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Abstract

Leptin, an appetite-regulatory hormone, is also known to act as a proinflammatory adipokine. One of the effects
of increased systemic leptin concentrations may be greater sensitivity to pain. We report the results of two
studies examining the association between leptin and pain: a small pilot longitudinal study, followed by a large
cross-sectional study. In Study 1, three women with physician-diagnosed fibromyalgia provided blood draws
daily for 25 consecutive days, as well as daily self-reported musculoskeletal pain. Daily fluctuations in serum
leptin were positively associated with pain across all three participants (F (1,63) = 12.8, p < 0.001), with leptin
predicting *49% of the pain variance. In Study 2, the relationship between leptin and body pain was examined
in a retrospective cross-sectional analysis of 5676 generally healthy postmenopausal women from the Women’s
Health Initiative. Leptin levels obtained from single blood draws were tested for a relationship with self-
reported body pain. Body mass index (BMI) was also included as a predictor of pain. Both leptin and BMI were
found to be independently associated with self-reported pain ( p = 0.001 and p < 0.001, respectively), with higher
leptin levels and greater BMI each being associated with greater pain. Leptin appears to be a predictor of body
pain both within- and between-individuals and may be a driver of generalized pain states such as fibromyalgia.

Introduction

In these two studies, we explore the relationship be-
tween leptin and generalized musculoskeletal pain. Leptin

is a protein produced primarily by white adipose tissue.
Originally recognized as an appetite-regulatory hormone,
leptin has more recently been demonstrated to also act as a
proinflammatory adipokine.1,2 Leptin administration in hu-
mans has been shown to elevate many clinical markers of
systemic inflammation, including C-reactive protein.3

Leptin-mediated inflammation is associated with in-
creased pain sensitivity. A small number of animal studies
have shown that intrathecally or peripherally injected leptin
can induce systemic hyperalgesia and allodynia.4–6 While no
human pain studies have involved the experimental admin-
istration of leptin, there are several reports that leptin levels in
synovial fluid and in peripheral blood are positively associ-
ated with pain severity in individuals with osteoarthritis.7–10

Serum leptin may also be increased in the widespread chronic

pain condition fibromyalgia,11,12 although not all studies
have supported a leptin-fibromyalgia link.13

We have previously reported that day-to-day fluctuations
in serum leptin predict daily fatigue severity in women with
chronic fatigue syndrome.14 On days when leptin concen-
trations are higher, women self-reported greater fatigue se-
verity. Out of 50 cytokines and chemokines examined in that
previous study, leptin was the analyte that was most consis-
tently associated with symptom severity.

Many women with chronic fatigue syndrome also meet
diagnostic criteria for fibromyalgia.15 While not necessarily
suggesting overlapping etiologies, the characterizing symp-
toms are similar between the two conditions.16 Fibromyalgia
is a chronic pain condition of uncertain etiology that is
characterized by widespread musculoskeletal pain and sen-
sitivity to mechanical pressure in soft tissue. Sufferers also
often report profound fatigue, disruption in cognitive pro-
cesses, sleep difficulties, and exacerbation of symptoms fol-
lowing physical or mental exertion. Because of the potential
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overlap between chronic fatigue syndrome and fibromyalgia,
we sought to explore the role that leptin may also play in
widespread musculoskeletal pain.

In this report, we explore the results of two studies that
examined the relationship between leptin and widespread
body pain. Study 1 was a small proof-of-concept analysis of
three women with fibromyalgia. The participants provided
blood samples and self-reported body pain severity scores for
25 consecutive days. We hypothesized that daily serum leptin
would be positively correlated with self-reported pain. While
leptin was our primary predictor, we were also more broadly
interested in the role of inflammatory processes in driving
chronic pain. We therefore examined 50 other cytokines and
chemokines in an exploratory analysis, to identify potential
predictors of pain for further study.

In Study 2, we performed a cross-sectional analysis be-
tween leptin and general body pain in over 5000 women from
the Women’s Health Initiative (WHI) Observational Study
who had previously provided blood samples and ratings of
body pain.17 Participants also completed clinical measures of
body mass index (BMI). Because BMI is positively corre-
lated with leptin18 and associated with self-reported pain19–24

and fibromyalgia,25,26 we controlled for BMI in our analyses.
This existing dataset therefore provided the opportunity to
conduct the first large-scale cross-sectional analysis of the
relationships between leptin and body pain. Our general hy-
pothesis was that both higher serum leptin concentrations and
greater BMI would be independently associated with self-
reported general pain. Our specific hypotheses, registered in
advance with the WHI Publications Committee, were as
follows:

Hypothesis 1: Secreted leptin is positively associated with
greater self-reported pain.

