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Abstract 

Title of Dissertation: Racial/ethnic differences in Experimental Pain Sensitivity and Associated 

Factors – Cardiovascular Responsiveness and Psychological Status 

Hee Jun Kim, Doctor of Philosophy, 2016 

Dissertation Directed by: Susan G. Dorsey, PhD, RN, FAAN, Professor, Department of Pain and 

Translational Symptom Science, University of Maryland School of Nursing 

Background Racial/ethnic disparities related to pain in the US have been reported that 

racial/ethnic minorities have greater levels of chronic pain and receive lower quality of care. 

Underlying mechanisms to explain the racial/ethnic differences in pain is unclear. Enhanced 

experimental pain sensitivity is suggested to be associated with ethnic differences in clinical 

pain.  

Purpose To examine racial/ethnic differences in experimental pain sensitivity, and evaluate 

contribution of cardiovascular responsiveness and psychological status to racial/ethnic 

differences in experimental pain sensitivity. 

Methods The baseline data of TMD-free 3,159 individuals - non-Hispanic white (NHW): 1,637, 

African-American (AA): 1,012, Asian: 299, and Hispanic: 211 - from the OPPERA prospective 

cohort study were used. Quantitative sensory testing measures for pressure, mechanical 

cutaneous, and heat pain were used. Cardiovascular responsiveness measures (e.g., BP, HR, 

HR/MAP ratio, and heart rate variability) and psychological status (depression, anxiety, stress, 

coping, and catastrophizing) were included in the analyses. Structural equation modeling with 

maximum likelihood estimation method was used for mediation analyses. Putative mediators that 

showed significant racial/ethnic differences were entered into the final models simultaneously 

with age, gender, BMI, study site, education and income level as covariates. 



Results Racial/ethnic minorities showed higher pain sensitivity, including heat pain tolerance, 

heat pain rating (HPR), heat pain aftersensation (HPA), mechanical cutaneous pain ratings and 

aftersensation (MCPRAS), and mechanical cutaneous pain temporal summation (MCPTS), 

compared to NHWs. Catastrophizing significantly mediated the associations between ethnicity 

and pain sensitivity (heat pain tolerance, HPR, HPA, MCPRAS, and MCPTS) for both AAs and 

Asians, compared to NHWs. Coping negatively mediated the association between race/ethnicity 

and heat pain tolerance, HPR, and MCPTS in both AAs and Asians, compared to NHWs. 

HR/MAP ratio showed a significant negative mediating effect on the association between 

race/ethnicity (AAs vs. NHWs) and heat pain tolerance. Negative emotion mediated the 

associations between race/ethnicity (Asians vs. NHWs) and mechanical cutaneous pain 

threshold, HPR, and MCPRAS.  

Conclusion The identified mediators should be considered in pain management programs to 

implement better strategies to reduce clinical pain, especially for AAs and Asians in the US. 

Further clinical research is required to increase our understanding of the suggested mechanisms. 
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Chapter 1: Introduction and Purpose

1.1 Introduction 

1.1.1 Racial/ethnic differences in clinical pain, pain management and outcomes 

Numerous clinical studies of variety of pain conditions have reported racial/ethnic 

differences in the severity of clinical pain. Specifically, African-Americans (AAs) 

reported greater levels of pain compared to NHWs for various painful conditions, 

including joint pain, migraine headache, jaw pain, or arthritis (Edwards et al., 2001; 

Glover et al., 2012; Goodin et al., 2014). A study reported pain prevalence using the 

2002-2004 National Health and Nutrition Examination Survey (Riskowski, 2014); AAs 

and Hispanic and Mexican-American individuals had higher rates of acute pain (defined 

as lasting less than 3 months) than did NHWs (15% vs. 10%). Although the prevalence of 

chronic pain (defined as lasting more than 3 months) and chronic pain conditions (e.g., 

arthritis) that is diagnosed by a physician is lower in racial/ethnic minorities than in 

NHWs in the representative sample in the US (Bolen et al., 2010; Nahin, 2015), activity 

and work limitation due to pain, and severe pain prevalence were higher in racial/ethnic 

minorities than in NHWs (Bolen et al., 2010). Further, opposite from the previous report 

of lower diagnostic prevalence of chronic pain conditions, minorities reported higher 

levels of pain than did NHW patients in a palliative care unit (Laguna et al., 2014) and 

among older adults with knee osteoarthritis (Glover et al., 2012; Goodin et al., 2014).  

Racial/ethnic minorities received lower quality pain care than NHWs in acute, 

chronic, cancer, and palliative pain care across the lifespan and treatment settings 

(Anderson et al., 2009). Racial/ethnic minorities with chronic pain differed from NHWs 

in changes of scores on the Multidimensional Pain Inventory at pre- and post- treatment 
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of an interdisciplinary pain management program that included individual pain 

psychology, physical therapy, occupational therapy, biofeedback/relaxation training, 

vocational counseling, and medical management (Gagnon et al., 2014). Hispanics had 

greater levels of pain-related anxiety, pain severity, and pain catastrophizing than did 

NHWs at pre-treatment, and AAs had higher level of depression and lower levels of 

reported activity than did NHWs at post-treatment (Gagnon et al., 2014). 

1.1.2 Racial/ethnic disparities in burden and adverse effects from chronic pain  

The burden and adverse effects caused by chronic pain have been found to be 

greater in racial/ethnic minorities, indicating racial/ethnic minorities have lower quality 

of life (Green et al., 2003), higher depressive symptoms (Green et al., 2003; Hooten et al., 

2012), and higher levels of disability (Parmelee et al., 2012; Tan et al., 2005). Greater 

levels of emotional distress, which include pain anxiety and depressive symptoms in 

racial/ethnic minority groups also have been reported when compared to NHW patients 

with chronic pain (Gagnon et al., 2014). 

Researchers have investigated possible reasons for these group differences in 

pain, and suggested that disease severity and physician management of pain might 

influence the differences in pain; for example, studies indicated that physicians tend to 

prescribe less analgesic medication for AAs or Hispanic patients than for NHWs 

(Edwards et al., 2001; Anderson et al., 2009). Low socio-economic status, lack of health 

insurance, and limited or delayed access to care/medication, and patient/health care 

provider communication issues were reported as associated factors of the unequal burden 

of chronic pain in racial/ethnic minorities (Green et al., 2003; Meghani, 2011; Riley et 

al., 2002).  
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1.1.3 Experimental pain sensitivity and clinical pain 

Quantitative Sensory Testing (QST) refers to a standardized assessment of 

thermal and mechanical pain sensitivity using precisely controlled stimulation protocols 

(Krumova et al., 2012). Differences in QST measures were significantly associated with 

clinical pain in older adults with knee osteoarthritis, showing that higher pain sensitivity 

was associated with higher clinical pain expression (Cruz-Almeida et al., 2013). 

Enhanced temporal summation of mechanical pain significantly predicted greater clinical 

pain ratings in adults with knee osteoarthritis (Goodin et al., 2014). Another study 

reported that AAs demonstrated less ischemic pain tolerance than did NHWs with non-

cancer chronic pain conditions (Edwards et al., 2001). The researchers also found 

negative association between pain tolerance and reported severity of chronic pain, which 

suggests enhanced pain sensitivity to noxious stimuli may be associated with racial/ethnic 

differences in reported clinical pain (Edwards et al., 2001). 

1.1.4 Racial/ethnic differences in experimental pain sensitivity  

Previously a review paper on racial/ethnic group differences in experimental pain 

sensitivity reported greater pain sensitivity in AAs than NHWs, particularly lower pain 

tolerance and higher ratings of suprathreshold stimuli (Rahim-Williams et al., 2012). 

Although many studies revealed differences in pain sensitivity among different 

racial/ethnic groups, most of the studies focused on comparing AAs versus NHWs 

(Rahim-Williams et al., 2012). Also, little is known about possible mechanisms to 

explain the racial/ethnic differences in pain sensitivity, which may provide evidence for 

developing interventions or related health care policy to reduce disparities in pain 

ultimately. 



 4 

1.2 Racial/ethnic minorities in the US 

Racial/ethnic minorities include American Indian or Alaska Native, Asian 

American, Black or African American, Hispanic or Latino, and Native Hawaiian or Other 

Pacific Islander, and comprise approximately 37% of the US population (CDC, 2010). 

Proportions for each racial/ethnic minority in the US are Hispanics, 17 %; AAs, 12.3 %; 

Asians, 5 %; and multiracial Americans, 2.4 % (CDC, 2010). According to the US 

census, racial/ethnic minorities are increasing; the fastest percentage growth is among 

multiracial Americans, followed by Asians and Hispanics (US Census, 2010). It is also 

reported that the White majority in the US are expected to become a minority group over 

the next three decades because of the increase of minority populations (Kayne, 2013).  

1.3 Overview of associated factors that influence racial/ethnic differences in 

experimental pain sensitivity  

1.3.1 Cardiovascular responsiveness 

Interactions between cardiovascular and pain regulatory systems have been tested 

and discussed in previous studies (Maixner, 1989, 1991; Maixner et al., 1997). Elevated 

blood pressure is known to be associated with decreased acute pain sensitivity 

(hypoalgesia) in hypertensive and normotensive healthy individuals (al’Absi et al., 2000; 

Bruhel et al., 2005; Campbell et al., 2004). Hypoalgesia has been associated with several 

risk factors for hypertension, including high normal blood pressure, family history of 

hypertension, and enhanced cardiovascular responses to stress (Campbell et al., 2004).  

Mechanisms of interactions between cardiovascular and pain regulatory systems 

Bruehl and Chung (2004) summarized mechanisms of interactions between the 

cardiovascular and pain regulatory systems. The authors explained that a central 
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autonomic network, which reflects integrated brain regions that coordinate responses to 

environmental stimuli, is involved in the relationship between resting blood pressure and 

pain sensitivity. The brain regions underlying control of the cardiovascular system are 

known to overlap substantially with those contributing to antinociception (Bruehl & 

Chung, 2004). The nucleus tractus solitaries (NTS), where the first synapse in the 

baroreceptor reflex pathway is located, serve as the interface between autonomic and 

sensory systems (Randich & Maixner, 1984). The NTS is important in the processing of 

visceral information, receiving major afferent input from both the vagus nerve and spinal 

laminae involved in nociceptive processing (Randich & Maixner, 1984). A study reported 

that stimulation of the NTS induces antinociception (Aicher & Randich, 1990), and this 

may be related to in part from its direct and indirect efferent projections to the 

periaqueductal gray (PAG) and other brain structures, such as the nucleus raphe magnus 

(NRM) and rostral ventrolateral medulla (RVM), which are known to be involved in 

modulation of pain pathways (Randich & Maixner, 1984). Also, the authors indicated 

that functional interactions between the cardiovascular and pain regulatory system exist, 

and these interactions can be explained by a homeostatic feedback loop to help restore 

levels of arousal in the presence of an acute painful stimuli (Bruehl & Chung, 2004).  

Racial/ethnic differences in cardiovascular responsiveness related to pain  

A few studies examined racial/ethnic differences in the cardiovascular response 

and pain sensitivity. Rowell et al. (2011) examined the differences between Asians and 

NHWs, and reported that higher speech stress-induced mean arterial pressure levels were 

correlated with reduced pain sensitivity to cold pressor task in NHW samples, but the 

relationship was absent in Asians (Rowell et al., 2011). For Asians, higher baseline and 
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stress responsive heart rate levels were correlated with reduced pain sensitivity. Mechlin 

et al. (2011) compared the associations between AAs and NHWs, and reported that 

higher systolic blood pressure was related with higher tolerance to cold pressor task in 

NHWs, but not for AAs. However, those associations were not found in pain sensitivity 

to ischemic pain stimuli in AAs nor NHWs.  

A study examined racial/ethnic differences in cardiovascular response to pain; 

AAs displayed greater blood pressure and heart rate responses than NHWs to intravenous 

catheterization, indicating AAs may be prone to provoked hypertension and show 

enhanced cardiovascular reactivity to pain (McNeilly & Zeichner, 1989). In turn, the 

enhanced cardiovascular response may influence pain perception (Edwards et al., 2001). 

Possible explanation of the association between cardiovascular response and pain 

sensitivity would be: pain, through a somatosensory reflex, triggers sympathetic arousal 

producing increase blood pressure, increased blood pressure leads to increased 

baroreceptor stimulation, which triggers descending pain inhibitory activity, as a result 

helping to return arousal levels to a state of homeostasis (Bruehl et al., 2005).  

Cardiovascular responsiveness as a potential mechanism for racial/ethnic 

differences in pain sensitivity 

Differences in the association between cardiovascular response and pain 

sensitivity would be a potential mechanism to explain the racial/ethnic differences in pain 

sensitivity. As stated above, blood pressure-related hypoalgesia among not only 

hypertensive but also normotensive individuals has been studied previously. However, 

not many studies have examined the impact of race/ethnicity on this association. 

Evidence showed greater pain sensitivity in AAs compared to NHWs, as well as the 
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greater prevalence of hypertension in this group (Campbell et al., 2004). While higher 

blood pressure in AAs may contribute to lower pain sensitivity, there would be other 

factors that elicit higher pain sensitivity in AAs. Several psychological factors may play 

an important role in increasing pain sensitivity in racial/ethnic minorities. 

1.3.2 Psychological Status 

Another possible mechanism to explain racial/ethnic differences in pain 

sensitivity would be related to psychological status. Previous studies reported that 

psychological status, including acculturation, pain catastrophizing and coping, and 

negative emotional status (e.g., depression, anxiety, or stress) is significantly associated 

with not only an individual’s pain sensitivity, but also racial/ethnic differences in pain 

sensitivity.  

Acculturation 

Acculturation is defined as adaptation to a new set of cultural norms, values, and 

beliefs (Schwartz et al., 2010). A study examined pain sensitivity using a cold pressor 

task among first- and second-generation Asian Americans and European Americans. The 

authors used first- and second- generation as a proxy measure of acculturation, based on 

an assumption that the stress of acculturation would be high especially for first- 

generation (Chan et al., 2013). The researchers found that only first-generation Asian 

Americans had higher pain responses (lower threshold and tolerance, and higher pain 

intensity) than did European Americans, which suggests acculturation plays a role in 

accounting for racial/ethnic differences in pain sensitivity (Chan et al., 2013).   

Catastrophizing 
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Catastrophizing is a negative emotional and cognitive response to pain (Sullivan 

et al., 2001). Elements of catastrophizing include magnification, helplessness, and 

rumination. Catastrophizing is one of the most robust psychological factors associated 

with greater pain sensitivity (Hsieh et al., 2010). In a study that examined pain 

catastrophizing and pain tolerance using a cold pressor experimental pain task among 

AAs and NHWs, the researchers reported that AAs reported higher catastrophizing and 

had lower pain tolerance than did NHWs, and pain catastrophizing partially mediated 

racial/ethnic differences in pain sensitivity (Forsythe et al., 2011). Another study reported 

that AAs reported significantly greater pain intensities and greater pain catastrophizing 

than did and NHWs. Furthermore, pain catastrophizing mediated the racial difference in 

pain response (Fabian et al., 2011). A cold pressor task comparing Chinese and European 

Canadian young adults found that there were no group difference in pain threshold and 

pain intensity, but Chinese participants reported lower pain tolerance than did European 

Canadians (Hsieh et al., 2010). Chinese participants reported greater pain catastrophizing, 

and pain catastrophizing mediated the group differences in affective pain response that 

was measured using Short-Form McGill Pain Questionnaire (Hsieh et al., 2010). 

Coping 

Coping is another widely studied psychological construct in pain (Meints & 

Hirsh, 2015). Several studies examined racial/ethnic differences in pain coping, and its 

contribution to ethnic differences in pain sensitivity. Hastie et al. (2004) reported that 

there were significant differences between AAs and NHWs on every coping strategy 

questionnaire subscales, including catastrophizing, coping self-statements, diverting 

attention, ignoring sensations, reinterpreting pain sensations, and praying-hoping. AAs 
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had higher scores in all subscales, except ignoring sensations, than NHWs (Hastie et al., 

2004). Another study tested mediation effect of pain coping on racial/ethnic differences 

(AAs-NHWs) in pain sensitivity using a cold pressor task, and they found that 

catastrophizing and praying were negatively associated with pain tolerance and were 

significant mediators of the relationship between race/ethnicity and pain tolerance 

(Meints & Hirsh, 2015). Specifically, AA participants catastrophized and prayed more 

than NHW participants during the cold pressor task, and these differences were 

associated with a lower pain tolerance in AA participants. 

Negative emotions 

Regarding negative emotions and pain sensitivity, several experimental and 

clinical studies examined the relationships among patients with various pain conditions. 

Symptoms of anxiety and depression were associated with increased pain sensitivity to 

experimental muscle pain induction (i.e., hypertonic saline infusion) in women with 

chronic non-traumatic neck-shoulder pain (Sjors et al., 2011), and with clinical pain 

intensity in patients with low back pain (Mok & Lee, 2008). Depression was also 

associated with chronic pain intensity, indicating depressed patients had greater pain 

intensities (Baker et al., 2008, 2011). Racial/ethnic differences in depressive symptoms in 

chronic pain found that AAs had higher levels of depressive symptoms than NHWs 

(Green et al., 2003; Hooten et al., 2012). A study found that a history of mood disorder 

was associated with greater sensitivity to cold pain only in AAs (Klatzkin et al., 2007). 

Lee et al. (2013) reported that individuals in the highest negative emotionality cluster 

reported the greatest local experimental muscle pain (intramuscular acidic infusion site, 

anterior tibialis), mechanical hyperalgesia, and greater odds of experiencing referred 
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(anterior ankle) pain when compared to the lowest negative emotionality cluster in 

healthy participants. 

1.4 Purpose and Methods  

1.4.1 Purpose 

The aims of this dissertation were to: (1) review and describe the racial/ethnic 

differences in experimental pain sensitivity; (2) evaluate racial/ethnic differences in 

experimental pain sensitivity, cardiovascular responsiveness and psychological status; 

and (3) to evaluate mediation effects of cardiovascular responsiveness and psychological 

status on the association between race/ethnicity and experimental pain sensitivity. The 

following specific hypotheses were tested: 

Hypothesis 1: Racial/ethnic minorities (AA, Asians, and Hispanics) will 

demonstrate lower threshold and tolerance, and higher suprathreshold pain ratings, 

temporal summation, and aftersensations than will NHWs. 

Hypothesis 2: Cardiovascular responsiveness and Psychological status will 

mediate the associations between race/ethnicity and pain sensitivity. 

1.4.2 Methods 

 The design of this secondary data analysis is a cross-sectional, descriptive 

correlational using data from the Orofacial Pain Prospective Evaluation and Risk 

Assessment Study (OPPERA). The OPPERA study is a prospective cohort study 

designed to investigate the etiology of first-onset temporomandibular disorder (TMD). Its 

detailed methodology is described elsewhere (Slade et al., 2011).  

 This study used the baseline data of 3,159 individuals, which included four self-

declared racial/ethnic groups (NHW: 1,637, AA: 1,012, Asian: 299, and Hispanic: 211). 
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There were other racial groups in the OPPERA study, including mixed race, but their 

numbers were considered too small to be valuable for this analysis. The participants were 

TMD-free at baseline, aged from 18 to 44 years, fluent in written and spoken English, 

and healthy. From May 2006 to November 2008, participants were recruited from 

communities in and around academic health centers at 4 US study sites (Baltimore, MD; 

Buffalo, NY; Chapel Hill, NC; and Gainesville, FL). 

Demographic data included participants’ age, gender, body mass index (BMI, 

kg/m²), study site, health insurance status, martial status, education level, current income, 

number of years in the US, first spoken language, and US born/foreign born. QST 

measures for pressure, mechanical cutaneous, and heat pain were used for experimental 

pain sensitivity. Cardiovascular responsiveness measures, including blood pressure (BP), 

heart rate (HR), HR/MAP ratio, and heart rate variability were included. Measures for 

depression, anxiety, stress, coping, and catastrophizing were used for psychological 

status.  

1.5 Summary 

This chapter provided an introduction to racial/ethnic differences in experimental 

sensitivity and associated factors. Based on the literature review on the associated factors, 

a possible mechanism to explain racial/ethnic differences in pain sensitivity was 

suggested. This dissertation research attempted to provide mechanistic explanations on 

racial/ethnic differences in pain sensitivity, specifically related to cardiovascular 

responsiveness and psychological status among a large number of racial/ethnically 

diverse samples. The results from this research will have translational merit for clinical 

chronic pain among diverse ethnic groups by providing evidence on possible risk factors 
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or predictors of chronic pain conditions, based on the significant association between 

experimental pain sensitivity and clinical pain. These results also will be meaningful to 

develop better pain management for racial/ethnic minorities in the US. 

The following three manuscripts that are consistent with the aims of this 

dissertation comprise the next three chapters. The three manuscripts are then followed by 

chapter 5, which is a detailed discussion of all the main findings, recommendations, and 

implications for practice and research, and limitations of the study.  
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Chapter 2: Racial/ethnic differences in experimental pain sensitivity: Systematic 

review and Meta-analysis1 

2.1 Background 

Chronic pain is a major health problem in the US, and over 116 million 

Americans are currently affected (Institute of Medicine, 2011). It is reported that there 

are more than 70 million annual visits to healthcare providers at a cost more than $600 

billion per year in medical treatment and lost work productivity (Institute of Medicine, 

2011). Also, patients with chronic pain and their families suffer from intangible costs 

related to pain, such as decreased quality of life and interpersonal stresses (Hassenbusch 

et al., 1997).  

Racial/ethnic minorities experience greater adverse effects caused by chronic 

pain, such adverse effects may include that they have lower quality of life (Green et al., 

2003), higher pain anxiety and depressive symptoms (Gagnon et al., 2014; Green et al., 

2003; Hooten et al., 2012), higher limitation of activity and work (Bolen et al., 2010), and 

higher levels of disability (Tan et al., 2005; Parmelee et al., 2012). Disparities related to 

pain management in the US have been reported; racial/ethnic minorities received lower 

quality of pain care than non-Hispanic whites (NHWs) in acute, chronic, cancer, and 

palliative pain care across the lifespan and treatment settings (Anderson et al., 2009). 

