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Abstract Chronic pain may be related to cardiovascular

disease (CVD) risk. The current study examined whether

persistent bodily pain was related to cardiovascular disease

risk factors, whether these effects were moderated by body

mass index (BMI), and, if not, whether chronic pain

accounted for unique variance in CVD risk factors. Par-

ticipants were women (N = 2,135) in the Study of

Women’s Health Across the Nation. A high pain frequency

variable (high pain in 0 through 4 assessments) was coded

to reflect the frequency of high levels of bodily pain across

the first 3 years of the study. Six CVD risk factors and BMI

were measured at follow-up year 3. High pain frequency

and BMI were correlated significantly with risk factors,

although effects for the former were small. Hierarchical

multiple regressions revealed high pain frequency 9 BMI

interactions for 5 of 6 CVD risk factors. Dissecting the

interactions revealed a similar pattern across 4 risk factors:

for women with normal BMI, there was a ‘‘dose–response’’

in which increasing frequency of high pain revealed

increasingly worse CVD risk factor levels, whereas for

women with obese BMI, high pain frequency was unrelated

to risk factors. For obese women, increasing frequency of

high pain was associated with higher blood glucose.

Although BMI is a well-established CVD risk factor,

evaluation of CVD risk level may be improved by con-

sidering the incidence of persistent pain, particularly in

normal weight women (BMI \ 25 kg/m2) lower BMI.

Keywords Persistent pain � BMI � CVD risk factors �
Moderation

Introduction

Chronic pain has detrimental effects on health and quality

of life beyond the influence of pain itself. It has long been

recognized that non-pain medical disorders are often

comorbid with systemic inflammatory diseases associated

with chronic pain, such as rheumatoid arthritis and sys-

temic lupus erythematosus. However, the impact of chronic

pain not arising from systemic inflammatory disease or

cancer on comorbid medical disorders has only recently

been revealed. Evidence points toward an association

between chronic pain from musculoskeletal or other non-

malignant conditions and cardiovascular disease (CVD)

risk factors (Bruehl et al., 2005; Goodson et al., 2013;

Gureje et al., 2007; Olsen et al., 2013; Thommasen &

Zhang, 2006; Van den Bussche et al., 2011; Von Korff

et al., 2005). If chronic pain influences the development or

worsening of CVD, important implications for our under-

standing of chronic pain and its clinical treatment would

emerge.

Studies examining a link between chronic pain and CVD

risk have focused almost exclusively on elevated blood

pressure (BP) or hypertension (HTN). Von Korff et al.
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(2005) reported that individuals with chronic spinal pain in

the past 12 months were significantly more likely to be

diagnosed with HTN than individuals without chronic

spinal pain, with a 50 % greater risk of HTN in the former

group. In a Nigerian sample, the risk of having HTN was

three times greater in individuals reporting chronic spinal

pain in the past 12 months than in those who were pain-

free (Gureje et al., 2007). A study conducted in a German

population indicated that people with back pain had a

significantly greater lifetime prevalence of HTN than those

without pain (Schneider et al., 2007). In a recent study of

10,000 Norwegian adults, individuals reporting chronic

pain at any body location for at least the past 90 days were

at 23 % higher risk of experiencing HTN than individuals

without pain, even adjusting for age, sex, and BMI (Olsen

et al., 2013). Finally, evidence suggests there may be a

dose–response relationship between chronic pain and CVD

risk. In a cross-sectional sample from the Framingham

study (aged 72 years and older), frequent musculoskeletal

pain was associated with higher resting SBP, and SBP

increased linearly with the number of painful body sites

(Leveille et al., 2005). Similarly, among individuals with

chronic musculoskeletal pain, mortality due to CVD

increased in direct proportion to the number of body sites

affected by pain (McBeth et al., 2009).

Other evidence suggests that chronic pain is related to

CVD risk factors other than HTN. Findings from popula-

tion-based and clinic studies indicate that presence of

chronic low back pain is related to an elevated incidence of

metabolic syndrome (Duruoz et al., 2013; Ha, 2011). High

BMI, and in particular greater waist circumference, are also

associated with chronic pain (Goodson et al., 2013; Hitt

et al., 2007; Ray et al., 2011; Stone & Broderick, 2012;

Urquhart et al., 2011; Wright et al., 2010). Other results

indicate that chronic pain not due directly to inflammation

is related to low-grade elevations in a number of systemic

inflammatory markers including CRP (Ray et al., 2011),

tumor necrosis factor- a (Wang et al., 2010), interleukin-6,

(Livshits et al., 2009), and dyslipidaemia (Goodson et al.,

2013). A definitive connection between chronic pain and

CVD risk cannot be concluded from extant studies, but

these limited data are consistent with such a relationship.