Hypothesis 2: BMI is positively associated with pain.
Hypothesis 3: Leptin is positively associated with pain

after controlling for BMI.
Hypothesis 4: BMI is positively associated with pain after

controlling for leptin.
Because Study 1 and Study 2 used substantially different

study designs and analytic approaches, they are covered
separately in this article. Methods and Results for Study 1 are
presented and then Methods and Results for Study 2. Those
sections are followed by a General Discussion section.

Study 1: Pilot Longitudinal Analysis of Daily Leptin
and Pain in Three Women with Fibromyalgia

Methods: Study 1

Participants. Participants in this unfunded pilot study
were three Caucasian women, aged 31, 35, and 40, who met
both the American College of Rheumatology 1991 and 2010
diagnostic criteria for fibromyalgia. Participants were not
part of any previous analyses. Because of the expense of daily
immune monitoring, only three individuals were recruited
and enrolled. No participants had a history of autoimmune or
rheumatologic disorder. All participants had normal levels of
erythrocyte sedimentation rate, C-reactive protein, thyroid
hormone levels, rheumatoid factor, and antinuclear anti-
bodies. All participants reported an average daily pain level
of at least 60 out of 100 (pain visual analog scale) and none
were taking prescription medications.

Protocol. Participation for each individual lasted for
33 days. Screening and consenting were performed in the
Adult and Pediatric Pain Laboratory at Stanford University.
All procedures were approved by the Institutional Review
Board at Stanford University.

After screening and consenting, participants submitted a
blood sample to screen for exclusionary autoimmune and
inflammatory conditions. Participants were then given an
Android-based smartphone for reporting daily pain severity.
Participants provided ratings of general body pain severity
with a single-item measure, ‘‘Please rate your general level of
body pain’’ on a 0–100 scale. ‘‘0’’ was anchored as ‘‘no
pain’’ and ‘‘100’’ as ‘‘worst pain imaginable.’’ Participants
completed the measure before going to sleep and were in-
structed to provide a report that reflected their overall expe-
rience over the entire day. The survey also contained 17 other
items that examined symptoms such as fatigue, headaches,
and sleep quality. None of those items were examined in this
analysis.

Pain severity reports were provided for the duration of the
study participation (32 days). In the first week (7 days), pain
reports were collected as a baseline and habituation period.
No blood draws were taken in the first week. The week
baseline also allowed the study team to ensure that partici-
pants would reliably submit their symptom reports.

Following the 7-day baseline period, participants started
the 25-day blood draw phase of the study. During the blood
draw phase, participants came to the Clinical Translational
Research Unit (CTRU) at Stanford University every morn-
ing. The time of day was locked to control for any possible
diurnal fluctuations in leptin. Venipuncture was performed
using a 23-gauge needle in the antecubital fossa and *8 cc of
blood was collected in serum separating tubes. The draw site
was rotated to reduce discomfort from the daily repeated
venipuncture. After remaining at room temperature for 30
minutes, the serum layer was spun off into eight cryovials and
stored at -80�C. Participants continued to provide symptom
severity reports every morning and night during the blood
draw phase of the study.

Leptin and cytokine quantification. All assays were per-
formed by the Human Immune Monitoring Center (HIMC) at
Stanford University. A human 51-plex Luminex cytokine kit
was purchased from Affymetrix and used according to
manufacturer’s recommendations. More detailed procedures
have been provided previously.14 All samples were batch
processed on a single plate.

Statistical analysis

The 51 cytokines (see full analyte list in Table 1) were
tested for associations with pain via linear mixed models in
SPSS v21 (IBM). Linear mixed models allow for proper
analysis when intensive longitudinal data are nested within
subjects. Each blood analyte was tested with a separate model.
The dependent variable was self-reported daily pain. The
participant identification number was entered as the nested
within-subjects identifier and study day (day 1–25) as the
repeated-measures index. Lagged relationships were not ex-
plored in the models. Blood analyte (e.g., leptin) was entered
as a fixed, continuous covariate predictor. All variables were
participant centered to avoid influence of between-subject
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differences on model results. An autoregressive covariance
structure (AR1) was used for nested data and a restricted
maximum likelihood used for testing of fixed effects.