Low socio-economic status, lack of health insurance, limited or delayed access to 

care/medication, and patient/health care provider communication issues have been 

                                                        
1 Kim, H.J., Yang, G.S., Greenspan, J.D., Downton, K.D., Griffith, K.A., Renn, C.L., 
Johantgen, M., Dorsey, S.G.  (under revision). Racial and ethnic differences in 
experimental pain sensitivity: Systematic review and Meta-analysis. Pain 
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reported as associated with racial/ethnic disparities of chronic pain (Green et al., 2003; 

Meghani, 2011; Riley et al., 2002). 

Studies examining racial/ethnic differences in clinical pain have documented 

greater levels of clinical pain in racial/ethnic minorities compared to NHWs for various 

painful conditions, including joint pain, migraine headache, jaw pain, or arthritis 

(Edwards et al., 2001; Glover et al., 2012; Goodin et al., 2014). Using a representative 

sample in the US, Riskowaski (2014) reported higher rates of acute pain in African 

Americans (AAs) and Hispanics compared to NHWs.  

Although there is no consensus regarding the underlying mechanisms to explain 

the racial/ethnic group differences in clinical pain, several studies have found significant 

associations between experimental pain sensitivity and clinical pain. Higher experimental 

pain sensitivity was associated with higher clinical pain sensitivity in older adults with 

knee osteoarthritis (Cruz-Almeida et al., 2014). Temporal summation of mechanical pain 

predicted greater clinical pain ratings in adults with knee osteoarthritis (Goodin et al., 

2014). Lower ischemic pain tolerance in AAs compared to NHWs was associated with 

higher chronic pain in AA patients with non-cancer chronic pain conditions (Edwards et 

al., 2001). These results suggest that enhanced pain sensitivity to noxious stimuli may be 

associated with racial/ethnic differences in reported clinical pain (Edwards et al., 2001). 

2.2 Purpose 

A review of racial/ethnic group differences in experimental pain sensitivity 

reported greater pain sensitivity in AAs than NHWs, including lower pain tolerance and 

higher ratings of suprathreshold stimuli (Rahim-Williams et al., 2012). The current state 

of the science in pain highlight a lack of comprehensive understanding differences in 
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experimental pain sensitivity among diverse racial/ethnic groups, because most of the 

previous studies focused on comparing AAs versus NHWs (Rahim-Williams et al., 

2012). Multiracial Americans, Asians, and Hispanics are fast growing populations (US 

Census, 2010), and it is necessary to examine pain sensitivity in multiple racial/ethnic 

groups. Therefore, the purpose of this study was to describe differences in experimental 

pain sensitivity among multiple racial/ethnic groups. 

2.3 Methods 

Search Strategy and Data Sources 

A systematic review of the literature was conducted in accordance with the 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

guidelines (Liberati et al., 2009; Moher et al., 2010).  Search strategies were developed 

and adapted for PubMed, EMBASE (Elsevier), the Cochrane Central Register of 

Controlled Trials (Wiley, Cochrane Library), and PsycINFO (EbscoHOST). Three 

categories of terms (pain, race/ethnicity, and experimental modalities and measures) were 

identified and combined to retrieve articles that included at least one term from each 

group.  Both subject headings and free text searching were used in all databases, and 

explosion was applied to ensure a comprehensive search of ethnic and racial groups. No 

limits were applied for date or language in the initial search. The full search strategy for 

PubMed is provided in Appendix I.   

Inclusion criteria for articles were as follows: full-text, published, peer-reviewed, 

English-language studies, studies of experimental pain sensitivity, published between 

January 2000 and February 2016, and use of human subjects. Exclusion criteria were 
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studies that did not use any type of experimental pain stimuli to evoke pain or did not 

compare pain sensitivity measures by racial/ethnic groups. 

Two authors (H.J.K and G.S.Y) independently reviewed all retrieved titles after 

duplicates were removed. Selected abstracts were reviewed by the two reviewers 

independently, and full-text articles were selected on agreement that the article met the 

inclusion and exclusion criteria. Data extraction was conducted by one reviewer (H.J.K.) 

with a self-developed structured codebook and confirmed by the other reviewer (G.S.Y) 

(Figure 1).  

Risk of bias in reporting racial/ethnic differences in experimental sensitivity in 

individual studies was assessed based on the criteria from the Agency for Healthcare 

Research & Quality (AHRQ) guideline for non-experimental design studies. The 

assessment criteria include sample size, methods for selecting participants, methods for 

measuring exposure variables, methods to deal with any design-specific issues such as 

recall or interviewer bias, and analytical methods to control for confounding factors 

(AHRQ, 2009). Because we focused on racial/ethnic differences in experimental pain 

sensitivity for this review, most of the studies used similar study design and methodology 

(e.g., experimental pain sensitivity measurements in a lab setting, convenience sampling), 

and included multiple racial/ethnic samples. Therefore, four items were evaluated for 

each article: sample size (≥100 vs. <100), clear definition of racial/ethnic group (provided 

vs. unprovided), description of a standardized study protocol (provided vs. unprovided), 

and control of confounding factors (yes vs. no). Total scores ranged from 0 to 4, with a 

smaller number indicating a higher risk of bias. The quality of reviewed studies was 
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assessed by the two reviewers independently (H.J.K and G.S.Y), and the ratings of each 

study were compared. Discrepancy was identified and discussed to arrive at agreement.  

Data Analysis 

Included studies were classified by pain modality type as well as racial/ethnic group 

comparison (AAs vs. NHWs, comparing other racial/ethnic groups). We conducted meta-

analyses to estimate pooled standardized mean differences (SMDs) and 95% confidence 

intervals (CIs) between racial/ethnic groups to determine the magnitude of differences on 

pain sensitivity using Stata (version13.1, StataCorp LP, College Station, TX). Studies 

comparing other racial/ethnicities were excluded in meta-analysis because of high 

heterogeneity of sample characteristics (e.g., diverse ethnic groups and countries of study 

site). Tolerance, threshold, pain ratings, and pain unpleasantness were examined and 

compared between the two groups (AAs vs. NHWs). If multiple observations for a single 

modality of pain were reported from a study, we selected the most commonly used 

method (e.g., forearm site stimulation). Heterogeneity across studies was identified by I2 

statistic (I2≥50%); therefore, the random-effects model was used to get pooled SMDs 

(Borenstein et al., 2009). To investigate heterogeneity, we performed subgroup analyses 

by gender (% of women), sample size, sample characteristics, and pain modalities using 

random-effects metaregression models (DerSimonian & Laird, with 95% CIs). Egger’s 

tests of publication bias were performed to assess publication bias (Steme, 2009). 

Publication bias indicates that small studies with a small or non-significant effect may be 

less likely to be published than studies reporting a large or significant effect (Slavin & 

Smith, 2009). P-value of less than .05 was considered statistically significant (two-

tailed). 
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Figure 1. Flow diagram for review of studies of racial/ethnic differences in experimental 

pain sensitivity 
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2.4 Results 

The literature search yielded 1,546 articles. Twenty-two articles were also found 

through Google Scholar and relevant bibliographies. After removal of duplicates, the title 

screening process identified 110 potentially eligible studies (Fig. 1). After abstracts were 

screened using the inclusion and exclusion criteria, 41 studies remained for qualitative 

synthesis.  

In regard to the risk of bias of individual studies, most of the studies had score of 

3 or 4, which indicates a low risk of bias; all of the studies had a standardized pain 

sensitivity measure protocol, and had controlled possible confounding factors (e.g., age, 

gender) in study designs or their analyses. However, more than half of the studies had 

sample sizes of less than 100, and several studies lacked information about how the 

researchers defined “race/ethnicity.” 

Racial/ethnic differences in experimental pain were evaluated using a wide range 

of stimulus modalities, including pressure, thermal-heat, cold-pressor, electronic, 

ischemic, and other models of chemical experimental pain (e.g., capsaicin). Pain 

sensitivity has been assessed by a number of different outcome measures, including 

threshold and tolerance, and self-report measures of pain intensity. 

Qualitative Synthesis  

 The systematic review begins with summary of pain sensitivity differences 

comparing AAs and NHWs, and followed by comparisons among other racial/ethnic 

groups for each pain modality.  Forty-one studies were selected for qualitative synthesis. 
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Cold pain stimuli 

 Results from 23 studies that examined racial/ethnic differences in experimental 

cold pain are presented in Table 1. All of the studies used some form of the cold pressor 

test in which subjects immersed their hand in circulating cold water for a determined 

period of time, except for one study that used contact cold (Yang et al., 2013). Sample 

size of the studies ranged from 40 to 617. Most of the study participants were young 

healthy adults, one study examined patients with knee osteoarthritis (OA) (Cruz-Almeida 

et al., 2014), and another study examined women with/without histories of depression 

(Klatzkin et al., 2007). Fifteen studies compared AAs and NHWs. Most of the studies 

reported no difference in cold pain threshold between the two groups, except two studies 

that reported NHWs demonstrated higher thresholds than did AAs. In contrast, eleven 

studies comparing cold pain tolerance between AAs and NHWs consistently found that 

NHWs had higher cold pain tolerance than did AAs, except one study reporting no 

difference (Fabian et al., 2011). Suprathreshold cold pain ratings were measured during 

the cold pressure task (e.g., at 30-second intervals) or at the end of the task. Four out of 

ten studies indicated that there was no racial/ethnic difference in suprathreshold pain 

ratings, whereas five studies indicated AAs had higher pain ratings than did NHWs for 

cold stimuli and one study indicated opposite result (Meints & Hirsh, 2015). 
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Table 1. Studies examining racial/ethnic differences in thermal -cold experimental pain models 

Authors Year Sample 

size 

Sample 

characteristi

cs 

% 

(F) 

RO

B 
Simulat

ion Site 

Method Threshold Tolerance Ratings 

Comparing AA and NHW  

Campbell 

et al. 

2005 120 (AA=62, 

NHW=58) 

young 

healthy 

adults 

54 4 left 

hand 

cold 

pressor 

task (5°C) 

No 

difference 

NHW > AA  

Cruz-

Almeida et 

al. 

2014 267 (AA=120, 

NHW=147)  

with knee 

OA, aged 

from 45-85 

63 4 hand cold 

pressor 

task 

(16°C, 

12°C, 8°C) 

No 

difference 

 AA > NHW (at 

16°C & 12°C) 

Fabian et 

al. 

2011 64 (AA=11, 

API=15, 

NHW=26) 

young 

healthy 

adults 

61 2 hand Cold 

pressor 

task (4°C) 

 No 

difference 

AA = API > NHW 

Forsythe et 

al. 

2011 155 (AA=60, 

NHW=95) 

healthy 

undergrad

uate 

students 

54 3 hand Cold 

pressor 

task (0-

2°C) 

 NHW > AA No difference 

Grewen et 

al. 

2008 48 (AA=25, 

NHW=23) 

pre-

menopausa

l women 

100 3 hand Cold 

pressor 

task (4°C) 

No 

difference 

NHW > AA  

Hastie et 

al. 

2012 247 (AA=81, 

NHW=87, 

Hispanic=79) 

young 

healthy 

adults 

52 3 hand cold 

pressor 

task (5°C) 

No 

difference 

NHW > 

AA, 

Hispanics 

NHW < AA, 

Hispanics 

Klatzkin et 

al. 

2007 55 (AA=32, 

NHW=23) 

women 

with 

histories of 

depression 

100 2 hand Cold 

pressor 

task (4°C) 

NHW > AA NHW > AA No difference 

Kim et al. 2004 617 (AA=130, 

Hispanic=59, 

API=67, 

NHW=344) 

Healthy 

adults 

60 4 hand Cold 

pressor 

task (2-

4°C) 

 NHW 

(highest) > 

AA 

(lowest) 

NHW (lowest) 

Mechlin et 

al. 

2005 106 (AA=51, 

NHW/Other*

=55) 

healthy 

adults (18-

47) 

53 3 hand Cold 

pressor 

task (4°C) 

No 

difference 

NHW/Oth

er > AA 

 

Mechlin et 

al. 

2007 84 (AA=45, 

NHW=39) 

young 

healthy 

adults 

51 3 hand Cold 

pressor 

task (4°C) 

NHW > AA NHW > AA  

Mechlin et 

al. 

2011 88 (AA=44, 

NHW=44) 

healthy 

adults (18-

45) 

50 3 hand cold 

pressor 

task 

No 

difference 

NHW > AA No difference 

Meints & 

Hirsh 

2015 190 (AA=82, 

NHW=108) 

healthy 

undergrad

uate 

students 

74 3 hand Cold 

pressor 

task (2°C) 

No 

difference 

NHW > AA AA < NHW 

Rahim-

Williams et 

al. 

2007 206 (AA=63, 

Hispanic=61, 

and 

NHW=82) 

healthy 

adults 

54 4 left 

hand 

cold 

pressor 

task (5°C) 

No 

difference 

NHW > 

AA, 

Hispanics 

 

Riley et al. 2014 191 

(NHB=53, 

and 

NHW=138)  

middle-

aged and 

older 

adults 

(range: 45-

76) 

68 4 hand cold 

water 

immersio

n 

No 

difference 

 No difference 
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Table 1. Studies examining racial/ethnic differences in thermal -cold experimental pain models (Continued) 

Authors Year Sample 

size 

Sample 

characteristi

cs 

% 

(F) 

RO

B 
Simulat

ion Site 

Method Threshold Tolerance Ratings 

Weisse et 

al. 

2005 290 

(NHW=193, 

AA=97) 

healthy 

undergradu

ate 

students 

55 3 hand Cold 

pressor 

task (0-

2°C) 

  AA > NHW  

 

 

 

Comparing other ethnicities 

Chan et 

al. 

2013 57 (FAA=12, 

SAA=21, 

EA=24) 

undergraduat

e students 

living in the 

US 

63 3 hand Cold 

pressor 

task (0.5-

1°C) 

No 

difference 

SAA = EA 

> FAA 

FAA > EA 

Dawson 

& List 

2009 64 (Middle 

Easterners=

32, 

Swedes=32) 

young healthy 

adults 

50 3 hand Cold 

pressor 

task (0-

1°C) 

No 

difference 

Swedes > 

Middle 

Easterne

rs 

 

Hsieh 

et al. 

2010 160 

(Chinese=80, 

EC=80) 

healthy 

undergraduat

e students 

living in 

Canada 

52 4 hand Cold 

pressor 

task (2-

3°C) 

No 

difference 

EC > 

Chinese 

No difference 

Hsieh 

et al. 

2011 184 

(Chinese=10

2, EC=82) 

healthy 

undergraduat

e students 

living in 

Canada 

70 4 hand Cold 

pressor 

task 

  CM = ECM > EC 

Nayak 

et al. 

2000 226 (In 

India=119, in 

US=107)  

healthy 

college 

students, 

Second or 

higher 

generation 

Americans 

and Indians in 

each country 

50 4 hand Cold 

pressor 

task (0-

2°C) 

 India > 

US 

 

Rowell 

et al. 

2011 60 

(NHW=30, 

Asians=30) 

Healthy 

young adults 

living in the 

US 

50 2 Hand Cold 

pressor 

task (4°C) 

NHW > 

Asians  

NHW > 

Asians  

No difference 

Watson 

et al. 

2005 40 (White 

British=20, 

South 

Asians=20) 

working 

professional 

males living in 

the UK 

0 3 forearms contact 

cold  

No 

difference  

  

Yang et 

al. 

2013 58 

(Chinese=29, 

Danes=29)  

university 

students of 

each country 

52 3 bilaterally 

in the 

infraorbital 

and mental 

foramen 

contact 

cold 

Chinese > 

Danes 

    

Note. ROB: risk of bias; *Other included Indian, Asian, and Hispanic, AA: African American, API: Asian/Pacific Islanders, 

NHW: non-Hispanic white, OA: osteoarthritis, FAA: first-generation Asian American, SAA: second-generation Asian 

American, EA: European American, MC: Mainland Chinse, HC: HongKong Chinese, CM: Chinese milieu-participants 

exposed to Chinese experimenters and language, ECM: European Canadian milieu-participants exposed to Euro-Canadian 

experimenters and English language, EC: Euro-Canadian-participants exposed to the Euro-Canadian milieu only. 
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Regarding other race/ethnic groups, ten studies included Asians, and three studies 

included Hispanics (Table 1). Hispanics showed lower tolerance level and higher pain 

ratings than did NHWs (Hastie et al., 2012; Kim et al., 2004; Rahim-Williams et al., 

2007). The ethnicity of Asians and comparison groups was diverse across the studies. 

Four studies compared Asians, including Chinese or Koreans, with NHWs (Fabian et al., 

2011; Chan et al., 2013; Rowell et al., 2011; Watson et al., 2005). Three studies 

specifically explored Chinese compared to Danes (Yang et al., 2013) and to European 

Canadian (Hsieh et al, 2010, 2011). Nayak et al. (2000) examined various racial/ethnic 

background second-generation Americans in the US and compared them with Indians in 

India, and Dawson & List (2009) compared Middle Easterners with Swedes. Four out of 

six studies that examined cold pain threshold indicated no difference, and four out of six 

studies that examined cold pain tolerance indicated that Asians had a lower pain tolerance 

than did comparison groups. Three out of five studies that examined suprathreshold pain 

ratings reported higher pain ratings in Asians compared to diverse racial/ethnic groups 

(mostly Western). 

Heat pain stimuli 

Eighteen studies examined racial/ethnic differences in experimental heat pain 

(Table 2). All of the studies used some form of contact heat with the exception of one 

study that used radiant heat (Lu et al., 2013). Sample size of the studies ranged from 40 to 

617. Sample characteristics varied, including patients with knee OA (Cruz-Almeida et al., 

2014; Glover et al., 2012; Goodin et al., 2013, 2014), women with/without depression 

history (Klatzkin et al., 2007), healthy children (Lu et al., 2013), healthy youth (Morris et 

al., 2015), and middle-aged and older adults (Cruz-Almeida et al., 2014; Glover et al., 
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2012; Goodin et al., 2013, 2014; Riley et al., 2014). Sixteen studies compared AAs and 

NHWs, and ten studies compared heat pain threshold between the two groups. Eight out 

of ten studies indicated no difference on heat pain threshold between AAs and NHWs, 

while two studies of OA patients (Cruz-Almeida et al., 2014; Glover et al., 2012) 

indicated that NHWs had higher threshold than did AAs. Nine of 12 studies reported 

higher heat pain tolerance in NHWs than AAs. With respect to suprathreshold heat pain 

ratings, five studies showed higher pain ratings in AAs than in NHWs, two studies found 

no difference, and one study found a reverse association in children (Lu et al., 2013), 

indicating higher pain ratings in NHWs than in AAs.   

 For other race/ethnic groups, four studies included Hispanics (Hastie et al., 2012; 

Kim et al., 2004; Rahim-Williams et al., 2007; Lu et al., 2013) and four studies included 

Asians (Kim et al., 2004; Watson et al., 2005; Yang et al., 2013; Lu et al., 2013). No 

difference was found in heat pain threshold between Hispanics and NHWs (Hastie et al., 

2011; Rahim-Williams et al., 2007), while one study reported lower pain tolerance in 

Hispanics (Rahim-Williams et al., 2007). For Asians, two studies reported that Asians 

had lower heat pain thresholds than did NHWs. One study evaluated heat pain tolerance, 

and found no difference among AA, Asian, Hispanic, and NHW children (Lu et al., 

2013). With respect to suprathreshold heat pain ratings, Asians produced higher pain 

ratings compared to Hispanics, AAs, and HNWs (Kim et al., 2004), and compared to 

white British (Watson et al., 2005) and to AAs (Lu et al., 2013).   
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Table 2. Studies examining racial/ethnic differences in thermal -heat experimental pain models 

Authors Year Sample 

size 

Sample 

characteristics 
% 

(F) 
RO

B 
Simulati

on Site 

Method Threshold Tolerance Ratings 

Comparing AA and NHW  

Campb-ell 

et al. 

2005 120 (AA=62, 

NHW=58) 

young healthy 

adults 

54 4 left 

ventral 

forearm 

contact 

heat 

No 

difference 

NHW > AA AA > 

NHW 

Cruz-

Almeida et 

al. 

2014 267 

(AA=120, 

NHW=147) 

with knee OA, 

aged from 45-

85 

63 4 Knee and 

forearm 

contact 

heat 

NHW > AA NHW > AA  

Glover et al. 2012 94 (AA=45, 

NHW=49)  

with 

symptomatic 

knee OA, 

middle-aged 

and older 

adults 

74 2 Knee and 

forearm 

contact 

heat 

NHW > AA 

(forearm 

only) 

NHW > AA  

Goodin et 

al. 

2013 130 (AA=67, 

NHW=63) 

older adults 

with 

symptomatic 

knee OA 

77 3 index 

knee & 

ipsilateral 

ventral 

forearm 

contact 

heat 

 NHW > AA  

Goodin et 

al. 

2014 225 

(AA=122, 

NHW=103) 

with knee OA, 

aged 45 years 

and older 

68 4 index 

knee & 

ipsilateral 

volar 

forearm 

contact 

heat 

  AA > 

NHW 

Grewen et 

al. 

2008 48 (AA=25, 

NHW=23) 

pre-

menopausal 

women 

10

0 

3 volar 

forearms 

contact 

heat 

No 

difference 

NHW > AA  

Hastie et al. 2012 247 (AA=81, 

NHW=87, 

Hispanic=79

) 

young healthy 

adults 

52 3 ventral 

forearm 

contact 

heat 

No 

difference 

No 

difference 

No 

differen

ce 

Klatzkin et 

al. 

2007 55 (AA=32, 

NHW=23) 

women with 

histories of 

depression 

10

0 

2 volar 

forearm 

contact 

heat 

No 

difference 

No 

difference 

AA > 

NHW 

Kim et al.  2004 617 

(AA=130, 

Hispanic=59

, API=67, 

NHW=344) 

Healthy adults 60 4 ventral 

forearm 

contact 

heat 

  API> 

AA, 

Hispanic

, NHW 

Lu et al. 2013 214 

(NHW=98, 

Hispanic=58

, AA=34, 

and 

Asian=24) 

healthy 

children 

(range: 8-18) 

49 3 both volar 

forearms 

radiant 

heat 

 No 

difference 

NHW = 

Asian > 

AA 

Mechlin et 

al. 

2005 106 (AA=51, 

NHW/Other

*=55) 

healthy adults 

(18-47) 

53 3 left volar 

forearm 

contact 

heat 

No 

difference 

NHW/Othe

r > AA 

 

Mechlin et 

al. 