Additional work based on population studies that include

factors comprising the metabolic syndrome, and inflam-

matory and coagulation markers are needed.

It is also not clear whether the reported link between

chronic pain and CVD risk markers, such as HTN, are due

to unique aspects of chronic pain, overlap with other, well-

established risk factors for CVD, or work in concert with

other factors to magnify risk. A chief candidate is obesity.

Numerous findings indicate that obesity adversely affects

cardiac function, increases CVD risk factors, and is an

independent risk factor for development of CVD (Bogers

et al., 2007; de Koning et al., 2007; Klein et al., 2004; Lavie

et al., 2009; Poirier et al., 2006). Body mass index (BMI), as

an index of obesity, is related to elevated SBP, circulating

CRP and fibrinogen, dyslipidaemia, and decreased HDL

(Goodson et al., 2013; Klein et al., 2004; Lavie et al., 2009;

Poirier et al., 2006). BMI and other measures of adiposity

have also been linked to inflammation (Santos et al., 2013),

which is a known contributor to CVD risk.

Given that people with chronic pain tend to be more

obese than those without chronic pain, it may be the case

that chronic pain is related to CVD risk factors primarily

through its association with obesity. Alternatively, chronic

pain may have a relationship with CVD risk factors that

depends on level of BMI; that is, BMI may moderate links

between chronic pain and CVD risk. Because BMI is a

robust and well-established CVD risk factor (Bogers et al.,

2007; de Koning et al., 2007; Klein et al., 2004; Lavie

et al., 2009; Poirier et al., 2006), we speculated that sig-

nificant interactions between may be decomposed to show

that chronic pain is positively related to CVD risk primarily

at lower versus higher levels of BMI.

In the present study, we examined the degree to which

persistent pain and BMI among women participating in the

Study of Women’s Health Across the Nation (SWAN;

Sowers et al., 2000) were related to CVD risk markers as

indexed by SBP, triglycerides, HDL, fasting glucose, and

blood levels of CRP (a measure of inflammation) (Clear-

field, 2005), and fibrinogen (a measure of platelet aggre-

gability) (Stec et al., 2000). In addition, analyses were

conducted to determine the degree to which persistent pain

interacted with BMI to predict CVD risk factors. In the

case of non-significant interactions, analyses were con-

ducted to determine the degree to which variance

accounted for in CVD risk factors by persistent pain was

unique from or shared with BMI.

Methods

Participants

SWAN, a cohort study of community-based midlife

women, enrolled subjects in 7 sites in the United States.

Baseline examination, conducted between 1995 and 1997,

recruited 3,302 women from 5 ethnic/racial groups (Cau-

casian, African American, Japanese, Chinese, Hispanic).

Each site had approximately 50 % Caucasian and 50 %

Non-Caucasian enrollment, with 1 Non-Caucasian ethnic/

racial group per site. Women aged 42–52 years with an

intact uterus and at least 1 ovary were invited to participate

in SWAN if they had menstruated in the previous

3 months, were not currently pregnant or breast feeding,

and had not used reproductive hormone preparations
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affecting ovarian or pituitary function in the past 3 months.

Several population sampling techniques were used by the 7

sites, as previously described (Sowers et al., 2000). All

women provided written informed consent. The Institu-

tional Review Board at each site approved the study. We

performed a cross-sectional study of persistent pain and

CVD risk factor markers starting with the SWAN partici-

pants (N = 2,135) who completed their fourth annual

assessment (baseline and 3 follow-up assessments). See

Table 1 for characteristics of the sample.

Measures

Trained interviewers conducted annual exams via clinic or

home visits. Survey exams (both self-assessments and

interviews) were completed in-person and via telephone.

Common protocols were standardized and used across the 7

sites. Information obtained at baseline and annual follow-

up assessments included demographics (age, ethnicity,

level of education, etc.), and anthropometric data.