Because of the large number of cytokines being assessed
separately, a Bonferroni adjustment was made to the statis-
tical threshold so that false positives would be properly
controlled. A Bonferroni adjustment with an alpha of 0.05
and 51 tests yielded an adjusted threshold of p < 0.001—
controlling the chance of any false positives at 5%.

Results: Study 1

Participant 1 missed one blood draw session. Participant 3
missed two days of self-report pain measures. Days with
missing data were excluded from analyses. Across all three
participants, there were 72 usable days of data (96% suc-
cessful completion rate).

Body weight for the three participants was as follows:
60.2, 82.1, and 101.2 kg. Leptin concentrations for the three
participants were as follows: 0.7 ng/mL (range 0.2–2.0),
10.2 ng/mL (range 5.8–17.1), and 20.5 ng/mL (11.21–38.7).
Mean leptin values were typical for healthy women with the
observed body weights.

Linear mixed models revealed that daily leptin levels
were significantly associated with daily pain reports (F (1, 63) =
12.804, p = 0.0007). On days with greater self-reported pain,
leptin levels were higher. Sequence plots and scatterplots are
provided for all participants in Figure 1. No other cytokine
predictors survived the statistical threshold. Statistical results
for all cytokines are provided in Table 1.

Study 2: Cross-Sectional Analysis of Leptin
and Body Pain in 6000 Postmenopausal Women

Methods: Study 2

Participants. The analytic cohort was a subsample of
postmenopausal women, aged 50–79, who were enrolled in
the large WHI Observational Study between 1993 and 1998.
Detailed descriptions of the recruitment and screening
methods and data collection have been provided previous-
ly.17 Briefly, 93,726 postmenopausal women representing a
diverse ethnic background and socioeconomic status range
completed a comprehensive battery of health measures at
baseline visits. A subset of participants also provided blood
samples that were subsequently assayed for leptin quantifi-
cation. Of 6,286 participants who had at least one serum
leptin measurement, 123 were excluded from these analyses
for missing data on BMI or self-reported pain. An additional
472 women were excluded because of a diagnosed autoim-
mune or rheumatologic disease (rheumatoid arthritis, multi-
ple sclerosis, lupus, and amyotrophic lateral sclerosis) or
because of self-reported opioid analgesic use. The final an-
alytic cohort consisted of 5676 individuals.

Table 1. Full List of Analytes Assessed in Study 1

Analyte F p Analyte F p

Leptin 12.804 0.0007 IL-4 1.351 0.25
IL-17F 8.016 0.006 IL-5 1.353 0.25
Eotaxin 7.587 0.008 IL-6 1.089 0.301
VEGF 6.93 0.011 IL-7 1.022 0.317
V-CAM1 6.723 0.012 IL-8 0.975 0.327
IFN-b 6.134 0.016 IP10 0.787 0.379
CD40Ligand 5.617 0.021 LIF 0.73 0.397
ENA78 4.917 0.031 M-CSF 0.664 0.418
FGFb 4.433 0.04 MCP-1 0.646 0.425
G-CSF 3.997 0.05 MCP-3 0.622 0.433
GM-CSF 3.953 0.051 MIG 0.545 0.463
GRO-a 3.929 0.052 MIP-1b 0.474 0.494
HGF 3.929 0.052 MIP-1a 0.427 0.516
ICAM-1 3.724 0.058 NGF 0.266 0.608
IFN-a 3.019 0.087 PAI-1 0.234 0.63
IFN-c 2.742 0.103 PDGFBB 0.209 0.649
IL-10 2.484 0.12 RANTES 0.052 0.821
IL-12 p70 2.488 0.121 Resistin 0.05 0.823
IL-12 p40 2.435 0.124 SCF 0.034 0.855
IL-13 2.419 0.125 sFAS_lig 0.018 0.892
IL-15 2.201 0.143 TGF-a 0.009 0.926
IL-17 2.212 0.144 TGF-b 0.001 0.988
IL-1a 1.963 0.166 TNF-a 0.001 0.995
IL-1b 1.89 0.174 TNF-b (below detection)
IL-1Ra 1.673 0.203 Trail (below detection)
IL-2 1.353 0.249 VCAM-1 (below detection)

The significance threshold was Bonferroni adjusted to 0.001
(significant results are marked in bold font). Analytes are listed in
descending order of statistical significance as a predictor of self-
reported pain.

