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Abstract

Kidney and bladder stones (urinary tract stones) and osteoporosis are prevalent, serious conditions
for postmenopausal women. Men with kidney stones are at increased risk of osteoporosis;
however, the relationship of urinary tract stones to osteoporosis in postmenopausal women has not
been established. The purpose of this study was to determine whether urinary tract stones are an
independent risk factor for changes in bone mineral density (BMD) and incident fractures in
women in the Women’s Health Initiative (WHI). Data were obtained from 150,689 women in the
Observational Study and Clinical Trials of the WHI with information on urinary tract stones
status: 9856 of these women reported urinary tract stones at baseline and/or incident urinary tract
stones during follow-up. Cox regression models were used to determine the association of urinary
tract stones with incident fractures and linear mixed models were used to investigate the
relationship of urinary tract stones with changes in BMD that occurred during WHI. Follow-up
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was over an average of 8 years. Models were adjusted for demographic and clinical factors,
medication use, and dietary histories. In unadjusted models there was a significant association of
urinary tract stones with incident total fractures (HR 1.10; 95% ClI, 1.04 to 1.17). However, in
covariate adjusted analyses, urinary tract stones were not significantly related to changes in BMD
at any skeletal site or to incident fractures. In conclusion, urinary tract stones in postmenopausal
women are not an independent risk factor for osteoporosis.
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Introduction

Osteoporosis is a significant public health problem, particularly for women.® Urinary tract
stones are also a major clinical and economic health concern because approximately 7% of
women will have symptomatic urinary tract stones by the age of 70 years.(2) Moreover, data
from the 3rd National Health and Nutrition Examination Survey (NHANES I11) indicate that
the prevalence of urinary tract stones has increased 70% in the last 15 years, across all ages
and race/ethnic groups, particularly in women.(® In men, urinary tract stones are not only a
common, painful event, they are also associated with osteoporosis.(3-5) In men in the
Osteoporotic Fractures in Men (MrOS) study, kidney stones were negatively associated with
areal bone mineral density (BMD) by dual-energy X-ray absorptiometry (DXA)® and were
among the strongest negative correlates for femoral neck trabecular volumetric BMD.(")
However, whether there is an association between urinary tract stones and osteoporosis in
women remains controversial.(48-14) To date, there has not been a longitudinal cohort study
of the relationship of urinary tract stones to osteoporosis including a large sample of
multiethnic postmenopausal women with BMD measurements at multiple skeletal sites and
incident fracture data.

Hypothetically, urinary tract stones may be associated with osteoporosis for a number of
reasons. Hypercalciuria and higher sodium excretion, which occur in many patients with
urinary tract stones, have in some studies been reported to be a risk factor for
osteoporosis.(1>-19) Diets higher in potassium intake are inversely associated with both
urinary tract stones and osteoporosis.(20:21) Urinary tract stones and vertebral fractures occur
frequently in individuals with asymptomatic hyperparathyroidism.(22)

Adequate calcium and vitamin D intakes are beneficial for osteoporosis.(23) Some,(24:29) byt
not all,28) studies suggest that higher calcium intakes may increase the risk of urinary tract
stones, although this may vary depending on whether the calcium consumed is from diet or
supplements, with supplements increasing the risk of urinary tract stones and high dietary
calcium intakes decreasing the risk.(27) Theoretically, persons with urinary tract stones might
restrict calcium and vitamin D intake to prevent further episodes of symptomatic urinary
tract stones, and this may contribute to osteoporosis. Therefore, it is important to consider
calcium and vitamin D intake (and type of intake; ie, diet versus supplements) in studies of
the relationship of urinary tract stones with osteoporosis.
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The purpose of this study was to determine whether urinary tract stones were an independent
risk factor for changes in BMD and incident fractures in women in the Women’s Health
Initiative (WHI).