Chronic pain

The item from the Medical Outcomes Study Short Form 36

(SF-36; Ware et al., 1994) regarding bodily pain intensity

during the past 4 weeks (‘‘How much bodily pain have you

had during the past 4 weeks?’’ range 1–6) was used as a basis

for identifying people with varying frequency of reporting

high severity of pain. The number of assessments at which

people scored in the upper tertile (scored 5 or 6 on a 6-point

scale, corresponding to ‘‘severe’’ and ‘‘very severe’’) of this

item’s score distribution was tabulated. The variable ‘‘High

Pain Frequency’’ was constructed to reflect whether people

had not scored at or above the upper tertile in any of the four

assessments (n = 1,074), scored once at or above the upper

tertile in any of the four assessments (n = 451), scored twice

at or above the upper tertile in any of the four assessments

(n = 285), scored three times at or above the upper tertile in

any of the four assessments (n = 180), or they scored at or

above the upper tertile in all four assessments (n = 145).

Body mass index (BMI)

BMI was measured with the participant in nonrestrictive

undergarments. BMI was calculated as weight (kg)/[height

(m)2]. These measures were collected at the Year 3

assessment.

Anthropometric measures

BP was measured according to a standardized protocol,

with readings taken on the right arm and with the partici-

pant seated with feet flat on the floor for at least 5 min

before measurement. Respondents had not smoked or

consumed any caffeinated beverage within 30 min of BP

measurement. A standard mercury sphygmomanometer

was used to record systolic and diastolic pressures at the

first and fifth Korotkoff sounds. Two sequential BP values,

with a minimum 2-min rest between measures, were

obtained and averaged.

Phlebotomy was performed in the morning after an

overnight fast. Subjects were scheduled for venipuncture

on days 2–5 of a spontaneous menstrual cycle within

60 days of assessment date. All samples were maintained

at 4 �C until separated and then were frozen at -80 �C and

shipped on dry ice to a central laboratory (Medical

Research Laboratories, Highland Heights, KY, USA),

which is certified by the National Heart Lung and Blood

Table 1 Characteristics of sample participants from the Study of

Women’s Health Across the Nation (SWAN)

Age (years), M (SD) 48.99 (2.68)

Education, n (%)

\High school 107 (5.0 %)

High school grad 336 (15.7 %)

Some college 670 (31.4 %)

College grad 468 (21.9 %)

Grad school 540 (25.3 %)

Race/ethnicity, n (%)

African American 488 (22.9 %)

Caucasian 1,079 (40.5 %)

Chinese 217 (10.2 %)

Hispanic 112 (5.2 %)

Japanese 239 (11.2 %)

Menopausal status, n (%)

Pre-menopausal 265 (12.4 %)

Early peri-menopausal 1,124 (52.6 %)

Late peri-menopausal 184 (8.6 %)

Post-menopausal 250 (11.7 %)

Surgical menopausal 67 (3.1 %)

Undetermined but not post-menopausal 242 (11.3 %)

Pain medications (yes) 677 (31.7 %)

Anticoagulants (yes) 29 (1.4 %)

Cholesterol medication (yes) 80 (3.7 %)

Blood pressure medication (yes) 359 (16.8 %)

Insulin (yes) 82 (3.8 %)

BMI, M (SD) 28.50 kg/m2 (7.32)

SBP 115.59 mm Hg (16.38)

HDL 59.79 mg/dl (15.93)

Triglycerides (log) 4.69 mg/dl (.51)

Fasting glucose 95.87 mg/dl (28.60)

C-reactive protein (log) .56 mg/l (1.34)

Fibrinogen 276.54 mg/dl (53.01)
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Institute, Centers for Disease Control Lipid Standardization

Part III program. Total cholesterol and triglyceride levels

were analyzed using enzymatic methods (Hitachi747ana-

lyzer; Boehringer Mannheim Diagnostics, Indianapolis,

Indiana) as previously described (Steiner et al., 1981).

HDL-C was isolated using heparin–manganese chloride

(Warnick & Albers, 1978).

These measures were collected at the Year 3 assessment.

Markers of inflammation and coagulation

Fibrinogen was measured in frozen citrated plasma using a

clot-based turbidometric detection system. CRP was mea-

sured using an ultra-sensitive rate immunonephelometry

(Dade-Behring, Marburg, Germany). Both of these indexes

were also collected at Year 3 assessment.

Covariates

To control for the potential confounding effects of demo-

graphic factors, menopausal status and medication use,

variables reflecting relevant factors were used in analyses.

