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Abstract
Osteoarthritis (OA) is the most common cause of pain in people aged >45 years, and the knee is the most commonly affected
joint. There is a growing interest in understanding the biological factors that influence pain among older adults, but few studies
have examined the relationship between b-endorphin and experimental pain sensitivity in older adults with knee OA pain. The
purpose of this study was to investigate the relationship between resting plasma levels of b-endorphin and experimental pain
sensitivity. This study was a secondary analysis of data for 40 adults with knee OA pain in whom quantitative sensory testing was
used to measure experimental sensitivity to heat- and mechanically induced pain. The mean age of the sample was 60 years
(SD ¼ 9 years), and approximately half were female (53%). Regression analyses indicated that b-endorphin level was negatively
related to pressure pain threshold (b ¼ �17.18, p ¼ .02) and positively related to punctate mechanical pain (b ¼ 17.13, p ¼ .04),
after controlling for age, gender, and OA severity. We did not find a significant relationship between b-endorphin and heat pain
tolerance. The results suggest that higher circulating levels of b-endorphin at rest are associated with increased sensitivity
to mechanical pain in older adults with knee OA. These findings add to the literature regarding biological factors associated
with pain sensitivity in older adults with chronic pain. Additional studies are needed to identify mediators of the relationship
between b-endorphin and pain sensitivity in OA and other musculoskeletal pain conditions.
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Chronic pain affects 100 million people in the United States,

with annual costs of up to $635 billion (Gaskin & Richard,

2012). Osteoarthritis (OA) is one of the leading causes of pain

in older adults (Hunter, McDougall, & Keefe, 2008), with the

knee being the most commonly affected joint (Wallace et al.,

2017). Symptomatic knee OA affects more than 14 million

U.S. adults (Deshpande et al., 2016).

Although knee OA has been historically conceptualized as a

regional pain condition with symptoms driven by localized

joint pathophysiology, increasing evidence demonstrates that

knee OA pain is characterized by altered pain and sensory

processing in the central nervous system (Lluch, Torres, Nijs,

& Van Oosterwijck, 2014). Neuroimaging studies have

revealed that alterations in pain-related central mechanisms are

associated with OA pain (Hiramatsu et al., 2014), possibly due

to enhanced excitability and efficiency of synapses in central

pain pathways by continuous nociceptive input from structural

joint changes in knee OA (Arendt-Nielsen, Skou, Nielsen, &

Petersen, 2015).
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Nurse scientists have commonly adopted the biopsychoso-

cial model of pain to address chronic pain. This model of pain

hypothesizes that pain is dynamically affected by multidimen-

sional factors (Fillingim, 2017) including biological, psycho-

logical, and social factors. Among the biological factors that

may influence pain among older adults, researchers have sug-

gested that b-endorphin, an endogenous opioid neuropeptide, is

involved in pain sensation, but few studies have examined the

relationship between circulating plasma b-endorphin at rest

and experimental pain sensitivity in older adults with knee

OA. b-endorphins are synthesized by innate and adaptive

immune cells and by the anterior lobe of the pituitary gland,

in which they are also stored (Plein & Rittner, 2018). They

produce analgesia and immune response regulation by binding

to μ-opioid receptors expressed in sensory neurons and

immune cells (Sprouse-Blum, Smith, Sugai, & Parsa, 2010).

Although b-endorphin in the cerebrospinal fluid and local

inflamed tissues could inhibit pain perception via activation

of opioid receptors in the central and peripheral nervous sys-

tems, respectively, the effect of resting plasma b-endorphin on

analgesic pathways is not well understood (Bruehl, Burns,

Chung, & Chont, 2012). Interestingly, some clinical studies

have indicated that higher resting plasma b-endorphin levels

are associated with higher acute pain intensity, suggesting that

higher levels of plasma b-endorphin might reduce endogenous

opioid analgesia (Matejec, Ruwoldt, Bodeker, Hempelmann, &

Teschemacher, 2003). Therefore, the purpose of this study was

to examine the relationship between resting plasma b-endor-

phin level and experimental pain sensitivity in older adults with

knee OA pain.

