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Abstract
BACKGROUND—Musculoskeletal symptoms are common adverse effects of statins, yet little is
known about the prevalence of musculoskeletal pain and statin use in the general population.

METHODS—We conducted a cross sectional study of the National Health and Nutrition
Examination Survey (NHANES) 1999–2004. We estimated the prevalence of self-reported
musculoskeletal pain according to statin use and calculated prevalence ratio estimates of
musculoskeletal pain obtained from adjusted multiple logistic regression modeling.
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RESULTS—Among 5,170 participants without arthritis, the unadjusted prevalence of
musculoskeletal pain was significantly higher for statin users reporting pain in any region (23%
among statin users, 95%CI: 19–27% compared to 18% among those not using statins, 95%CI: 17–
20%; p=0.02) and in the lower extremities (12% among statin users, 95%CI: 8–16% compared to
8% among those not using statins, 95%CI: 7–9%; p=0.02). Conversely, among 3,058 participants
with arthritis, statin use was not associated with higher musculoskeletal pain in any region. After
controlling for confounders, among those without arthritis, statin use was associated with a
significantly higher prevalence of musculoskeletal pain in any region, the lower back, and the
lower extremities (adjusted prevalence ratios: 1.33 [1.06, 1.67]; 1.47 [1.02, 2.13]; 1.59 [1.12,
2.22], respectively). Among participants with arthritis, no association was observed between
musculoskeletal pain and statin use on adjusted analyses.

CONCLUSIONS—In this population-based study, statin use was associated with a higher
prevalence of musculoskeletal pain, particularly in the lower extremities, among individuals
without arthritis. Evidence that statin use was associated with musculoskeletal pain among those
with arthritis was lacking.
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Introduction
Statins, or 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors, reduce LDL
cholesterol, cardiovascular morbidity and mortality, and all cause mortality.1–3 They are one
of the most widely prescribed medications in the U.S. and globally4; in 2003–2004, it was
estimated that 24 million U.S. individuals received a prescription for statin medication.5
Although statins are usually well tolerated, musculoskeletal side effects (e.g., muscle aches,
pain, weakness, cramps and/or creatinine kinase (CK) elevations) are the most common
adverse effect associated with statin use.6 Because myalgia in the absence of significant CK
elevation was not commonly evaluated in randomized controlled trials of statins,7
systematically collected data on muscle symptoms among statin users remains sparse.

We previously showed an association between statin use and musculoskeletal pain among
individuals without arthritis enrolled in a population based study, the National Health and
Nutrition Examination Survey (NHANES) 1999–2002.8 However, the relatively small
sample size limited our ability to determine if statins added to the burden of those with
arthritis. The aims of the current study were to better assess the relation between statin use
and musculoskeletal pain in the general population, including those with and without
arthritis, and to determine if arthritis affects the relationship, using 6 years of NHANES
data.

Methods
Study population

We included 8,228 adults aged 40 years and older who participated in the NHANES 1999–
2004. The NHANES is a cross-sectional, continuous survey administered by the National
Center for Health Statistics (NCHS).9 The survey uses a complex, multistage, probability
sampling design to select participants representative of the civilian, non-institutionalized
U.S. population with oversampling of certain population subgroups to increase the reliability
and precision of estimates for these groups. Public use data files are released in two-year
increments. Consent was obtained from participants by NCHS after approval by the
NHANES Institutional Review Board/ NCHS Research Ethics Review Board.10 Our
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analyses were approved for exemption by our institutional review board based on 45 CFR
46.101(b) (4) because of de-identified data.

Assessment of Musculoskeletal Pain
Participants were asked, "During the past month, have you had a problem with pain that
lasted more than 24 hours?” Those who answered “yes” were asked to specify the location
of their pain. We assessed reporting of pain at 4 different musculoskeletal regions including
neck or upper back, upper extremities (shoulder, arm, wrist or hand), lower back, and lower
extremities (buttock, leg, or foot). Any musculoskeletal pain was defined as pain in any one
of these regions.

Ascertainment of sociodemographics, health habits and health conditions
Participants reported age, sex, race/ethnicity, smoking status, physical activity, and health
status. Smoking status was defined as past, current, or never. Physical activity was based on
activity during the last 30 days and was defined as vigorous if participants reported any
“vigorous activity for a least 10 minutes that caused heavy sweating or large increases in
breathing or heart rate,” moderate if participants reported “moderate activities for at least 10
minutes that cause only light sweating or a slight to moderate increase in breathing or heart
rate,” or sedentary if neither vigorous nor moderate activity was reported. Self-rated health
status was defined as excellent/very good, good, and fair/poor.