IFN, interferon; IL, interleukin; MCP, monocyte chemoattractant
protein; MIP, macrophage inflammatory protein; TGF, transforming
growth factor; TNF, tumor necrosis factor.

FIG. 1. Relationship between daily serum leptin and daily pain in three women with fibromyalgia. Sequence plots. Solid
line represents leptin and dashed line represents pain over 25 consecutive days (x-axis). Both leptin and pain have been
individual centered with a z-score transformation to put all data on the same y-scale. For general descriptive purposes,
individual Pearson’s correlations are provided. The relationship between leptin and pain for the three individuals was as
follows: 0.77 ( p < 0.001), 0.77 ( p < 0.001), and 0.50 ( p = 0.018).
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Protocol. Body pain at study entry was assessed using a
single-item question. Subjects were asked ‘‘During the past
four weeks, how much bodily pain have you had?’’ Re-
sponses were provided on an ordinal scale, with the following
options: none, very mild, mild, moderate, and severe. For
modeling purposes, answers were coded as integers ranging
from 1 to 5 with 1 corresponding to ‘‘none’’ and 5 with
‘‘severe.’’ Pain from other sources (e.g., illness or injuries)
was assessed with other questions that were not examined in
this analysis.

Height and weight were collected by trained study staff.
Weight was measured to the nearest 0.1 kg and height mea-
sured to the nearest 0.1 cm. BMI was calculated using the
standard formula of weight (kg) divided by the square of
height (m2). Participants were fasting at the time of the blood
draw, which was taken between 7 and 11 am. There was an
average of 23.8 (SD = 79.9) days between the blood draw and
pain measurement. Venous blood samples were collected
into serum separating (SST; N = 55, 1.0%), ethylenediami-
netetraacetic acid (EDTA; N = 1712, 30.2%), or citrate
(N = 3909, 68.9%) tubes. Samples were spun down and the
serum layer was extracted and stored at -80�C.

Leptin quantification. Three separate research groups la-
ter analyzed the stored serum samples for concentrations of
leptin. Leptin concentrations for EDTA plasma and citrate
samples were established using the multiplex assay (Milli-
plex Human Adipokine Panel B; Millipore). Leptin assays
demonstrated an interassay coefficient of variation (CV) of
9%. Additional information about processing techniques has
been published previously.27 Leptin levels of serum from
SSTs were determined with radioimmunoassay using com-
mercial kits (Lunco Research, Inc.). The interassay CV for
leptin was 5.5%. Six subjects with SST assays had multiple
assays; for these subjects, within-subject average leptin data
were used. Eighty-five subjects had multiple leptin mea-
surements using more than one assay type. For those indi-
viduals, only the most common (i.e., citrate) assay type was
retained for analysis.

Statistical analysis

The sole dependent variable for all models was self-reported
body pain. Two predictor (regressor) variables were used in the
models. The primary regressor was serum leptin level. The
second regressor was BMI. BMI range groups were created for
under/normal weight (BMI 0–25 kg/m2), overweight (BMI
25–29.925 kg/m2), and obese (BMI >30 kg/m2).

All models were tested using parametric linear regression
and adjusted for race and age. All leptin values were log-
transformed. Because leptin concentration levels vary by the
collection tube type (SST, EDTA, and citrate), all models
were controlled for tube type. p-Values <0.05 were consid-
ered statistically significant, and exact p-values were reported
down to the p = 0.001 level of significance. Three models
were tested:

In Model 1 (testing Hypothesis 1), body pain was the de-
pendent variable; independent variables were as follows:
leptin level, specimen type, age, and race.

In Model 2 (testing Hypothesis 2), body pain was the de-
pendent variable; independent variables were as follows:
BMI, age, and race.

In Model 3 (testing Hypotheses 3 and 4), body pain was the
dependent variable; independent variables were as follows:
leptin, BMI, a leptin-BMI interaction term, specimen type,
age, and race.