Materials and Methods

This study is a secondary analysis of baseline data from a

research study carried out at the University of Florida Institute

on Aging. Detailed selection criteria and enrollment procedures

have been published and described previously (Ahn et al.,

2017). Researchers recruited a total of 40 participants with knee

OA pain, diagnosed according to American College of Rheuma-

tology criteria (Altman et al., 1986), who ranged in age from 50

to 70 years, in North Central Florida via fliers posted around

local educational institutions and in the community. Exclusion

criteria included a serious medical illness (e.g., uncontrolled

hypertension, heart failure, acute myocardial infarction), periph-

eral neuropathy, systemic rheumatic disorders (e.g., rheumatoid

arthritis, systemic lupus erythematosus, or fibromyalgia), daily

use of prescribed pain medicines, alcohol/substance abuse, cog-

nitive impairment, and hospitalization within the preceding year

for psychiatric illness. All participants gave oral and written

informed consent prior to participation, and the university’s

institutional review board approved all procedures.

Procedures

Following informed consent, participants provided demo-

graphic and background information including age, gender,

ethnicity, and OA severity. Participants indicated the knee in

which they experienced the most severe pain, which served as

the index knee. Investigators took weight-bearing radiographs

of both knees for all participants and determined OA severity

using the Kellgren–Lawrence score (Scott et al., 1993). The

Kellgren–Lawrence system is the most widely used clinical

tool for the radiographic diagnosis of osteoarthritis using five

grades: Grade 0 (no radiographic features of OA are present),

Grade 1 (doubtful joint space narrowing and possible osteo-

phytic lipping), Grade 2 (definite osteophytes and possible

joint space narrowing on anteroposterior weight-bearing

radiograph), Grade 3 (multiple osteophytes, definite joint

space narrowing, sclerosis, possible bony deformity), and

Grade 4 (large osteophytes, marked joint space narrowing,

severe sclerosis and definite bony deformity; Kellgren &

Lawrence, 1957; Kohn, Sassoon, & Fernando, 2016).

After collection of demographic and background informa-

tion, researchers drew a 6-ml blood sample from each partici-

pant by venipuncture according to a standard phlebotomy

protocol and processed and stored blood specimens for assay

as described below. The Clinical Research and Metabolism and

Translational Science Core in the University of Florida’s

Claude D. Pepper Older Americans Independence Center per-

formed the assays. Participants next received multimodal quan-

titative sensory testing to measure experimental pain sensitivity

including heat pain tolerance, pressure pain threshold, and

punctate mechanical pain.

Measures

b-endorphin. Investigators drew 6 ml of blood into ethylenedia-

minetetraacetic acid plasma tubes. Samples were inverted 5

times and kept on ice. Aprotinin was added (0.6 trypsin inhi-

bitor units [TIU]/ml of blood), and the tubes were gently mixed

several times to inhibit activity of proteinases. Within 30 min

of collection, samples were centrifuged at 1,600 rpm for 15 min

at 4 �C, aliquoted, and immediately stored in a �80 �C freezer.

Solid-phase extraction of plasma samples was performed using

an Oasis HLB (30 mg) 96-well plate along with a vacuum

manifold (Waters Corporation, Milford, MA), following the

manufacturer’s recommendations. Briefly, the plate was con-

ditioned with acetonitrile and equilibrated 2 times with 0.1%
trifluoroacetic acid (TFA) in high-performance liquid chro-

matography (HPLC)–grade water. Samples were acidified

with 1% TFA (1:1) and loaded onto the plate. The plate was

washed 3 times with 0.1% TFA in HPLC-grade water.

Samples were eluted in 60% acetonitrile/40% HPLC-grade

water/0.1% TFA and dried in a Savant AES1010 Automatic

Environmental SpeedVAC w/VaporNet Radiant Cover. Sam-

ples were reconstituted to the original sample volume in assay

buffer. b-endorphin was measured in the extracted plasma

samples with an enzyme immunoassay method using a com-

mercial kit (cat. no. EK-022-14; Phoenix Pharmaceutical,

Belmont, CA). The intra- and interassay variation coefficients

were <6.5% and <10%, respectively.
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Experimental pain sensitivity. Heat pain tolerance was measured

on both the index knee (most painful knee) and the ipsilateral

ventral forearm with contact heat stimuli delivered via a Medoc

TSA-II neurosensory analyzer (Ramat Yishai, Israel) using an

ascending method of limits. From a baseline of 32 �C, the

thermode temperature increased at a rate of 0.5 �C/s until par-

ticipants responded by pressing a button on a handheld device

when they no longer felt able to tolerate the pain. Researchers

conducted three trials of heat pain tolerance at each of the two

locations, and the temperatures of the three individual trials

were averaged to generate heat pain tolerance at each site.