2007 84 (AA=45, 

NHW=39) 

young healthy 

adults 

51 3 left volar 

forearm 

contact 

heat 

No 

difference 

NHW > AA  

Morris et al. 2015 78 (AA=40, 

NHW=38) 

healthy youth 

(range:10-17) 

51 2 Non-

dominant 

ventral 

forearm 

contact 

heat 

  AA > 

NHW 
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Table 2. Studies examining racial/ethnic differences in thermal -heat experimental pain models (Continued) 

Authors Year Sample 

size 

Sample 

characteristics 
% 

(F) 
RO

B 
Simulati

on Site 

Method Threshold Toleran

ce 

Ratings 

Riley et al. 2014 191 (AA=53, 

and 

NHW=138)  

middle-aged 

and older 

adults (range: 

45-76) 

68 4 forearms 

& Knee 

contact 

heat 

No 

difference 

NHW > 

AA 

No 

difference 

Rahim-

Williams et 

al. 

2007 206 (AA=63, 

Hispanic=61

, and 

NHW=82) 

healthy adults 54 4 ventral 

forearm 

contact 

heat 

No 

difference 

NHW > 

AA, 

Hispani

c 

 

Sheffield et 

al. 

2000 51 (AA=24, 

NHW=27) 

health adults 49 3 right 

volar 

forearm 

contact 

heat 

  AA > NHW 

Comparing other ethnicities 

Watson et 

al. 

2005 40 

(White 

British=

20, 

South 

Asians=

20) 

working 

professional 

males living in 

the UK 

0 3 forearms contact 

heat  

White 

British > 

South 

Asians 

 South 

Asians > 

White 

British 

Yang et al. 2013 58 

(Chinese

=29, 

Danes=2

9)  

university 

students living 

in each country 

52 3 bilaterall

y in the 

infraorbi

tal and 

mental 

foramen 

contact 

heat 

Danes > 

Chinese 

    

Note. ROB: risk of bias; *Other included Indian, Asian, and Hispanic, AA: African American, API: Asian/Pacific Islanders; 

AA: African American, NHW: non-Hispanic white, OA: osteoarthritis. 

 

Pressure pain stimuli 

Fourteen studies examined racial/ethnic difference in pressure pain sensitivity 

(Table 3). All of the studies used pressure algometry with the exception of one study that 

used an analgesy-meter (Lu et al., 2013). Sample size of the studies ranged from 32 to 

267. Samples in the studies included young healthy adults, patients with knee OA (Cruz-

Almeida et al., 2014; Glover et al., 2012), healthy children (Lu et al., 2013), females with 

temporomandibular disorder (Al-Harthy et al., 2016), and middle-aged and older adults 

(Cruz-Almeida et al., 2014; Glover et al., 2012; Riley et al., 2014). Seven studies 

compared AAs and NHWs, six of which measured threshold. Three out of six studies 

indicated no difference on pressure pain threshold between AAs and NHWs, while the 
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other three studies found lower thresholds in AAs. Only one study examined pressure 

pain tolerance and reported no difference among AA, Asian, Hispanic, and NHW 

children, and the study also evaluated pressure pain ratings and no difference was found 

(Lu et al., 2013).  

 For other race/ethnic groups, three studies included Hispanics (Hastie et al., 2012; 

Rahim-Williams et al., 2007; Lu et al., 2013), and five studies included Asians (Goodin 

et al., 2013; Yang et al., 2013; Lu et al., 2013; Komiyama et al., 2007, 2009). No 

difference was found between Hispanics and other racial/ethnic groups (AAs and NHWs) 

in pressure pain threshold (Hastie et al., 2012; Rahim-Williams et al., 2007). For Asians, 

Goodin et al. (2013) found higher pressure pain threshold in Asians compared to AAs. 

Several studies examined specific ethnic groups to compare pressure pain sensitivity. 

Yang et al. (2013) compared pressure pain threshold between Chinese and Danes and 

found Danes had higher threshold than did Chinese. Komiyama et al. (2007, 2009) 

compared Japanese with Belgian; the Japanese had lower pressure pain threshold and 

tolerance than did Belgians, but no differences was found in pain threshold in the second 

study (2009). Alabas et al. (2012) examined pressure pain threshold difference between 

Libyans and white British, and found Libyans had higher threshold than did white 

British. Gazerani and Arendt-Nielsen (2005) also examined pressure pain threshold 

before and after capsaicin model and found higher pressure pain threshold in white 

European Danes than in South Indians in both pre- and post- capsaicin. Two studies 

compared Middle Easterners with Swedes (Al-Harthy et al., 2016; Dawson & List, 2009) 

and reported mixed results in pressure pain sensitivity. 
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Table 3. Studies examining racial/ethnic differences in pressure experimental pain models 

Authors Year Sample size Sample 

characteris

tics 

% 

(F) 
ROB Simula

tion 

Site 

Method Threshold Tolerance Ratings 

Comparing AA and NHW 

Cruz-

Almeida 

et al. 

2014 267 

(AA=120, 

NHW=147) 

with knee 

OA, aged 

from 45-85 

63 4 knee, 

ipsilateral 

quadricepts, 

trapezius, 

and dorsal 

forearm 

PA NHW > AA 

(only 

knee) 

  

Glover et 

al. 

2012 94 (AA=45, 

NHW=49)  

with 

symptomati

c knee OA, 

middle-aged 

and older 

adults 

74 2 Knee and 

forearm 

PA NHW > AA   

Goodin 

et al. 

2013 149 (AA=28, 

Asian=35, 

NHW=86) 

healthy 

college 

students 

52 3 dorsal 

forearm & 

ipsilateral 

trapezius 

PA forearm: 

no 

difference

, 

Trapezius: 

NHW=Asi

an>AA 

  

Hastie et 

al. 

2012 247 (AA=81, 

NHW=87, 

Hispanic=79) 

young 

healthy 

adults 

52 3 bilateral 

upper 

trapezius, 

masseter, 

and ulna 

PA No 

difference 

  

Rahim-

Williams 

et al. 

2007 206 (AA=63, 

Hispanic=61, 

and 

NHW=82) 

healthy 

adults 

54 4 left upper 

trapezius, 

left 

masseter 

PA No 

difference 

  

Riley et 

al. 

2014 191 (AA=53, 

and 

NHW=138)  

middle-aged 

and older 

adults 

(range: 45-

76) 

68 4 medial joint, 

lateral joint, 

quadricep, 

trapezius, 

epicondyle 

PA No 

difference 

  

Lu et al. 2013 214 

(NHW=98, 

Hispanic=58, 

AA=34, and 

Asian=24) 

healthy 

children 

(range: 8-

18) 

49 3 middle and 

index finger 

of each hand 

Analg

esy-

Meter 

 No 

difference 

No 

differen

ce 

Comparing other ethnicities 

Alabas et 

al. 

201

3 

175 

(Libyan=124, 

white 

British=51) 

healthy 

undergradu

ate students 

living in 

each 

country 

50 4 1st 

interosse

ous 

muscle 

PA Libyans > 

white 

British 

  

Al-Harthy 

et al. 

201

6 

244 

(Saudies=41, 

Swedes=41, 

Italians=42 for 

each 

case/control 

group) 

female, 

temporoma

ndibular 

disorder 

case/control 

100 4 right 

masseter 

and 

temporal

is muscle 

PA Saudis > 

Swedes  

Swedes > 

Italians 
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Table 3. Studies examining racial/ethnic differences in pressure experimental pain models (Continued) 

Authors Year Sample size Sample 

characteris

tics 

% 

(F) 
ROB Simula

tion 

Site 

Method Threshold Tolerance Ratings 

Dawson & 

List 

200

9 

64 (Middle 

Easterners=32, 

Swedes=32) 

young 

healthy 

adults 

50 3 right 

masseter 

muscle 

PA No 

difference 

Swedes > 

Middle 

Easterners 

 

Gazerani & 

Arendt-

Nielsen 

200

5 

32 (South 

Indians=16, 

White 

European 

Danes=16) 

healthy 

university 

students 

living in 

Denmark 

0 1 Forehea

d 

PA 

(befor

e & 

after 

capsai

cin) 

White 

European 

Danes > 

South 

Indians  

  

Komiyama 

et al. 

200

7 

88 (Belgian=44, 

Japanese=44) 

university 

students 

and staff 

living in 

each 

country 

50 3 masseter

, thenar 

muscle 

PA Belgian > 

Japanese  

Belgian > 

Japanese  

Belgian 

> 

Japanes

e  

Komiyama 

et al. 

200

9 

56  

(Belgian=28, 

Japanese=28)  

university 

students 

and staff 

living in 

each 

country 

50 3 masseter 

muscle 

PA No 

difference 

  

Yang et al. 201

3 

58 

(Chinese=29, 

Danes=29)  

university 

students 

living in 

each 

country 

52 3 masseter 

muscle 

PA Danes > 

Chinese 

    

Note. ROB: risk of bias; AA: African American, NHW: non-Hispanic Whites, OA: osteoarthritis, PA: pressure 

algometer. 

 

Ischemic pain stimuli 

 Thirteen studies examined racial/ethnic differences in experimental ischemic pain 

(Table 4). Studies used the submaximal effort tourniquet test to induce ischemic pain. 

While most of the participants of the studies were young healthy adults, one the study 

was conducted with women with/without histories of depression (Klatzkin et al., 2007). 

Ten studies compared AAs and NHWs, and overall no differences were found for 

threshold, and lower tolerance levels were found for AAs. Two studies included 

Hispanics (Hastie et al., 2012; Rahim-Williams et al., 2007) and reported mixed results 

on differences in ischemic pain sensitivity. Alabas et al. (2012) compared ischemic pain 
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ratings between Libyans and white British and found that Libyans had higher pain ratings 

than did white British. Palit et al. (2013) compared Native Americans with NHWs and 

reported higher threshold and tolerance in Native Americans than in NHWs.  

Chemical pain stimuli 

 Two studies examined racial/ethnic difference in chemical pain sensitivity using 

capsaicin (Table 4). Gazerani and Arendt-Nielsen (2005) reported higher post-capsaicin 

pain ratings in South Indians compared to white European Danes. Wang et al. (2010) 

studied differences of pain sensitivity among AAs, East Asians, Hispanics, and NHWs, 

and evaluated heat pain threshold and suprathreshold pain ratings after capsaicin 

exposure. The authors reported that East Asians demonstrated the highest maximum 

intensity of post-capsaicin burning or pain sensation, followed by Hispanics, NHWs, and 

AAs; East Asians and Hispanics had significantly higher ratings compared to AAs. For 

pre-post capsaicin heat pain threshold changes, significant decreases were found in 

NHWs, East Asians, and Hispanics but not in AAs, and the changes were higher in 

NHWs and Hispanics compared to AAs (Wang et al., 2010). 
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Table 4. Studies examining racial/ethnic differences in ischemic and chemical experimental pain models 

Authors Year Sample size Sample 

characteristics 
% (F) ROB Simulat

ion Site 

Metho

d 

Threshold Toleran

ce 

Ratings 

Ischemic pain 

Alabas et 

al. 

2013 175 

(Libyan=12

4, white 

British=51) 

healthy 

undergraduat

e students 

living in each 

country 

50 3 1st 

inteross

eous 

muscle 

SETT   Libyans > 

white 

British  

Campbell 

et al. 

2004 135 

(AA=72, 

NHW=63) 

young adults 36 3 dominan

t upper 

arm 

SETT   AA > NHW 

Campbell 

et al. 

2005 120 

(AA=62, 

NHW=58) 

young healthy 

adults 

54 4 left arm SETT No 

difference 

NHW > AA  

Das 

Gupta et 

al. 

2009 152 

(Malay=46, 

Chinese=62

, Indian=44) 

healthy 

university 

students 

living in 

Malaysia 

55 3 arm SETT  No 

difference 

 

Edwards 

et al. 

2001 337 

(AA=68, 

NHW=269) 

chronic pain 

patients 

40 3 arm SETT  NHW > AA AA > NHW 

Grewen 

et al. 

2008 48 (AA=25, 

NHW=23) 

pre-

menopausal 

women 

100 3 arm SETT No 

difference 

No 

difference 

 

Hastie et 

al. 

2012 247 

(AA=81, 

NHW=87, 

Hispanic=7

9) 

young healthy 

adults 

52 3 arm SETT NHW < 

AA, 

Hispanics 

NHW > AA, 

Hispanics 

 

Klatzkin 

et al. 

2007 55 (AA=32, 

NHW=23) 

women with 

histories of 

depression 

100 2 arm SETT No 

difference 

NHW > AA No 

difference 

Mechlin 

et al. 

2005 106 

(AA=51, 

NHW/Othe

r*=55) 

healthy adults 

(18-47) 

53 3 arm SETT No 

difference 

NHW/Othe

r > AA 

 

Mechlin 

et al. 

2007 84 (AA=45, 

NHW=39) 

young healthy 

adults 

51 3 arm SETT No 

difference 

NHW > AA  

Mechlin 

et al. 

2011 88 (AA=44, 

NHW=44) 

healthy adults 

(18-45) 

50 3 arm SETT No 

difference 

NHW > AA No 

difference 

Palit et 

al. 

2013 42 (Native 

Americans=

22, 

NHW=20) 

healthy adults 36 3 arm SETT Native 

Americans 

> NHW 

Native 

Americans 

> NHW 

 

Rahim-

Williams 

et al. 

2007 206 

(AA=63, 

Hispanic=6

1, and 

NHW=82) 

healthy adults 54 4 left arm SETT No 

difference 

No 

difference 
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Table 4. Studies examining racial/ethnic differences in ischemic and chemical experimental pain models 

(Continued) 

Authors Year Sample size Sample 

characteristics 
% (F) RO

B 
Simulati

on Site 

Method Threshold Tole-

rance 

Ratings 

Chemical pain 

Gazerani 

& 

Arendt-

Nielsen 

2005 32 (South 

Indians=16, 

White 

European 

Danes=16) 

healthy 

university 

students 

living in 

Denmark 

0 1 Forehea

d 

Capsaici

n in- 

jection 

  South Indians 

> White 

European 

Danes 

Wang et 

al. 

2010 40 (AA=10, 

EA=10, 

Hispanic=10, 

and NHW=10) 

healthy 

adults 

50 2 forearm

s 

Applicat

ion of 

capsaici

n 

NHW, 

Hispani

c > AA, 

EA 

  AA=NHW, 

EA>AA, 

Hispanic>AA 

Note. ROB: risk of bias; *Other included Indian, Asian, and Hispanic, SETT: Submaximal effort tourniquet test, AA: 

African American, NHW: non-Hispanic white, EA: East Asian. 
           

Mechanical cutaneous pain stimuli 

 Seven studies examined racial/ethnic differences in mechanical cutaneous pain 

(Table 5). Three studies compared AAs and NHWs (Cruz-Almeida et al., 2014; Goodin 

et al., 2014; Riley et al., 2014), and reported higher pain ratings in AAs. Komiyama et al. 

(2007, 2009) compared Japanese with Belgians, and found that the Japanese had lower 

thresholds than Belgians. Yang et al. (2013) compared Chinese with Danes and found 

that Chinese had lower mechanical cutaneous pain threshold using pinprick stimuli than 

did Danes.  
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Table 5. Studies examining racial/ethnic differences in mechanical cutaneous and electrical experimental pain 

models 

Authors Year Sample 

size 

Sample 

characteristic

s 

% 

(F) 
ROB Simulatio

n Site 

Method Threshol

d 

Tole-

rance 

Ratings 

Mechnical cutaneous pain 

Cruz-

Almeida et 

al. 

2014 267 

(AA=120, 

NHW=147) 

with knee 

OA, aged 

from 45-

85 

63 4 Patella and 

back of the 

ipsilateral 

hand 

Calibrate

d nylon 

monofila

ment 

prick 

  AA > NHW 

Goodin et al. 2014 225 

(AA=122, 

NHW=103) 

with knee 

OA, aged 

45 years 

and older 

68 4 Patella and 

back of the 

ipsilateral 

hand 

Calibrate

d nylon 

monofila

ment 

prick 

  AA > NHW 

Komiyama 

et al. 

2007 88 

(Belgian=44, 

Japanese=44

) 

university 

students 

and staff 

living in 

each 

country 

50 3 Cheek skin, 

Maxillary 

gingiva, 

Tougue tip, 

Thenar skin 

Filament-

prick 

Belgian > 

Japanese 

(Cheek, 

Tongue 

tip & 

Thenar 

skin) 

 Belgian > 

Japanese 

(Maxillary 

gingiva) 

Komiyama 

et al. 

2007 88 

(Belgian=44, 

Japanese=44

) 

university 

students 

and staff 

living in 

each 

country 

50 3 Cheek skin, 

Maxillary 

gingiva, 

tougue tip, 

Thenar skin 

Tactile 

detectio

n 

Belgian > 

Japanese 

(Cheek & 

Thenar 

skin) 

No 

differ

ence 

No 

difference 

Komiyama 

et al. 

2009 56  

(Belgian=28, 

Japanese=28

)  

university 

students 

and staff 

living in 

each 

country 

50 3 Masseter 

muscle 

Tactile 

detectio

n & 

filament-

prick 

pain 

Belgian > 

Japanese 

  

Riley et al. 2014 191 (AA=53, 

and 

NHW=138)  

middle-

aged and 

older 

adults 

(range: 

45-76) 

68 4 Patella and 

the dorsal 

surface of 

the hand 

Calibrate

d nylon 

monofila

ment 

punctuat

e 

  AA > NHW 

Yang et al. 2013 58 

(Chinese=29, 

Danes=29)  

university 

students 

living in 

each 

country 

52 3 Bilaterally 

in the 

infraorbital 

and mental 

foramen 

Pinprick 

stimuli 

Danes > 

Chinese 

  

Electrical pain 

Al-Harthy 

et al. 

2016 244 

(Saudies=41, 

Swedes=41, 

Italians=42 

for each 

group) 

female with 

temporoma

ndibular 

disorder 

case/control 

10

0 

4 thumb 

and index 

fingers on 

the right 

hand 

electrical 

stimulati

on 

Saudis < 

Swedes, 

Saudis < 

Italians 

Saudi

s > 

Italia

ns, 

Swed

es > 

Italia

ns 

Campbell et 

al. 

2008 58 (AA=29, 

NHW=29) 

healthy 

young 

adults 

55 3 left biceps 

femoris 

muscle  

electrical 

stimulati

on 

NHW > 

AA 

 No 

difference 
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Table 5. Studies examining racial/ethnic differences in mechanical cutaneous and electrical experimental pain 

models (Continued) 

Authors Year Sample 

size 

Sample 

characteristic

s 

% 

(F) 
ROB Simulatio

n Site 

Method Threshol

d 

Tole-

rance 

Ratings 

Dawson & 

List 

2009 64 (Middle 

Easterners=

32, 

Swedes=32) 

young 

healthy 

adults 

50 3 thum and 

index 

finger 

electrical 

stimulati

on 

No 

differenc

e 

No 

differ

ence 

 

Komiyama 

et al. 

2009 56  

(Belgian=28, 

Japanese=28

)  

university 

students 

and staff 

living in 

each 

country 

50 3 masseter 

muscle 

electrical 

stimulati

on 

Belgian > 

Japanese 

  

Palit et al. 2013 42 (Native 

Americans=

22, 

NHW=20) 

healthy 

adults 

36 3 ipsilateral 

biceps 

femoris 

muscle, 

popliteal 

fossa, 

lateral 

epicondyl

e of the 

femur 

electrical 

stimulati

on 

Native 

American

s > NHW 

No 

differ

ence 

NHW > 

Native 

Americans 

Note. ROB: risk of bias; AA: African American, NHW: non-Hispanic White; OA: Osteoarthritis. 

 

Electrical pain stimuli 

 Five studies examined racial/ethnic differences in mechanical cutaneous pain 

(Table 5). Campbell et al. (2008) reported that AAs demonstrated lower electrical pain 

threshold than did NHWs, and Komiyama et al. (2009) reported that the Japanese 

demonstrated lower electrical pain threshold than did Belgians. Palit et al. (2013) 

compared Native Americans with NHWs and reported higher electrical pain threshold in 

Native Americans than in NHWs, while no difference was found in tolerance. Native 

Americans showed lower pain ratings than did NHWs for electrical pain stimuli (Palit et 

al., 2013). Al-Harthy et al. (2016) and Dawson & List (2009) compared electrical pain 

threshold and tolerance among Saudis Swedes, and Italians, and the results were mixed. 
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Temporal summation of pain 

 Seven studies examined racial/ethnic differences in temporal summation of pain 

(Table 6). Temporal summation (TS) of pain is commonly used to evaluate central 

nociception processing (Fillingim et al., 2009). Brief painful pain stimuli are repetitively 

delivered to the skin at intervals at or less than 3 seconds. A gradual increase in 

subjective pain ratings is characteristic of temporal response to repetitive noxious stimuli, 

and this has been documented using many different stimulus modalities. TS reflects 

central nervous system temporal integration processes (often termed “wind-up”), and is 

associated with C-fiber input (e.g., second pain) more so than A-delta fiber input (e.g., 

first pain). Overall, AAs demonstrated higher TS than did NHWs, for both heat pain and 

pressure pain. However, one study reported greater TS for AAs when stimuli were 

applied to the knee, but no difference when the heat stimulus was delivered to forearms, 

among the same sample (Riley et al., 2014). One study reported lower TS for healthy AA 

youth compared to NHW youth (Morris et al., 2015). Yang et al. (2013) found that Danes 

showed higher TS than did Chinese using pinprick stimuli. Another study using ischemic 

stimulation did not show TS differences between Native Americans and NHWs (Palit et 

al., 2013).    
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Table 6. Studies examining racial/ethnic differences in experimental pain models of temporal summation 

Authors Sample size Sample characteristics Stimulation Site Method Summation 

Cruz-Almeida et al., 

2014 

267 (AA=120, 

NHW=147) 

with knee OA, aged from 

45-85 

Knee and forearm contact heat AA > NHW 

Cruz-Almeida et al., 

2014 

267 (AA=120, 

NHW=147)  

with knee OA, aged from 

45-85 

knee, ipsilateral 

quadricepts, 

trapezius, and 

dorsal forearm 

pressure 

algometer 

AA > NHW 

Goodin et al., 2014 225 (AA=122, 

NHW=103) 

with knee OA, aged 45 

years and older 

index knee & 

ipsilateral volar 

forearm 

contact heat AA > NHW 

Goodin et al., 2014 225 (AA=122, 

NHW=103) 

with knee OA, aged 45 

years and older 

patella and back 

of the ipsilateral 

hand 

calibrated 

nylon 

monofilament 

prick 

AA > NHW 

Mechlin et al., 

2011 

88 (AA=44, 

NHW=44) 
healthy adults (18-45) palm contact heat AA > NHW 

Morris et al., 2015 
78 (AA=40, 

NHW=38) 

healthy youth (range: 

10-17) 

Forearms 

 

contact heat 

 

AA < NHW 

 

Palit et al., 2013 42 (Native 

Americans=22, 

NHW=20) 

healthy adults arm Submaximal 

effort 

tournique 

test 

No 

difference 

Riley et al., 2014 191 (AA=53, 

NHW=138)  

middle-aged and older 

adults (range: 45-76) 

forearms contact heat No 

difference 

Riley et al., 2014 191 (AA=53, 

NHW=138)  

middle-aged and older 

adults (range: 45-76) 

knee contact heat AA > NHW 

Riley et al., 2014 191 (AA=53, 

NHW=138)  

middle-aged and older 

adults (range: 45-76) 

medial joint, 

lateral joint, 

quadricep, 

trapezius, 

epicondyle 

pressure 

algometer 

AA > NHW 

(Knee & 

Hand)  

 

 

Yang et al., 2013 58 (Chinese=29, 

Danes=29)  

university students living 

in each country 

bilaterally in the 

infraorbital and 

mental foramen 

pinprick 

stimuli 

Danes > 

Chinese 

Note. AA: African American, NHW: non-Hispanic White; OA: Osteoarthritis. 
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Quantitative Synthesis/Meta-Analysis  

Nineteen studies that examined differences in experimental pain sensitivity 

between AAs and NHWs were included in the meta-analysis (Fig. 1). The pooled SMDs 

of tolerance, threshold, and pain ratings were estimated by pain modality. Fifteen studies 

were excluded due to not comparing AAs and NHWs. One study was excluded in the 

analyses due to mixed racial/ethnic groups, two studies due to the lack of quantitative 

information in the original article, two studies due to sample characteristics 

(children/youth), and two studies due to using unique pain modality (e.g., chemical, 

electrical stimulation). Egger’s test revealed no significant publication bias in the 

threshold analysis (Egger’s bias = 2.04, 95% CI = -1.335 − 5.420, p = .225), but 

significant publication bias was found in the tolerance (Egger’s bias = -4.14, 95% CI = -

6.898 − -1.379, p = .005) and pain rating (Egger’s bias = 4.586, 95% CI = 0.841 − 8.330, 

p = .019) analyses.    