Prevalence of arthritis and cancer (excluding cervical cancer and non-melanoma skin
cancer) was based on self-report of a doctor or other health-professional's diagnosis, i.e.,
“Has a doctor or other health professional ever told you that you had [condition]?” Coronary
heart disease was defined by a self-report of a doctor or health care provider's diagnosis of
coronary heart disease, angina, or a previous heart attack. Prevalence of diabetes was
determined by self-report of a doctor or health care provider's diagnosis, a randomly
measured glucose level of greater than 200 mg/dl, or use of an anti-diabetic medication.
Serum total cholesterol and systolic blood pressure were measured. Body mass index (BMI)
was calculated using measured height and weight. Ankle brachial index (ABI) was obtained
by comparing the means of two blood pressure measurements in the right arm with that of
each ankle. We used the lower of the two ABI values and defined peripheral artery disease
as an ABI ≤ 0.97.

Medication use
To determine prescription medication use, survey participants were asked if they had taken a
medication in the past month for which they needed a prescription. Participants who
answered “yes” to this question were asked to show their medication containers during the
in-home interview so the complete name of the product could be obtained. No container was
available for approximately 15% of the medications, in which case a verbal recollection was
reported to the interviewer.

Statistical Methods
All analyses were weighted to represent the U.S. population, to account for oversampling in
specific demographic subgroups, and to account for nonresponses. We assessed participants’
characteristics, first according to arthritis status, and then by statin use. To compare the
groups, t-tests were calculated for continuous measurements, and chi-square tests for
categorical variables. We calculated the unadjusted prevalence of musculoskeletal pain in
different body regions among those without and with arthritis.
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To assess our primary outcomes, we obtained adjusted prevalence ratio estimates of
musculoskeletal pain directly from the logistic regression modeling using the SUDAAN
PREDMARG statement. This calculates the model-adjusted prevalence ratio based on
estimates of the average marginal prediction for each level of a categorical variable or
continuous variable, with confidence intervals obtained using the Taylor linearization
method.11 Adjusted prevalence ratios and 95% confidence intervals are presented according
to body regions. All analyses were adjusted for the following list of potential confounders
that were specified a priori: age, sex, race/ethnicity, smoking status, health status, health
status, coronary heart disease, ABI (≤.90, 91–.99, 1.00–1.29, ≥1.29, and missing), systolic
blood pressure, diabetes, total cholesterol (segregated into quintiles), BMI, and cancer. To
examine nonlinear effects of continuous variables, we included quadratic terms for age,
BMI, and systolic blood pressure. Other factors were examined but not included in our final
models because they were not associated with musculoskeletal pain and did not appear to
confound the relation of statin use with musculoskeletal pain, including education, physical
activity, and alcohol intake.

We evaluated whether the association between statin use and musculoskeletal pain was
different among those with and without arthritis by including an interaction term between
presence of arthritis and statin use in the final logistic regression model, and used a
likelihood ratio test to examine its statistical significance. After confirming a significant
interaction, we calculated the weighted mean of the marginal predicted probability for the
overall effect of statin use in the entire population by fitting a model with the main effects of
statin and arthritis and their interaction term. We used the SUDAAN statement PRED_EFF
and the linear contrast for statin to obtain the weighted average statin effect and to account
for the proportion of those with and without arthritis in the population. Due to the significant
interaction we also present stratified analyses by arthritis status. We calculated the number
needed to harm (NNH) as the reciprocal of the absolute difference in prevalence risk
between statin use and no statin use for the primary outcome of musculoskeletal pain.

As a post hoc analysis, we evaluated whether use of prescription medications that might
affect pain (non-steroidal anti-inflammatory drugs, opioids, corticosteroids or muscle
relaxants), altered the results. To assess trends of statin use over the study period we
included the data release year as a covariate in the model.

Statistical analyses were performed using SAS (version: 9.2; SAS Institute, Cary, NC) and
SUDAAN (version 10.0.1; Research Triangle Institute, Research Triangle Park, NC).

Results
Among 8,228 NHANES participants aged 40 years and over (representing 113 million US
individuals), including those with and without arthritis, 1,306 participants (representing 17
million US individuals) reported using a statin in the past 30 days. Statin use increased
significantly over time, with prevalence of use in the last 30 days estimated to be 13%, 15%,
and 18% for study periods 1999–2000, 2001–2002, and 2003–2004, respectively (p for trend
<0.001).