Demographic information included age, ethnicity, and

education. Education was self-reported as 1 of 5 categories

(less than high school, high school, some college, college,

graduate school). Less than high school and high school

were combined (referent group; coded ‘‘1’’), and some

college, college, graduate school were combined (coded

‘‘0’’). Race/ethnicity was self-identified as 1 of 5 categories

(Caucasian, African American, Hispanic, Japanese, or

Chinese) and modeled in analyses with ‘‘Caucasian’’ as the

referent group (coded ‘‘1’’; other groups coded ‘‘0’’).

Menopausal status was assessed as pre-menopausal

(referent group; coded ‘‘1’’), early peri-menopausal, late

peri-menopausal, post-menopausal, surgical menopausal,

and undetermined due to hormone therapy use but not

post-menopausal (all coded ‘‘0’’). Medication use was

assessed at the Year 3 visit as whether or not (‘‘yes’’ or

‘‘no’’) participants had taken anticoagulants, lipid lower-

ing agents, antihypertensive medications, insulin or

oral medications to control blood glucose, and prescrip-

tion or over-the-counter pain medications since the last

interview.

Data analyses

Triglycerides and CRP levels were log-transformed to

improve distributions. Pearson zero-order correlations were

generated to examine the associations between the high

pain frequency variable, BMI, and CVD risk factors.

Multiple regression analyses were performed separately

for SBP, fasting glucose levels, HDL, triglycerides, and

plasma CRP levels and fibrinogen levels. Interaction

terms were computed by multiplying high pain frequency

by BMI values. Analyses involved three steps. First,

general covariates (age, ethnicity, education, menopausal

status, use of analgesic medication) and specific covari-

ates (e.g., use of cholesterol lowering medication when

the dependent variables were HDL or triglycerides) were

entered first. Second, the high pain frequency and BMI

main effect terms were entered simultaneously. Third, the

high pain frequency 9 BMI interaction term was entered.

Significant interactions were dissected by deriving

regression equations for BMI values regressed on the

CVD risk factors separately for participants with each

high pain frequency score (i.e., 0–4). To illustrate these

effects, the separate regression equations were solved for

hypothetical values that were based on clinical norms for

BMI using the procedure described by Aiken and West

(1991). Namely, the value for ‘‘Normal’’ was defined as

the mean of the subsample of people falling within the

BMI range 18.5–24.9 (M = 22.01; n = 701). The value

for ‘‘Overweight’’ was defined as the mean of the sub-

sample of people falling within the BMI range 25–29.9

(M = 27.29; n = 643). The value for ‘‘Obese’’ was

defined as the mean of the subsample of people falling

within the BMI range 30 and above (M = 36.89;

n = 791). The interactions were further probed by testing

the relationships between the high pain frequency variable

and CVD risk factor for the normal, overweight and obese

groups, as defined within the BMI intervals described

above.

In the case of nonsignificant interactions, the semi-

partial correlations of high pain frequency and BMI were

examined as indexes of unique relationships. That is, a

significant semi-partial correlation for high pain fre-

quency and/or BMI would signal a significant unique

effect.

Results

Correlations among all variables

Correlation coefficients were generated among high pain

frequency, BMI, SBP, fasting glucose, HDL, log-trans-

formed triglycerides, log-transformed CRP and fibrinogen

levels. Small to moderate relationships were found among

variables indicating that greater frequency of having high

bodily pain and greater BMI were associated with

increased CVD risk markers (see Table 2). In addition,

high pain frequency was related significantly to BMI

(r = .26; p \ .01), indicating that women with greater

frequency of high pain had higher BMI.
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Tests of moderation or unique and shared effects

SBP

Adjusted for covariates, the high pain frequency 9 BMI

interaction was nonsignificant (see Table 3) for SBP as the

criterion. Note that relationships between covariates and all

the CVD risk factors were in expected directions (e.g.,

higher education was related negatively to SBP levels). To

ascertain the unique relationships between high pain fre-

quency and SBP and between BMI and SBP, we examined

the semi-partial correlations when both variables were

entered simultaneously (Step 2). The semi-partial correla-

tion between high pain frequency and SBP was nonsig-

nificant (sr = .01), whereas the semi-partial correlation for

BMI was significant (sr = .27; p \ .01). Despite a signif-

icant zero-order correlation between high pain frequency

and SBP, the unique association of this factor with SBP

was rendered nonsignificant with covariates and BMI

controlled. BMI, in contrast, accounted for a unique portion

of variance even after controlling for covariates and high

pain frequency.