Subjects and Methods

Design overview/setting and participants

The WHI included postmenopausal women aged 50 to 79 years recruited between October
1, 1993, and December 31, 1998, at 40 clinical centers in the United States. WHI had both
an observational study (OS) and a series of clinical trials (CTs) enrolling 161,808 women.
The CTs included the hormone therapy (HT) trial, dietary modification (DM) trial, and
calcium and vitamin D trial (CaD, calcium carbonate 1000 mg every day and vitamin D3
400 1U every day).(28)

The study population for the association of urinary tract stones with incident fractures
included all women in the OS and all arms of the clinical trials (CT) from enrollment to end
of the main study and for whom data were not missing regarding urinary tract stones (7=
150,689). A subset analysis was performed of the association of urinary tract stones with
incident fractures including those with BMD measurements in the models (1= 9626). The
study population for the BMD measurements included all women in the WHI who had a
DXA scan performed in the WHI (DXA cohort). BMD measurements of the hip, lumbar
spine, or whole body were done on 11,437 women; of these, 9883 responded to the baseline
evaluation question as to whether or not they had previously had a kidney or bladder stone.
The association of BMD with urinary tract stones thus included 9883 women; 486 (4.9%) of
these women reported a history of urinary tract stones at the baseline visit of the WHI (Fig.
1).

All protocols were approved by the institutional review board (IRB) at each participating
center. The project was declared exempt by the IRB at Georgia Regents University. All
participants provided written informed consent for their participation in the original WHI
study.

Outcome assessments

Outcomes were assessed by questionnaires collected semiannually through the end of the
CT and annually in the OS. The original WHI study was conducted between 1993 and 2005;
data for this analysis is restricted to outcomes occurring before 2005.

Urinary tract stones—The presence or absence of urinary tract stones included self-
report of kidney or bladder stones collected by questionnaires through the end of the main
study. A time-dependent variable was used in the modeling to only include stones reported
before either fracture or BMD measurement.

Fracture ascertainment—Information regarding self-reported clinical fractures was
collected semiannually through the end of the CTs and annually when the trial finished; in
the OS, these were reported annually. Specific fracture sites assessed included: hip, upper
leg (not hip), pelvis, patella, lower leg or ankle, foot, coccyx, vertebrae, lower arm or wrist
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(forearm, hand, elbow, upper arm or shoulder, or other site, which was specified). All hip
fractures were centrally adjudicated within WHI using radiographs and medical record data.
Other fracture outcomes (spine, forearm, any fractures) were centrally adjudicated in the CT
trials and for OS participants at the BMD sites during the main study. Total fractures
included all reported clinical fractures other than those of the ribs, sternum, skull or face,
fingers, toes, and cervical vertebrae.

Validity studies of self-report for fractures within the WHI CT have indicated high
agreements for self-report of hip (78%) and forearm/wrist (81%) fractures, but relatively
lower agreement for clinical spine fractures (51%).(29)

BMD measurements—BMD of the total hip, femoral neck, anterior-posterior lumbar
spine, and whole body was measured at baseline, years 3, 6, and 9 in participants at three of
the 40 clinical centers of the WHI (Pittsburgh, PA; Birmingham, AL, and Phoenix/Tucson,
AZ) by DXA using a Hologic QDR densitometer Model 2000, 2000+ or 4500 Fan-beam
technology (Hologic, Inc., Waltham, MA, USA). Only measurements on the same side (for
hip images) and on the same machine (except where calibrated scanner upgrades occurred)
were used for this analysis. Technologists were trained and certified by the University of
California, San Francisco, Bone Density Coordinating Center. Standard protocols were used
for positioning and analysis. Site-specific spine phantoms were used. Calibration phantoms,
were scanned across instruments and clinical sites with interscanner variability of <1.5% for
the lumbar spine, <4.8% for the hip, and <1.7% for linearity.(25:30)

Current medication use was ascertained by having the participants bring all of their
medications that they had used for the prior 2 weeks to the baseline visit. Clinic interviewers
entered each medication name into the WHI database, which assigned drug codes using
Medispan software (First Databank, Inc., San Bruno, CA, USA). Information regarding
duration of use, but not dose, of each medication was recorded. In adjusted analyses, use of
bisphosphonates, calcitonin, oral corticosteroids, anticonvulsants, proton pump inhibitors,
thiazide diuretics, loop diuretics, and thyroid medications were included. Thyroid
medications included thyroid replacement therapy for hypothyroidism and medications used
to treat hyperthyroidism including methimazole and propylthiouracil.