In Table 1 we summarize characteristics of participants according to arthritis status and
statin use. Among those with or without arthritis, individuals who used statins were older,
more likely to be former smokers and reported poorer self-rated health, compared to non-
users. Among those without arthritis, individuals who used statins were more likely to be
male, while among participants with arthritis, those who used statins were more likely to be
female.
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Figure 1 shows the estimated prevalence of musculoskeletal pain in different body regions
during the last 30 days among adults 40 years and older, in the overall sample and in those
with and without arthritis, according to statin use. In the overall sample, the unadjusted
prevalence of musculoskeletal pain was significantly higher among statin users reporting
pain in any region (30% among statin users, 95%CI: 26–34%, compared to 26% among
those not using statins, 95%CI: 24–27%; p=0.007), in the lower extremities (18% among
statin users, 95%CI: 15–21%, compared to 14% among those not using statins, 95%CI: 13–
15%; p=0.008), and in the lower back (14% among statin users, 95%CI: 11–17%, compared
to 11% among those not using statins, 95%CI: 10–12%; p=0.02).

Among those without arthritis, the unadjusted prevalence of musculoskeletal pain was
significantly higher for statin users reporting pain in any region (23% among statin users,
95%CI: 19–27% compared to 18% among those not using statins, 95%CI: 17–20%; p=0.02)
and musculoskeletal pain in the lower extremities (12% among statin users, 95%CI: 8–16%
compared to 8% among those not using statins, 95%CI: 7–9%; p=0.02).

Compared to those without arthritis, those with arthritis showed nearly twofold the
prevalence of reported musculoskeletal pain in all regions on weighted, unadjusted analyses.
However, statin use was not associated with higher musculoskeletal pain in any body region
among those with arthritis, instead statin use was significantly associated with lower
musculoskeletal pain in the neck/upper back region (13% among statin users, 95%CI: 9–
18% compared to 18% among those not using statins, 95%CI: 15–21%; p=0.04).

In multivariable adjusted analyses, statin use was only associated with musculoskeletal pain
among subjects without arthritis and the likelihood ratio test for the interaction between
statin use and arthritis was highly statistically significant (p=0.0001). Because of this
interaction, we estimated the average effect of statin on musculoskeletal pain in the overall
population, taking into account the interaction and the proportion of those with arthritis in
the population. In this analysis, the estimated adjusted marginal prevalence ratio was 1.15,
with 95% CI 1.01–1.30, and NNH=25. We then stratified multivariable analyses by arthritis
status. Table 2 provides multivariable-adjusted prevalence ratios and 95% confidence
intervals for musculoskeletal pain according to arthritis status. After adjustment, statin use
among those without arthritis remained significantly associated with higher prevalence of
musculoskeletal pain, particularly in the lower extremities and lower back, with a NNH
equal to 17 for musculoskeletal pain in any region.

Among those with arthritis, no association was observed between musculoskeletal pain and
statin use. Additional adjustment for prescription pain medications did not materially alter
the results in models among those with or without arthritis.

Discussion
In this cross-sectional study of 8,228 individuals representative of the general U.S.
population, we showed that use of statins is associated with musculoskeletal pain among
individuals without arthritis, but that statin use does not add to the pain burden of
individuals with arthritis. Among those without arthritis, statin use is significantly associated
with a 33% higher prevalence of reporting musculoskeletal pain in any region after adjusting
for multiple confounders (NNH=17), with regions most commonly associated being the
lower extremities and lower back. These findings are consistent with our prior study
performed among those without arthritis,8 which showed higher prevalence of
musculoskeletal pain in these same regions, and support previous studies in clinical settings
showing pain associated with statin use to be more common in the lower than upper
extremities.12–14These same regions have been noted to be affected in some other drug
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induced myopathies,15, 16 and could be due to these regions containing large muscles of the
body, which carry greater weight, compared to upper body muscles.

Our study findings are in contrast with data from randomized clinical trials of statin therapy,
which showed no significant association of statins with myalgia.17 This may be attributed to
the differing demographics of participants in randomized clinical trials compared to patients
using statins in the general population. While several studies have evaluated the association
of myopathy and statin use,7, 17–19 myalgia, or more specifically muscle symptoms without
significant elevations in CK, were rarely investigated in clinical trials.7

Among those with arthritis, our data did not show higher prevalence of musculoskeletal pain
among statin users. Although we could not determine causal factors for our finding of effect
modification of musculoskeletal pain and statin use by arthritis status, our finding may
represent differences in clinical practices and/or pathophyisiologic processes related to
arthritis and statin use. Arthritis commonly typifies a more prominent pain, and thus could
mask statin-associated pain, hence mitigating the association between statin-related pain and
arthritis. Furthermore, individuals with substantial musculoskeletal symptoms, and doctors
who care for such patients, may refrain from starting a statin or prematurely stop statins due
to fear of worsening musculoskeletal symptoms, and could represent a bias unique to this
group that would appear as if those with arthritis not using statins had worse pain than those
using statins. Lastly, it is possible that some statin users who develop musculoskeletal
symptoms of the lower extremities or lower back as a side effect of their statin may have
been incorrectly diagnosed with arthritis. However, this type of misclassification bias would
increase the positive association between statin use and musculoskeletal pain in this
subgroup.