HDL, triglycerides, C-reactive protein and fibrinogen

The high pain frequency 9 BMI interactions were signif-

icant (see Table 3) for HDL, triglycerides, CRP and

fibrinogen after adjusting for covariates. To illustrate the

significant interactions, BMI was first regressed on the

CVD risk factor values separately for participants with

each high pain frequency score (i.e., 0–4). With covariates

entered first, regressions showed that BMI was related

significantly to all the CVD factors at different levels

across the high pain frequency distribution. For example,

for HDL, the beta weights for the five high pain frequency

values were -.39, -.34, -.42, -.22, -.31, respectively.

The pattern of beta weights was similar across HDL, tri-

glycerides, CRP and fibrinogen.

Next, we solved the five regression equations using

hypothetical BMI values (22.01, 27.29, 36.89) approxi-

mately corresponding to clinical norms for normal, over-

weight and obese. The resulting hypothetical values for

HDL are shown in Fig. 1. The pattern of values for tri-

glycerides, CRP and fibrinogen showed a similar pattern,

and are illustrated with the single example of CRP values

in Fig. 2. To further probe the interaction, the other simple

effects—namely, the relationships between the high pain

frequency variable and the CVD risk factors for the normal,

overweight and obese groups—were examined. Again, a

similar pattern of simple effects emerged across the four

CVD risk factors. For example, the beta weights for the

relationship between high pain frequency and HDL levels

for the normal group, after entering covariates, was -.10

(p \ .04), whereas the beta weights for the overweight

(-.02) and obese groups (-.02) were nonsignificant. This

pattern was repeated for triglycerides, CRP and fibrinogen.

Results suggest that among women with normal BMI,

there is a ‘‘dose response’’ for HDL, triglycerides, CRP and

fibrinogen levels depending on frequency of high pain

report. Namely, the relationship between high pain fre-

quency for women with normal BMI was significant and

suggested that those with no reports of frequent high pain

had more favorable CVD risk factor levels than women

with normal weight but increasingly frequent reports of

high pain. Those women with the most frequent high pain

(high pain at all four assessments) had the least favorable

CVD risk factor values. Relationships between high pain

frequency and the CVD risk factors for the overweight and

obese women were nonsignificant, suggesting that differ-

ences in these factors across high pain reports appeared to

diminish among these groups.

Finally, because the interactions were significant, thus

describing multiplicative relationships between high pain

frequency and BMI, unique and shared contributions were

not examined.

Fasting glucose

Adjusted for covariates, the high pain frequency 9 BMI

interaction was significant (see Table 3) for fasting glucose

as the criterion. The procedure described above to dissect

and illustrate the interaction was used here. With covariates

entered, regressions for each high pain frequency value

showed that BMI was related significantly to glucose but at

different levels across the high pain frequency distribution

(beta weights were .30, .40, .30, .43, .22; respectively).

Solving the five regression equations, as described above,

gave the values shown in Fig. 3. As described above, the

relationships between the high pain frequency variable and

glucose for the normal, overweight and obese groups were

Table 2 Zero-order correlations

SBP HDL Triglycerides Glucose CRP Fibrinogen

High pain frequency .17 -.12 .13 .16 .17 .09

BMI .37 -.37 .27 .32 .60 .40

All r’s significant at p \ .05. Triglycerides = log transformed triglycerides. Glucose = fasting glucose. CRP = log transformed CRP
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Table 3 Results of hierarchical regressions testing high pain frequency 9 BMI interactions