In general, the SMDs for threshold were small and not significant (Fig. 2, overall 

SMD: -0.06, 95% CI: -0.23, 0.10). The overall effect size of pain tolerance between AAs 

and NHWs was statistically significant (SMD: -0.90, 95% CI: -1.10, -0.70) with high 

heterogeneity (I2 = 85.6%). The meta-analytic SMDs for tolerance of each modality (cold 

pain, heat pain, and ischemic pain) were all large and statistically significant individually 

(Fig. 3). For suprathreshold pain ratings, the individual modality SMDs were medium to 

large and statistically significant, except in the case of ischemic pain (Fig. 4, overall 

SMD: 0.50, 95% CI: 0.30, 0.69). We additionally calculated pooled SMD for pain 

unpleasantness to compare racial/ethnic differences in pain intensity ratings with 
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unpleasantness, and the results revealed a significant medium effect size for pain 

unpleasantness (Fig. 4, SMD: 0.34, 95% CI: 0.13, 0.56).  

Figure 2. Meta-analysis on racial/ethnic differences in pain threshold between African 
Americans and non-Hispanic whites 

 

Note. *Studies with older patients with knee osteoarthritis, **studies with patients with 
chronic pain, *** studies with older adults 
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Figure 3. Meta-analysis on racial/ethnic differences in pain tolerance between African 
Americans and non-Hispanic whites 

 

Note. *Studies with older patients with knee osteoarthritis, **studies with patients with 
chronic pain, *** studies with older adults 
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Figure 4. Meta-analysis on racial/ethnic differences in pain ratings and unpleasantness 
between African Americans and non-Hispanic whites 

 

 

 

 

 

 

Note. *Studies with older patients with knee osteoarthritis, **studies with patients with 
chronic pain, *** studies with older adults 

  

Modality 
Cold 
Cold 
Cold 
Cold 
Cold 
Ischemic 
Heat 

15.53 
13.45 
13.03 
10.56 
12.60 
8.89 
12.33 
13.61 

Overall (I-squared = 67.1%, p = 0.003) 0.34 (0.13, 0.56)      

Heat 
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Subgroup Analyses 

The results of subgroup analyses of the SMDs of experimental pain sensitivity are 

shown in Table 7. The SMDs did not differ statistically by the percentage of women or 

sample characteristics (young healthy adults vs. patients with chronic pain) or pain 

modalities; subgroup effects based on gender, sample characteristics, and pain modalities 

did not explain the high heterogeneity found in the primary analysis. However, the SMDs 

of tolerance and pain ratings were significantly larger for small sample size studies (n < 

100) compared to larger sample size studies (n ≥ 100). 
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2.5 Discussion 

This is the first study to attempt to estimate the racial/ethnic differences in 

experimental pain sensitivity using synthesized data obtained from a systematic review of 

the literature published in the 21st Century. Reviewed studies examined racial/ethnic 

differences in experimental pain sensitivity using various types of stimulus modalities with 

multiple pain sensitivity measures. Overall, we found that racial/ethnic minorities had 

higher pain sensitivity compared to NHWs, specifically showing lower pain tolerance, 

higher pain ratings, and greater temporal summation of pain, regardless of stimulus 

modality. This analysis is generally consistent with what has previously been reported 

regarding racial/ethnic differences in pain sensitivity (Rahim-Williams et al., 2012). The 

present study adds to the literature by providing a more recent summary of racial/ethnic 

differences in experimental pain sensitivity, and analyses that allow for a quantitative 

comparison of such differences across various stimulus modalities and pain measures with 

sufficient number of studies.  

The meta-analysis of studies comparing AAs and NHWs found large estimated 

SMDs for pain tolerance, moderate to large SMDs for suprathreshold pain intensity ratings 

and unpleasantness), but  no significant pooled SMDs in pain threshold. A view of pain as 

a composite of three interdependent components – sensory-discriminative, cognitive-

evaluate, and affective-motivational features – was proposed by Melzack and Wall (1965), 

and has become a dominant paradigm in the pain and pain management fields (Gatchel et 

al., 2007). It is common to consider threshold and pain intensity ratings as indicative of the 

sensory-discriminative feature of pain, while tolerance and ratings of unpleasantness as 

indicative of the affective-motivational features of pain. It has been reported that sensory-
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discriminative components of pain do not vary across racial/ethnic groups, but affective-

motivational components of pain are more sensitive to racial/ethnic differences (Edwards 

et al., 1999; Rowell et al., 2011). Previous review on racial/ethnic differences in 

experimental pain sensitivity also indicated that the effect sizes were consistently moderate 

to large for pain tolerance but small to moderate for pain threshold, and limited data were 

available for suprathreshold pain ratings (Rahim-Williams et al., 2012). Current review 

found medium to large effect sizes not only for tolerance but both suprathreshold intensity 

and unpleasantness ratings. The results suggest that racial/ethnic/racial differences in 

experimental pain sensitivity are more pronounced in suprathreshold pain ratings than in 

thresholds. This may be important because suprathreshold pain measures have been 

reported to be among the most relevant experimental pain tasks to clinical pain (Edwards et 

al., 2001; Campbell et al., 2005).  

Subgroup analyses revealed no differences in racial/ethnic differences by gender, 

sample characteristics (healthy adults vs. patients with chronic pain), and pain modality. 

Greater experimental pain sensitivity among females compared to males has been reported 

(Fillingim et al., 2009). Enhanced experimental pain sensitivity in patients with chronic 

pain was also reported (Laarhoven et al., 2013; Puta et al., 2012). In regard to experimental 

pain modality, a study documented that racial/ethnic differences in cold pain responses 

were more prominent than in heat pain, and suggested cold pain responses may be more 

discriminative than heat pain responses (Kim et al., 2004). Al-Harthy et al. (2016) also 

reported that mechanical pain responses differed more than did electrical pain responses 

among different race/ethnic groups. In our analyses, there was a variance in racial/ethnic 

differences across pain modalities, specifically for thresholds and pain ratings. For 
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example, the SMD for pressure pain threshold was medium and significant, whereas SMDs 

for other pain modality were small and non-significant; however, they did not reach 

statistical differences. These results suggest that the racial/ethnic differences in 

experimental pain sensitivity exist regardless of gender, chronic pain conditions, or pain 

modalities. However, sample size was a significant factor in subgroup differences of the 

pooled SMDs, indicating small studies reported large effects. Part of the reason of this 

result can be explained by publication bias that was found in our analyses. Publication bias 

is more serious in small sample studies than in large sample studies because a small study 

that doesn’t demonstrate significant effects is unlikely to be published (Slavin & Smith, 

2009).    

Several limitations in this review, and its component studies, should be noted.  

First, the results of the present analyses are likely influenced by several methodological 

limitations of the reviewed studies. Most of the studies recruited a “convenience sample” 

rather than a systematic representation of a population. For example, several studies 

recruited participants from a university campus or from clinics. Heterogeneity of Asian 

populations, including the countries of the participants, was high. For example, some 

studies included people with origins from many different Asian countries with no 

distinction, while others only recruited Asians with specific backgrounds. These same 

considerations are limitations for the studies of Hispanic groups differences. Further, 

experimenter characteristics and language proficiency of both participants and 

experimenter could influence the results of these studies. Lastly, although most of the 

studies included age and gender as confounding factors in their study, socioeconomic 

factors (e.g., education, and income) were not considered in most of the studies.  
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Second, heterogeneity across the studies was considerably high, and the samples 

were diverse in age and context. As noted above, the characteristics of the “Asian” and 

“Hispanic” cohorts could vary greatly across studies. Furthermore, some studies compared 

ethnic groups with Asians living in their home country, while most recruited those living 

locally, usually either in the US or Europe. For studies conducted in the US or Europe, 

there was typically no distinction made between first-generation or later-generation Asians 

or Hispanics, which could have a large impact upon study results due to cultural factors 

(Chan et al., 2013; Nayak, 2000). 

2.6 Conclusion 

We have systematically reviewed scientific literature addressing racial and ethnic 

differences in experimental pain sensitivity. Reviewed studies included those using various 

types of stimulus modalities and pain measures. Despite considerable heterogeneity across 

studies, racial/ethnic minorities generally showed higher pain sensitivity compared to 

NHWs, Racial/ethnic minorities commonly had lower pain tolerance and higher pain 

ratings across all pain modalities, but differences in pain threshold were most often not 

statistically significant. Given the reported relationship between experimental pain 

sensitivity and clinical pain severity, healthcare providers who serve multiple racial/ethnic 

groups should consider these differences when they implement pain management 

programs. Further research is required to identify the biopsychosocial factors underlying 

racial/ethnic differences in pain sensitivity, specifically for the less-studied Asians and 

Hispanics in the US. Researchers should consider the methodological issues found in the 

studies when they plan a study to examine racial/ethnic differences in pain sensitivity.     

  



 47

Chapter 3: Racial/ethnic Differences in Cardiovascular Responsiveness: the 

OPPERA study 

3.1 Introduction 

Racial/ethnic differences in cardiovascular diseases (CVD) in the US have been 

reported. The American Heart Association (AHA, n.d.) reported that CVD age-adjusted 

death rates are 33% higher for African-Americans (AAs) than for the overall population in 

the US, AAs are nearly twice as likely to have a first stroke and they more likely to die 

from a stroke than non-Hispanic whites (NHWs). High blood pressure is more prevalent in 

AAs than in NHWs (AHA, n.d.). For Asians, limited research reported that Asians had 

lower age-adjusted death rates from persons with coronary heart disease and stroke (67.3 

per 100,000) than AAs (141.3), NHWs (117.7), and Hispanics (86.5) (Gillespie et al., 

2013). According to a report of hypertension among adults in the US using the National 

Health and Nutrition Examination Survey, 2011-2012 (Nwankwo et al., 2013), Asians also 

had lower prevalence of hypertension (24.7%) compared to NHWs (28%), Hispanics 

(26%), and AAs (42.1%). These results suggested a distinct health and disease profile in 

Asians (Shen et al., 2004). 

 Increased cardiovascular reactivity to stress has been reported as a possible 

mechanism underlying the development of CVD (Shen et al., 2004) and exaggerated 

cardiovascular responses to laboratory stressors have been associated with an increased 

risk for hypertension. AAs have greater and more prolonged cardiovascular responses to 

laboratory stressors and a higher prevalence of CVD than NHWs (Barnes et al., 2000), 

which contributes to the higher incidence of hypertension in the AA population. One study 

tested racial/ethnic differences in cardiovascular responses to laboratory stress between 
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Asians and NHWs in the US, and the authors found that Asians demonstrated a lower 

cardiovascular reactivity overall, which was measured by systolic blood pressure (SBP) 

and heart rate (HR), compared to NHWs (Shen et al., 2004). Therefore, a difference in 

cardiovascular reactivity is proposed as a potential mechanism underlying racial/ethnic 

differences in hypertension prevalence and CVD health.  

Differences in autonomic nervous system activity are another possible contributors 

to racial/ethnic differences in cardiovascular health. Heart rate variability (HRV), the 

oscillation in the interval between consecutive heartbeats, is a measure of autonomic 

control activities of the heart (Malik et al., 1996). Rapid fluctuations are induced by the 

input of the autonomic nervous system (Malik et al., 1996). Previous clinical studies 

confirmed that HRV is a strong and independent predictor of mortality after an acute 

myocardial infarction (Malik et al., 1996). Depressed HRV is an important predictor of 

cardiovascular outcomes and is associated with increased mortality in the general 

population (Liao et al., 2007; Tsuji et al., 1996). Greater sympathetic outflow is suggested 

as a potential mechanism for enhanced cardiovascular response, and consequently 

hypertension (Calhoun et al., 1993; Stein et al., 2000). 

The literature on racial/ethnic differences in HRV is sparse and inconclusive. One 

study reported AAs had a lower low frequency (LF) and higher high frequency (HF) than 

NHWs among healthy persons aged 45 to 64 years  (Liao et al. 1995), whereas another 

study in young male (mean age: 21-24 years) participants showed that AAs had lower HF 

and higher LF/HF ratio than NHWs (Zion et al., 2003). Choi et al. (2006) compared HRV 

between AAs and NHWs, aged 23 to 54 years, and they found that AAs had lower LF and 

HF than NHWs. For a youth sample, AAs had higher RMSSD and HF and lower LF/HF 
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ratios than NHWs (Wang et al., 2005). Studies on racial/ethnic differences in 

cardiovascular responsiveness indicated that age, gender, body mass index (BMI, kg/m²), 

and socioeconomic status are contributing factors to the association between race/ethnicity 

and cardiovascular responsiveness (Choi et al., 2006; Lampert et al., 2005; Liao et al., 

1995).  

3.2 Purpose  

Racial/ethnic minorities are increasing (Kayne, 2013), however, the mechanisms 

underlying racial/ethnic disparities in cardiovascular health are currently not well 

understood. Based on the literature review, racial/ethnic differences in cardiovascular 

responsiveness could be contributing factors on the cardiovascular health disparities. The 

present study examined racial/ethnic differences in a multiple set of cardiovascular 

responsiveness measures among diverse racial/ethnic background healthy young adults in 

the US. We hypothesized that racial/ethnic differences exist in the cardiovascular 

responsiveness among AAs, Asians, and Hispanics, compared to NHWs.  

3.3 Methods 

Study design 

The design of the study is a cross-sectional, descriptive correlational secondary data 

analysis, using data from the Orofacial Pain Prospective Evaluation and Risk Assessment 

Study (OPPERA). The OPPERA study is a prospective cohort study, designed to 

investigate the etiology of first-onset temporomandibular disorder (TMD). Its detailed 

methodology is described elsewhere (Slade et al., 2011). 

Study participants 



 50

The baseline data of 3,159 individuals was used for this study. The participants 

were comprised by four racial/ethnic groups - NHW: 1,637, AA: 1,012, Asian: 299, and 

Hispanic: 211. The participants were TMD free controls, aged from 18 to 44 years, fluent 

in written and spoken English, not pregnant or nursing, and not receiving orthodontic 

treatment, and no history of facial injury or surgery, and had negative responses to 

questions about significant medical conditions. Participants were recruited from 

communities in and around academic health centers at four US study sites (Baltimore, MD; 

Buffalo, NY; Chapel Hill, NC; and Gainesville, FL) from May 2006 to November 2008. 

Instruments and procedures 

Demographic data 

Participants’ age, gender, BMI, study site, health insurance status, marital status, 

education level, current income, number of years in the US, first spoken language, and US 

born/foreign born were included in this study. Race/ethnicity was measured using a self-

reporting question: “what is your race or racial/ethnic group?” The first option was 

Hispanic or non-Hispanic, and then for non-Hispanic groups were divided into white, AA, 

Asian, Native Hawaiian or Other Pacific Islander, American Indian or Alaskan Native. We 

included participants who answered their race/ethnicity as NHW, AA, Hispanic, or Asian 

for this research. 

Cardiovascular responsiveness measures 

Cardiovascular responsiveness was measured in five stages during baseline clinic 

visit for all participants. The five stages were: 1) a rest period (20 minutes); 2) an 

orthostatic challenge period (five minutes); 3) a rest period (ten minutes); 4) a traditional 

Stroop Color-Word test period (five minutes); and 5) a Stroop Pain-Affect period (five 
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minutes). A BP cuff was placed on the upper left arm and BP was measured using a 

Datascope Accutorr Plus blood pressure monitor (Datascope Inc, Mahwah, NJ). An 

orthostatic challenge was used as a physiological stressor, and the two types of Stroop test 

as psychological stressor; detailed methodology of each procedure is presented elsewhere 

(Maixner et al, 2011). 

HRV was assessed with a 3- lead BioCom model 3000 Heart Rhythm Scanner 

(Biocom Technologies. Poulsbo, WA). Electrical leads were positioned at: left second rib 

(ground), right second rib, and lower left torso. Participants could not see their heart 

rhythm displays. Participants were placed in a zero-gravity exam chair 

(http://sitincomfort.com/zerrec.html) that reclined to the supine position in a room with 

soft lighting. Once the participant was reclined, they were read the following instructions: 

‘‘During this rest period, please stay quiet and remember not to cross your legs even at the 

ankles. I will let you know when the rest period is complete, but I cannot talk to you during 

the rest period.’’ 

Derived measures of cardiovascular responsiveness 

Blood pressure (BP), including systolic (SBP) and diastolic (DBP), mean arterial 

pressure (MAP), and HR measures were assessed every 2.5 minutes for 20 minutes for the 

resting period. Throughout the other four test periods, BP and HR was measured every 1-

munite. For the orthostatic challenge BP and HR response, measures were obtained within 

30 seconds of standing. MAP was calculated using the following formula: 

MAP=(SBP+2*DBP)/3. The ratio of HR/MAP was computed as a measure of the relative 

balance between cardiosympathetic and cardioparasympathetic (vagal) tone. Higher values 

reflect greater cardiosympathetic versus vagal tone (Maixner et al., 2011).  
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Two time domain HRV measures, SDNN (Standard deviation of normal-to-normal 

[N-N] intervals) and RMSSD (root-mean square of the differences between successive N-

N intervals), were calculated. SDNN is the estimate of overall HRV, and RMSSD is the 

estimate of short-term components of HRV (Malik et al., 1996). For frequency domain 

HRV measures, VLF (very low frequency), LF (low frequency), and HF (high frequency) 

along with TP (total power), were calculated. TP is a short-term estimate of the total power 

of power spectral density in the range of frequencies between 0 and .4 Hz. TP reflects 

overall (cardiosympathetic and cardioparasympathetic) autonomic activity. VLF is a band 

in the power spectrum ranging between .0033 and .04 Hz. The physiological mechanisms 

of VLF are not well defined, but it has been used as an indicator regulated by the 

sympathetic nervous system. LF is a band of the power spectrum that ranges between .04 

and .15 Hz and reflects both sympathetic and parasympathetic activity. HF is a bank of the 

power spectrum that ranges between .15 and .4 Hz and reflects parasympathetic nervous 

activity, and respiratory sinus arrhythmia, the parasympathetically driven oscillation in 

heart rate associated with breathing (Malik et al., 1996).  The ratio of the LF to HF 

components was also calculated as a measure of sympathovagal balance (Pagani et al., 

1996). Lower values in LF/HF ratio indicates higher parasympathetic activity compared to 

sympathetic activity. 

Protection of Human Subjects 

The OPPERA study originally reviewed and approved by institutional review board 

(IRB) at each of the four study sites and the data coordinating center at Battelle Memorial 

Institute. For this research, exemption review with minimal risk was approved from the 

University of Maryland IRB (HP-00064840).  
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Statistical Analyses 

Descriptive analysis was used to check normality of the data. All frequency domain 

HRV measures were highly skewed and therefore, natural log transformations were applied. 

To test racial/ethnic differences in cardiovascular responsiveness measures, linear mixed 

model was used, nested by study site. Age, gender, BMI, education and income level were 

included in models as covariates. NHW group was used as a reference group for 

comparison. Bonferroni’s method was used to adjust p values for multiple comparisons to 

adjust for Type I error. All analyses were performed using STATA 13.1 (StataCorp, Texas, 

USA).  