Researchers assessed two types of mechanical pain

responses: pressure pain thresholds and punctate mechanical

pain. First, pressure pain thresholds were measured by using

a handheld digital pressure algometer (Wagner, Greenwich,

CT) to apply blunt mechanical pressure to deep tissues

(i.e., muscle and joint). The pressure increased at a rate of

0.3 kgf/cm2/s until participants notified the experimenter

when the sensation first became painful. Pressure pain

thresholds were assessed at four sites: the medial and lateral

aspects of the index knee, ipsilateral quadriceps, and trape-

zius. Investigators conducted three trials of pressure pain

tolerance at each of the four locations and averaged the

results of the three individual trials to generate pressure pain

threshold at each site.

Following the assessment of the pressure pain threshold,

researchers measured punctate mechanical pain sensitivity with

a calibrated nylon monofilament, delivering a target force of

300g to assess participants’ cutaneous mechanical sensitivity to

punctate stimuli on both the index patella and the dorsal aspect

of the ipsilateral hand. Numerical pain intensity ratings were

rated on a scale of 0 (no pain sensation) to 100 (the most

intense pain sensation imaginable) following 10 contacts at a

rate of one contact per second at each of the two locations. This

procedure was performed twice at each site, and pain ratings

for the two individual trials were averaged to generate the

punctate mechanical pain following 10 contacts at each site.

Statistical Analyses

All statistical analyses were performed with SAS Version 9.4.

For purposes of variable reduction, we created composite mea-

sures of pain sensitivity. First, we used the Shapiro–Wilk test to

determine the normality of data distribution for the experimen-

tal pain sensitivity measures. Normality was supported for each

of the three measures. We then calculated z scores for the heat

pain tolerance measurements at the arm and knee; the pressure

pain threshold measures at the medial knee, lateral knee, quad-

riceps, and trapezius; and the punctate pain measurements at

the patella and hand. The z scores for each pain measure were

averaged across body sites to generate overall values of heat

pain tolerance, pressure pain threshold, and punctate mechan-

ical pain for variable reduction, placing all pain measures on a

common metric without altering the distributional characteris-

tics of the underlying data. This technique is commonly used

in experimental pain research (Cardoso et al., 2016;

Cruz-Almeida & Fillingim, 2014). These z scores were applied

as outcomes for study of their relationships with b-endorphin.

Gender, age, and OA severity were used to fit linear regression

models for each experimental pain measure. SAS PROC GLM

was used for parameter estimations after fixing the gender, age,

and OA severity in our model.

Results

Demographic Characteristics

Of the 40 participants, approximately half (52.5%) were

female, and the mean age of participants was 59.9 years

(SD ¼ 9.1). The mean concentration of b-endorphin was

0.04 ng/ml (SD ¼ 0.02), and the mean body mass index in

the sample was 26.50 kg/m2 (SD ¼ 3.17; see Table 1).

Relationship Between b-Endorphin and Experimental
Pain Sensitivity

There was a significant relationship between b-endorphin level

and mechanical pain including both pressure pain threshold and

punctate pain (see Table 2). b-endorphin was negatively related

to pressure pain threshold (b ¼ �17.18, t ¼ �2.40, p ¼ .02)

and positively related to punctate mechanical pain (b ¼ 17.13,

t ¼ 2.14, p ¼ .04), after controlling for age, gender, and

OA severity. There was no significant relationship between

b-endorphin and heat pain tolerance.

Table 1. Demographic and Clinical Characteristics of Participants.

Characteristic Value

Age, years, mean (SD) 59.9 (9.13)
Gender, female, n (%) 21 (52.5)
Race, n (%)

White 20 (50.0)
Other 20 (50.0)

Education, n (%)
High school 6 (15.0)
2-year college 7 (17.5)
4-year college 12 (30.0)
Master’s degree 6 (15.0)
Doctoral degree 9 (22.0)
BMI, kg/m2, mean (SD) 26.0 (3.2)
Resting plasma b-endorphin, ng/ml, mean (SD) 0.04 (0.02)
Heat pain tolerance, �C, mean (SD)a 45.55 (3.07)
Pressure pain threshold, kPa, mean (SD)a 2.83 (1.12)
Punctate pain, mean (SD)a 39.13 (25.25)

Kellgren–Lawrence radiographic score, n (%)
Grade 0 13 (32.5)
Grade 1 8 (20.0)
Grade 2 10 (25.0)
Grade 3 8 (20.0)
Grade 4 1 (2.5)

Note. N ¼ 40. BMI ¼ body mass index; SD ¼ standard deviation.
aOverall average score.
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Discussion

This study was designed to examine the relationship between

b-endorphin and pain sensitivity among older adults with knee

OA. We found that higher circulating b-endorphin levels at rest

were associated with increased sensitivity to mechanical pain

(i.e., lower pressure pain threshold and higher punctate pain

ratings) in older adults with knee OA. The mean concentration

of b-endorphin in this study was 0.04 ng/ml, which is similar to

that reported for healthy elderly individuals in other reports

(Rolandi et al., 1987). We also found that female participants

had a lower heat pain tolerance and pressure pain threshold. To

our knowledge, this study is the first to investigate resting-state

plasma b-endorphin levels in relation to pain sensitivity in

patients with knee OA.