SBP B SE t p value

Step 1: Covariates

Education 3.20 .82 3.91 .001

Age .52 .13 4.07 .001

Pain meds 2.12 .70 3.01 .003

Ethnicity -4.40 .67 -6.55 .001

Menopausal status .60 .94 .64 [.10

BP meds 14.19 .89 15.91 .001

R2 of step 1 = .17; p \ .001

Step 2: Main effects

High pain frequency .32 .26 1.22 [.10

BMI .67 .05 14.62 .001

R2 of steps 1, 2 = .25; p \ .001

Step 3: Interaction term

High pain frequency 9 BMI -.05 .03 -1.48 [.10

R2 of steps 1, 2, 3 = .25; p \ .001

HDL B SE t p value

Step 1: Covariates

Education -4.21 .85 4.93 .001

Age .72 .13 5.39 .001

Pain meds -1.01 .74 -1.37 [.10

Ethnicity .45 .70 .65 [.10

Menopausal status 2.02 .99 2.04 [.10

Cholesterol meds -9.20 1.80 -5.11 .001

R2 of step 1 = .04; p \ .001

Step 2: Main effects

High pain frequency -.39 .27 -1.45 [.10

BMI -.79 .05 -17.43 .001

R2 of steps 1, 2 = .17; p \ .001

Step 3: Interaction term

High pain frequency 9 BMI .14 .03 4.35 .001

R2 of steps 1, 2, 3 = .18; p \ .001

Triglycerides (log) B SE t p value

Step 1: Covariates

Education .11 .03 3.73 .001

Age .02 .01 4.07 .001

Pain meds .03 .02 1.26 [.10

Ethnicity .04 .02 1.86 .07

Menopausal status .03 .03 1.03 [.10

Cholesterol meds .41 .06 7.15 .001

R2 of step 1 = .05; p \ .001

Step 2: Main effects

High pain frequency .02 .01 2.41 .02

BMI .02 .01 9.78 .001

R2 of steps 1, 2 = .10; p \ .001
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Table 3 continued

Triglycerides (log) B SE t p value

Step 3: Interaction term

High pain frequency 9 BMI -.01 .01 -2.16 .03

R2 of steps 1, 2, 3 = .11; p \ .001

CRP (log) B SE t p value

Step 1: Covariates

Education .33 .07 4.48 .001

Age .01 .01 -.04 [.10

Pain meds .34 .06 5.35 .001

Ethnicity .13 .06 2.18 .03

Menopausal status .16 .02 1.84 .07

R2 of step 1 = .03; p \ .001

Step 2: Main effects

High pain frequency .01 .02 .15 [.10

BMI .11 .01 32.18 .001

R2 of steps 1, 2 = .37; p \ .001

Step 3: Interaction term

High pain frequency 9 BMI -.01 .01 -5.09 .001

R2 of steps 1, 2, 3 = .38; p \ .001

Fibrinogen B SE t p value

Step 1: Covariates

Education 13.06 3.03 4.32 .001

Age .85 .47 1.81 .07

Pain meds 7.82 2.61 2.48 .01

Ethnicity -4.24 2.46 -1.72 .09

Menopausal status 3.62 3.54 1.02 [.10

Anti-coagulant meds 35.72 10.31 3.46 .001

R2 of step 1 = .03; p \ .001

Step 2: Main effects

High pain frequency -1.63 .94 -1.70 [.10

BMI 2.88 .16 18.11 .001

R2 of steps 1, 2 = .17; p \ .001

Step 3: Interaction term

High pain frequency 9 BMI -.27 .11 -2.42 .02

R2 of steps 1, 2, 3 = .18; p \ .001

Fasting glucose B SE t p value

Step 1: Covariates

Education 9.54 1.59 6.01 .001

Age .18 .25 .73 [.01

Pain meds 3.37 1.37 2.47 .02

Ethnicity -3.92 1.29 -3.04 .002

Menopausal status .60 1.84 .32 [.10

Insulin 14.73 5.59 2.64 .008

R2 of step 1 = .03; p \ .001
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examined. The beta weights for the relationships for the

normal (.05; p [ .10) and overweight groups (.04; p [ .10)

were nonsignificant, whereas the beta weight for the obese

group (.11; p \ .005) was significant.

Unlike HDL, triglycerides, CRP and fibrinogen, results

suggest that among women with obese BMI, there is a

‘‘dose response’’ for glucose depending on frequency of

high pain report. The relationship between high pain fre-

quency for women with obese BMI was significant and

positive, indicating that those with no reports of frequent

high pain had lower glucose than women with obese BMI

but increasingly frequent reports of high pain. Obese

women with the most frequent high pain had the highest

glucose. Relationships between high pain frequency and

glucose for the normal and overweight women were non-

significant, suggesting that differences in glucose across

high pain reports were minimal among these groups.

Discussion

Findings from epidemiological and clinical studies suggest

that chronic pain may be related to CVD risk factors.