The use of dietary supplements, including calcium and vitamin D preparations taken at least
twice weekly for the prior 2 weeks, were also entered into the database. Dietary intakes of
potassium, calcium, vitamin D, oxalate, sodium, animal proteins, fluid/water, and total
caloric intake were measured with a semiquantitative food-frequency questionnaire (FFQ).
As in previous WHI studies, dietary intake values for women who reported extremes of
caloric intakes were not included in the analysis.(31) Dietary energy intake was analyzed
categorically as <1800, 1800 to 2199 (referent group), 2200 to 2499, and =2500 kilocalories
per day. These categories were selected based on the distribution of energy intake in the
women in the WHI-OS cohort, and the estimated energy requirements from the Institute of
Medicine dietary reference intakes for women aged 50 to 79 years with varying levels of
physical activity.(32) Questionnaires obtained at the baseline visit were used to collect
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information regarding age, race and ethnicity, smoking exposure (current, past, never),
alcohol intake, parental history of fractures after age 40 years, history of prevalent fractures
on or after age 55 years, age at menopause, menopausal hormone therapy (estrogen therapy
or estrogen + progesterone), socioeconomic status including family income (total over prior
year), education (less than or equal to high school diploma/some college or vocational
school/completed college and higher), and history of diabetes mellitus. Total energy
expenditure from self-reported recreational physical activity was used to determine physical
activity levels. Physical activity was determined by a questionnaire that addressed the
frequency, duration, and intensity of participation in different forms of physical activity.
Weekly recreational physical activity and walking per kilogram of body weight was
calculated by multiplying an assigned energy expenditure level for each category of activity
by the hours exercised per week to calculate total metabolic equivalents per week (METS per
week). (3334 The Short Form 36 Health Survey (SF-36) was used as a measure of physical
function construction, with higher scores indicating better function. Height and weight at the
baseline visit were measured in WHI as described(2®); these were used to calculate body
mass index (BMI). Geographic study site was categorized by region (Northeast, South,
Midwest, West). (39 Indicators were created for participation in each arm (treatment and
control) of each clinical trial.

Statistical analysis

Selected baseline characteristics of the study population according to the presence or
absence of urinary tract stones, including prevalent (at baseline visit), incident (developed
during WHI), and recurrent (prevalent and incident) urinary tract stones were described. For
each characteristic, we present the number of participants, means and standard deviation
(SD) for continuous variables and frequencies and percentages for categorical variables.

Baseline covariates were compared across urinary tract stone groups using ANOVA; p
values from Tukey-Kramer post hoc pairwise comparisons are reported herein.

Linear mixed-effects models were used to determine the association of urinary tract stones
with changes in BMD over time. Repeated observations of BMD and urinary tract stones
(yes/no) were used to compute the annual change in BMD as a function of urinary tract
stones status. An F-test was used to test equality of slopes.

Cox regression models were used to examine the relationship of urinary tract stones with
fractures (total [all fractures] and site-specific fractures [hip, clinical vertebral, and other
fractures]) with time to first fracture as the dependent variable and self-report of urinary tract
stones as a time-varying independent variable. Women were followed to first fracture;
women without fracture were censored at the end of follow-up. This analysis was repeated in
the BMD cohort, where adjustment for BMD was possible.