3.4 Results 

Participants 

Demographic characteristics of the four ethnic groups are shown in Table 8.  
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Table 8. Demographics of the participants                                                                                                         (N=3.159) 

    non-

Hispanic 

white 

(N=1,637) 

African 

American 

(N=1,012) 

Asian  

(N = 299) 

Hispanic  

(N=211) 

Age Mean (±SD) 25.4 (6.86) 31.0 (8.68) 24.3 (5.13) 23.6 (5.38) 

BMI Mean (±SD) 25.1 (5.18) 28.9 (7.37) 23.3 (4.02) 25.8 (5.17) 

Gender, no (%) Male 708 (43.3) 422 (41.7) 135 (45.2) 84 (39.8) 

 Female 929 (56.8) 590 (58.3) 164 (54.9) 127 (60.2) 

Site, no (%) NC 500 (30.5) 198 (19.6) 59 (19.7) 34 (16.1) 

 NY 466 (28.5) 173 (17.1) 112 (37.5) 28 (13.3) 

 FL 531 (32.4) 100 (9.9) 90 (30.1) 132 (62.6) 

 MD 140 (8.6) 541 (53.5) 38 (12.7) 17 (8.1) 

Health insurance Yes 1440 (89.5) 623 (65.2) 249 (86.5) 168 (81.6) 

 No 169 (10.5) 332 (34.8) 39 (13.5) 38 (18.5) 

Marital Status Married 286 (17.5) 95 (9.5) 39 (13.3) 29 (13.9) 

 Living as married 57 (3.5) 54 (5.4) 4 (1.4) 7 (3.4) 

 Divorced 58 (3.6) 66 (6.2) 5 (1.7) 6 (2.9) 

 Separated 19 (1.2) 54 (5.4) 2 (.7) 2 (1.0) 

 Widowed 3 (0.2) 5 (0.5) 0 (.0) 0 (.0) 

 Never married 1200 (73.6) 710 (71.2) 243 (82.9) 163 (78.0) 

 Refused 8 (0.5) 13 (1.3) 0 (.0) 2 (1.0) 

Education less than 8 yrs 1 (.1) 8 (.8) 1  (.3) 0 (.0) 

 8-11 yrs 21 (1.3) 149 (15.1) 0 (.0) 5 (2.4) 

 12 yrs or completed high 

school 

96 (5.9) 263 (26.7) 15 (5.1) 11 (5.3) 

 Post high school training 

other than college 

16 (1.0) 37 (3.8) 4 (1.4) 2 (1.0) 

 Some college 715 (43.8) 358 (35.4) 82 (28.0) 112 (54.1) 

 College graduate 500 (30.6) 123 (12.5) 117 (39.9) 55 (26.6) 

 Post graduate level 282 (17.3) 47 (4.8) 74 (25.3) 22 (10.6) 

Current income $0-$19,999 184 (13.8) 245 (34.4) 36 (18.6) 30 (18.0) 

 $20,000-$39,333 251 (18.9) 230 (32.3) 58 (29.9) 30 (18.0) 

 $40,000-$59,999 206 (15.5) 113 (15.9) 33 (17.0) 29 (17.4) 

 $60,000-$79,999 169 (12.7) 52 (7.3) 21 (10.8) 22 (13.2) 

 $80,000-$99,999 159 (12.0) 28 (3.9) 16 (8.3) 18 (10.8) 

 $100,000*$149,999 187 (14.1) 32 (4.5) 14 (7.2) 25 (15.0) 

 $150,000 or higher 175 (13.2) 13 (1.8) 16 (8.3) 13 (7.8) 

Lifetime US 

residency 

Yes 1503 (92.0) 926 (91.7) 81 (27.6) 103 (49.3) 

No 130 (8.0) 84 (8.3) 213 (72.5) 106 (50.7) 

#of yrs in the US Mean (±SD) 19.6 (10.76) 26.7 (12.86) 8.5 (8.59) 13.5 (7.72) 

First Spoken Yes 1563 (95.7) 981 (97.7) 103 (35.5) 77 (36.8) 

 Language 

(English) 

No 70 (4.3) 23 (2.3) 187 (64.5) 132 (63.2) 
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Ethnic differences in cardiovascular responsiveness 

Resting period 

 Baseline resting cardiovascular responsiveness measures and comparison of the 

measures by racial/ethnic groups, adjusting for study site, age, gender, BMI, and 

education and income level are shown in Table 9. AAs had higher BP measures than 

NHWs, including SBP, DBP, and MAP (p < .001).  HR/MAP index was lower in AAs 

compared to NHWs (p < .001). Among the HRV measures, no significant differences 

were found between the AAs and NHWs. The ratio of LF/HF was lower in AAs 

compared to NHWs (p < .001). For Asians, SBP was lower than it was for NHWs (p 

= .001). HR/MAP index was higher in Asians compared to NHWs (p = .001). For HRV 

measures, no significant differences were found between Asians and NHWs. There was 

no significant difference in any of the resting period measures between Hispanics and 

NHWs.   
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Orthostatic challenge period 

 Among the orthostatic challenge cardiovascular responsiveness measures, AAs 

had lower LF (p = .001) and higher HF (p = .002) compared to NHWs (Table 10). The 

ratio of LF/HF was lower in AAs compared to NHWs (p < .001). There was no 

significant difference in changes of BP and HR during the orthostatic challenge between 

AAs and NHWs. For Asians, there were no significant differences in changes of BP and 

HR, nor for mean BP and HR. However, LF were lower in Asians compared to NHWs (p 

< .001).  The ratio of LF/HF was lower in Asians compared to NHWs (p < .001). There 

was no significant difference in any of the orthostatic challenge period measures between 

Hispanics and NHWs.  
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Stroop test period 

Color-Word Stroop test and Pain-Affect Stroop test cardiovascular responsiveness 

measures and comparison of these measures by racial/ethnic groups are shown in Table 

11 and Table 12, respectively. Changes in HR were higher in AAs compared to NHWs 

during Color-Word Stroop test periods (Table 4, p < .001). AAs had higher mean BP 

measures than NHWs, including SBP, DBP, and MAP (p < .001), but there was no 

significant difference in changes of BP during both Stroop tests. HR/MAP index was 

lower in AAs compared to NHWs during both Stroop tests (p < .001). HF was also 

consistently higher in AAs than in NHWs during both Stroop tests (p < .001). The ratio 

of LF/HF was lower in AAs compared to NHWs (p < .001). For Asians, there were no 

significant differences in changes in BP and HR, nor for mean BP. However, mean HR 

was higher in Asians than in NHWs during both Stroop test periods  (p < .001). HR/MAP 

index was consistently higher in Asians compared to NHWs during both Stroop test 

periods (p < .001). LF was lower in Asians compared to NHWs during both Stroop test 

periods (p < .001). The ratio of LF/HF was lower in Asians compared to NHWs (p 

< .001).  There was no significant difference in any of the Stroop test period measures 

between Hispanics and NHWs.  
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3.5 Discussion 

 In this study, we compared cardiovascular responsiveness among young healthy 

NHW, AA, Asian, and Hispanic adults in the US. Known covariates, including age, 

gender, BMI, and education income status, were included and controlled in the analyses 

to test racial/ethnic differences in cardiovascular responsiveness. Across the four 

different test periods - resting, orthostatic challenge, color-word Stroop test, and pain-

affect Stroop test, we found several consistent patterns in racial/ethnic differences on 

outcome measures.  

To our knowledge, this is the first study examining racial/ethnic differences in the 

multiple cardiovascular response measures with a large sample size of the four 

racial/ethnic groups, controlling for necessary covariates. This study adds to the 

knowledge that AAs and Asians had different cardiovascular responsiveness compared to 

NHWs in a healthy young adult population. The participants of this study were 

comparable across the racial/ethnic groups because they were recruited from university 

areas. 

AAs had higher BP compared to NHWs. This result supports what is already 

known of racial/ethnic differences in BP. However, it should be noted that we 

demonstrated the results among healthy young adults. AAs had lower HR/MAP index 

compared to NHWs, indicating greater cardioparasympathetic than cardiosympathetic 

tone. Conversely, Asians had higher HR/MAP index compared to NHWs. This result 

indicates that Asians demonstrated greater cardiosympathetic versus 

cardioparasympathetic tone. The HR/MAP ratio is a measure for baroreflex sensitivity. 

Baroreflex sensitivity is a capability to reflexively increase vagal activity and to decrease 
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sympathetic activity in response to a sudden increase in blood pressure (La Rovere et al., 

1998). Alterations in autonomic balance characterized by reduced vagal activity and 

resulting in relative sympathetic dominance have been reported as a predictor of cardiac 

mortality after myocardial infarction (La Rovere et al., 1998). Considering the higher 

prevalence of CVD and hypertension in AAs and lower prevalence in Asians compared 

to NHWs, one might expect opposite results from what we observed. The reasons for the 

observed racial/ethnic differences in baroreflex sensitivity are not known, we believe that 

this is the first study to report such differences using HR/MAP ratios by racial/ethnic 

group. However, this result suggests that other factors, such as behavioral, social, or 

emotional factors, would be important in explaining cardiovascular health disparities in 

the US.  

Regarding HRV, most of the measures did not show significant racial/ethnic 

differences. Only a few of the measures showed significant racial/ethnic differences; AAs 

had a lower LF and higher HF, and Asians had a lower LF compared to NHWs. Several 

studies reported lower HRV as indexed by LF (Liao et al., 1995), HF (Zion et al., 2003), 

and both LF and HF (Choi et al., 2006) in AAs compared to NHWs. However, the 

previous literature on racial/ethnic differences in HRV has been inconclusive because 

sample characteristics were diverse across the studies, and some important covariates 

were not included in the analyses. Relatively small sample size is another possible reason 

for the sparseness of the previous results and for difficulty comparing results with the 

present study. 

However, the findings of this study in sympathovagal balance, which was 

measured by LF/HF ratio, in both AAs and Asians were found to be more favorable 
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compared to the NHW group. Sympathovagal balance is a concept used to isolate 

sympathetic activity that recognizes both reciprocal and nonreciprocal parasympathetic 

and sympathetic influences on heart rate by computing the ratio between the LF and HF 

(Pagaani et al., 1996). AAs and Asians had lower LF/HF ratios compared to NHWs in 

our study, indicating that AAs and Asians had higher parasympathetic activity compared 

to the NHWs. Wang et al. (2005) reported similar results that AAs had lower LF/HF 

ratios than NHWs among a youth sample. Guzzetti et al. (2000) also reported lower 

LF/HF ratios in hypertensive AAs compared to hypertensive NHWs. Another study by 

Zion et al. (2003) revealed opposite findings with AAs having higher LF/HF ratios than 

non-African Americans among a young adult (aged 20’s) group. The results of the 

present study suggest that AAs are characterized by an increased parasympathetic 

influence on the heart compared with NHWs. This is in contrast with a suggested 

mechanism that a greater sympathetic drive in AAs might explain the greater prevalence 

of essential hypertension in AAs than in NHWs (Calhoun et al., 1993; Lang et al., 1997). 

Therefore, other mechanisms, including peripheral vascular resistance (Basset et al., 

1992), psychological status (stress, anxiety, or depression level) or other behavioral 

characteristics (e.g., smoking, exercise, or eating habits) might explain the greater 

prevalence in AAs of hypertension and CVDs. Altered vascular reactivity has been 

suggested to explain the high incidence of hypertension in AAs (Abate et al., 2001). 

Asians showed mixed results in sympathovagal balance (HR/MAP ratio vs. LF/HF ratio). 

This brings a question whether those parameters accurately measure sympathovagal 

balance for Asians. It has been reported that LF/HF ratio may not accurately measure 

sympathovagal balance, because of the complex nature of LF power and its poor 
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relationship to sympathetic activities, and the non-linear relationships between 

sympathetic and parasympathetic activity that are confounded by the mechanical effects 

of respiration (Billman, 2013). 

The observed racial/ethnic differences in cardiovascular responsiveness have 

persisted despite statistical adjustment for the covariates, and this is indicative of the 

important contribution of genetic factors. Genetic differences linked to polymorphic 

variations in alpha-adrenergic receptors having greater peripheral vascular sensitivity to 

norepinephrine (Lockette et al., 1998) and attenuations in beta-adrenergic receptor-

mediated vasodilation (Svetkey et al., 1997; Xie et al., 1999) have been suggested. Social 

and environmental factors, chronic stressors, including racial discrimination (Clark, 2000; 

Fang & Myers, 2001), unequal treatment and care quality (Guyll et al., 2001), and 

reduced social support (Diez-Roux et al., 2001) in racial/ethnic minorities may also play 

an important role in this cardiovascular health disparity.  

Several limitations of the present study need to be recognized. Statistical 

significance should be judged carefully as we conducted multiple comparisons with large 

sample size, even with Bonferroni adjustment. Also, we included only healthy young 

adults, and this might have influenced the results in finding any possible contributing 

factors on racial/ethnic differences in cardiovascular responsiveness. Older adults or 

patients with CVD that were excluded from this study might have different characteristics 

in cardiovascular responsiveness across racial/ethnic groups.  

3.6 Conclusion 

In conclusion, high BP in AAs has been confirmed among a healthy young adult 

population. Sympathetic overactivity directed to the heart, which could have explained 



 66

the greater prevalence of hypertension and CVD in AAs, was not observed in this study. 

This finding suggests that some other factor, genetic, psychosocial and/or behavioral risk 

factors, plays a more important role in cardiovascular health disparities. Asians had 

higher HR during Stroop tests and lower LF during orothostatic challenge and Strrop 

tests compared to NHWs. Hispanics did not have any significant differences in the 

cardiovascular responsiveness compared to NHWs. Further research is required to build 

more evidence for non-healthy and/or older population, as well as understudied Asians 

and Hispanics, on cardiovascular health disparity.  
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Chapter 4: Racial/ethnic differences in Experimental Pain Sensitivity and 

Associated Factors – Cardiovascular Responsiveness and Psychological Status  

4.1 Introduction 

Pain is a major health problem in the US, with greater than 120 million (55.7%) 

adults in the US are estimated to report some level of pain in the previous 3 months, 

including chronic pain (Nahin, 2015). Racial and ethnic disparities related to pain in the 

US have been studied widely; greater levels of chronic pain (Edwards et al., 2001; Glover 

et al., 2012; Goodin et al., 2014) and lower quality acute, chronic, cancer, and palliative 

pain care (Anderson et al., 2009) in ethnic minorities compared to NHWs were reported. 

The burden and adverse effects caused by chronic pain have been found to be greater in 

ethnic minorities, suggesting that ethnic minorities with pain have a lower quality of life 

(Green et al., 2003), higher depressive symptoms (Gagnon et al., 2014; Green et al., 2003; 

Hooten et al., 2012) and higher levels of disability (Bolen et al., 2010; Parmelee et al., 

2012; Tan et al., 2005).  

Quantitative Sensory Testing (QST) refers to a standardized assessment of 

thermal and mechanical pain sensitivity using precisely controlled stimulation protocols 

(Krumova et al., 2012).  QST measures have been found to be significantly associated 

with clinical pain, such that higher experimental pain sensitivity is associated with greater 

clinical pain expression (Cruz-Almeida et al., 2013; Edwards et al., 2001; Goodin et al., 

2014). Several studies have found differences in experimental pain sensitivity between 

ethnic groups: enhanced pain sensitivity to noxious stimuli in ethnic minorities (Edwards 

et al., 2001; Rahim-Williams et al., 2012), suggesting that experimental pain sensitivity 



 68

may contribute to the differences in clinical pain severity among different ethnic groups 

(Rahim-Williams et al., 2012).  

Interactions between the cardiovascular and pain regulatory systems have been 

tested and discussed in previous studies (Maixner, 1989, 1991; Maixner et al., 1997; 

Randich & Maixner, 1984). Elevated blood pressure is known to be associated with 

decreased acute pain sensitivity (hypoalgesia) in hypertensive and normotensive healthy 

individuals (al’Absi et al., 2000; Bruehl et al., 2005; Campbell et al., 2004). Greater low-

frequency heart rate variability (HRV) was associated with increased experimental pain 

sensitivity (Appelhans & Luecken, 2008). Decreased baroreflex sensitivity has also been 

reported to be associated with increased pain sensitivity (Guasti et al., 2002). Differences 

in the association between cardiovascular response and pain sensitivity could be a 

potential mechanism to explain the ethnic differences in pain sensitivity. Evidence shows 

greater pain sensitivity in AAs compared to NHWs, as well as a greater prevalence of 

hypertension in this group (Campbell et al., 2004). While higher blood pressure has been 

associated with lower pain sensitivity, there may be other related factors that promote 

higher pain sensitivity in AAs. 

Several psychological factors have been shown to influence pain sensitivity, and 

they may have differential effects across different racial/ethnic groups. As one example, 

negative emotional symptoms (e.g., anxiety, depression) have been reported to be 

associated with an individual’s pain, such that higher negative emotion is associated with 

higher pain intensity rating (Gatchel et al., 2007). Previous studies report that 

psychological status, including acculturation (Chan et al., 2013; Schwartz et al., 2010), 

pain catastrophizing (Forsythe et al., 2011; Hsieh et al., 2010; Sullivan et al., 2001), 
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coping (Hastie et al., 2004; Meints & Hirsh, 2015), and negative emotional states (Baker 

et al., 2008, 2011; Green et al., 2003; Hooten et al., 2012; Lee et al., 2013; Mok & Lee, 

2008; Sjors et al., 2011) is significantly associated with ethnic differences in pain 

sensitivity. Racial/ethnic minorities showed higher levels of psychological distress (Kim 

et al., 2014; Forsythe et al., 2011; Hsieh et al., 2010; Sullivan et al., 2001), and this is 

associated with higher pain sensitivity in racial/ethnic minorities compared to NHWs 

(Baker et al., 2008, 2011; Green et al., 2003; Hooten et al., 2012). 

4.2 Purpose 

The specific mechanisms underlying ethnic differences in pain sensitivity remain 

unclear, although, the aforementioned studies suggest a role for psychological and 

cardiovascular factors.  The purpose of this study is to evaluate mediation effects of 

psychological status and cardiovascular responsiveness to ethnic differences in 

experimental pain sensitivity. Additionally, most studies evaluating ethnic differences in 

pain sensitivity focused on comparing AAs to NHWs (Rahim-Williams et al., 2012).  The 

current report includes more diverse racial/ethnic groups, including AAs, Asians, 

Hispanics, and NHWs in the US.  

4.3 Methods 

The design of this secondary data analysis is cross-sectional, descriptive 

correlational using the Orofacial Pain Prospective Evaluation and Risk Assessment Study 

(OPPERA). The OPPERA study is a prospective cohort study designed to investigate the 

etiology of first-onset temporomandibular disorder (TMD). Its detailed methodology is 

described elsewhere [58]. This study used the baseline data of 3,159 individuals included 

four racial/ethnic groups (NHW: 1,637, AA: 1,012, Asian: 299, and Hispanic: 211). The 
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participants were TMD-free at baseline, aged 18 to 44 years, fluent in written and spoken 

English, not receiving orthodontic treatment, not pregnant or nursing, had negative 

responses to each of 10 questions about significant medical conditions, and had no 

history of facial injury or surgery. From May 2006 to November 2008, participants were 

recruited from communities in and around academic health centers at 4 US study sites 

(Baltimore, MD; Buffalo, NY; Chapel Hill, NC; and Gainesville, FL). 

Race/ethnicity was measured using a self-reporting question: “what is your race 

or racial/ethnic group?” The first option was Hispanic or non-Hispanic, and then for non-

Hispanic groups were divided into NHW, AA, Asian, Native Hawaiian or Other Pacific 

Islander, American Indian or Alaskan Native. For this research, we included participants 

who answered their race/ethnicity as NHW, AA, Hispanic, or Asian. 

Three modalities of pain were tested using QST - pressure pain, mechanical 

cutaneous pain, and heat pain – as described in detail elsewhere (Greenspan et al., 2011). 

Briefly, pressure pain threshold (PPT) was assessed in five body sites (temporalis muscle, 

masseter muscle, temporomandibular joint, trapezius muscle, and flexor carpi ulnaris) 

bilaterally using a pressure algometer (Somedic; Horby, Sweden). For mechanical 

cutaneous pain sensitivity, threshold, suprathreshold pain intensity ratings, aftersensation 

ratings, and temporal summation were measured using a set of weighted probes (2mm 

diameter, and 8-512 mN forces). Contact heat stimuli were applied to the ventral forearm 

using the Pathway thermal stimulator (Medoc; Ramat Yishai, Israel). Heat pain threshold, 

tolerance, single stimulus pain intensity ratings, summed ratings of 10 stimuli in a row 

(area under curve), thermal aftersensations, and temporal summation were measured. The 
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suprathreshold ratings, aftersensations, and temporal summation measures were collected 

separately for stimulus intensities of 46°, 48°, and 50°C.   

Cardiovascular responsiveness was measured in 5 stages: 1) a rest period that 

followed a physical examination (20 minutes); 2) an orthostatic challenge period that 

followed stage 1 (5 minutes); 3) a rest period that followed assessments of thermal and 

mechanical pain sensitivity (10 minutes); 4) a traditional Stroop Color-Word test period 

immediately following stage 3 (5 minutes); and 5) a Stroop Pain-Affect period 

immediately following stage 4 (5 minutes). At the beginning of the first stage, a blood 

pressure cuff was placed on the upper left arm and was inflated with a Datascope 

Accutorr Plus blood pressure monitor (Datascope Inc, Mahwah, NJ).  

Blood pressure ((BP)—systolic (SBP) and diastolic (DBP)—mean (MAP) 

pressures), and HR measures were assessed every 2.5 minutes during the 20-minute rest 

period. During the orthostatic period, BP and HR were recorded within 30 seconds of 

standing and every 1-minute for the next 5 minutes. Throughout the 3, 4, and 5 periods, 

BP and HR were assessed every 1-minute. MAP was calculated using the following 

formula: MAP=(SBP+2*DBP)/3. The ratio of HR/MAP was computed as a measure of 

baroreflex sensitivity, the relative balance of cardiosympathetic versus 

cardioparasympathetic (vagal) tone. Higher values reflect greater cardiosympathetic 

versus vagal tone (Maixner et al., 2011).  

HRV, the oscillation in the interval between consecutive heartbeats, was assessed 

with a 3- lead BioCom model 3000 Heart Rhythm Scanner (Biocom Technologies. 

Poulsbo, WA). Two time domain HRV measures, SDNN (Standard deviation of normal-

to-normal [N-N] intervals) and RMSSD (root-mean-square of the differences between 
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successive N-N intervals), and three frequency domain HRV measures, VLF (very low 

frequency), LF (low frequency), and HF (high frequency), along with TP (total power), 

were calculated. The detailed methodology for cardiovascular measures is described 

elsewhere (Maixner et al., 2011). 

A battery of psychological questionnaires was administered before the baseline 

clinical visit via paper form or electronic PDF version. Depression was measured using 

the depression subscale of the Symptom Check List (SCL) 90-Revised (Derogatis, 1994). 

In total, 90 items were asked to report the extent to which participants have been bothered 

on a 5 point Likert scale (not at all, a little bit, moderately, quite a bit, extremely). 