Results: Study 2

Baseline characteristics of the analytic cohort and median
leptin values are presented in Table 2. Median leptin (ng/mL)
values were: 13.8 (no pain), 15.3 (very mild pain), 18.3 (mild
pain), 20.3 (moderate pain), and 23.0 (severe pain). A Pear-
son’s r showed that the two predictors (leptin and continuous
BMI) were correlated at 0.64.

Statistics for all models are presented in Table 3. In Model
1, serum leptin was tested as a predictor of self-reported body
pain. The relationship was significant ( p < 0.001). Higher
reports of pain were associated with greater leptin concen-
trations; a twofold increase in leptin was associated with a
mean increase of 0.17 (95% CI 0.14–0.20) points on the 0–4
pain scale (Table 3).

In Model 2, we found a significant positive correla-
tion between BMI and self-reported body pain ( p < 0.001).
Higher reports of pain were associated with greater BMI,
with overweight subjects having an average pain score of
0.30 (95% CI 0.21–0.38) points greater than those in the
underweight/normal group ( p < 0.001). Obese subjects had
an average pain score that was 0.69 (95% CI 0.59–0.78)
points greater than those in the underweight/normal group
( p < 0.001).

In Model 3, the leptin·BMI interaction was not signifi-
cantly associated with self-reported pain ( p = 0.38). Both
leptin and BMI remained significant predictors of pain when
controlling for the other factor ( p = 0.001 and p < 0.001, re-
spectively). Every 100% increase in logged leptin levels was
associated with a mean increase of 0.07 (95% CI 0.04–0.11)
points on the 0–4 pain scale after adjusting for BMI. Because
interpreting logged values of leptin is not intuitive, we also
present the model results using raw leptin values. Translating
to raw values, every ng/mL increase of leptin was associated
with a 0.4% increase of pain from the sample mean pain of
1.4. The slope would predict a 74% increase of pain when
moving from the minimum to maximum observed leptin
values in our sample.

Holding leptin constant, subjects in the overweight BMI
group had mean pain scores that were 0.20 (95% CI 0.11–
0.30) points greater than those in the underweight/normal
group, and obese subjects had mean pain scores that were
0.51 (95% CI 0.39–0.63) points greater than those in the
underweight/normal group.

General Discussion

We observed that leptin is associated with self-reported
body pain both longitudinally within-person and between-
persons. In Study 1, day-to-day fluctuations in serum leptin
covaried with daily fluctuations of pain. In Study 2, leptin
levels were positively correlated with pain, even after con-
trolling for BMI. Our results agree with previous animal and
human studies that suggest leptin may heighten pain sensi-
tivity, perhaps via proinflammatory activity. Leptin has been
associated with a large number of inflammatory diseases such
as rheumatoid arthritis, lupus, and multiple sclerosis.28
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Several mechanisms for leptin-induced inflammation have
been proposed. Proposed critical links include signal trans-
ducer and activator of transcription 3 (STAT3),29 IL-6, and
IL-18.30 Leptin provocation of macrophages can lead to in-
creased output of pronociceptive factors that increase pain

processing.31 Leptin has also been observed to prime mi-
croglia, leading to exaggerated IL-1beta production in
response to stimuli,32 and triggering microglial production of
IL-6.33 Abnormal microglial activity is currently being clo-
sely examined as an important driver of chronic pain states,34

Table 2. Baseline Characteristics and Leptin Concentrations by Pain Level in Study 2

None Very Mild Mild Moderate Severe

N 1344 2120 1216 1012 49
Leptin (ng/mL) 13.8 15.3 18.3 20.3 23.0
IQR 16.7 18.4 22.9 23.3 29.6
BMI, kg/m2 (SD) 25.28 (5.71) 26 (6.39) 27.29 (7.36) 27.94 (7.73) 28.92 (10.27)
BMI category (%)

<25 kg/m2 46.8 40.8 31.8 27.4 20.7
25–29.9 kg/m2 33.6 34.9 36.2 33.3 36.8
‡30 kg/m2 17.9 23.1 30.7 38.5 41.4

Age group (%)
50–54 8.9 8.6 6.9 7.8 6.9
55–59 12.3 13.7 11.3 12.5 12.6
60–69 45.8 44.1 45.2 39.5 44.3
70–79 33.0 33.6 36.5 40.3 36.2

Race/Ethnicity
White 69.2 74.7 76.9 73.8 64.4
Black 10.7 10.1 8.5 12.1 20.1
Hispanic 6.9 5.7 6.6 6.6 8.0
Asian/PI 10.1 5.8 5.0 3.5 4.6
Native American/Alaskan 2.6 2.8 1.8 2.9 1.1
Other 0.3 0.7 0.9 0.7 0.6

Pain was rated on a 0 (none) to 4 (severe) scale. Leptin is presented as median and IQR because of nonnormal distribution (wide and right
skewed).