A number of studies have suggested that b-endorphin is

involved in endogenous opioid analgesia (Feldreich, Ernberg,

Lund, & Rosen, 2012). However, other reports have shown

that higher plasma b-endorphin levels are related to elevated

pain, which aligns with our findings. For example, Bruehl,

Burns, Chung, and Chont (2012) found that higher resting

plasma b-endorphin levels were associated with greater

reported pain intensity in healthy adults and to reduced endo-

genous opioid analgesic capacity among adults with low-back

pain. Similarly, Heddini et al. (2014) found a positive rela-

tionship between resting plasma levels of b-endorphin and the

number of concomitant pain symptoms among women with

vestibulodynia. In addition, Leonard, Klem, Asher, Rapoff,

and Leff (1993) reported that serum b-endorphin level was

positively associated with self-reported pain-intensity scores

in postoperative patients.

The exact mechanisms underlying the positive relationship

between circulating plasma b-endorphin level at rest and

higher pain sensitivity are not clear. Any attempt to interpret

this finding must account for the possibility that the plasma

b-endorphin level is not necessarily correlated with the level

of b-endorphin in the central nervous system, where the endo-

genous opioid peptide is a key component in the descending

pain modulatory system (Basbaum & Fields, 1984). Houghten,

Swann, and Li (1980) found that b-endorphin in systemic cir-

culation was not significantly taken up into the central nervous

system and that hypophysectomy, which dramatically

decreased plasma levels of b-endorphin, affected its levels in

the brain only slightly. One possible explanation for the asso-

ciation between higher pain sensitivity and higher resting

plasma levels of b-endorphin is that elevated resting plasma

b-endorphin might be an indicator for reduced endogenous

opioid analgesic capacity potentially due to downregulation

of the opioid receptors (Bruehl et al., 2012). In animal models

of chronic neuropathic pain, the μ-opioid receptor is downre-

gulated, decreasing the therapeutic efficacy of opioid analge-

sics (Niikura, Narita, Butelman, Kreek, & Suzuki, 2010).

b-endorphin appears to play a pivotal role in such downregu-

lation as evidenced by the finding that mutant mice lacking

b-endorphin do not show a decrease in the analgesic efficacy

of morphine or an increase in the μ-opioid receptor phosphor-

ylation leading to desensitization and internalization of the

receptor after neuropathic injury (Petraschka et al., 2007).

As previous studies have shown that chronic arthritis also

downregulates μ-opioid receptor expression in rats, resulting

in the loss of inhibitory effect of endomorphin-1 on the excit-

ability of sensory fibers innervating the inflamed joint (Li,

Proud, Zhang, Wiehler, & McDougall, 2005), it could be that

OA patients with higher resting b-endorphin levels have more

prominent downregulation of the μ-opioid receptor, leading to

greater pain sensitivity.

Another possible explanation for the positive correlation

between the resting plasma b-endorphin levels and mechanical

pain sensitivity is that in chronic inflammatory pain conditions,

plasma b-endorphin may perform a pronociceptive function

for the sensory nervous system. For example, in an animal

model of chronic inflammatory bowel disease, normally inhi-

bitory opioid signaling (inhibitory G protein-mediated)

became excitatory (protein kinases A- and C-mediated) in

primary afferent neurons when the animals were under experi-

mental stress or the neurons were incubated with the stress

hormones epinephrine and corticosterone (Guerrero-Alba

et al., 2017). Therefore, it would be of interest in future

research to determine whether the levels of stress hormones

in OA patients influence the degree of correlation between

pain sensitivity and b-endorphin levels.

Unlike mechanical pain sensitivity, heat pain sensitivity

showed no correlation with the resting plasma b-endorphin

levels in the OA patients. It is unclear how the potentially

reduced/reversed analgesic function of b-endorphin selectively

affects mechanical pain sensitivity. Notably, endogenous

opioids have been found to affect only mechanical, and not

heat, hypersensitivity in chronic neuropathic pain models

(Labuz, Celik, Zimmer, & Machelska, 2016), suggesting that

endogenous opioid peptides, unlike exogenous opioid analge-

sics, may differentially influence sensory pathways of different

Table 2. Results of Regression Model.