Psychological distress is measured by nine subscales: Somatization, Obsessive-

Compulsive, Interpersonal Sensitivity, Depression, Anxiety, Hostility, Phobic Anxiety, 

Paranoid Ideation, and Psychoticism. Previous studies of factor analysis of this tool 

revealed both a single factor and multiple factor structures (Elliott et al., 2009; Paap et al., 

2011). Test-retest reliability was ranged from .78 to .90 in a previous study (Derogatis, 

1994). The original scores of 13 depression subscale items were used for the analysis. 

Internal consistency and validity for depression subscale also tested previously 

(Hyphantis et al., 2014; Naraghi & Atari, 2015). Internal consistency of the present study 

sample was good (Cronbach’s alphas for NHWs, AAs, Asians, and Hispanics 

were .87, .90, .92, and .87).  

The State-Trait Anxiety Inventory includes two 20-item questionnaires for each 

state and trait anxiety (Spielberger et al., 1983). Participants are asked to indicate either 

how they “generally feel” (trait anxiety) or how they “feel right now” (state anxiety), 

using a 4-point Likert scale (not at all, somewhat, moderately so, extremely so). Test-
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retest reliability for the Trait Anxiety Scale was ranged from .73 to .86, and less stable for 

State Anxiety Scale because of its transitory nature of anxiety states (Spielberger et al., 

1983). Internal consistency in the sample of each racial/ethnic group for both scales was 

high (Cronbach’s alphas for NHWs, AAs, Asians, and Hispanics were .91, .92, .91, 

and .88 for Trait Anxiety, and .93, 92, 93, and 92 for State Anxiety).  While the trait 

anxiety form was filled out along with the rest of the questionnaires described here prior 

to the clinic visit, the state anxiety form was filled out at the start of the clinic visit. 

The Perceived Stress Scale (PSS) measures the degree to which individuals 

appraise situations as stressful, and the extent to which individuals perceived themselves 

capable of coping with the situations. Participants are asked to indicate how often they 

felt or thought that way in the past month using a 5-point Likert scale for each item, in 

total ten items (never, almost never, sometimes, fairly often, very often). The total scores 

by summing the numerical weights of each item (after reverse scoring 4 of the items) 

were used for the analysis. Construct validity of the tool has been tested (Cohen et al., 

1983). Internal consistency of the present sample was good (Cronbach’s Alphas for 

NHWs, AAs, Asians, and Hispanics were .87, .84, .87, and .82, respectively). 

The Coping Strategy Questionnaire-Revised (CSQ-R) is a revised version of the 

original CSQ (Rosenstiel et al., 1983), and is comprised of 27 items asking how 

individuals cope with pain. Participants were asked to indicate the frequency of their 

engagement in specific coping activities when experiencing pain using a 7-point Likert 

scale, ranging from 0 (never do that) to 6 (always do that). There are six subscales of pain 

coping strategies of diverting attention, catastrophizing, praying and hoping, ignoring 

pain sensations, reinterpreting pain sensations, reinterpreting pain sensations, and coping 
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self-statements. Catastrophizing subscale is identical to the Helplessness scale from the 

Pain Catastrophizing Scale (PCS). Therefore, we excluded this subscale from the 

analyses. Previously, the stable factor structure of the scale was reported in both people 

with chronic pain and healthy populations (Hastie et al., 2011; Riley et al., 1997), and for 

diverse racial/ethnic groups (Hastie et al., 2004). The internal consistency of the present 

study sample was good (Cronbach’s Alphas for NHWs, AAs, Asians, and Hispanics 

were .88, .92, .89, and .88). 

PCS consists of 13 items rated on a 5-point Likert scale, ranging from 0 (not at all) 

to 4 (all the time). Participants are asked to indicate the degree to which they have 

specified feelings and thoughts when experiencing pain. The instrument measures three 

dimensions of catastrophizing—rumination, magnification, and helplessness. A total 

score is calculated by summing the three subscales. The PCS has been validated for both 

clinical and healthy individuals (Osman et al., 2000; Sullivan et al., 1995). Also, the PCS 

has been previously tested in various racial/ethnic groups (Hsieh et al., 2010). Internal 

consistency estimates in the present study sample were very good (Cronbach’s Alphas for 

NHWs, AAs, Asians, and Hispanics were .93, .94, .94, and .92, respectively). 

The OPPERA study originally reviewed and approved by the institutional review 

board at each of the four study sites and the data coordinating center, Battelle Memorial 

Institute. Exemption review with minimal risk was approved from the University of 

Maryland IRB for the present study (HP-00064840).  

Statistical Analyses 

Descriptive analysis was conducted to check normality of the data. Among the 

HRV measures, TP, LF, VLF, and HF were log transformed because of high skewness. 
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Principal component analysis (PCA) was conducted separately for each of the three types 

of data to reduce the number of variables of pain sensitivity, cardiovascular 

responsiveness, and psychological status. Several rotation methods (e.g., promax or 

varimax) were conducted to compare the interpretability of the resulting PCA loadings. 

Extracted components were used in subsequent multivariable analyses to examine 

racial/ethnic differences before testing mediation.  

PCA models 

Heat pain threshold and tolerance, PPT, and mechanical cutaneous pain threshold 

were not included in the PCA model, but instead analyzed separately. This was done 

because our systematic review and meta-analysis on racial/ethnic differences in 

experimental pain sensitivity (Kim et al., manuscript in preparation) found specific 

patterns of racial/ethnic differences for these pain sensitivity measures. Therefore, we 

aimed to investigate these measures separately in our analyses to find possible 

mechanisms to explain these previously described measure-specific variations.  All other 

27 measures, (which are suprathreshold pain intensity ratings, aftersensation ratings, and 

temporal summation measures for mechanical and thermal stimuli) were included in a 

PCA analysis for data reduction. 

For cardiovascular responsiveness measures, we excluded variables derived from 

1 or more of the underived variables (e.g., delta values of BP and HR during the 

orthostatic period from the values obtained during the rest period - Orthostatic ΔSBP, 

ΔDBP, ΔMAP, ΔHR, and HR/MAP index) from the PCA model because the inclusion of 

such variables would generate both computational and interpretative difficulties. All 
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other 40 measures were included in a PCA analysis. For psychological status measures, 

all the 12 variables selected for this study were entered to a PCA analysis. 

Process of mediation model building 

First, descriptive analyses of the extracted components from PCA models were 

conducted; two of the pain sensitivity components (Heat Pain Aftersensations and 

Mechanical Cutaneous Pain Ratings / Aftersensations) were skewed and log transformed.  

Next, racial/ethnic differences in pain sensitivity, psychological status, and 

cardiovascular responsiveness were tested to find possible mediators for the final model 

building. Linear mixed models nested by study site were used to test racial/ethnic 

differences. Gender, age, BMI, and education and income level were included as 

covariates in the analyses. Bonferroni’s method was used to adjust p-values for multiple 

comparisons to adjust Type I error.  

Second, components that showed significant differences among racial/ethnic 

groups were selected for further mediation analyses. Final models were built using 

structural equation modeling (SEM) with maximum likelihood estimation method. One 

of the advantages of using SEM is that multiple mediators can be used in a single analysis 

[26]. All components that showed significant racial/ethnic differences were entered into 

the final models. Whether observed patterns in the data are compatible with the proposed 

mediation hypotheses can be tested using SEM (Kievit et al., 2014). We used the 

following guidelines for judging good data-model fit: RMSEA < 0.06, CFI ≥ 0.95, and 

SRMR ≤ 0.08 (Hooper et al., 2008). The bias-corrected bootstrap confidence interval (CI) 

method was used for inferential tests of the indirect effects in mediation analysis because 

it is a nonparametric procedure that does not assume that the indirect effects are normally 
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distributed (Preacher & Hayes, 2004). Five thousand bootstrap replications were 

performed to create a bootstrap sample for estimating the indirect effect of mediation 

analysis. If a bootstrap 95 % CI includes 0, then the indirect effect is considered not 

significant. Age, gender, BMI, study site, and education and income level were entered 

into the model simultaneously. All analyses were performed using STATA 13.1 

(StataCorp, Texas, USA).  

4.4 Results 

Demographic characteristics of the four ethnic groups are described in Table 8 in 

Chapter 3.  

PCA results 

Pain sensitivity 

We examined a scree plot to estimate the number of components to include in our 

PCA model of QST measures (Figure 5). We fit PCA models using the five components 

with eigenvalues greater than one, explaining 78.8% of the variance. Varimax rotations 

increased the interpretability of the resulting PCA loadings (Table 13). The first 

component, accounting for 20% of the variance, labeled Heat Pain Rating (HPR), 

includes high loadings from first pain ratings and area under the curve (AUC) of heat 

pain stimuli. The second component, labeled Heat Pain Aftersensation (HPA), based on 

high loadings from pain ratings after 15 seconds and 30 seconds from the heat pain 

stimuli, accounted for an additional 20% of the variance. The third component, Heat Pain 

Temporal Summation (HPTS), accounted for an additional 16% of the variance and 

included high loadings for measures of windup (delta heat pain ratings from maximum 

pain rating – first rating) and slope of the regression line of the first three heat pain 
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ratings. The fourth component is labeled Mechanical Cutaneous Pain Ratings and 

Aftersensations (MCPRA) and accounted for an additional 16% of the variance and is 

based on high loadings from mechanical pain ratings and aftersensations of mechanical 

pain stimuli. The fifth component is labeled Mechanical Cutaneous Pain Temporal 

Summation (MCPTS) and accounted for an additional 7% of the variance, and is based 

on high loadings from windup of mechanical cutaneous pain stimuli. The Cronbach’s 

alpha values for these five components were high – ranging from .80 to 96 – indicating a 

good reliability of this model. 

 

 

Figure 5. Scree plot for the principal components analysis of pain sensitivity measures 
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Table 13. Component loadings for principal component analysis (PCA) model for pain sensitivity  

  Comp. 1 Comp. 2 Comp. 3 Comp. 4 Comp. 5 

Single stimulus ratings 

   256mN probe .116 -.133 -.015 .394 -.016 

   512nM probe .141 -.111 -.011 .378 .026 

Aftersensation ratings 
     

   15s, 256mN probe -.057 .015 .002 .454 .006 

   30s, 256mN probe -.068 .033 .003 .441 -.066 

   15s, 512mN probe -.028 .081 .015 .381 .063 

   30s, 512mN probe -.045 .104 .011 .379 -.011 

Temporal Summation 
     

   256mN probe -.016 -.028 -.021 .082 .662 

   512mN probe .009 .022 .010 -.065 .730 

Single stimulus ratings 
     

   46 °C .404 .002 -.125 .013 -.042 

   48 °C .421 .003 -.114 -.007 .007 

   50 °C .410 .011 -.065 -.028 .002 

Ratings of 10 stimuli: area under curve 
    

   46 °C .388 .007 .090 .009 .001 

   48 °C .393 .014 .124 -.004 .006 

   50 °C .357 .016 .142 -.012 .011 

Thermal aftersensations 
     

   15s, 46 °C .046 .374 -.004 .005 -.037 

   30s, 46 °C .031 .392 .003 .004 .029 

   15s, 48 °C .005 .392 .007 .005 .036 

   30s, 48 °C .002 .399 -.009 .002 -.044 

   15s, 50 °C .004 .417 -.006 -.006 .008 

   30s, 50 °C -.027 .411 .001 .008 .012 

Temporal summation: highest minus first rating 
   

   46 °C -.001 .004 .388 -.015 .061 

   48 °C -.020 .008 .429 -.007 -.024 

   50 °C -.070 .006 .411 .014 -.034 

Temporal summation: slope of line for first three ratings 
   

   46 °C .065 -.023 .323 -.004 .070 

   48 °C .038 -.008 .392 -.005 -.021 

   50 °C -.010 -.009 .400 .019 -.039 

Cummulative variance .20 .40 .56 .72 .79 

Cronbach's alpha .96 .94 .91 .90 .80 

Note. Numbers in bold reflect the highest loading for each variable. 
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Cardiovascular responsiveness 

We examined a scree plot to estimate the number of components to include in our 

model of cardiovascular measures (Figure 6). We fit PCA models using the six 

components with eigenvalues greater than one; however, the interpretability of the 

resulting loadings was poor, even after several rotation methods were applied. For 

example, the loading difference between the highest and next highest components of both 

Stroop SNDD and TP was less than .100. Therefore, we fit the PCA model using the five 

strongest components with varimax rotation, and the PCA loading interpretability 

improved over the 6-component model (Table 14). In total, 76% of the variance was 

explained by the five components. The first component, accounting for 21% of the 

variance, labeled Stroop HRV, includes high loadings from both time and frequency 

domains collected during both Stroop Color-Word and Pain Affect tests. The second 

component, labeled Blood Pressure (BP), based on high loadings from SBP, DBP, and 

MAP obtained during Rest and Stroop tests, accounted for an additional 17% of the 

variance. The third component, Heart Rate (HR), accounted for an additional 15% of the 

variance and included high loadings for measures of HR across all protocols (Rest, 

Orthostatic, and Stroop). The fourth component is labeled Baseline HRV and accounted 

for an additional 16% of the variance and is based on high loadings from both time and 

frequency HRV domains collected during the resting period. The fifth component is 

labeled Orthostatic HRV and accounted for an additional 11% of the variance and is 

based on high loadings from both time and frequency HRV domains collected during the 

orthostatic challenge period. The Cronbach’s alpha values for these five components 

were high – ranging from .89 to 96 – indicating a good reliability of this model. 
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Figure 6. Scree plot from principal component analysis of cardiovascular responsiveness 
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Table 14. Component loadings for principal component analysis (PCA) model for cardiovascular 

responsiveness 

  Comp. 1 Comp. 2 Comp. 3 Comp. 4 Comp. 5 

Mean SBP .021 .316 -.014 .006 -.039 

Mean DBP .002 .273 .015 -.027 -.039 

Mean MAP .013 .318 .000 -.009 -.042 

Mean HR .023 .021 .334 -.110 -.001 

Stroop Color-Word Mean SBP .005 .345 -.006 .012 .018 

Stroop Color-Word Mean DBP -.015 .335 .009 .000 .006 

Stroop Color-Word Mean MAP .000 .364 -.004 .002 .012 

Stroop Color-Word Mean HR -.031 .000 .395 .017 .031 

Stroop Pain-Affect Mean SBP .004 .344 -.007 .021 .019 

Stroop Pain-Affect Mean DBP -.021 .326 .018 .002 .008 

Stroop Pain-Affect Mean MAP -.005 .362 -.003 .007 .013 

Stroop Pain-Affect Mean HR -.030 -.002 .401 .036 .022 

Baseline Mean HR .018 .014 .329 -.085 -.003 

Baseline SDNN .007 .001 -.027 .397 -.017 

Baseline RMSSD .023 -.007 -.039 .293 -.042 

Baseline LogTP -.011 .006 .008 .458 .008 

Baseline LogVLF -.044 .018 -.041 .380 .037 

Baseline LogLF -.011 .016 .037 .433 .022 

Baseline LogHF .035 -.025 .043 .393 -.022 

Orthostatic Mean HR .045 -.039 .332 .073 -.122 

Orthostatic SDNN -.007 .007 -.050 -.014 .420 

Orthostatic RMSSD .064 .023 .004 -.867 .322 

Orthostatic LogTP -.024 -.007 .003 .025 .462 

Orthostatic LogVLF -.053 -.008 -.063 .016 .398 

Orthostatic LogLF -.008 -.016 .067 .049 .414 

Orthostatic LogHF .067 .017 .059 -.037 .370 

Stroop Color-Word Mean HR -.000 .004 .396 .009 .009 

Stroop Color-Word SDNN .329 .009 -.002 -.015 -.009 

Stroop Color-Word RMSSD .320 .009 -.029 -.048 -.055 

Stroop Color-Word LogTP .292 -.002 .014 .039 .025 

Stroop Color-Word LogVLF .196 .002 -.012 .051 .044 

Stroop Color-Word LogLF .260 -.000 .058 .048 .050 

Stroop Color-Word LogHF .304 -.022 -.008 .008 -.025 

Stroop Pain-Affect Mean HR -.010 .001 .404 .023 .009 

Stroop Pain-Affect  SDNN .318 .002 -.005 -.027 .000 

Stroop Pain-Affect  RMSSD .329 .007 -.040 -.064 -.036 

Stroop Pain-Affect  LogTP .288 -.005 .001 .030 .023 

Stroop Pain-Affect  LogVLF .183 .002 -.032 .047 .034 

Stroop Pain-Affect  LogLF .254 -.005 .050 .053 .040 

Stroop Pain-Affect  LogHF .306 -.014 -.016 -.006 -.020 

Cummulative variance .21 .39 .53 .65 .76 

Cronbach's alpha .94 .96 .96 .89 .89 

Note. Numbers in bold reflect the highest loading for each variable. 
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Psychological Status 

We examined a scree plot to estimate the number of components to include in our 

PCA model of psychological measures (Figure 7). We fit PCA models using the three 

components with eigenvalues greater than one, explaining 65.1% of the variance. Promax 

rotations increased the interpretability of the resulting PCA loadings (Table 15). The first 

component, accounting for 33% of the variance, labeled Negative Emotions (NE), 

includes high loadings from state and trait anxiety, depression, and stress. The second 

component, labeled Pain Catastrophizing (PC), based on high loadings from rumination, 

magnification, helplessness from PCS, and praying from CSQ, accounted for an 

additional 20% of the variance. The third component, Pain Coping, accounted for an 

additional 12% of the variance and included high loadings for the remaining subscales of 

CSQ: distraction, distancing, ignoring, and coping self-statement. The Cronbach’s alpha 

values for these three components were acceptable (ranged from .73 to .89). 

 

Figure 7. Scree plot from principal component analysis of psychological status measures 
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Table 15. Component loadings for principal component analysis (PCA) model for 

psychological status 

  Comp. 1 Comp. 2 Comp. 3 

Anxiety 

   State (present) anxiety .490 -.044 -.012 

   Trait (general) anxiety .530 .024 .002 

Depression .451 .060 .039 

Perceived stress scale .502 .023 .010 

Pain catastrophizing scale 
   

   Rumination -.014 .554 -.065 

   Magnification .043 .501 -.025 

   Helplessness .049 .528 -.058 

Pain coping questionnaire 
   

   Distraction -.036 .131 .437 

   Distancing -.080 -.005 .472 

   Ignoring .040 -.217 .530 

   Coping self-statement -.049 -.004 .513 

   Praying -.091 .316 .195 

Cummulative variance .33 .53 .65 

Cronbach's alpha .85 .89 .73 

Note. Numbers in bold reflect the highest loading for each variable. 

 

Racial/ethnic differences in Pain sensitivity 

Among the PCA components, HPR were significantly different between NHWs 

and the other racial/ethnic groups, reflecting that NHWs provided lower pain ratings than 

AAs (β = 1.000 p < .001), Asians (β = .950, p < .001), and Hispanics (β = .717, p < .001) 

(Table 16). HPA, MCPRAS, and MCPTS were significantly different for AAs and 

Asians compared to NHWs; AAs and Asians provided higher ratings than NHWs in HPA 

(β  = .172, p < .001; β = .123, p = .001, respectively), in MCPRAS (β = .151, p < .001; β 

= .294, p < .001, respectively), and in MCPTS (β = .365, p < .001; β = .698, p < .001, 

respectively). Among the individually evaluated variables, no significant racial/ethnic 

differences were found for heat pain threshold, PPT or HPTS. But, AAs (β = -.632, p 

< .001) and Asians (β = -1.009, p < .001) had lower heat pain tolerance than did NHWs. 
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Asians had lower mechanical cutaneous pain thresholds than did NHWs (β = -53.501, p 

< .001). 