Model covariates were selected a priori based on their associations with osteoporosis (age;
ethnicity; education; income; study arm; smoking and alcohol use; fracture history; physical
functioning; age at menopause; BMI; diabetes; dietary calcium; vitamin D, sodium, and
potassium intakes; calcium and vitamin D supplements; and use of bisphosphonates, oral
corticosteroids, calcitonin, estrogen, selective estrogen receptor modulators [SERMs],
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thiazolidinediones, antiepileptics, proton pump inhibitors, thiazide and loop diuretics, and
thyroid medications) and/or urinary tract stones (age; ethnicity; BMI; study arm; dietary
calcium; vitamin D, sodium, potassium, oxalic acid, animal protein, energy, and fluid
intakes; and use of supplemental calcium and vitamin D supplements, thiazide diuretics, and
allopurinol) and all were entered into the models simultaneously. The collinearity of the
variables was assessed by variance inflation factors. Covariates were obtained from the
baseline visit except for urinary tract stones where we constructed a time-varying indicator
Neph(t) = at least one episode of urinary tract stones prior to t. Unadjusted models and
models adjusted for all covariates described above are presented. Sensitivity analyses were
analyzed including women who had a constant status of urinary tract stones (ie, never or at
baseline already) and also using only the portion of longitudinal data for each woman during
which urinary tract stones status did not change. In a subset analysis of the association of
urinary tract stones with incident fractures who had DXA measurements (/7= 9626),
baseline lumbar spine and hip BMD were used as covariates in adjusted analyses. Finally,
sensitivity analyses of the association of urinary tract stones with changes in BMD and
fractures confined to women in the OS were done; this analysis was performed to mitigate
any biases from trial assignment and arm assignment (placebo versus treatment) that might
have still been a factor, despite statistical adjustment for CT trial and trial assignment in
women in the CTs of the WHI included in the primary analyses.

All analyses were done using SAS version 9.3 (SAS Institute, Inc., Cary, NC, USA).

Characteristics of women with and without a history of urinary tract stones including those
with baseline (prevalent urinary tract stones), incident (during study), recurrent (prevalent
and incident urinary tract stones) are shown in Supporting Table 1. A total of 9856 women
reported having urinary tract stones at baseline or during follow-up. Overall, 5993 women
(4%) had a prevalent stone reported at the baseline visit; of those, 5259 women (3.5%) had
stones only at baseline and 734 women (14%) had another stone during WHI follow-up
(recurrent). An initial stone during follow-up without prior history occurred in 3863 women
(2.6%). Women were followed for an average of 8 years. Differences in demographic and
clinical characteristics by history of urinary tract stones were similar to those recently
reported from women in the WHI OS.(36) In women with urinary tract stones, in particular
for those with recurrent stones, there were higher dietary intakes of energy (p<0.001),
animal protein (p=0.002), and sodium (0<0.001), and relatively lower intakes of potassium
(0 =10.042), fluid/water (p=0.002), oxalic acid (p=0.009), calcium (p = 0.309), and
vitamin D (p = 0.986) reported than in non-stone-formers. There were no significant
differences in calcium (p = 0.309) or vitamin D (p= 0.986) in women with urinary tract
stones compared to those without.

In unadjusted and adjusted models, respectively, there was no significant association of
urinary tract stones with changes in BMD at the total hip (p= 0.57 and p = 0.33), femoral
neck (o =10.50 and p = 0.49), lumbar spine (p=0.13 and p= 0.38), or whole body (p=0.15
and p = 0.38). In sensitivity analyses including women who had a constant status of urinary
tract stones (never or at baseline already) there was no significant association of urinary tract
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stones with changes in BMD in unadjusted and adjusted models, respectively, for the
skeletal sites of the total hip (p=0.91 and p = 0.49), femoral neck (p=0.99 and p = 0.96),
lumbar spine (p=0.13 and p = 0.38), or whole body (p=0.32 and p= 0.75). In sensitivity
analyses including, 1) only women with prevalent urinary tract stones or, 2) those who never
had urinary tract stones there was no significant association of urinary tract stones with
changes in BMD at the total hip (p=0.91 and p = 0.49), femoral neck (p=0.99 and p=
0.96), or whole body (p=0.32 and p = 0.75). There was a significant positive association of
urinary tract stones with increases in BMD at the lumbar spine in unadjusted models (p =
0.03), which disappeared after adjustment for covariates (o = 0.17). In sensitivity analysis
using only the portion of longitudinal data for each woman during which urinary tract stones
status did not change, there was again no significant association of urinary tract stones with
changes in BMD in unadjusted and adjusted models, respectively, for the total hip (o =0.90
and p = 0.48), femoral neck (p=1.00 and p=0.97), or whole body (p=0.32 and p=0.75).
There was a significant positive association of urinary tract stones with increases in BMD at
the lumbar spine in unadjusted models (p = 0.02), which disappeared after adjustment for
covariates (p=0.16) (Table 1).