Study limitations
Portions of our analyses rely on self-reported data including, most importantly, self-reported
doctor or other health care provider’s diagnosis of arthritis. In clinical practice a
presumptive diagnosis of arthritis, generally osteoarthritis, may be given to a patient who
presents with joint pain.20, 21 Often little is pursued to confirm the diagnosis, which could
lead to misclassification.20, 21 A previous validation study assessing “self-reported doctor's
diagnosis of arthritis” against a standardized clinical history and physical examination
showed that a self-reported doctor's diagnosis had 80% specificity and 53–70% sensitivity of
identifying clinically significant arthritis,22 indicating greater reliability in the classification
of having no arthritis than with the classification of having arthritis.

Other than region of pain, we lacked details on the characteristics of musculoskeletal pain.
Obtaining information about severity, quality, and interference with activities due to
musculoskeletal symptoms as well as site of arthritis would be important to include in future
studies to better define and understand musculoskeletal pain associated with statin use.

In this study, those with arthritis used more prescription pain medications than those without
arthritis, however, adjusting our models for use of these medications did not change the
results of our findings. We had limited ability to fully adjust for over-the-counter analgesic
use, as questions asked about these medications did not describe reasons for use. Therefore,
we could not differentiate between aspirin use for analgesia versus cardiovascular disease
prevention, nor acetaminophen or ibuprofen use for musculoskeletal pain versus use in a
combination cold/flu treatment.

Our study is further limited by its cross sectional design and therefore cannot address
causality nor account for those who may have previously started and stopped a statin due to
musculoskeletal pain. The sample is representative of the U.S. population with the majority
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of participants self reporting non-Hispanic-white race/ethnicity. However, being of Asian
ancestry was not collected. Such information would be of interest, as studies have shown
this group may be at higher risk for statin musculoskeletal side effects compared to other
groups.23, 24 Lastly, despite attempts to adjust for several important confounders, our results
in this observational study could be limited by residual and unmeasurable confounding

Conclusions
In summary, in this population based cross sectional study, we found that among those
without arthritis, statins are associated with a higher prevalence of musculoskeletal pain,
particularly in the lower extremities. These data did not demonstrate an association of a
higher prevalence of musculoskeletal pain among those with arthritis.
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Figure 1.
Unadjusted weighted prevalence estimates (percent) and 95% confidence intervals of any
musculoskeletal pain and musculoskeletal pain at 4 different anatomical regions according
to statin use among all participants (p=0.007, p=0.36, p=0.82, p=0.02, p=0.008,
respectively), those without arthritis (p=0.02, p=0.40, p=0.88, p=0.31, p=0.02, respectively),
and those with arthritis (p=0.32, p=0.04, p=0.23, p=0.69, p=0.45, respectively).
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Table 2

Adjusted* Prevalence Ratios and 95% Confidence Intervals of the Effect of Statin Use on Musculoskeletal
Pain, by Arthritis Status

Region Without Arthritis With Arthritis

Any Region 1.33 (1.06, 1.67) 0.96 (0.81, 1.15)

Neck/Upper Back 0.88 (0.53, 1.45) 0.81 (0.61, 1.08)

Upper Extremities 0.82 (0.49, 1.35) 0.84 (0.62, 1.15)

Lower Back 1.47 (1.02, 2.13) 1.05 (0.81, 1.37)

Lower Extremities 1.59 (1.12, 2.22) 0.96 (0.76, 1.22)

*
Adjusted for age, sex, race/ethnicity (non-Hispanic white, non-Hispanic black, Mexican-American, others), smoking status (never, former,

current), self reported health (excellent/very good, good, poor/fair), coronary heart disease, diabetes, cancer, systolic blood pressure (SBP and

SBP2), body mass index (BMI and BMI2), total cholesterol (quintiles), and ankle brachial index (≤0.90, 0.91–0.98, 0.99–1.08, 1.09–1.29, ≥1.30,
and missing).
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