Table 16. Linear mixed models to test racial/ethnic differences in pain sensitivity 

    Coef. SE z p 

Heat pain ratings (PCA Comp.1) 
    

African Americans 1.000 .128 7.83 <.001 

Asians .950 .176 5.41 <.001 

Hispanics .717 .180 3.98 <.001 

Heat pain aftersensation (PCA Comp.2, log transformed) 
  

African Americans .172 .028 6.18 <.001 

Asians .123 .038 3.20 .001 

Hispanics .085 .039 2.16 .031 

Heat pain temporal summation (PCA Comp.3) 
   

African Americans .131 .126 1.04 .298 

Asians .188 .174 1.08 .280 

Hispanics .140 .178 .78 .434 

Mechanical cutaneous pain ratings and aftersensation (PCA Comp.4, log transformed) 
 

African Americans .151 .029 5.27 <.001 

Asians .294 .039 7.46 <.001 

Hispanics .094 .040 2.33 .020 

Mechanical cutaneous pain temporal summation (PCA Comp.5) 
  

African Americans .365 .077 4.71 <.001 

Asians .698 .107 6.55 <.001 

Hispanics .192 .109 1.76 .079 

Heat pain tolerance 
    

African Americans -.632 .126 -5.00 <.001 

Asians -1.009 .175 -5.77 <.001 

Hispanics -.374 .184 -2.03 .042 

Heat pain threshold 
    

African Americans .218 .197 1.11 .268 

Asians -.622 .259 -2.40 .017 

Hispanics .080 .267 .30 .763 

Pressure pain threshold 
    

African Americans 3.982 4.749 .84 .402 

Asians -10.405 6.520 -1.60 .111 

Hispanics 4.829 7.016 .69 .491 

Mechanical cutaneous pain threshold 
    

African Americans -4.123 9.421 -.44 .662 

Asians -53.501 12.826 -4.17 <.001 

Hispanics -20.528 13.871 -1.48 .139 

Note. Models were nested by study site, reference group was non-Hispanic whites, covariates: age, 

gender, and income & education level; numbers in bold reflect significant p-values after Bonferroni 

correction. 
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Racial/ethnic differences in Cardiovascular Responsiveness 

 Among the PCA components, AAs had higher levels in BP than did NHWs (β = 

1.215, p < .001), and Asians had higher levels in HR compared to NHWs (β = .625, p 

= .002). Among the individually evaluated variables, there were no racial/ethnic 

differences in orthostatic delta SBP, DBP, MAP, and HR measures. HR/MAP index was 

lower in AAs compared to NHWs across all protocols. For Asians, HR/MAP index was 

higher compared to NHWs across all protocols. There were no significant differences 

between Hispanic and NHWs in any cardiovascular measure (Table 17). 
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Table 17. Linear mixed models to test racial/ethnic differences in cardiovascular responsiveness 

    Coef. SE z p 

Stroop Heart Rate Variability (PCA Comp.1) 
   

African Americans .333 .181 1.84 .066 

Asians -.475 .235 -2.02 .043 

Hispanics .010 .249 .04 .967 

Blood Pressure (PCA Comp.2) 
    

African Americans 1.215 .153 7.93 <.001 

Asians -.207 .199 -1.04 .298 

Hispanics -.385 .210 -1.83 .067 

Heart Rate (PCA Comp.3) 
    

African Americans .143 .152 .94 .349 

Asians .625 .198 3.15 .002 

Hispanics .278 .210 1.32 .186 

Baseline HRV (PCA Comp.4) 
    

African Americans -.232 .129 -1.80 .073 

Asians -.426 .168 -2.54 .011 

Hispanics -.179 .178 -1.01 .313 

Orthostatic HRV (PCA Comp.5) 
    

African Americans -.206 .130 -1.59 .113 

Asians -.312 .169 -1.85 .064 

Hispanics .220 .179 1.23 .217 

Orthostatic ΔSBP (first Orthostatic period SBP - resting mean SBP) 
  

African Americans -.802 .796 -1.01 .314 

Asians .238 1.070 .22 .824 

Hispanics .414 1.157 .36 .720 

Orthostatic ΔDBP (first Orthostatic period DBP - resting mean DBP) 
  

African Americans -.096 .523 -.18 .854 

Asians -1.170 .702 -1.67 .096 

Hispanics -.363 .761 -.48 .634 

Orthostatic ΔMAP (first Orthostatic period MAP - resting mean MAP) 
  

African Americans -.175 .539 -.33 .745 

Asians -.406 .722 -.56 .574 

Hispanics -.443 .780 -.57 .571 

Orthostatic ΔHR (first Orthostatic period HR - resting mean HR) 
  

African Americans -1.318 .791 -1.67 .095 

Asians -3.008 1.063 -2.83 .005 

Hispanics -2.457 1.153 -2.13 .033 
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Table 17. Linear mixed models to test racial/ethnic differences in cardiovascular responsiveness 

(Continued) 

    Coef. SE z p 

Baseline HR/MAP ratio 
    

African Americans -.030 .007 -4.26 <.001 

Asians .032 .009 3.37 .001 

Hispanics .024 .010 2.35 .019 

Color-Word Stroop HR/MAP ratio 
    

African Americans -.027 .007 -3.74 <.001 

Asians .034 .009 3.57 <.001 

Hispanics .022 .010 2.16 .031 

Pain-Affect Strrop HR/MAP ratio 
    

African Americans -.026 .007 -3.59 <.001 

Asians .040 .010 4.07 <.001 

  Hispanics .014 .010 1.34 .179 

Note. Models were nested by study site, reference group was non-Hispanic whites, covariates: 

age, gender, BMI, and income & education level; numbers in bold reflect significant p-values after 

Bonferroni correction. 

 

Racial/ethnic differences in Psychological status 

  Asians had higher levels in NE than did NHWs (β = .449, p < .001). AAs (β 

= .520, p < .001) and Asians (β = .548, p < .001) had higher levels of PC compared to 

NHWs (Table 18). Coping was also higher in racial/ethnic minorities; AAs, Asians, and 

Hispanics had high levels of coping than did NHWs (β = .445, p < .001; β = .489, p 

< .001; β = .352, p = .005, respectively).  
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Table 18. Linear mixed models to test racial/ethnic differences in psychological status 

    Coef. SE z p 

Negative emotions (PCA Comp.1; anxiety, depression, and stress) 
 

African Americans .021 .091 -.23 .816 

Asians .449 .125 3.59 <.001 

Hispanics -.055 .135 -.41 .681 

Pain catastrophizing (PCA Comp.2; rumination, magnification, helplessness, and praying) 

African Americans .520 .088 5.91 <.001 

Asians .548 .121 4.54 <.001 

Hispanics .129 .130 .00 .321 

Coping (PCA Comp.3; distraction, distancing, ignoring, and coping self-statements) 

African Americans .445 .085 5.22 <.001 

Asians .489 .117 4.18 <.001 

  Hispanics .352 .126 2.79 .005 

Note. Models were nested by study site, reference group was non-Hispanic whites, covariates: 

age, gender, and income & education level; numbers in bold reflect significant p-values after 

Bonferroni correction. 
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Final mediation models 

Separate mediation model analyses were conducted to evaluate QST differences 

between AAs – NHWs, Asians – NHWs, and Hispanics – NHWs. Pain sensitivity 

measures that showed significant racial/ethnic differences (AAs vs. NHWs - heat pain 

tolerance, HPR, HPA, MCPRAS, and MCPTS; Asians vs. NHWs - heat pain tolerance, 

mechanical cutaneous pain threshold, HPR, HPA, MCPRAS, and MCPTS; Hispanics vs. 

NHWs - HPR) were selected as outcome variables in the final models. All of the 

cardiovascular and psychological measures that showed significant racial/ethnic 

differences were entered into the final mediation model for each group. Therefore, BP, 

HR/MAP index, PC, and Coping were tested for their mediation effects on racial/ethnic 

differences in pain sensitivity between AAs and NHWs. HR, HR/MAP index, NE, PC, 

and Coping were entered for Asians to test mediation effects on racial/ethnic differences 

in pain sensitivity compared to NHWs. Coping was entered for Hispanics to test 

mediation effects on the racial/ethnic differences in pain sensitivity compared to NHWs. 

Age, gender, BMI, study site, and education and income level were entered in the models 

simultaneously as covariates. 

AAs versus NHWs 

PC was a significant mediator for AA-NHW differences in heat pain tolerance, 

HPR, HPA, MCPRAS, and MCPTS (Table 19). With respect to heat pain tolerance, 

Coping and HR/MAP index showed a significant “negative” mediating effect (Figure 8). 

Coping also showed a significant negative mediating effect for AA-NHW differences in 

HPR and MCPTS. The indices of the five models indicated good data-model fit (Table 

19). 
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Figure 8. Mediation model for AA-NHW differences in heat pain tolerance: 
Pain Catastrophizing (PC) mediated the association between AA-NHW differences in 
heat pain tolerance, indicating that heat pain tolerance were partially explained by higher 
PC in AAs. Coping and HR/MAP index negatively mediated the association, indicating 
that higher coping and lower HR/MAP index (higher baroreflex sensitivity) in AAs 
partially suppressed AA-NHW differences in heat pain tolerance; Full statistics are 
presented in Table 19; Age, gender, BMI, study site, and education and income level 
were entered as covariates. 
 

  

AA vs. 

NHW 

Heat pain 

tolerance 

PC 

Coping 

BP 

HR/MAP 

index 

.570 -.101 

.087 

1.201 

.443 

-.024 

.002 

-1.075 

-.629 
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Table 19. Multiple mediation models (African Americans vs. non-Hispanic whites) 

  Coefficient s.e. p Bootstrap 95% CI Data-Model Fit 

Heat pain tolerance 

χ² = 12.799, df = 

4, p = .012, 

RMSEA = 0.038, 

CFI = 0.994, SRMR 

= 0.008 

   Direct effect (c' path) -.629 .153 <.001 
 

   Indirect effect (via mediators) 
 

     PC  -.058 .024 -.115, -.018 

     Coping .039 .021  .005, .089 

     BP .003 .031 -.060, .062 

     HR/MAP index .026 .017   .001, .070 

Heat pain ratings 

χ² = 12.039, df = 

4, p = .017, 

RMSEA = 0.038, 

CFI = 0.994, SRMR 

= 0.009 

   Direct effect (c' path) .843 .150 <.001 

   Indirect effect (via mediators) 

     PC  .112 .031 .060, .182 

     Coping -.028 .017 -.073, -.003 

     BP .050 .031 -.006, .117 

     HR/MAP index .001 .016 -.031, .035 

Heat pain aftersensations 

χ² = 12.039, df = 

4, p = .017, 

RMSEA = 0.038, 

CFI = 0.993, SRMR 

= 0.009 

   Direct effect (c' path) .174 .032 <.001 

   Indirect effect (via mediators) 

     PC  .022 .007 .011, .038 

     Coping -.005 .003 -.013, .000 

     BP .008 .007 -.004, .022 

     HR/MAP index -.001 .003 -.008, .005 

Mechanical cutaneous pain ratings and aftersensations 

χ² = 12.039, df = 

4, p = .017, 

RMSEA = 0.038, 

CFI = 0.993, SRMR 

= 0.009 

   Direct effect (c' path) .148 .032 <.001 

   Indirect effect (via mediators) 

     PC  .023 .007 .011, .039 

     Coping -.002 .003 -.009, .004 

     BP -.002 .006 -.015, .011 

     HR/MAP index -.002 .003 -.009, .004 

Mechanical cutaneous pain temporal summation 

χ² = 12.039, df = 

4, p = .017, 

RMSEA = 0.038, 

CFI = 0.993, SRMR 

= 0.009 

   Direct effect (c' path) .356 .090 <.001 

   Indirect effect (via mediators) 

     PC  .054 .017 .026, .095 

     Coping -.028 .012 -.057, -.010 

     BP .009 .019 -.025, .050 

     HR/MAP index .006 .009   -.011, .027 

Note. Covariates: age, gender, BMI, study site, and education and income level; numbers in bold reflect 

significant results 
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Asians versus NHWs 

PC was a significant mediator for Asian-NHW differences in heat pain tolerance, 

HPR, HPA, MCPRAS, and MCPTS (Table 20). NE was another significant mediator for 

Asians-NHW differences in mechanical cutaneous pain threshold, HPR, HPA, and 

MCPRAS. Coping showed a significant negative mediating effect in Asians-NHW 

differences for heat pain tolerance, HPR, and MCPTS. The mediation model for heat pain 

ratings is seen in Figure 9. The indices of the six models indicated good data-model fit 

(Table 20). 

 

Figure 9. Mediation model for Asian-NHW differences in heat pain ratings: 
Negative Emotions (NE) and Pain Catastrophizing (PC) mediated the association 
between Asian-NHW and heat pain ratings, indicating that differences in heat pain 
ratings were partially explained by higher levels of NE and PC in Asians; Coping 
negatively mediated the association, indicating that higher Coping in Asians partially 
suppressed Asian-NHW differences in heat pain ratings; Full statistics are presented in 
Table 20; Age, gender, BMI, study site, and education and income level were entered as 
covariates. 

 

  

Asian vs. 

NHW 
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ratings 

PC 

Coping 

HR 

HR/MAP 

Index 

NE 

.472 

.583 

.429 

.631 

.040 

.770 
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.021 
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Table 20. Multiple mediation models (Asians vs. non-Hispanic whites) 

  Coefficient s.e. p Bootstrap 95% CI Data-Model Fit 

Heat pain tolerance 

χ² = 15.778, df 

= 6, p = .015, 

RMSEA = 

0.036, CFI = 

0.995, SRMR = 

0.012 

   Direct effect (c' path) -.981 .196 <.001 
 

   Indirect effect (via mediators) 
 

     NE -.108 .051 -.090, .013 

     PC  -.075 .032 -.156, -.025 

     Coping .050 .026 .012, .114 

     HR .012 .031 -.045, .083 

     HR/MAP index -.072 .046 -.183, .003 

Mechanical cutaneous pain threshold 

χ² = 17.323, df 

= 6, p = .008, 

RMSEA = 

0.039, CFI = 

0.994, SRMR = 

0.013 

   Direct effect (c' path) -.223 .085 .002 

   Indirect effect (via mediators) 

     NE -.026 .014 -.059, -.005 

     PC  -.014 .013 -.044, .008 

     Coping .007 .010 -.011, .030 

     HR .004 .013 -.021, .035 

     HR/MAP index -.009 .018 -.048, .025 

Heat pain ratings 

χ² = 15.044, df 

= 6, p = .020, 

RMSEA = 

0.036, CFI = 

0.995, SRMR = 

0.012 

   Direct effect (c' path) .770 .184 <.001 

   Indirect effect (via mediators) 

     NE .041 .026 .004, .114 

     PC  .114 .041 .049, .211 

     Coping -.034 .022 -.094, -.002 

     HR .013 .029 -.036, .084 

     HR/MAP index -.038 .038 -.129, .028 

Heat pain aftersensations 

χ² = 15.044, df 

= 6, p = .020, 

RMSEA = 

0.036, CFI = 

0.995, SRMR = 

0.012 

   Direct effect (c' path) .098 .038 .011 

   Indirect effect (via mediators) 

     NE .012 .006 .004, .027 

     PC  .019 .008 .006, .039 

     Coping -.005 .004 -.015, .002 

     HR .005 .006 -.005, .021 

     HR/MAP index -.008 .008 -.028, .007 

Mechanical cutaneous pain ratings and aftersensations 

χ² = 15.044, df 

= 6, p = .020, 

RMSEA = 

0.036, CFI = 

0.995, SRMR = 

0.012 

   Direct effect (c' path) .242 .041 <.001 

   Indirect effect (via mediators) 

     NE .009 .006 .001, .024 

     PC  .019 .009 .005, .040 

     Coping .001 .005 -.006, .012 

     HR -.006 .007 -.022, .004 

     HR/MAP index .013 .010 -.002, .036 
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Table 20. Multiple mediation models (Asians vs. non-Hispanic whites, Continued)  

  Coefficient s.e. p Bootstrap 95% CI Data-Model Fit 

Mechanical cutaneous pain temporal summation 

   Direct effect (c' path) .702 .112 <.001 
χ² = 15.044, df 

= 6, p = .020, 

RMSEA = 

0.036, CFI = 

0.995, SRMR = 

0.012 

   Indirect effect (via mediators) 

     NE .013 .013 -.001, .044 

     PC  .044 .021 .012, .097 

     Coping -.032 .015 -.071, -.009 

     HR -.014 .020 -.062, .019 

     HR/MAP index -.001 .024   -.050, .047 

Note. Covariates: age, gender, BMI, study site, and education and income level; numbers in bold 

reflect significant results. 

 

Hispanics versus NHWs 

Coping was not a significant mediator for Hispanic-NHW differences in HPR 

(indirect effect= -.001, Bootstrap 95% CI: -.036, .016). 
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4.5 Discussion 

The present study aimed to provide mechanistic explanations for the racial/ethnic 

differences in pain sensitivity, specifically related to cardiovascular responsiveness and 

psychological status. We hypothesized that racial/ethnic minorities would have higher 

experimental pain sensitivity compared to NHWs, and some features of cardiovascular 

responsiveness and psychological status would mediate the relationship between ethnicity 

and pain sensitivity. 

Racial/ethnic differences in experimental pain sensitivity 

In our analyses, AAs had lower heat pain tolerance and higher HPR, HPA, 

MCPRAS, and MCPTS compared to NHWs, while no differences were found for any 

threshold measure (pressure pain, heat pain, mechanical cutaneous pain) or for HPTS. A 

recent systematic review and meta-analysis of racial/ethnic differences in experimental 

pain sensitivity found significant differences in tolerance and suprathreshold pain 

intensity ratings but not in pain threshold between AAs and NHWs (Kim et al., 

manuscript in preparation). Regarding temporal summation of pain, we found mixed 

results in racial/ethnic differences by pain modality in the present study. MCPTS 

measures were significantly different between AAs and NHWs, while HPTS measures 

were not. Few studies have examined racial/ethnic differences in temporal summation 

and results are mixed by pain modalities and participant characteristics.  Among healthy 

adults, higher temporal summation was reported among AAs compared to NHWs for heat 

pain (Mechlin et al., 2011) and pressure pain (Riley et al., 2014), while no difference was 

found for ischemic pain (Palit et al., 2013). Studies of patients with OA reported that AAs 

had higher temporal summation compared to NHWs regardless of pain modalities, 
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including heat (Cruz-Almeida et al., 2014; Goodin et al., 2014), pressure (Cruz-Almeida 

et al., 2014), and mechanical cutaneous pain (Goodin et al., 2014).   

 Asians had a higher HPR, HPA, MCPRAS, and MCPTS, and a lower heat pain 

tolerance and mechanical cutaneous pain threshold compared to NHWs.  Previous studies 

indicated that Asians demonstrated higher pain sensitivity in suprathreshold pain ratings 

compared to NHWs, although the context and settings of Asian sample of the studies 

were diverse in terms of ethnicity and country of residence (Kim et al., manuscript in 

preparation). A few studies examined mechanical cutaneous pain thresholds between 

young healthy Asians (e.g., Japanese, Chinese) and Western ethnic groups (e.g., Danish, 

Belgian) and reported lower thresholds in Asians (Komiyama et al., 2007, 2009; Yang et 

al., 2013). In agreement with the current results, no difference in PPT was reported 

previously between young healthy Asians and NHWs (Goodin et al., 2013).   

Pain Catastrophizing, a strong mediator 

PC was a consistent mediator of racial/ethnic differences and pain sensitivity 

across many measures. Both AAs and Asians had higher pain sensitivity compared to 

NHWs (lower heat pain tolerance, higher HPR, HPA, MCPRAS, and MCPTS),– and PC 

was found to be a significant mediator in 10 of 11 pain sensitivity measures showing 

these racial/ethnic differences. 

At least two studies have reported the mediating effect of catastrophizing on 

racial/ethnic differences in pain tolerance and pain intensity (Forsythe et al., 2011; Hsieh 

et al., 2010). However, it has been noted that little focus on how PC relates to a specific 

type of pain was given in previous studies (Fabian et al., 2011). As discussed above, we 

found a mediation effect of PC on racial/ethnic differences in heat pain tolerance, HPR, 
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HPA, MCPRAS, and MCPTS in both AAs and Asians, compared with NHWs. However, 

PC was not a significant mediator of the association between Asians-NHWs differences 

and mechanical cutaneous pain threshold, although there were racial/ethnic differences in 

pain threshold between the two groups. This is the first study reporting such differences 

of effects of PC among the various pain sensitivity measures. The result of the present 

study suggests that PC is specifically mediating race/ethnicity differences for 

suprathreshold and affective pain responses. This idea is consistent with neuroimaging 

studies that show PC is associated with increased responses to noxious stimuli in brain 

areas related to attention to pain, anticipation of pain, and emotional aspects of pain 

(Gracely et al., 2004; Seminowicz & David, 2006). 

HR/MAP index and Coping as “negative” mediators between race/ethnicity and 

pain sensitivity 

Baroreflex sensitivity is a capability to increase parasympathetic activity and to 

decrease sympathetic activity in response to a sudden increase in blood pressure (La 

Rovere et al., 1998). Decreased baroreflex sensitivity (reduced parasympathetic activity, 

relative sympathetic dominance) is known as a predictor of cardiac mortality after 

myocardial infarction (La Rovere et al., 1998). HR/MAP index is a measure of baroreflex 

sensitivity, and higher values in HR/MAP indicate decreased baroreflex sensitivity 

(Maixner et al., 2011).  

AAs had a lower HR/MAP index, indicating greater parasympathetic than 

sympathetic tone compared to NHWs. A negative association between HR/MAP index 

and heat pain tolerance was found in the present study; in other words, higher HR/MAP 

index (decreased baroreflex sensitivity) was associated with lower pain tolerance 
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(hypersensitivity) to heat pain tolerance. This is in line with previous findings of low 

parasympathetic activation and high sympathetic activation (e.g., high HR/MAP index), 

associated with reduced pressure pain tolerance in somatoform patients (Pollatos et al., 

2011). Duschek et al. (2007) also reported a negative association between baroreflex 

sensitivity and pain intensity to cold pressor test in normotensive individuals. Increased 

BP causes increased baroreceptor stimulation, and this triggers descending pain 

inhibitory activity – lowering pain sensitivity (Bruehl et al., 2004; 2005). 

The mediation model to explain racial/ethnic differences in heat pain tolerance 

between AAs and NHWs revealed that HR/MAP index was a “negative” mediator on the 

association between race/ethnicity and heat pain tolerance. The negative mediation effect 

is a type of suppressor effect (Mascha et al., 2013). This indicates that the racial 

differences in heat pain tolerance could have been minimized with the indirect effect of 

the HR/MAP ratio. In other words, greater parasympathetic activities (lower HR/MAP 

ratios) in AAs compared to NHWs might have acted to decrease racial/ethnic differences 

in pain sensitivity by increasing heat pain tolerance in AAs.  

Coping also negatively mediated the association between race/ethnicity (AAs vs. 

NHWs) and heat pain tolerance. AAs had higher Coping than NHWs, and higher Coping 

was associated with lower pain sensitivity (higher heat pain tolerance). Similar to the 

negative mediation effect of HR/MAP index for AA-NHW differences in heat pain 

tolerance, Coping had a suppressor effect on the association between race/ethnicity and 

heat pain tolerance. This indicates that a higher utilization of coping strategies in AAs 

might have decreased pain sensitivity in AAs compared to NHWs, which would 

ultimately decrease racial/ethnic differences in pain sensitivity.  
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From a previous study examining mediation effect of coping, two subscales of the 

CSQ (Catastrophizing and Praying) had significant mediation effects on the racial/ethnic 

differences (AAs vs. NHWs) in pain tolerance to cold pressor pain (Meints & Hirsh, 

2015). Higher Catastrophizing and Praying in AAs compared to NHWs were associated 

with a lower pain tolerance in AAs (Meints & Hirsh, 2015). In our analyses, one of the 

CSQ subscales, Praying, was loaded higher in PC in our PCA analysis, and another 

subscale, Catastrophizing, was excluded because it is identical to the Hopelessness 

subscale of PCS. The results of the present study add to the literature by revealing the 

effects of the remaining four Coping subscales – Distraction, Distancing, Ignoring and 

Coping self-statement – on the racial/ethnic differences in pain sensitivity, which had 

suppressor effects on higher pain sensitivity in AAs. Coping negatively mediated the 

association between race/ethnicity and pain sensitivity not only for heat pain tolerance 

but also for HPR and MCPTS in both AAs and Asians (compared to NHWs). This result 

suggests that using the pain coping strategies in pain management for patients with 

chronic pain might be beneficial in decreasing clinical pain, especially for AAs and 

Asians, based on the significant association between experimental pain sensitivity and 

clinical pain (Rahim-Williams et al., 2012). 

Negative Emotions, a mediator for the association between race/ethnicity (Asians vs. 

