of men expressing pain [14, 36], females of African ancestry
fitted this pattern but there was no difference between females and males of European
ancestry. Secondly, we saw an ethnicity difference. In contrast to lower ABPQ scores given
by Indian women compared to American women of European ancestry, South African
females of African and European ancestry were similarly accepting of pain expression in
males [14]. Additionally, like other non-European groups, males of African ancestry were
less accepting than males of European ancestry, of men expressing pain [14, 36]. However, to
put this in context, males of African ancestry had a score close to zero, indicating a neutral
opinion about expressing pain. The advantage of using our version of the scoring system for
the ABPQ was that we could pick up this subtlety. Indeed, as all groups were relatively
accepting of pain expression, we may not have had the range of scores to pick up an
association between pain beliefs and pain sensitivity as seen in the comparison of Indians and
Americans [14]. Another limitation of our study was that we only considered sex differences
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and not gender differences. This would have allowed a more nuanced evaluation of social
learning about pain between cultures and gender role expectations about pain have affected
pain tolerance elsewhere [13, 37]. Furthermore, the experimenter in this study was female
and self-identified as Indian. She was thus ethnicity-neutral to the participants but her sex
may have influenced the pain intensity and tolerance scores of participants. That is, male
participants may have displayed greater pain tolerance due to the female experimenter’s
presence [38] and although we saw no differences in pain intensity between all the groups,
participants of African ancestry may have reported higher pain intensity ratings [28].

In conclusion, in the first assessment of pain tolerance to two painful stimuli in an African
population, we found students of African ancestry had lower cold-pain tolerance than did
students of European ancestry, and male students had greater pressure-pain tolerance than did
female students. We hypothesized that because of the different social and cultural
background in South Africa, we would see different results compared to studies from the US,
however our results were the same, suggesting similar contributing factors. Psychosocial
factors were identified as variables of interest in predicting cold and pressure pain tolerance
and perceptions about the appropriateness of expressing pain. These results require
replication in a larger, more socially heterogeneous cohort. In addition to the higher levels of
depression and anxiety found in females of African ancestry, we also found high levels of
catastrophizing in females of African ancestry too. Should this level of catastrophizing form
part of a profile of fear avoidant beliefs, it may predict future risk of chronic pain [39]. If this
scenario was the case, non-pharmacological interventions aimed at reducing catastrophic
thinking and increasing self-efficacy in females of African ancestry in particular would be
warranted.
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Table 1. Indicators of socioeconomic status

Male Female Omnibus Outcome of
African European African European Fisher’s post hoc 2x2
ancestry ancestry ancestry ancestry exact test p- | Fisher’s exact
count (%) count (%) count (%) count (% value tests

PARENT/GUARDIAN’S EDUCATION LEVEL

(sample size)*

None 0(0) 0(0) 0(0) 0(0) 0.03 Unable to
Primary school 5(12) 0(0) 2033 0(0) detect
High school 8 (20) 8 (16) 8 (13) 6(1)

Tertiary level 28 (68) 41 (84) 53 (84) 50 (89)

PARENT/GUARDIAN’S EMPLOYMENT STATUS

(sample size)* 44 50 64 56

Income 38 (86) 49 (98) 56 (88) 54 (96) 0.05

No income 6 (14) 1(2) 8 (12) 2 (4)

HOUSEHOLD ASSETS

(sample size)* 43 50 64 56

Refrigerator

Yes 41 (95) 50 (100) 64 (100) 55(98) 0.12

No 2(5) 0(0) 0(0) 1(2)

Television

Yes 39 91 49 (98) 62 (97) 53 (95) 0.40

No 49 1(2) 2(3) 3(5

Home telephone

Yes 27 (63) 47 (94) 40 (63) 50 (89) <0.01 AAM < EAM
No 16 (37) 3(6) 24 (37) 61 AAF <EAF
Car

Yes 28 (65) 50 (100) 50(78) 55 (98) <0.01 AAM < EAM
No 15 (35) 0 (0) 14 (22) 1(2) AAF <EAF
Washing machine

Yes | 2967 | 5001000 | 5383 | 55098 | <001 | AAM<EAM
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No | 1433 | oo | 1an | 1@ | AAF < EAF
Microwave

Yes 35 (81) 50 (100) 59 (92) 55 (98) <0.01 AAM < EAM
No 8 (19) 0 (0) 5(8) 1(2)

* Incomplete data

Post hoc 2x2 Fisher’s exact tests were performed only if p < 0.05 for the omnibus comparison
AAM: African ancestry male; AAF: African ancestry female; EAM: European ancestry male; EAF: European ancestry female
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Table 2. Pain tolerance, intensity and numbers reaching cutoff data for cold and pressure-pain tests