Whereas most studies have focused on elevated BP and

established HTN, there are some data to support an

Table 3 continued

Fasting glucose B SE t p value

Step 2: Main effects

High pain frequency 1.34 .51 2.65 .008

BMI 1.24 .09 14.68 .001

R2 of steps 1, 2 = .14; p \ .001

Step 3: Interaction term

Persistent pain 9 BMI .13 .06 2.21 .03

R2 of steps 1, 2, 3 = .15; p \ .001
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Fig. 1 High pain frequency 9 BMI interaction for HDL. The value
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association between chronic pain and a wider CVD risk

profile. Here, in a large cohort sample of community-based

women, we found in univariate analyses that the frequency

in which women reported high bodily pain over 3 years

was related significantly to a host of CVD risk factors in

directions indicating that frequent pain was related to ele-

vated CVD risk. We also evaluated the degree to which

frequent high pain combined with BMI to affect CVD risk

factors, either in moderation or in terms of unique and

shared relationships. The results revealed that significant

high pain frequency 9 BMI interactions qualified the

univariate relationships for the CVD risk factors, except for

SBP. Findings indicated that women who did not report

high pain at all over the 4 years and had normal BMI were

characterized by a low level of risk, whereas the otherwise

optimal CVD risk profile for those with normal BMI was

increasingly eroded as a function of how often they

reported high bodily pain. For glucose, this increasing level

of risk with increasing frequency of high bodily pain

appeared for obese women.

The frequency in which women reported high bodily

pain was correlated significantly in univariate analyses

with all CVD risk factors included in this study. Results are

consistent with past findings regarding links between

chronic pain and blood pressure, and extend past findings

by showing relationships between chronic pain and other

CVD risk factors. Thus, chronic pain was correlated sig-

nificantly with elevated CRP, fasting glucose, fibrinogen

and triglycerides, and was related to lower levels of HDL.

Although correlations were small, results hint that chronic

pain is related to a wide range of CVD risk factors. At the

same time, a close examination of the regression tables

reveals that none of the beta weights for high pain fre-

quency were significant with BMI and covariates also in

the equations. These results hint that relationships between

chronic pain and CVD risk factors may be primarily due to

shared variance with other CVD risk factors such as BMI,

low SES, etc.

The critical and novel finding was that the univariate

relationships were qualified by significant interactions.

Namely, the relationships between high pain frequency and

HDL, triglycerides, glucose, CRP and fibrinogen were

moderated by BMI. For HDL, triglycerides, CRP and

fibrinogen, a similar pattern emerged where BMI altered

the relationship between the frequency of high bodily pain

and the risk factors such that women with increasingly

frequent reports of high pain but normal BMI revealed an

increasingly higher level of risk than normal BMI women

who did not report high pain at any time across the four

assessments. Put otherwise, the advantage gained by

women with normal BMI was partly nullified in statisti-

cally significant ‘‘dose response’’ effects that depended on

how often they reported high bodily pain over 3 years. The

moderation relationships were also characterized by the

differences on risk factors across high pain frequency

scores generally decreasing for overweight and obese

women. Indeed, for obese women, participants with dif-

ferent high pain frequencies nonetheless revealed similar

levels of risk factors as evidenced by nonsignificant rela-

tionships between high pain frequency and the CVD risk

factors. Thus, the moderating effects of BMI on relation-

ships between high pain frequency and CVD risk factors

featured the increasing frequency of high pain increasingly

eroding the protective effects of normal BMI on CVD risk.

Perhaps the importance of chronic pain in affecting CVD

risk factors lies in the identification of favorable profiles

(e.g., normal BMI and no high pain), and in illustrating

how chronic pain may increase CVD risk even among

women with normal BMI.

It should be noted, however, that the moderating effects

of BMI on the relationship between high pain frequency

and fasting glucose revealed a different pattern of findings.

Women with BMI values in the obese range revealed the

characteristic ‘‘dose response’’ where those with increas-

ingly frequent reports of high pain revealed increasingly

higher glucose concentrations than those measured in

obese BMI women who did not report high pain at any time

across the four assessments. Thus, the moderating effects

of BMI on relationships between high pain frequency and

fasting glucose featured increasing frequency of high pain

increasingly magnifying the deleterious effects of obese

BMI on this CVD risk factor. It is not clear why effects for

glucose differed from those of the other risk factors, and

this issue awaits further research.

These results suggest that the effects of chronic pain on

CVD risk cannot be explained by reference solely to the fact

that people with chronic pain also tend to have relatively high

BMI. Other explanatory factors must therefore be examined.