Incident fractures occurred at any site in 21,762 of 150,689 women over an average of 7.6
years of follow-up, for a fracture rate of 19.4 per 1000 person-years. This included 20,591
fractures in 141,326 women without urinary tract stones, for a fracture rate of 19.3 per 1000
person-years and 1171 incident fractures in 9363 women with urinary tract stones preceding
the fracture, for a fracture rate of 21.4 per 1000 person-years. In unadjusted models there
was a significant association of urinary tract stones with incident total fractures (HR 1.10;
95% ClI, 1.04 to 1.17), clinical spine fractures (HR 1.30; 95% ClI, 1.10 to 1.53), and other
fracture sites (HR 1.08; 95% CI, 1.01 to 1.15); although in a similar direction, these
associations were no longer statistically significant after covariate adjustment (HR 1.04
[95% CI, 0.97 to 1.12]; HR 1.17 [95% CI, 0.95 to 1.43]; and HR 1.02 [95% ClI, 0.94 to
1.10], respectively) (Table 2). In a subset analysis including 9626 women who had BMD
measurements there was no significant association of urinary tract stones after inclusion of
lumbar spine BMD (HR 1.08; 95% ClI, 0.87 to 1.34) or hip BMD (HR 1.08; 95% Cl, 0.87 to
1.34) in the models. Sensitivity analyses of the association of urinary tract stones with
changes in BMD and incident fractures limited to only the WHI OS women, revealed similar
findings to the whole cohort (data not shown).

Discussion

This is the largest cohort of multiethnic postmenopausal women with urinary tract stones
(including approximately 10,000 women with kidney/bladder stones) ever examined for
fracture risk and osteoporosis. The major finding of this report is that, after model
adjustments, there was no significant association of urinary tract stones with changes in
BMD at multiple skeletal sites. Fractures, including total fractures and site -specific fractures
of the hip, vertebral fractures, and other fracture sites, were also not significantly associated
with urinary tract stones in the multivariable model.

In longitudinal adjusted analyses there was no association of changes in BMD at any site
with a history of kidney/bladder stones. These findings are in accord with some other
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smaller studies, which have reported that urinary tract stones are not associated with hip
BMD®8.11) or Jumbar spine BMD.(&11) In contrast, a recent case-control study from Taiwan
suggested that there was a positive association between a first time diagnosis of osteoporosis
by BMD measurements and prior urinary calculus; however, this study included both men
and women and 98% of participants were of Hans Chinese ethnicity.(14) To our knowledge,
we are the first to report the finding that in postmenopausal women in the WHI, whole-body
BMD was not related to urinary tract stones.

The findings in women in WHI that urinary tract stones were not significantly related to
incident fractures are in accord with cross-sectional data from women in NHANES 111.4) In
contrast, one retrospective cohort study that included 181 women followed over 25 years
suggested that there was an increased standard morbidity ratio (compared with population-
based expected rates) of vertebral fractures in women with urinary tract stones; although,
similar to WHI, they found no relationship of morbidity ratios for other fracture sites,
including the hip, humerus, and forearm, with urinary tract stones.(®) More recently, a
population-based cohort study using The Health Improvement Network (THIN) reported a
slightly higher fracture risk in women with urolithiasis compared to those without; the risk
was greatest in women younger than WHI participants, specifically, in those aged 30 to 39
years.(37) In WHI, prior to covariate adjustment, risks for fracture in those with urolithiasis
were very similar to what was reported in THIN, with a 10% increased risk in WHI and a
17% increase in older women in THIN.G?) In contrast with THIN, in WHI, the increased
risk for fracture was no longer present after covariate adjustment. However, in WHI we were
able to adjust for a number of important covariates that were not included in THIN,
including diet, smoking and alcohol intake, physical activity, menopausal history, and family
history of osteoporosis. Additionally, race/ethnicity was not reported in THIN and only a
subset had BMI data.(37)

Calcium and vitamin D supplementation,(26.27) higher salt intakes,(17-19) higher caloric
consumption,(38) higher animal protein intake, 3% lower potassium intake,(%21) and lower
water consumption(9) are risk factors for stone formation. In WHI, the association of
urinary tract stones with total, clinical spine, and other fractures in unadjusted models
disappeared after adjustment for covariates that are associated with osteoporosis and/or
urinary tract stones; this was priorto adjustment for dietary or supplement intakes.
Additionally, the lack of association of urinary tract stones with longitudinal changes in
BMD was independent of when the stone occurred or how many times a kidney/bladder
stone occurred.