Males Females
African ancestry European ancestry African ancestry European ancestry
(n=44) m=351) (nm=062) (m=1>55)
Median No (%) Median (IQR) No (%) Median (IQR) No (%) Median (IQR) No (%)
(IQR) reaching reaching reaching reaching
test cutoff test cutoff test cutoff test cutoff

Cold pain tolerance 57 (41-300) 17 (39) 300 (70-300) 29 (57) 41(29-63) 4 (6) 111 (39-300) 22 (40)
(s)
Cold pain intensity 54 (37-75) - 58 (36-69) - 62 (43-72) - 52 (27-68) -
(VAS: 0 to 100)
Pressure pain tolerance 976 (710- 1(2) 915 (792-1134) 3(6) 685 (545-859) 0 (0) 655 (557-810) 0(0)
(kPa) 1101)
Pressure pain intensity 58 (41-71) - 55 (40-69) - 52 (34-66) - 51 (35-68) -

(VAS: 0 to 100)

Differences in pain tolerance and intensity analysed with a Kruskal Wallis. Numbers reaching test cutoff analysed with a Fisher’s exact test.

Results presented in the text.
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Table 3. Attitudes towards females (APBQ-F) and males (APBQ-M) expressing pain*

Males’ Females* KW p-value Outcome of
- - statistic post hoc
African European African European Dunn’s tests
ancestry ancestry ancestry ancestry
(n=44) m=>52) (n=64) (n=156)
APBQ-F 3.6 (2.8-4.7) 39(2.3-53) 3.2(1.8-4.7) 3.6 (2.8-4.7) 4.34 0.23
APBQ-M 04(-1.5-24) 2.2(0.8-4.1) 3.2(1.6-4.3) 3.1(1.6-4.8) 35.2 <0.01 BM < WM
BM < BF

Data are presented as median (IQR)

APBQ: Appropriate Pain Behavior Questionnaire
KW: Kruskal-Wallis test. Post hoc analyses were performed only if p < 0.05 for KW

*APBQ scores range from -6 to +6. Negative values indicate pain expression is perceived as inappropriate. Positive values indicate pain

expression is perceived as appropriate.
TMissing APBQ-F data from 1 African ancestry male and 9 European ancestry males

iMissing APBQ-M data from 7 African ancestry females and 5 European ancestry females
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Table 4. Sex and race-dependent differences in pain catastrophizing, anxiety, and depression

Males Females KW p-value Outcome of
- - ; statistic post hoc
African ancestry European African ancestry' | European ancestry Dunn’s tests
(n=44) ancestry* (n = 64) (n=56)
(n=252)
PCS score 15 (13-30) 11 (7-18) 22 (10-22) 12 (5-18) 28.91 <0.01 AAM < AAF
EAF < AAF
HSCL-25 anxiety score 1.35 (1.10-1.60) 1.40 (1.30-1.50) 1.70 (1.40-2.20) 1.60 (1.40-2.06) 29.83 <0.01 AAM < AAF
EAM < EAF
HSCL-25 depression 1.30 (1.15-1.67) 1.20 (1.07-1.33) 1.70 (1.40-2.13) 1.47 (1.27-1.87) 50.81 <0.01 AAM < AAF
score EAM < EAF

Data presented as median (IQR)

KW: Kruskal-Wallis test. Post hoc analyses were performed only if p < 0.05 for KW
PCS: Pain Catastrophizing Scale. Scores > 30 indicate a clinically significant level of pain catastrophizing®*
HSCL-25: 25-item Hopkins Symptom Checklist. Subscale scores > 1.75 indicate a clinically relevant level of anxiety or depression®

AAM: African ancestry male; AAF: African ancestry female; EAM: European ancestry male; EAF: European ancestry female
*Missing HSCL-25 data for 1 individual T Missing PCS data for 2 individuals
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A. Cold-pain tolerance B. Pressure-pain tolerance C. APBQ-male
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Figure 1. Regression tree plot for A) cold pain tolerance B) pressure-pain tolerance and C) APBQ-M scores. Levels (nodes) are hierarchically arranged, with the top
level being the most informative predictor. The lower panels show the box-and-whisker plots (median, IQR and range) of time to tolerance (seconds) in each branch.
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Supplementary Figure 1. Random forests plots of predictors of cold-pain tolerance under four
different modelling conditions. Predictors above the dashed line (red points) are informative
variables for predicting cold-pain tolerance.
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