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Abstract This case-control epidemiologic study examines
the relationship between hormone replacement therapy
(HRT) and risk for fractures of four sites among women
45 years of age and older. From October 1996 to May
2001, incident patients with distal forearm (n=744), foot
(n=618), proximal humerus (n=331), and pelvis
(n=109) fractures were recruited from five Kaiser Per-
manente Medical Centers in northern California. Con-
trols (n=1617) were selected at random from the same
five medical centers over the same time period within
strata defined by 5-year age group, gender, and white
versus nonwhite or unknown recorded race/ethnicity.
Trained interviewers collected information using a
standardized questionnaire. Compared with postmeno-
pausal women who never used HRT, postmenopausal
women currently using HRT for at least 3 months had a
decreased risk of fracture at the distal forearm (adjusted
OR=0.55, 95% CI: 0.43, 0.72), proximal humerus (ad-
justed OR=0.51, 95% CI: 0.36, 0.74), and pelvis (ad-
justed OR=0.51, 95% CI: 0.27, 0.95), but not the foot
(adjusted OR=1.05, 95% CI: 0.81, 1.35). Past use of
HRT for more than 7 years also appeared to be asso-
ciated with a reduced risk off fracture at the distal
forearm and proximal humerus. The longer a woman
went without HRT after her last menstrual period, the
greater her risk of fracture in the distal forearm, proxi-
mal humerus, and pelvis. The findings of this study
support long-term, current use of HRT for the preven-
tion of osteoporotic fractures, but other risks and ben-
efits also need to be considered.
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Introduction

Many observational studies have found reductions in the
risk for hip, vertebral, and distal forearm fractures with
the use of hormone replacement therapy (HRT) [1]. The
few randomized controlled trials evaluating the role of
HRT on fracture risk have found reductions in verte-
bral, distal forearm, hip, and all nonvertebral fractures
[1, 2, 3]. A meta-analysis of randomized controlled trials
found a 27% reduction in risk of all nonvertebral frac-
tures and a 40% reduction in hip and wrist fractures
associated with the assignment of HRT [4]. However,
one randomized controlled trial did not find reductions
in the incidence of fractures (a secondary endpoint in
that trial) with HRT use [5].

Although HRT has been associated with a reduction
in risk for distal forearm fractures in previous observa-
tional studies [6, 7, 8, 9], documentation of HRT-asso-
ciated effects on fracture risk in the foot, proximal
humerus, and pelvis is limited even though the incidence
rate for these four fractures is about 8/1000 per year in
men and women 35 years of age and older [10]. One
study reported a 30% fracture risk reduction at the
proximal humerus with HRT use [7]. Another study on
the same cohort did not find an association between
HRT and foot fracture [11]. The impact of HRT on
pelvis fractures remains unknown.

The objective of this analysis is to determine whether
HRT use is associated with a reduction in the risk for
fractures of the foot, distal forearm, proximal humerus,
and pelvis. HRT is generally believed to affect cancellous
bone to a greater extent than cortical bone because of
the higher surface-to-volume ratio [12]. Because the
pelvis, proximal humerus, and foot have both types of
bone, and the distal forearm has primarily cancellous
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bone [13], it was hypothesized that HRT would be
beneficial to all four fracture sites but would have the
largest effect on the distal forearm. We hypothesized
that HRT would have the least effect on foot fractures
because they are less strongly associated with low bone
mineral density [11]. The case-control study from which
these data were derived was not designed specifically to
assess the effect of HRT on fractures, but sought to
identify a variety of possible risk factors for fractures in
persons aged 45 years and older at five fracture sites.

Patients and methods

Five northern California Kaiser Permanente Medical Centers
(Hayward, Oakland, San Francisco, Santa Clara, and South San
Francisco) participated in this case-control study. The Institutional
Review Boards of Kaiser Permanente and Stanford University
approved this project and its informed consent procedures. Cases
and controls for this analysis were identified from November 1996
through May 2001.

On a weekly basis, patients with fractures of the distal forearm,
foot, proximal humerus, pelvis, or shaft of the tibia/fibula and aged
45 years and older were identified through computerized radiology
reports and hospital inpatient and outpatient reports at each of the
five Kaiser Permanente facilities. A trained record abstractor ob-
tained information on the fracture site from radiology reports and
medical records. To be included as a case, the fracture had to be
confirmed by X-ray, bone scan, or MRI. Fractures classified as
possible or suspicious were not accepted, unless there was X-ray
evidence of fracture healing within 3 weeks. Classification of frac-
tures followed the International Statistical Classification of Dis-
eases and Related Health Problems, 10th revision [14]. Fractures of
the distal forearm included those in the distal third of the radius,
ulna, or both, while fractures of the proximal humerus included
those at the level of or proximal to the surgical neck of the hu-
merus. Fractures of the foot include the bones of the foot (eg talus,
navicular, cuboid, cuneiform, and metatarsal), but not the toes or
ankle. