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Context: Treatment with statins has been associated with increased bone mineral density, but
whether this association depends on differences in cortical or trabecular volumetric bone micro-
structure is unknown.

Objective: The aim of this study was to investigate if treatment with statins is associated with bone
microstructure and geometry in older women.

Design Setting and Participants: Older women were included in a population-based study of 3028
women (mean age 6 SD, 77.8 6 1.6 years) from the greater Gothenburg area in Sweden. Information
regarding medical history, medication, and lifestyle factors was obtained from validated questionnaires.

Main Outcome: Bone geometry and microstructure were measured at the ultradistal and distal
(14%) site of radius and tibia using high-resolution peripheral quantitative computed tomography.

Results: The 803 women in the cohort who used statins had higher body weight, worse physical
function, and more frequent cardiovascular disease and diabetes than nonusers (P , 0.05). Statin
users had lower cortical porosity (radius, 2.2 6 1.9 vs 2.5 6 2.0%; tibia, 5.2 6 2.4 vs 5.4 6 2.5; P =
0.01), higher cortical bone density (radius, 1008 6 39.1 vs 1001 6 38.4 mg/cm3; tibia, 919 6 42.6 vs
914 6 41.5; P , 0.01), and greater cortical area (radius, 60.5 6 9.6 vs 58.6 6 9.7 mm2; tibia, 150.0 6

23.6 vs 146.7 6 23.8; P , 0.01) than nonusers after adjustment for a large number of confounders,
including age, weight, smoking, other medications, and prevalent diseases.

Conclusions: Use of statins was associated with better cortical bone characteristics in older women.
(J Clin Endocrinol Metab 104: 250–257, 2019)

Osteoporosis is characterized by impaired bone mi-
crostructure and reduced bone strength, resulting in

increased fracture risk (1–3). About 200 million people
are estimated to be affected by osteoporosis, and around
8.9 million osteoporosis-related fractures occur every
year globally (4, 5). In addition to low bone mineral

density (BMD), several clinical risk factors contribute
independently to fracture risk, including prior fracture,
heredity, smoking, high alcohol consumption, oral glu-
cocorticoid treatment, rheumatoid arthritis, and diseases
that can lead to secondary osteoporosis (6–8). Osteo-
porotic fractures cause personal suffering in terms of
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Abbreviations: aBMD, areal bone mineral density; BMD, bone mineral density; BMI, body
mass index; BV/TV, trabecular bone volume fraction; Ct.Ar, cortical area; Ct.Th, cortical
thickness; Ct.vBMD, cortical volumetric bone mineral density; CV, coefficient of variation;
HR-pQCT, high-resolution peripheral quantitative computed tomography; MCS, mental
component score; PASE, Physical Activity Scale for the Elderly; PCS, physical component
score; Tb.N, trabecular number; Tb.Sp, trabecular separation; Tb.Th, trabecular thickness;
TUG, Timed Up and Go.
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increased mortality and morbidity and lead to increase
societal costs (9, 10).

The positive effects of the 3-hydroxy-3-methylglutaryl
coenzyme A reductase inhibitors (statins) on reducing
cardiovascular risks have been well described (11, 12),
and in recent years, evidence has emerged suggesting
positive effects of statin treatment on bone health. Ex-
perimental studies indicate that statins can increase
bone formation and inhibit bone resorption via reduced
osteoclastogenesis (13). In a meta-analysis, statin use was
associated with a higher BMD of the hip and spine in
some, but not all, cross-sectional studies (14, 15). Due to
the underlying condition, statin users differ from non-
users in terms of physical function, body mass index
(BMI), stroke, and prevalence of diabetes, factors that are
important for BMD (16). Therefore, discrepancies in
associations between statin use and BMD could at least
partly be due to a lack of appropriate adjustment for
relevant confounders in the different studies. Further-
more, all previous studies used dual x-ray absorptiometry
to measure BMD (17). Therefore, it is not known whether
statin use is associated with increased trabecular or
cortical volumetric BMD or bone size. In the current
study, we investigated if statin treatment was associated
with volumetric BMD and bone microstructure and if
any observed difference was dependent on confounding
factors, such as physical function, BMI, diabetes, or
cardiovascular disease.

Materials and Methods

Subjects
Sahlgrenska University Hospital Prospective Evaluation

of the Risk of Bone fracture (SUPERB) is a prospective,
population-based study that was carried out in the greater
Gothenburg area. The study comprises 3028 women who were
75 to 80 years old. Women were chosen randomly from the
Swedish national population register. Initially, an invitation
was sent by letter. At a later stage, the women were asked via
telephone if they wanted to participate. The prerequisite for
participation was to be physically mobile and able to un-
derstand instructions in Swedish. Additionally, it was required
to have at least one hip that could be assessed for areal
BMD (aBMD). The women who accepted and fulfilled the
inclusion criteria were invited to undergo an examination at
the Osteoporosis Research Clinic, Department of Geriatrics,
Sahlgrenska University Hospital, Mölndal, Sweden. Before
participating, all women signed an informed consent. The study
protocol was approved by the ethical review board at the
University of Gothenburg.

Anthropometrics and physical function tests
Standardized equipment was used to measure height and

weight. Body height was assessed with two consecutive mea-
surements, from which an average was calculated. If a differ-
ence of.5 mm was found, a third measurement was done, and

the two most equal measurements were used. A 10-m walk test
was used to measure walking speed (18). Participants were
asked to walk 10 m twice at their chosen speed. The first 2 m
and the last 2 m were used for acceleration and retardation,
respectively; the middle 6 m were timed. The average of the two
trials was used in the analyses. The 30-second chair-stand test
was used to measure lower body strength (19). The participants
were asked to rise up from a chair with their arms crossed over
the chest. The number of repetitions over 30 seconds was
recorded. Timed Up and Go (TUG) (20) is a test of mobility and
balance in which the participants are timed during rising from a
chair, walking 3 m, turning, walking back, and sitting down
again. Balance was tested using the one leg standing test (21).
The participants had a practice round, after which the test
was performed twice for each leg. The best time for each leg
was used to calculate an average. To assess grip strength
(22), a Saehan hydraulic hand dynamometer was used (model
SH5001; Saehan Corporation, Masan, South Korea). The
participants were asked to hold their elbow at a 90° angle while
resting the lower arm on a flat surface. Participants made two
attempts with each hand. An average of four trials was used in
the analyses.

Questionnaires
A standardized questionnaire including history of fractures,

medical history, and current medication was used. The ques-
tionnaire included questions regarding physical activity, current
smoking, alcohol consumption, parental history of hip fracture,
incidence of falls in the past 12 months, calcium intake, and use
of medication. The women were asked about their history of
fractures after the age of 50, except for skull fractures, which
were not included. A validated questionnaire was used to es-
timate dietary calcium intake. The calculation was based on
food-derived intake and supplements (23). Another validated
questionnaire, the Physical Activity Scale for the Elderly (PASE),
was used to estimate physical activity for the last 7 days before
the inclusion in the study (24). PASE provides a complete
overview of the physical activity in persons 65 years and older
by multiplying the number of hours in different activities per
week or attendance (yes/no) by given weights. The participants’
perception of their own health was evaluated by the SF-12
Health Survey. SF-12 includes components regarding physical
health [physical component score (PCS)] and mental health
[mental health component score (MCS)] (25, 26).

Dual-energy X-ray absorptiometry
AHologic Discovery A device (Hologic, Waltham,MA) was

used to measure aBMD at the femoral neck, total hip, and L1 to
L4 of the lumbar spine as well as body composition from a total
body scan. At our facility, the coefficients of variation (CVs)
were 1.3% for femoral neck aBMD, 0.8% for total hip aBMD,
0.7% for lumbar spine aBMD, 1.1% for fat mass, and 0.6% for
lean mass. Data were obtained from women of the same age.

High-resolution peripheral quantitative
computed tomography

Bone microstructure and geometry were assessed in the
nondominant arm (radius) and lower leg (tibia) of the corre-
sponding side with high-resolution peripheral quantitative
computed tomography (HR-pQCT) equipment (Xtreme CT;
Scanco Medical AG, Brüttisellen, Switzerland). All measurement
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procedures were performed in accordance with instructions
and protocols from the manufacturer (27). The first image
was derived at an ultradistal site 9.5 and 22.5 mm proximal
to the reference line for radius and tibia, respectively. A more
proximal measurement at 14% of the measured bone length
from the end plate (distal site) was carried out to assess a bone
site primarily composed of cortical bone (28). A three-
dimensional construction of the bone was assembled using
110 slices obtained from each measurement. The nominal iso-
tropic resolution was 82 mm. When all images had been pro-
cessed (29), the following variables were available: trabecular
bone volume fraction (BV/TV,%), trabecular thickness (Tb.Th,
mm), trabecular separation (Tb.Sp, mm), trabecular number
(Tb.N, per mm), cortical area (Ct.Ar, mm2), cortical thickness
(Ct.Th, mm), and cortical volumetric bone mineral density
(Ct.vBMD, mg/cm3). At the distal section, only cortical vari-
ables were analyzed. An image quality assessment was made
with a grading from 1 to 5. A perfect quality was numbered as
1 and a suboptimal quality as 5. Regarding bone geometry and
microstructure variables, only images with a quality level be-
tween 1 and 3 were used for analysis. Duplicate measurements
in women between 75 and 80 years of age were used to calculate
the CVs at the tibia (n = 6) and radius (n = 3). The CVs for the
bone variables at the tibia ultradistal site were 0.8% for BV/TV,
1.9% for Tb.N, 2.6% for Tb.Th, 2.1% for Tb.Sp, 0.2% for
Ct.Th, 0.2% for Ct.Ar, and 0.2% for Ct.vBMD. At the tibia
distal site, the CVs were 0.4% for Ct.Ar, 0.3% for Ct.Th, and
0.2% for Ct.vBMD. At the ultradistal radius, the following CVs
were obtained: 0.4% for BV/TV, 2.4% for Tb.N, 1.9% for
Tb.Th, 2.4% for Tb.Sp, 1.2% for Ct.Th, 0.9% for Ct.Ar, and
0.4% for Ct.vBMD. At the radius distal site, the CVswere 0.1%
for Ct.Ar, 0.3% for Ct.Th, and 0.1% for Ct.vBMD.

Cortical evaluation
An Image Processing Language (IPL v5.08b; ScancoMedical

AG) was used to further process all images (30). To separate
cortical bone from trabecular bone and to sequester the bone
from extraosseal soft tissue, contours were placed automatically
at both the periosteal and endosteal sides of the cortical bone.
All contours were inspected for accuracy, and, if required,
corrected manually. To calculate cortical porosity, the equation
Cortical Pore Volume/(Cortical Pore Volume + Cortical Bone
Volume) was used (30, 31). At the radius, the CV for cortical
porosity was 5.3% at the ultradistal site and 13.3% at the distal
site. The CV for cortical porosity was 0.9% in the tibia at the
ultradistal site and 4.1% at the distal site (14% of bone length).

Statistical analyses
All statistical analyses were performed with SPSS Statistics

Version 21 (IBM Corporation, Armonk, NY). The associations
between statin use and physical functionwere calculatedwith linear
regression, with adjustments for the covariates age, height, weight,
MCS, prior stroke, myocardial infarction, angina pectoris, and
diabetes. Linear regression was also used to examine the rela-
tionship between the use of statins and bone variables adjusted
for the following covariates: age, height, weight, MCS, physical
component summary, PCS, prior stroke, myocardial infarction,
angina pectoris, diabetes, grip strength, oral glucocorticoid usage,
rheumatoid arthritis, current smoking, heredity of hip fracture,
previous fracture after the age of 50, and high alcohol intake (more
than three standardized glasses of alcohol per day). Differences in
bone variables according to group of statin use were tested using

ANOVA with LSD post hoc test. Independent samples t test was
used to investigate differences betweengroups regarding continuous
variables. For dichotomous variables, x2 and Fisher exact test were
chosen. Values are presented as mean 6 SD for continuous vari-
ables and percentage, together with number of participants for
dichotomous variables, unless stated otherwise. In analyses using
linear regression models, standardized b values were presented. A
P value,0.05was considered significant. A subanalysis comparing
bone traits between statin-treated women and matched control
subjects was also performed. One control for every statin-treated
woman was identified using RStudio (RStudio, Inc., Boston, MA)
and the package MatchIt (32). The matching procedure was per-
formed based on age, height, weight, diabetes, prior stroke, angina
pectoris, myocardial infarction, PASE, PCS, and MCS.

Results

Cohort characteristics
In this population-based, cross-sectional study, 3028

women (age, 77.86 1.6 years) were included. Of these, 803
were receiving treatment with statins. In the whole cohort,
women with statin treatment were heavier; were less physi-
cally active; and had a higher prevalence of diabetes, prior
stroke, myocardial infarction, and angina pectoris than
women not receiving statins (Table 1). In a subanalysis, 799
statin users were compared with a matched control group of
799 nontreated women. After matching, small but significant
differences in diabetes, stroke, and angina pectoris preva-
lence persisted between the groups (Table 1). In general, the
groups were well balanced regarding age, height, weight,
mental health, fall accidents in the previous year, hyper-
thyroidism, hypothyroidism, oral glucocorticoid use, myo-
cardial infarction, Parkinson disease, rheumatoid arthritis,
current smoking, prevalent fracture, heredity of hip fracture,
chronic liver disease, and celiac disease (Table 1).

Physical function indices
In the complete cohort, several parameters of physical

function, including grip strength, one leg standing, and
TUG, were inferior in statin users compared with control
subjects; however, except for TUG, these differences did
not remain significant after adjusting for age, height,
weight, mental health, prior stroke, myocardial in-
farction, angina pectoris, and diabetes (Table 2). Chair
stand test was inferior in statin users compared with
matched control subjects after statistical adjustments. No
other variables estimating physical fitness differed sig-
nificantly between the groups (Table 2).

aBMD
Statin users hadhigher BMDat the femoral neck, total hip,

and lumbar spine in the whole cohort. After adjustment
for covariates including age, height, weight, mental health,
physical health, prior stroke, myocardial infarction, angina
pectoris, diabetes, grip strength, oral glucocorticoid treatment,
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rheumatoid arthritis, current smoking, high alcohol con-
sumption (more than three standard drinks per day), parental
hip fracture, and previous fractures, only total hip BMD
remained significantly higher in statin users (Table 3). There
were no significant differences in BMD between statin users
and matched control subjects (Table 3).

Bone geometry and microarchitecture
At the ultradistal site, there was a significant difference

in several bone traits, in favor of statin users. Such differ-
ences were observed for trabecular bone volume fraction,

trabecular number, cortical area, and Ct.vBMD. However,
after adjustment for age, height, weight, MCS and PCS
scores, prior stroke, myocardial infarction, angina pectoris,
diabetes, grip strength, oral glucocorticoid treatment, rheu-
matoid arthritis, current smoking, high alcohol consumption
(more than three standard drinks per day), parental hip
fracture, and prevalent fracture, differences between statin
users and nonusers were attenuated for most trabecular bone
traits but remained significant for cortical area andCt.vBMD
at both the radius and tibia (Table 3). At the 14% sites of the
radius and tibia, statin users had greater cortical area, lower

Table 2. Physical Function in Older Women Treated With Statins Compared With Control Subjects

Function

Complete Cohort Matched Cohort

Statin No
(n = 2204)

Statin Yes
(n = 796) P Value b

Adjusted
P Value

Statin No
(n = 790)

Statin Yes
(n = 792) P Value b

Adjusted
P Value

One leg standing, s 14.2 6 9.7 13.3 6 9.3 0.05 0.01 0.71 12.54 6 9.4 13.3 6 9.3 0.16 0.05 0.09
Timed up and go, s 8.6 6 3.1 9.0 6 3.5 0.005 20.04 0.02 9.1 6 3.6 9.0 6 3.5 0.52 20.04 0.07
Chair stand test,

number/30 s
11.3 6 3.6 11.0 6 3.3 0.05 0.03 0.09 10.8 6 3.5 11.1 6 3.3 0.14 0.06 0.01

Grip strength, kg 14.8 6 5.5 14.4 6 5.5 0.04 0.001 0.95 14.6 6 5.4 14.4 6 5.5 0.47 20.005 0.85

An independent samples t test was used to compare differences in indices of physical function between statin users and nonusers. Differences in these
parameters were also investigated in linear regression models, adjusted for age, height, weight, mental health (MCS), prior stroke, myocardial infarction,
angina pectoris, and diabetes for the complete cohort and prior stroke, myocardial infarction, angina pectoris, and diabetes for the matched cohort.
Results for the linear regressions are presented as standardized b. A P value ,0.05 was considered significant. Propensity score matching was used to
identify matched control subjects.

Table 1. Characteristics of Older Women With and Without Statin Use

Total Cohort Matched Cohort

Statin No
(n = 2221)

Statin Yes
(n = 803) P Value

Statin No
(n = 799)

Statin Yes
(n = 799) P Value

Age, y 77.8 6 1.6 77.8 6 1.6 0.15 77.8 6 1.6 77.9 60.1.6 0.65
Height, cm 161.9 6 5.9 161.7 6 5.8 0.38 161.6 6 5.9 161.7 6 5.8 0.87
Weight, kg 68.2 6 12.1 70.3 6 11.8 ,0.001 71.2 6 14.0 70.2 6 11.8 0.14
Physical activity (PASE) 106 6 51.4 99.6 6 48.9 0.004 97.2 6 49.9 99.6 6 48.9 0.33
MCS 53.6 6 9.3 53.3 6 9.6 0.32 53.7 6 9.3 53.2 6 9.6 0.39
PCS 45.4 6 10.9 44.3 6 10.9 0.01 44.4 6 11.1 44.3 6 10.9 0.92
Fall accident last year, % (n) 29.2 (648) 30.8 (247) 0.40 30.9 (247) 30.5 (244) 0.87
Hyperthyroidism, % (n) 5.0 (111) 5.2 (42) 0.87 5.6 (45) 5.3 (42) 0.74
Hypothyroidism, % (n) 14.0 (310) 14.1 (113) 0.95 15.2 (121) 14.0 (112) 0.50
Diabetes, % (n) 5.9 (131) 20.4 (164) ,0.001 16.4 (131) 20.5 (164) 0.03
Oral glucocorticoids, % (n) 3.6 (81) 2.6 (21) 0.17 3.1 (25) 2.6 (21) 0.55
Parkinson disease, % (n) 0.7 (16) 1.1 (9) 0.36a 0.6 (5) 1.1 (9) 0.42a

Rheumatoid arthritis, % (n) 3.7 (83) 4.6 (37) 0.28 4.3 (34) 4.6 (37) 0.71
Prior stroke, % (n) 4.1 (90) 15.4 (124) ,0.001 11.3 (90) 15.5 (124) 0.01
Myocardial infarction, % (n) 2.8 (63) 10.1 (81) ,0.001 7.8 (62) 10.1 (81) 0.10
Angina pectoris, % (n) 3.0 (66) 12.2 (98) ,0.001 8.1 (65) 12.3 (98) 0.01
Current smoking, % (n) 5.1 (113) 5.5 (44) 0.67 5.8 (46) 5.5 (44) 0.83
Prevalent fracture, % (n) 37.2 (827) 35.5 (285) 0.38 37.2 (297) 35.4 (283) 0.47
Heredity of hip fracture, % (n) 17.8 (396) 15.6 (125) 0.15 19.3 (154) 15.6 (125) 0.06
High alcohol intake, % (n) 0.5 (12) 0.6 (5) 0.79a 0.4 (3) 0.6 (5) 0.73
Chronic liver disease, % (n) 0.6 (13) 0.1 (1) 0.13a 0.6 (5) 0.1 (1) 0.22
Celiac disease, % (n) 1.4 (31) 1.5 (12) 0.83 2.0 (16) 1.5 (12) 0.45

An independent samples t test was used to compare differences in continuous variables between statin users and nonusers. Proportions for dichotomous
variables were compared by x2 test or Fisher exact test for small sample sizes. Propensity score matching was used to identify matched control subjects.
High alcohol intake was defined as more than three standard glasses per d. A P value ,0.05 was considered significant.

Abbreviations: MCS, mental health component score; PCS, physical health component score.
aFisher exact test.

doi: 10.1210/jc.2018-02054 https://academic.oup.com/jcem 253

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article-abstract/104/2/250/5172266 by guest on 20 February 2019

http://dx.doi.org/10.1210/jc.2018-02054
https://academic.oup.com/jcem


cortical porosity, and higher Ct.vBMD thanmatched control
subjects after adjustment for confounders (Table 3).

Cortical bone variables in women with different
types of statins and in matched control subjects

In the whole cohort, 551 subjects were treated with
simvastatin, and 239 subjects were treated with ator-
vastatin (n = 201) or rosuvastatin (n = 28). Cortical bone
parameters were compared between these subgroups of
statin users and 798 matched control subjects. Women
with atorvastatin or rosuvastatin had higher Ct.vBMD in
both the radius and tibia. A nonsignificant trend toward
lower cortical porosity at the tibia was seen for women
with atorvastatin or rosuvastatin compared with sim-
vastatin (Fig. 1). Simvastatin users had higher Ct.vBMD
than control subjects at the tibia.

Discussion

In the current study, we found that women with ongoing
statin treatment had lower cortical porosity, higher
Ct.vBMD, and greater cortical area than control subjects,
indicating that the main effect on bone of this treatment

could be on the cortical bone. We also found that
statin use was associated with a higher dual x-ray
absorptiometry–derived BMD at the femoral neck, to-
tal hip, and lumbar spine, but these differences only
remained for the hip with relatively more cortical bone
than the spine after adjustments for confounders and
could not be detected at all when comparing statin users
with matched control subjects. Differences in physical
function, diabetes, cardiovascular disease (stroke, pre-
vious myocardial infarction, and angina pectoris) prev-
alence, and BMI between statin-treated women and
untreated women were substantial and likely affected the
observed unadjusted associations. When taking these
differences into account by statistical adjustment or by
using matched control subjects, differences in aBMD
diminished or vanished, which could explain some of the
discrepancies in the earlier studies regarding statin use
and aBMD (14, 15).

Experimental studies have demonstrated that statins
stimulate bone formation in cultured osteoblasts, in-
crease trabecular bone volume in rats, and augment cal-
varial thickening inmice (33). Statins have been considered
to impair osteoclastic differentiation and activity as well

Table 3. Areal BoneMineral Density, Bone Geometry, andMicrostructure in OlderWomenWith andWithout
Statin Treatment

Complete Cohort Matched Cohort

Statin No
(n = 2210)

Statin Yes
(n = 801) P Value b Adjusted P Value

Statin No
(n = 797)

Statin Yes
(n = 797) P Value b

Adjusted
P Value

Dual x-ray absorptiometry
Femoral neck aBMD, g/cm2 0.66 6 0.11 0.67 6 0.11 0.03 0.02 0.18 0.66 6 0.11 0.67 6 0.11 0.13 0.03 0.27
Hip total aBMD, g/cm2 0.80 6 0.12 0.81 6 0.12 0.003 0.04 0.03 0.80 6 0.12 0.81 6 0.12 0.06 0.04 0.11
Lumbar spine aBMD, g/cm2 0.94 6 0.17 0.96 6 0.16 0.01 0.01 0.73 0.95 6 0.18 0.96 6 0.16 0.80 20.01 0.67

HR-pQCT
Tibia ultradistal (n = 2147) (n = 777) (n = 777) (n = 773)

Trabecular bone volume fraction, % 12.1 6 3.0 12.4 6 2.8 0.01 0.03 0.14 12.2 6 3.0 12.4 6 2.8 0.08 0.04 0.14
Trabecular thickness, mm 68.7 6 12.8 69.0 6 12.7 0.51 0.01 0.49 67.9 6 12.2 69.0 6 12.7 0.08 0.04 0.09
Trabecular number per mm 1.77 6 0.36 1.81 6 0.34 0.01 0.02 0.23 1.80 6 0.37 1.81 6 0.34 0.49 0.01 0.74
Cortical area, mm2 77.1 6 22.9 80.9 6 24.1 ,0.001 0.06 ,0.001 77.6 6 24.0 80.9 6 24.2 0.01 0.07 0.003
Cortical volumetric BMD, mg/cm3 737 6 67.5 744 6 73.1 0.01 0.05 0.01 736 6 71.3 744 6 73.2 0.02 0.07 0.01
Cortical porosity, % 12.4 6 4.0 12.1 6 3.9 0.05 20.05 0.02 12.4 6 4.0 12.1 6 3.9 0.13 20.05 0.05

Tibia distal (14% of bone length) (n = 2181) (n = 792) (n = 785) (n= 7 88)
Cortical area, mm2 146.7 6 23.8 150.0 6 23.6 0.001 0.05 0.01 147.7 6 24.8 149.9 6 23.7 0.06 0.05 0.05
Cortical volumetric BMD, mg/cm3 914 6 41.5 919 6 42.6 0.002 0.06 0.005 914 6 41.0 919 6 42.6 0.01 0.07 0.006
Cortical porosity, % 5.4 6 2.5 5.2 6 2.4 0.01 20.06 0.01 5.5 6 2.6 5.2 6 2.4 0.02 20.07 0.01

Radius ultradistal (n = 1792) (n = 650) (n = 643) (n = 648)
Trabecular bone volume fraction, % 9.9 6 3.5 10.4 6 3.3 0.01 0.04 0.09 10.0 6 3.5 10.4 6 3.3 0.19 0.05 0.05
Trabecular thickness, mm 57.8 6 11.2 59.0 6 11.3 0.02 0.05 0.03 57.4 6 10.7 59.0 6 11.3 0.01 0.08 0.004
Trabecular number per mm 1.70 6 0.44 1.75 6 0.42 0.01 0.03 0.17 1.72 6 0.44 1.75 6 0.42 0.16 0.03 0.23
Cortical area, mm2 36.9 6 11.4 39.1 6 11.7 ,0.001 0.07 0.002 37.9 6 11.8 39.1 6 11.7 0.07 0.05 0.06
Cortical volumetric BMD, mg/cm3 766 6 78.3 779 6 80.3 ,0.001 0.06 0.01 771 6 79.5 779 6 80.3 0.07 0.06 0.05
Cortical porosity, % 4.4 6 2.2 4.6 6 2.3 0.17 20.06 0.01 4.5 6 2.3 4.6 6 2.3 0.46 20.04 0.20

Radius distal (14% of bone length) (n = 2041) (n = 737) (n = 743) (n = 734)
Cortical area, mm2 58.6 6 9.7 60.5 6 9.6 ,0.001 0.06 0.001 59.6 6 9.7 60.5 6 9.6 0.07 0.04 0.13
Cortical volumetric BMD, mg/cm3 1001 6 38.4 1008 6 39.1 ,0.001 0.08 ,0.001 1002 6 39.3 1008 6 39.1 0.01 0.08 0.002
Cortical porosity, % 2.5 6 2.0 2.2 6 1.9 0.01 20.07 0.001 2.4 6 2.0 2.2 6 1.9 0.12 20.06 0.03

An independent samples t test was used to compare differences in indices of bone parameters between statin users and nonusers for the complete cohort
and the matched individuals. Differences in these parameters were also investigated in linear regression models, where the total cohort analysis was
adjusted for age, height, weight, mental health (MCS), physical health (PCS), prior stroke, myocardial infarction, angina pectoris, diabetes, grip strength,
oral glucocorticoid treatment, rheumatoid arthritis, current smoking, high alcohol consumption (more than three standard drinks per d), parental hip
fracture, and prevalent fracture. The matched analysis was adjusted for prior stroke, myocardial infarction, angina pectoris, diabetes, grip strength, oral
glucocorticoid treatment, rheumatoid arthritis, current smoking, high alcohol consumption (more than three standard drinks per d), parental hip fracture,
and prevalent fracture. Results for the linear regressions are presented as standardized b. A P value,0.05 was considered significant. Distal refers to HR-
pQCT measurements at 14% of tibia bone length; Ultradistal refers to HR-pQCT measurements according to the manufacturer. Propensity score
matching was used to identify matched control subjects.
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(34, 35). Thus, data from experimental studies indicate
that statins stimulate bone formation and reduce bone
resorption. In the current study, similar associations
between statin use and cortical bone parameters were
observed for both the radius and tibia, indicating a
systemic effect on cortical bone and that any statin-
mediated effect is independent on weight-induced load-
ing on the bone. The mechanism of action mediating the
statin effect on bone is not clear but may involve a direct
effect on bone cells or a general anti-inflammatory or
vascular effect (34, 35).