BMI, body mass index; IQR, interquartile range.

Table 3. Associations Between Leptin, BMI, and Self-Reported Pain in Study 2

Model Design

Leptin
aggregation

scheme N
Dependent

variable
Independent

variable Estimate (95% CI) p

1 Association between pain
and log(leptin)

Averaged
within subject

5676 Pain Leptin ng/mLa 0.17 (0.14, 0.20) <0.001

2 Unadjusted association
between pain and BMI

NA 5676 Pain BMI <0.001

2 Unadjusted association
between pain and BMI

NA 5676 Pain BMI: 25–30
versus 0–25

0.30 (0.21, 0.38)

2 Unadjusted association
between pain and BMI

NA 5676 Pain BMI: 30–70
versus 0–25

0.69 (0.59, 0.78)

3 Association between BMI
and pain, adjusted for
leptin levels

Averaged
within subject

5676 Pain BMI <0.001

3 Association between BMI
and pain, adjusted for
leptin levels

Averaged
within subject

5676 Pain BMI: 25–30
versus 0–25

0.20 (0.11, 0.30)

3 Association between BMI
and pain, adjusted for
leptin levels

Averaged
within subject

5676 Pain BMI: 30–70
versus 0–25

0.51 (0.39, 0.63)

3 Association between leptin
and pain, adjusted for
BMI levels

Averaged
within subject

5676 Pain Leptin ng/mLa 0.07 (0.04, 0.11) 0.001

Model 1 tests leptin as the sole predictor. Model 2 tests BMI as the sole predictor. Model 3 enters both leptin and BMI simultaneously.
Pain was rated on a 0 (none) to 4 (severe) scale. All models were adjusted for sample type (citrate, ethylenediaminetetraacetic acid, or
serum-separating tube), age, and race/ethnicity.

aVariable was log2 transformed before fitting. Estimate corresponds to the expected change in pain for a twofold increase in leptin (ng/mL).
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and signalers such as leptin that modulate the microglial
activity may be important targets for future pain therapies.
Leptin may also regulate other aspects of pain processing,
such as decreasing descending pain modulatory signals via
the rostral ventromedial medulla.35

Increasingly, obesity is being viewed as a proinflammatory
state with several adverse consequences.36 Leptin is one
mechanism that may link obesity to inflammation and the
associated physical and psychological diseases that are ob-
served more often in obese individuals.37–40 Leptin levels,
however, are also controlled by factors not associated with
BMI, such as sleep41 and acute infection.42

Further information regarding the link between leptin and
pain may help drive novel treatments for chronic pain. There
are a number of behavioral techniques for lowering leptin
levels, including calorie restriction and weight reduction,43

as well as physical exercise.44 Leptin levels may also be
modulated pharmacologically via novel suppressing and
antagonist agents45,46 and modulation of naturally occurring
hormones such as ghrelin.47 Recent evidence has suggested
that administration of leptin antagonists can prevent and re-
verse injury-induced neuropathic pain in animal models.48

With leptin-modulating pharmaceuticals, however, care would
need to be taken to avoid adversely impacting appetite, caloric
intake, and reproductive function.

Neither one of our studies were designed to determine
causality. While leptin is available for human use as inject-
able metreleptin, its significant side-effect profile makes it
impossible to obtain for research use at this time. We note
that animal research with leptin administration support a
causal influence of leptin on pain.4,6 Furthermore, limited
human data suggest that current leptin levels may predict
future pain severity.49

While leptin was associated with pain severity both within-
and between-individuals, the strength of the effect was most
significant in the within-person analyses, predicting 49% of
the pain variance. The leptin-pain link in the cross-sectional
study, although statistically significant, was weak and would
not likely have clinical utility as a marker for pain in the
general population. We are not aware of other blood-based
markers of general pain being reported in a highly hetero-
geneous and largely healthy sample, and such markers are
typically more useful as indicators of specific pain condi-
tions. Our analyses were performed on a convenience sample
in which the pain measures and blood samples were collected
on separate days. Leptin can vary significantly within indi-
viduals even within days,50,51 so the study did not have the
optimal timing of data collection to ensure a sensitive test of
the hypothesis. In Study 1, we observed the relationship be-
tween pain and leptin to drop to zero with a 4-day lag. Future
studies examining pain and leptin should aim to take the
measurements as close to each other as possible.