There are a number of limitations to our analysis. To start, this is an observational cohort
(with respect to the outcomes examined) and data is limited for some covariates, in
particular for medication use, for which dose was not collected. History of urinary tract
stones was obtained from self- report only. However, self-report of urinary tract stones is
very reliable and has been reported to be 97% to 98% accurate.“}) Stone composition was
not known; however, the authors suspect that only a few of these stones were uric acid
stones, because less than 1% of women were on allopurinol, which might be used to treat
uric acid—containing stones.2) Radiographs or ultrasounds to assess for asymptomatic
stones or vertebral fractures were not obtained. Biochemical analysis of urine specimens for
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hypercalciuria were not done, and it is possible that urinary tract stones in the subset of
women with hypercalciuria might be associated with osteoporosis.(10:11.43) The
questionnaire used in WHI did not distinguish kidney from bladder stones, although in
women bladder stones are very rare (<5% of all stones).(4) The three clinical centers that
participated in the DXA measurements were selected to provide maximum racial and ethnic
diversity, and thus were not representative of the WHI as a whole.(4%) The statistical analysis
also has limitations. All covariates that were available in WHI and associated with
osteoporosis and/or urinary tract stones were included and entered simultaneously in the
model. By adjusting for all these covariates, it is possible that we “overadjusted”; ie,
adjusted for a potential confounder that could also be a mediator of the association of
urinary tract stones with osteoporosis. For example, individuals with urinary tract stones are
frequently prescribed hydrochlorothiazide,(#6) which in some studies has been associated
with higher BMD®7) and fewer fractures.(48)

This study had a number of important strengths. To the authors’ knowledge, this is the
largest, most comprehensive analysis of the association of urinary tract stones with incident
fractures to date in postmenopausal women. It includes women of all races and ethnicities
and includes both BMD measurements from multiple sites and fractures from multiple
locations.

In conclusion, urinary tract stones are not an independent risk factor for osteoporosis in
postmenopausal women.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Linear mixed-effects models
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Table 2

Association of Urinary Tract Stones with Incident Fractures

Urinary tract stones

Total (n) Events No Yes HR (95% CI)

Total fracture

Unadjusted (entire cohort) 150,689 21,762 1 (ref) 1.10 (1.04-1.17)

Adjusted (entire cohort)? 110958 15,660 1(ref) 104 (0.97-1.12)

Adjusted (BMD cohorty? 9,626 1385  1(ref)  108(0.87-1.34)

Adjusted (BMD cohort)¢ 9626 1385  1(ref)  1.08(0.87-1.34)
Hip fracture

Unadjusted 150,689 1,871 1(ref)  1.05(0.86-1.29)

Adjusted® 110,958 1,281  1(refy  0.89 (0.69-1.16)
Clinical spine fracture

Unadjusted 150,689 2,350 1(ref)y  1.30 (1.10-1.53)

Adjusted? 110,958 1,605 1(ref)  1.17(0.95-1.43)
Other fracture

Unadjusted 150,689 18,900 1 (ref) 1.08 (1.01-1.15)

Adjusted? 110,958 13672 1(refy  1.02(0.94-1.10)

Page 15

HRs and 95% Cls from Cox regression model for time to fracture on time-dependent urinary tract stones status. Cox proportional hazard model

was used including urinary tract stones as time varying variable.

aAdjusted for: age, race, BMI, physical functioning, age at menopause, education, income, region, smoking, fracture at age 55+ years, parent with
fracture after 40 years old, general health, alcohol intake, diabetes history, hormone therapy use, physical activity, bisphosphonate, calcitonin, oral
corticosteroids, antiepileptic, proton pump inhibitor, thiazide, loop diuretic, thyroid meds, HT arm, DM arm, CaD arm, and diet and supplement

intake.

bAdjusted for: age, race, BMI, and total hip BMD.

c, .. .
Adjusted for: age, race, BMI, and lumbar spine BMD.
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