NHWs) and pain sensitivity 

It has been shown that NE, such as depression, anxiety, and stress, are associated 

with higher pain sensitivity among patients with chronic pain (Baker et al., 2008, 2011; 

Green et al., 2003; Hooten et al., 2012; Lee et al., 2013; Mok & Lee, 2008; Sjors et al., 

2011). We found positive associations between NE and pain sensitivity in our analyses of 
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data from healthy young adults. NE mediated racial/ethnic differences (Asians vs. NHWs) 

in mechanical cutaneous pain threshold, HPR, HPA, and MCPRAS in our analyses. 

Asians had higher levels of NE compared to NHWs, and higher NE was associated with 

higher pain sensitivity. This was the first study that attempted to test the mediating effect 

of NE on racial/ethnic differences in pain sensitivity. This result is important especially 

for Asians in the US because higher rates of depression among Asian Americans in the 

community have been recently reported (Kim et al., 2015). Levels of depressive 

symptoms, anxiety, and stress should be considered and included for pain management 

programs to reduce racial/ethnic differences in clinical pain and improve pain 

management outcomes for Asians in the US.  

Limitations 

Some limitations should be recognized when interpreting the present results. First, 

we included ethnic minorities in the US who are fluent in English; therefore, 

generalizability of the results would be limited. A language barrier is one of the important 

factors in pain disparity (Green et al., 2003; Meghani, 2011; Riley et al., 2002). 

Accordingly, multi-lingual studies are needed to achieve a fuller representation of 

racial/ethnic minorities. Second, the participants were healthy young adults, and results 

may be different for non-healthy, or older populations. Based on the literature of the 

impact of clinical pain on pain sensitivity, more studies on patients with chronic pain 

conditions to examine racial/ethnic differences in pain sensitivity are needed. Specifically 

regarding the influence of cardiovascular responsiveness on the racial/ethnic differences 

in pain sensitivity, we were able to find only one measure (HR/MAP index) that has 

significant influence in our analyses. Further, the effect of HR/MAP index was in the 
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direction of reducing AA-NHW differences in heat pain tolerance, despite a significantly 

lower heat pain tolerance in AAs. This may be related with the participant characteristics 

– young healthy adults. However, AAs are known to have higher CVD and hypertension 

prevalence and mortality rate compared to the NHWs (AHA, n.d.). Therefore, 

comparable studies are required in patients with CVD or hypertension to evaluate the 

effects of putative mediating factors on racial/ethnic differences in pain sensitivity.  

4.6 Conclusion 

In conclusion, the current study provides several novel findings related to racial 

and racial/ethnic differences in experimental pain sensitivity and significant mediating 

factors. Racial/ethnic minorities (AAs and Asians) showed higher pain sensitivity in 

many suprathreshold pain measures, including heat pain tolerance, HPR, MCPRAS, and 

MCPTS, compared to NHWs. PC was a significant strong mediator of racial differences 

in pain sensitivity in our final models, even with consideration of other relevant 

mediators, including cardiovascular and other psychological factors. Decreased HR/MAP 

index (increased baroreflex sensitivity) in AAs compared to NHWs had a suppressing 

effect on the association between race/ethnicity and heat pain tolerance. Increased 

baroreflex sensitivity may reduce racial differences in heat pain tolerance between AAs 

and NHWs. We found evidence to support implementing coping skills in AAs and Asians 

as an effective strategy to reduce racial/ethnic differences in clinical pain by reducing 

differences in pain sensitivity. Asians had higher NE compared to NHWs, and higher NE 

was associated with higher pain sensitivity.  These identified mediators should be 

considered in pain management programs to implement better strategies to reduce clinical 

pain, especially for AAs and Asians in the US. Further clinical and experimental research 
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is required to increase our understanding of the suggested mechanisms explaining 

racial/ethnic differences in pain sensitivity found in the current study and to extend our 

findings to clinical pain populations.  
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Chapter 5: Summary, Strengths, Limitations, and Recommendations 

5.1 Summary 

 Chapters 2, 3, and 4 provide the three manuscripts that describe research 

conducted based on the purpose of this dissertation. The first manuscript titled 

“Racial/ethnic Differences in Experimental Pain Sensitivity: Systematic Review and 

Meta-analysis” described the current evidence on racial/ethnic differences in 

experimental pain sensitivity and tested the possible variations in estimates of SMDs by 

pain sensitivity measure, pain modality, and methodological/demographic factors. We 

found that racial/ethnic minorities had higher pain sensitivity compared to NHW, 

particularly lower pain tolerance, higher suprathreshold pain intensity ratings, and greater 

temporal summation of pain.  Meta-analyses revealed that the SMDs for pain threshold 

were small or non-significant, while significant SMDs were calculated for racial/ethnic 

differences in pain tolerance and suprathreshold pain ratings between AAs and NHWs.  

The second manuscript titled “Racial/ethnic Differences in Cardiovascular 

Responsiveness” examined racial/ethnic differences using the OPPERA study baseline 

dataset that included multiple measures of cardiovascular responsiveness (e.g., BP, HR, 

HR/MAP index, HRV). We found that AAs had higher BP compared to NHWs, and are 

characterized by an increased parasympathetic influence on the heart compared with 

NHWs. This is in contrast with a suggested mechanism to explain greater prevalence of 

hypertension in AAs. Asians had higher HR and lower LF compared to NHWs. Hispanics 

did not have significant differences compared to NHWs in any of the cardiovascular 

response measures.  
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The final manuscript titled “Racial/ethnic Differences in Experimental Pain 

Sensitivity and Associated Factors – Cardiovascular Responsiveness and Psychological 

Status” aimed to evaluate the contribution of psychological and cardiovascular factors to 

racial/ethnic differences in experimental pain sensitivity. Main findings are described 

below. 

Racial/ethnic differences in experimental pain sensitivity 

 Our analysis showed that AAs had lower heat pain tolerance, and higher HPR, 

HPA, MCPRAS, and MCPTS compared to NHWs. No differences were found in heat 

pain threshold, mechanical cutaneous pain threshold, PPT, and HPTS between the two 

groups. These results are consistent with what we found in our systematic review and 

meta-analysis: significant and large differences in tolerance and suprathreshold pain 

intensity ratings but not in pain threshold. Mixed results in racial/ethnic differences in 

temporal summation were found in our analyses; MCPTS was significantly different 

between AAs and NHWs, while HPTS was not significantly different.  

 Asians had lower heat pain tolerance and mechanical cutaneous pain threshold, 

and higher HPR, HPA, MCPRAS, and MCPTS. No difference was found in PPT, heat 

pain threshold, and HPTS between the two groups. Previously, a few studies reported 

higher heat pain and mechanical cutaneous pain sensitivity in Asians (e.g., Japanese, 

Chinese) compared to Western ethnic groups (Komiyama et al., 2007, 2009; Watson et 

al., 2005; Yang et al., 2013).  

Hispanics did not show significant differences compared to NHWs in most of the 

pain sensitivity measures; only HPR was significantly higher for Hispanics compared to 

NHWs. Few studies examined experimental pain sensitivity comparing young healthy 
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Hispanics to NHWs using heat and pressure pain stimuli. No differences were found in 

pain threshold, tolerance, and suprathreshold intensity ratings in one study (Hastie et al., 

2012), while another study reported lower heat pain tolerance in Hispanics (Rahim-

Williams et al., 2007).  

These findings add to the literature in racial/ethnic differences in pain sensitivity 

by demonstrating higher experimental pain sensitivity in ethnic minorities, specifically 

AAs and Asians compared to NHWs, among a large and relatively homogeneous sample 

of young adults in the US. 

Racial/ethnic differences in cardiovascular responsiveness  

 As discussed in Chapter 3, AAs had higher BP compared to NHWs across the 

four different test periods (resting, orthostatic challenges, and two Stroop tests). No 

differences were found in changes of SBP, DBP, and MAP measures during orthostatic 

and Stroop-tests periods, which is in contrast with what has been reported in previous 

studies - exaggerated and prolonged cardiovascular responses to laboratory stressors in 

AAs (Barnes et al., 2000). AAs had lower HR/MAP index and lower LF/HF ratios 

compared to NHWs; this result indicates that AAs had a greater cardioparasympathetic 

than cardiosympathetic tone.  

 For Asians, higher HR and lower LF during Stroop test periods were found 

compared to NHWs. Asians also had lower LF/HF ratios, but higher HR/MAP index 

compared to NHWs. The higher HR/MAP index in Asians might have been influenced by 

the higher HR compared to NHWs. Although limited research has been reported in 

cardiovascular health among Asians in the US, lower prevalence of hypertension and 

age-adjusted death rates from persons with coronary heart disease and stroke were 
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reported compared to AAs, NHWs, and Hispanics. It is difficult to conclude that greater 

parasympathetic activity in Asians (lower LF/HF ratios) might explain the lower levels of 

cardiovascular diseases in Asians, because we also observed higher HR/MAP ratios in 

Asians, which is contrast to the lower LF/HF ratio findings. Hispanics did not have any 

significant differences compared to NHWs in any cardiovascular responsiveness measure.  

Racial/ethnic differences in psychological status  

 We found that AAs, Asians, and Hispanics had higher levels of coping compared 

to NHWs. In our PCA analyses, coping was extracted as one component that consisted of 

four subscales of CSQ – Distraction, Distancing, Ignoring, and Coping self-statements. 

Previous studies of racial/ethnic differences in pain coping reported that AAs had higher 

scores in all subscales of CSQ, except ignoring, than NHWs (Hastie et al., 2004), and 

higher levels in catastrophizing and praying but lower levels in ignoring in AAs (Meints 

& Hirsh, 2015). Because ignoring was included in the coping component along with 

other subscales from our PCA analyses, we were unable to find racial/ethnic differences 

of the CSQ for this subscale. However, praying, which was reported as a strong mediator 

with the catastrophizing subscale on the association between race/ethnicity and pain 

sensitivity (Meints & Hirsh, 2015), was included in the PC component in our PCA 

analysis.  

 PC, which consisted of three subscales of PCS – Rumination, Magnification, and 

Helplessness, and the Praying subscale of CSQ, was significantly higher in both AAs and 

Asians compared to NHW. Higher levels of PC in AAs compared to NHWs (Forsythe et 

al., 2011, Fabian et al., 2011), and Chinese compared to European Canadians (Hsieh et al., 
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2010) have been reported previously. The current study supports these previous findings 

with a distinctly larger sample size.   

 NE, which consisted of State and Trait Anxiety, Depression, and PSS, was 

significantly higher in Asians compared to NHWs. Higher levels of NE in AAs with 

chronic pain compared to NHWs have been reported (Green et al., 2003; Hooten et al., 

2012). Such differences in NE between AAs and NHWs were not found in our sample; 

this might be related to the participant characteristics of the current study – young and 

healthy adults. However, it is noticeable that young healthy Asians in the US had higher 

levels of NE compared to NHWs. A current systematic review and meta-analysis on 

depression prevalence of Asian-Americans in the community also indicated a high 

prevalence of depression in Asians-Americans (Kim et al., 2015).  

Mediating factors on the associations between race/ethnicity and experimental pain 

sensitivity 

 PC was one of the strong mediators of the associations between race/ethnicity and 

pain sensitivity in both AAs and Asians compared to NHWs for heat pain tolerance, 

HPR, HPA, MCPRAS, and MCPTS. It is interesting to note, however, that we did not 

find mediation effects of PC on the association between race/ethnicity (Asians vs. 

NHWs) and the only threshold measure to show a racial difference:  mechanical 

cutaneous pain threshold. Previous studies found a mediation effect of PC on racial 

differences in pain tolerance and pain intensity ratings (Forsythe et al., 2011; Hsieh et al., 

2010). Taken together with previous findings, our results suggest that PC is specifically 

mediating the association between race/ethnicity and suprathreshold pain responses. 



 109

 HR/MAP index, which was used to measure baroreflex sensitivity, was a 

“negative” mediator on the association between race/ethnicity (AAs vs. NHWs) and heat 

pain tolerance. AAs in our sample had a favorable baroreflex sensitivity, which indicates 

greater parasympathetic activity (lower HR/MAP index) compared to NHWs, and this 

might have acted to decrease racial/ethnic differences in heat pain tolerance. Coping also 

had suppressing mediation effects on the racial/ethnic differences in heat pain tolerance 

in AAs compared to NHWs. In addition to heat pain tolerance, coping negatively 

mediated the associations between race/ethnicity and HPR, and MCPTS in both Asians 

and AAs compared to NHWs.  

Asians had higher levels of NE compared to NHWs, and higher NE was 

associated with higher pain sensitivity; NE mediated the associations between 

race/ethnicity and mechanical cutaneous pain threshold, HPR, and MCPRAS. Asians 

may be more sensitive to pain than NHWs because of their higher levels of NE. It has 

been reported that NE is associated with an individual’s pain; the higher NE is associated 

with higher pain sensitivity (Klatzkin et al., 2007; Lee et al., 2013).  

5.2 Strengths and limitations 

 This dissertation research provided mechanistic explanations on racial/ethnic 

differences in pain sensitivity, specifically related to cardiovascular response and 

psychological status. The sample of the current study was large and diverse in ethnicity, 

including AAs, Asians, Hispanics, and NHWs in the US, and relatively comparable 

participants across ethnic groups; they were recruited from university areas- mostly 

students, relatively well-educated, and healthy young adults. Findings of the current study 

add to the literature by providing evidence of racial/ethnic differences in pain sensitivity, 
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cardiovascular responsiveness, and psychological status among a large young healthy 

adult sample.   

Further, the dataset included multiple modalities of pain – heat pain, mechanical 

cutaneous pain, and pressure pain with multiple measures, including threshold, tolerance, 

and suprathreshold pain ratings. Therefore, we were able to find and compare measure- 

and modality- specific mechanisms to explain racial/ethnic differences in experimental 

pain sensitivity. This research provided evidence gathered using robust measures of 

experimental pain sensitivity, cardiovascular response, and psychological status that were 

obtained through a standardized QST procedure and a set of multiple measures, rather 

than using a single measure alone.    

However, the wide range of measures for pain sensitivity, cardiovascular 

responsiveness, and psychological status also provided limitations. We conducted 

multiple comparisons with the large sample size; therefore, statistical significance should 

be judged carefully, even with Bonferroni adjustment. Further, we conducted the PCA 

analyses to reduce the data, and this might have resulted in missing racial/ethnic 

differences in specific variables or subscales. For example, as discussed, each subscale of 

the CSQ might have different associations with race/ethnicity that we did not capture.  

The participants included in this study were healthy young adults, and this might 

have influenced the results in finding racial/ethnic differences in experimental pain 

sensitivity, and any possible contributing factors on racial/ethnic differences in pain 

sensitivity. Older adults or patients with pain conditions that were excluded from this 

study might have different characteristics in pain sensitivity, cardiovascular 

responsiveness, and psychological status across racial/ethnic groups. Specifically, 
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racial/ethnic minorities with chronic pain conditions are reported to have higher clinical 

pain intensity compared to NHWs (Edwards et al., 2001; Glover et al., 2012; Goodin et 

al., 2014). AAs are also known to have higher CVD and hypertension prevalence 

compared to the NHWs (AHA, n.d.). Lastly, language barrier is an important factor in 

pain disparity (Chan et al., 2013; Green et al., 2003; Meghani, 2011; Riley et al., 2002). 

We included racial/ethnic minorities in the US who are fluent in English, which limits 

generalizability of the results.  

5.3. Recommendations 

5.3.1 Research Implications 

 As discussed above in the limitations, further clinical research is needed in 

patients with pain conditions, CVD, or hypertension to examine racial/ethnic differences 

in pain sensitivity and to further evaluate the effects of putative mediating factors on 

racial/ethnic differences in pain sensitivity. Specifically, AAs showed a favorable result 

in baroreflex sensitivity – increased parasympathetic activity- compared to NHWs in our 

analyses, and this may have acted to reduce ethnic differences in heat pain tolerance. It 

would be of interest to examine these associations among patients with pain conditions, 

CVD, or hypertension, to compare results. 

 We found coping as a significant factor to reduce pain sensitivity, especially for 

racial/ethnic minorities. Greater engagement in coping strategies, including distancing, 

distraction, ignoring, and coping self-statement, might reduce pain sensitivity in AAs and 

Asians compared to NHWs. This suggests that while pain coping strategies may be 

recommended for all patients with pain, they may be of particular benefit to racial/ethnic 

minorities with chronic pain, based on the evidence of significant association between 
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experimental pain sensitivity and clinical pain. We suggest that this be evaluated through 

intervention studies utilizing coping strategies in AAs and Asians with chronic pain 

conditions to reduce clinical pain and to improve pain management outcomes.  

 The strengths of our homogeneous sample and statistical controlling for socio-

economic status are that race/ethnicity was less likely to be confounded by age, gender, 

education, income, or comorbidity factors. However, we also know that other factors, 

including one’s cultural norms, behaviors, and language, are important in pain. Therefore, 

we suggest that in the future, multi-lingual studies are needed to achieve a fuller 

representation of racial/ethnic minorities in the US. Participant and experimenter ethnic 

background and language proficiency should be considered when researchers design such 

studies. Studies considering culture (e.g., level of acculturation, generations in the US) 

are also suggested to examine racial/ethnic differences in pain.    

5.3.2 Practice implications 

Pain is considered as the 5th vital sign in clinical practice. Nurses are first line 

healthcare providers who conduct the pain assessment, pain management intervention, 

and evaluation of the intervention. Based on the results of the current study, it is 

important to educate nurses to recognize racial/ethnic differences in clinical pain and pain 

sensitivity, so that they can incorporate this knowledge and awareness into their clinical 

practice, as the population of racial/ethnic minorities is increasing in the US. Considering 

the fact of higher pain sensitivity in racial/ethnic minorities in clinical practice would be 

helpful to better manage pain, especially for undertreated racial/ethnic minorities in the 

US with acute/chronic pain conditions.    
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Assessment of PC for patients with pain conditions is suggested to better 

understand levels of pain for AAs and Asians in addition to pain scales. Developing a 

brief form of PC assessment may improve clinical practice in this area. Providing tailored 

education programs for patients with pain conditions to utilize coping strategies is also 

recommended to achieve better pain management outcomes, especially for AAs and 

Asians. Levels of depressive symptoms, anxiety, and stress should be evaluated and 

addressed in pain management programs for Asians in the US to reduce pain severity and 

improve outcomes. While all patients with pain deserve a thorough pain assessment and 

tailored pain management program, the results of our analyses indicate that certain 

interventions may be more beneficial for racial/ethnic minorities, particularly AAs and 

Asians, who have higher pain sensitivity and clinical pain intensity.  

5.4 Conclusion 

This study provided several novel findings related to racial/ethnic differences in 

experimental pain sensitivity and significant mediating factors among a sample of healthy 

young adults with diverse race/ethnicity in the US. Racial/ethnic minorities (AAs and 

Asians) showed higher pain sensitivity, including heat pain tolerance, HPR, HPA, 

MCPRAS, and MCPTS, compared to NHWs. Asians also had lower threshold levels to 

mechanical cutaneous pain stimulation compared to NHWs. In contrast with our 

expectation, AAs demonstrated greater parasympathetic activities as indexed by lower 

HR/MAP ratios compared to NHWs. Psychological factors, specifically PC, were 

significant mediators of racial/ethnic differences in pain sensitivity, even with other 

multiple mediators in the models, including cardiovascular response (e.g., baroreflex 

sensitivity) and other psychological factors (e.g., coping). NE was a significant mediator 
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of the associations between race/ethnicity (Asians vs. NHWs) and pain sensitivity for 

mechanical cutaneous pain thresholds, HPR, and MCPRAS (i.e., more NE among Asians 

vs. NHWs was associated with increased pain sensitivity).   

Healthcare providers who serve multiple racial/ethnic groups need to be aware of 

the differences in pain sensitivity and consider these differences when they implement 

pain management programs. The identified mediators should be considered in pain 

management programs to implement better strategies to reduce clinical pain, especially 

for AAs and Asians in the US. Further clinical and experimental research is required to 

increase our understanding of the suggested mechanisms explaining racial/ethnic 

differences in pain sensitivity found in the current study, and to extend our findings to 

clinical pain populations.  
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Appendix I. Search Strategy for PubMed for Systematic Review for Racial/ethnic 

differences in Experimental pain sensitivity 

PubMed [1809-present] 

"Pain"[Mesh] OR pain[tiab] OR "Pain Measurement"[Mesh] 

AND 

blunt pressure[tiab] OR chemical pain[tiab] OR chemical stimul*[tiab] OR cold 

pain[tiab] OR cold pressor[tiab] OR cold stimul*[tiab] OR cold temperature[tiab] 

OR cold tolerance[tiab] OR electrical pain[tiab] OR experimental[tiab] OR heat 

pain[tiab] OR heat stimul*[tiab] OR heat tolerance[tiab] OR hot temperature[tiab] 

OR ischemic pain[tiab] OR ischemic stimul*[tiab] OR mechanical cutaneous 

pain[tiab] OR mechanical cutaneous stimul*[tiab] OR mechanical pain[tiab] OR 

mechanical pressure[tiab] OR mechanical stimul*[tiab] OR nociceptive stimul*[tiab] 

OR pain sensitivity[tiab] OR pain stimul*[tiab] OR pain threshold[tw] OR pain 

tolerance[tiab] OR pressure pain[tiab] OR sensory test*[tiab] OR temporal 

summation[tiab] OR thermal pain[tiab] OR thermal stimul*[tiab] OR thermal 

threshold*[tiab] OR tourniquet test*[tiab] 

AND 

"African Continental Ancestry Group"[Mesh] OR "American Native Continental 

Ancestry Group"[Mesh] OR "Asian Continental Ancestry Group"[Mesh] OR 

"Cross-Cultural Comparison"[Mesh] OR "Ethnic Groups"[Mesh] OR "European 
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Continental Ancestry Group"[Mesh] OR "Oceanic Ancestry Group"[Mesh] OR 

african american*[tiab] OR asian*[tiab] OR black[tiab] OR blacks[tiab] OR 

caucasian*[tiab] OR cross cultural[tiab] OR ethnic[tiab] OR ethnicity[tiab] OR 

hispanic*[tiab] OR latina*[tiab] OR latino*[tiab] OR native american*[tiab] OR 

race[tiab] OR races[tiab] OR racial[tiab] OR white[tiab] OR whites[tiab] 

NOT (animals[mesh] NOT humans[mesh]) 
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