Variable b SE t Value p Value

Heat pain tolerancea

b-endorphin �7.54 7.61 �0.99 .33
Age �0.02 0.02 �0.97 .34
Female �0.64 0.25 �2.54 .02
OA severity 0.35 0.13 2.68 .01

Pressure pain thresholda

b-endorphin �17.18 7.16 �2.40 .02
Age �0.01 0.02 �0.68 .50
Female �0.90 0.24 �3.80 <.01
OA severity 0.09 0.12 0.77 .45

Punctate paina

b-endorphin 17.13 8.01 2.14 .04
Age �0.01 0.02 �0.28 .78
Female 0.09 0.26 0.34 .74
OA severity �0.20 0.13 �1.44 .16

Note. OA ¼ osteoarthritis. R2 heat pain tolerance ¼ .34, pressure pain thresh-
old ¼ .39, punctate pain ¼ .26.
aAverage z score.
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modalities in chronic pain conditions. In other words,

mechano- and heat-sensitive afferents could have different

responsiveness to plasma b-endorphin. Therefore, it is not

unlikely that OA patients with a dysfunctional endogenous

opioid system may manifest a modality-specific pain hypersen-

sitivity in quantitative sensory testing.

Limitations

This study’s results should be interpreted in light of several

limitations. First, the data collection was based on a cross-

sectional design, consequently limiting our ability to draw any

conclusions about causal relationships. Second, given the small

sample size, we restricted consideration of confounding vari-

ables to pain-related individual factors only, including age,

gender, and OA severity. Finally, the time of collection of

blood sample was not limited to a specific time window during

the day, so there could have been variation due to effects of

circadian rhythm on endorphin secretion among participants.

The plasma level of b-endorphin is typically high in the early

morning and gradually decreases until midnight in younger

adults (Sekiya, Nawata, Kato, Motomatsu, & Ibayashi, 1986),

but such circadian variation is not obvious in the elderly

(Rolandi et al., 1987).

Implications for Nursing Practice and Research

The findings of this study have potential clinical implications

for chronic pain management in nursing and health care.

Health-care providers might consider that persons with higher

resting plasma b-endorphin levels are more likely to have inad-

equate endogenous antinociceptive molecular activity. In par-

ticular, older adults with chronic painful conditions (e.g., OA)

who have higher resting plasma b-endorphin levels may need

more appropriate pain management. The findings might thus

promote nurses’ awareness of individual variations in pain and

pain-management response when they assess patients’ pain and

evaluate the effectiveness of pain-management interventions.

By considering individual variation, the precision of pain man-

agement can be significantly improved.

The further identification of molecular markers associated

with pain sensitivity, including b-endorphin, would advance

the science of pain and pain management by specifying the

biological pathways of pain sensitivity in chronic pain dis-

orders. Further exploration of the role of b-endorphin in addi-

tional studies is warranted given the preliminary evidence in

multiple studies of its role in pain sensitivity across chronic

pain populations. In the future, this knowledge could lead to

additional therapeutic targets for pain reduction including

targeted pharmacologic and complementary and alternative

therapies.

The findings from the present study also provide a founda-

tion for future research in nursing and symptoms sciences to

investigate the mechanisms by which resting plasma b-endor-

phin influences pain sensitivity. First, conduct of an extended

study with a larger sample should validate our findings. A

comparison of the associations between biomarkers and pain

sensitivity between healthy individuals and patients with knee

OA would reveal whether our findings are generalizable to

healthy adults or are specific to adults with knee OA. Second,

future studies are needed to investigate differences between

plasma b-endorphin and b-endorphin in the cerebrospinal fluid

or μ-opioid receptor binding in the brain. Finally, future studies

that incorporate additional biological and psychological mea-

sures are needed to elucidate underlying mechanisms in

chronic pain conditions.

Conclusion

Reports regarding the relationship between b-endorphin and

pain sensitivity have been inconsistent, and the relationship

between resting plasma levels of b-endorphin and pain sensi-

tivity in older adults with chronic pain is therefore not well

understood. The results of the present study suggest that higher

plasma levels of b-endorphin may be associated with heigh-

tened mechanical pain sensitivity among older adults with knee

OA pain. The study adds to the growing literature regarding the

relationship between biological markers and pain sensitivity.

Further investigation is needed to advance our understanding of

the underlying mechanism of b-endorphin in chronic pain in

OA and other musculoskeletal pain conditions.
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