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Purpose: Higher urine calcium is a common feature of calcium nephrolithiasis
and may be associated with lower bone mineral density in individuals with
kidney stones. However previous population based studies of kidney stones and
the risk of bone fracture demonstrate conflicting results. We examined inde-
pendent associations between a history of kidney stones and incident fracture.

Materials and Methods: We performed prospective studies using data from the
Nurses’ Health Study of 107,001 women with 32 years of followup and the Health
Professionals Follow-up Study of 50,982 men with 26 years of followup. We
excluded premenopausal women, men younger than 45 years and individuals
who reported osteoporosis at baseline. Study outcomes were incident wrist (distal
radius) or incident hip (proximal femur) fracture due to low or moderate trauma.
Cox proportional hazards regression was used to adjust for multiple factors,
including age, race, body mass index, thiazide use, supplemental calcium and
dietary intakes.

Results: There were 4,940 wrist and 2,391 hip fractures in women, and 862 wrist
and 747 hip fractures in men. All fractures were incident. The multivariable
adjusted relative risk of incident wrist fracture in participants with a history
of kidney stones compared to participants without kidney stones was 1.18
(95% CI 1.04e1.34) in women and 1.21 (95% CI 1.00e1.47) in men. The pooled
multivariable adjusted relative risk of wrist fracture was 1.20 (95%
CI 1.08e1.33). The multivariable adjusted relative risk of incident hip fracture in
participants with kidney stones was 0.96 (95% CI 0.80e1.14) in women and
0.92 (95% CI 0.74e1.14) in men. The pooled multivariable adjusted relative risk
of hip fracture was 0.94 (95% CI 0.82e1.08).

Conclusions: Nephrolithiasis is associated with a significantly higher risk of
incident wrist but not hip fracture in women and men.
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KIDNEY stones are a major cause of
morbidity and they are common. The
prevalence of nephrolithiasis in the
United States increases with age but
in the overall population it is about
11% in men and 7% in women.1 Cal-
cium nephrolithiasis accounts for
more than 80% of kidney stones.2

Some previous studies reported
lower bone mineral density in in-
dividuals with a history of neph-
rolithiasis compared to those without
nephrolithiasis3e6 and bone demin-
eralization in calcium stone formers
may be related to higher urine cal-
cium.7,8 Previous reports also suggest
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that individuals with nephrolithiasis may be at
higher risk for bone fracture.9e11 A recent study
using data from THIN in the United Kingdom
compared more than 50,000 individuals with diag-
nostic codes for urolithiasis to more than 500,000
participants without such codes. The risk of incident
bone fracture in individuals with a history of kidney
stones was 10% higher in men and it varied by age
in women with the highest relative risk of 1.52 in
women 30 to 39 years old.9

However, the association between nephro-
lithiasis and bone fracture remains unclear for
several reasons. 1) The THIN study was not able to
adjust for race or diet.9 Because black individuals
are less likely to form kidney stones than white
individuals1 and also less likely to experience bone
fracture,12 it is possible that THIN results reflect
a higher proportion of black individuals in the
referent group. It is also possible that associations
in THIN were due to differences in diet. For
example lower intakes of fruits and vegetables and
higher intakes of red and processed meats, and
sugar sweetened beverages are associated with a
higher risk of nephrolithiasis and fracture.13e17

2) Not all longitudinal studies have identified kid-
ney stones as a risk factor for bone fracture. A
recent series using WHI data including almost
10,000 women with a self-reported history of kid-
ney stones who were followed more than 8 years
showed no independent association between neph-
rolithiasis and incident fracture.18 3) No population
based study to date has excluded fracture due to
major trauma. Bone fracture in the setting of high
trauma likely occurs regardless of kidney stone
status.

To delineate independent associations between a
history of nephrolithiasis and the subsequent risk of
incident bone fracture due to low or moderate
trauma we performed prospective analyses in the
NHS and HPFS cohorts.

MATERIALS AND METHODS

Source Population
A total of 121,700 female registered nurses between 30
and 55 years old enrolled in NHS in 1976 by completing
and returning an initial questionnaire providing detailed
information on medical history, lifestyle and medications.
Like the HPFS cohort, the NHS cohort is followed by
biennial mailed questionnaires, which include inquiries
about the incidence of newly diagnosed diseases. For this
study we started followup in 1980 since before that date
we lacked information on diet. A total of 51,529 male
dentists, optometrists, osteopaths, pharmacists, podia-
trists and veterinarians between ages 40 and 75 years
enrolled in HPFS in 1986 by completing and returning an
initial questionnaire.

Study Population
The primary analysis included postmenopausal women
and to make the 2 cohorts more consistent men 45 years
old or older. Women who were premenopausal at baseline
entered analysis at the biennial questionnaire when they
reached menopause and men younger than 45 years
entered when they became 45 years old. Participants with
previous wrist, hip or vertebral fracture and those with a
history of self-reported osteoporosis were excluded at the
start of analysis. A total of 101,319 NHS and 50,893 HPFS
participants were included in wrist fracture analysis, and
107,001 NHS and 50,982 HPFS participants were
included in hip fracture analysis. Fewer participants
contributed to wrist fracture analysis because the
assessment of wrist fracture ended before the assessment
of hip fracture.

Ascertainment
Kidney Stones. Questions about a history of kidney stones
were first asked in 1992 in NHS and in 1986 in HPFS.
Thus the current analysis was limited to NHS participants
who answered questionnaires in 1992 or later. Subsequent
biennial questionnaires asked about a history of kidney
stones in the previous 2 years. Participants who reported
an incident kidney stone were mailed a supplementary
questionnaire asking about the date of occurrence and
symptoms. The self-reported diagnosis was confirmed in
97% of participants who completed the supplementary
questionnaire in 2 separate validation studies.19,20 In a
subset of individuals with nephrolithiasis and available
kidney stone composition reports 77% of NHS and 86% of
HPFS participants had a stone that contained 50% or
greater calcium oxalate.17

Wrist and Hip Fractures. Participants reported wrist and
hip fractures on biennial questionnaires, which also
assessed information on bone site, date of fracture and
circumstances under which the fracture occurred. Wrist
fracture assessment ended in 2004 for NHS and in 2008
for HPFS. The primary outcomes of the study were frac-
tures of the distal radius (wrist) or the proximal femur
(hip) that occurred in the setting of low or moderate
trauma. Fractures due to motor vehicle accident, horse-
back riding, skiing and other high trauma events were
excluded from study because major trauma can cause
fracture regardless of bone mineral density. In a valida-
tion study in NHS a medical record review confirmed re-
ported fractures in all 30 sampled cases.21

Diet. The semiquantitative FFQ, which asks about the
average use of more than 130 individual foods and
22 beverages during the previous year, has been mailed
to study participants every 4 years. The FFQ also in-
cludes an open-ended section. The reproducibility and
validity of the FFQ in NHS and HPFS have been
documented.22,23

Nutrient intake was calculated from the reported fre-
quency of consumption of each specified unit of food and
from USDA (United States Department of Agriculture)
data on the content of the relevant nutrient in specified
portions. Nutrient values were adjusted for total caloric
intake.24,25 Intakes of supplemental calciumand vitaminD
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