The large study also used a crude measure of pain severity
with only five possible levels of pain. More advanced mod-
eling approaches, such as structural equation modeling, may
also be useful in determining the relative contribution of body
weight and leptin to pain severity, as well describing im-
portant mediating and moderating effects. High correlations
between predictors can adversely affect the performance of
linear regressions, although we observed the Pearson’s cor-
relation between BMI (continuous) and leptin to be a rea-
sonable 0.64. Nonetheless, it is important to note that BMI is

a significant driver of leptin and it is difficult conceptually to
separate the two. Future studies should also use more accu-
rate methods for body composition, including those that can
quantify adipose tissue. Despite those limitations, we found
that pain levels linearly increased with higher leptin levels, as
predicted.

It should also be highlighted that Study 1 used individuals
with a diagnosed pain condition, while Study 2 excluded
individuals with autoimmune disorders such as rheumatoid
arthritis (although individuals reporting ‘‘severe’’ pain
may be suspected of having an undiagnosed condition).
Unfortunately, the WHI database does not reliably capture
fibromyalgia diagnoses, so we were not able to determine if
leptin levels are elevated in those individuals. It is likely that
the sample contained some individuals with a diagnosis of
fibromyalgia. Future analyses should examine leptin levels in
individuals with well-characterized chronic pain diagnoses.
Because we have also identified a link between leptin and
fatigue,14 future research may also need to examine multiple
clinical outcomes to understand the full implications of
fluctuating leptin levels.

We note that, while the majority of available literature
points to a positive association between leptin and pain,
there are a few studies that report leptin may actually reduce
the experience of pain52 and serve a neuroprotective func-
tion.53,54 Also, at least one study reported that lower levels
of leptin are associated with greater pain severity in fi-
bromyalgia patients.55 Given the large day-to-day changes in
leptin concentrations we observed (even when holding time
of day constant), care may need to be taken when interpreting
results of cross-sectional studies. It is possible that a single
leptin assessment is not adequate for determining an indi-
vidual’s average leptin concentration.

The mean leptin values we observed in Study 1 were all
within expected ranges for the given body weights, but there
are no clinical standards for determining elevated leptin
levels for a given individual. It is not likely that a leptin assay
would have clinical utility as a single or infrequent screening.
Leptin may work best as a longitudinal variable, although it is
unknown if it can represent a biomarker for fibromyalgia
disease course over time.13 The relationship between leptin
and pain may be modulated by other factors, with estrogen
being one possibility.56 Also, current concepts such as leptin
insensitivity57 will need to be carefully considered when
examining leptin and pain. Future studies should examine
factors known to interact with leptin or its signaling path-
ways, such as ghrelin, sex hormones, insulin, and neuro-
peptide Y.

While not meeting the Bonferroni threshold, we identified
other analytes potentially associated with self-reported pain,
including IL-17F and eotaxin. While discussing the potential
role these analytes may play in pain is outside the scope of
this report, we do note that previous studies have identified
both IL-17 and eotaxin to be elevated in fibromyalgia pa-
tients.58,59 These analytes, and others, may deserve more
attention in future studies. However, we caution that these
findings are exploratory, not involving a priori hypotheses,
and from a very small sample of individuals.

In summary, we add to a growing body of literature that
suggests a role for leptin in acute and chronic pain. As se-
creted leptin levels are substantially higher in women than in
men, it may help explain why women generally exhibit
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greater pain sensitivity than men60 and are more likely to be
diagnosed with most chronic pain disorders.61 Future re-
search in chronic pain may explore new targets based on
leptin pathways in humans. Leptin represents one of many
physiological agents that can bridge multiple body systems,
and may provide important clues on how to best manage
chronic pain.
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