In a randomized, placebo-controlled trial investigating
the effect of simvastatin on BMD in postmenopausal
women, statin treatment did not increase BMD at the
spine or hip, but a significant increase was seen in the
forearm, a bone site consisting primarily of cortical bone
(36). In a smaller randomized trial of 64 older men (mean
age, 80 years), treatment with atorvastatin increased
BMD at the total hip but not at the femoral neck or

lumbar spine (37). Thus, limited data from small ran-
domized controlled trials suggest a small effect of statins
on BMD on selected sites. In the current study, we
observed a slightly higher BMD at the total hip in statin
users than in nonusers, a difference that remained sig-
nificant in the whole cohort. This difference was not
significant when comparing statin users with matched
control subjects, although of the same magnitude as that
observed in the whole cohort, indicating that low sta-
tistical power could explain the lack of significance.

The reported data from cohort studies is somewhat
divergent. A recent meta-analysis including 23 obser-
vational studies concluded that statin use was associated
with higher BMD at the total hip and lumbar spine,
improved bone turnover markers, and lower fracture
risk. The differences appeared to be larger for men than
for women (17). Differences in the ability to take con-
founders, such as BMI and diabetes prevalence be-
tween statin users and nonusers, could contribute to the

Figure 1. Group-to-group differences were investigated using ANOVA followed by LSD post hoc test. For Ct.vBMD at the tibia, 199 subjects
had atorvastatin and 37 had rosuvastatin (n = 236). For Ct.Po at the tibia, 194 subjects had atorvastatin and 36 had rosuvastatin (n = 230). For
Ct.vBMD at the radius, 189 subjects had atorvastatin and 33 had rosuvastatin (n = 222). For Ct.Po at the radius, 184 subjects had atorvastatin
and 32 had rosuvastatin (n = 216). *P , 0.05; **P , 0.01.
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conflicting results. In the large Women Health Initiative
study, statin users had somewhat higher age and BMI-
adjusted total hip BMD than nonusers, but this associ-
ation was lost after multivariate adjustment (38), in line
with the findings of the current study.

A limitation of this study is that we had no access to
information on doses of statins or to duration of treatment.
This information is important because studies have dem-
onstrated that patients with longer statin treatment have a
more favorable bone metabolism (39, 40). Although we
compared statin users with matched control subjects,
some imbalances, including a larger prevalence of diabetes,
stroke, and angina pectoris in statin users than in control
subjects, remained. These imbalances could have affected
the observed associations. The studied cohort only includes
older women within a narrow age span, which limits
generalizability to other populations. The study also has
strengths. It is a large population-based study with detailed
information on possible confounders, allowing for proper
statistical adjustments and selection of appropriate control
groups in the analysis. We found that statin users had signs
of inferior physical function but higher BMD than non-
users, but some of these associations (one leg standing and
grip strength) were lost or attenuated after appropriate
statistical adjustment or by using a well-matched control
group. The slightly better cortical bone microstructure in
statins users vs nonusers is unlikely to be explained by
differences in physical function, which indicates that statins
have an effect on the cortical bone.

This study reports associations between statin use and
bone microstructure, volumetric BMD, and bone ge-
ometry. We were also able to study associations between
statin use according to potency of statin medication. The
more potent statins, atorvastatin and rusovastatin, were
associated with the best cortical bone parameters.

In summary, our findings demonstrate that statin use
is associated with better cortical bone characteristics and
that these associations were dependent on statin potency.
Larger randomized trials are necessary to determine
if statins can enhance cortical bone geometry and
Ct.vBMD and reduce cortical porosity.
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