If chronic pain is conceptualized more broadly as a chronic

physiological stressor, one possibility is that chronic stress-

related activations of the sympathoadrenomedullary and

hypothalamo-pituary-adrenocortical axes may contribute to

increased incidence of metabolic syndrome (Nieuwenhuizen

& Rutters, 2008; Rosmond, 2005). Other studies provide

evidence for chronic pain-related reductions in baroreflex

sensitivity indicating altered autonomic function (Chung

et al., 2008; Furlan et al., 2005; Reyes Del Paso et al., 2010;

Spaziani et al., 2008), absence of natural analgesia typically

associated with BP elevations (Bruehl et al., 2002, 2008,

2010; Olsen et al., 2013), and possible alterations in neuro-

transmitter function including opioid (Bruehl & Chung,

2004; Bruehl et al., 1999; Spaziani et al., 2008) and alpha-2

adrenergic (Chung et al., 2008) systems. These findings

suggest that chronic pain is associated with changes in both

the central and peripheral nervous systems that could provide

alternative pathways for elevated CVD risk.
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Some limitations of the present study should be delin-

eated. First, the current results can be generalized only to

women. It is not known whether findings would be similar

in men. Limited evidence suggests that the impact of

chronic pain on CVD risk markers may be greater in

women, but this possibility cannot be evaluated with the

SWAN data. Second, although the high pain frequency

variable was derived from four consecutive annual

assessments, we do not treat it as a longitudinal factor, but

as a cross-sectional factor representing the accumulation of

pain over three years. Thus, the design is cross-sectional,

and we must be mindful of all accompanying limitations

regarding causal inferences. Third, while the stability of the

high pain frequency variable was no doubt enhanced by a

three-year assessment window, we still relied on the single

bodily pain item of the SF-36. State-of-the-art chronic pain

assessment via well-validated self-report instruments or

quantitative sensory testing was not available in this dataset.

Fourth, the high pain frequency variable did not make dis-

tinctions within the four-assessment periods regarding

whether certain pain groups may have unique relationships

with CVD risk factors. For instance, it may be that groups

described by distinct temporal patterns of pain intensity,

such as ‘‘initially low but increasing’’ versus ‘‘initially high

but decreasing’’ versus ‘‘initially high and stable’’ may be

characterized by different risk factor profiles. Examining

groups defined by these patterns in future research may

reveal additional information regarding pain-related CVD

risk. Finally, all zero-order, semi-partial, interaction and

simple effect relationships involving the high pain fre-

quency variable were small. Although the interactions with

chronic pain and BMI appear new and compelling, enthu-

siasm must be tempered by the fact that the interaction

effects themselves and the simple effects (e.g., the rela-

tionship between the high pain frequency variable and HDL

among normal BMI women) accounted for little variance in

CVD risk factors.

Although a causal link remains to be demonstrated, even

a small influence of chronic pain on CVD risk could have a

meaningful impact on public health given the estimated

100 million individuals in the United States affected by

chronic pain (Institute of Medicine, 2011). Once chronic

pain is established, it tends to persist, with chronic pain

unresolved in 75–85 % of patients at 4–12 year follow-up

(Andersson, 2004; Elliott et al., 2002). To the extent that

chronic pain contributes to CVD risk, the often unremitting

nature of chronic pain highlights its potential importance as

a public health issue and as a treatment target for reducing

cardiovascular morbidity and mortality. Improved recog-

nition of the role that chronic pain may play in CVD risk—

albeit in concert with BMI—has two important clinical

implications. First, because this issue crosses traditional

boundaries of medical specialization, it may not be spe-

cifically addressed in typical treatment protocols. Pain

physicians understandably tend to focus on addressing

patients’ pain and functional complaints. On the other

hand, physicians in specialties most likely to treat CVD

may be unlikely to appreciate the role that chronic pain

could be playing in fostering CVD risk. Results linking

chronic pain and CVD risk could potentially stir recognition

by researchers and clinicians alike of the pressing need to

better manage chronic pain not just to limit suffering but to

perhaps aid in preventing the development of CVD. Second,

the possibility that the linear effects of BMI on CVD risk

may be altered by the presence of chronic pain—particu-

larly among normal BMI women—could provide evidence

to justify a change in medical management. That is, the

CVD risks faced by normal BMI women with chronic pain

may be overlooked because of their normal BMI. Present

results suggest, however, that women with this profile may

be at enhanced CVD risk, and thus interventions to reduce

chronic pain may prove useful not only to minimize inter-

ference with daily functioning, but could be used to prevent

the development of CVD. In short, improved understanding

of connections between chronic pain and CVD risk could

facilitate more timely assessments, diagnoses, earlier inter-

ventions, and improve CVD treatment in millions of indi-

viduals exhibiting the normal BMI/high pain profile (Von

Korff et al., 2005), ultimately leading to reduced cardio-

vascular-related morbidity and mortality.
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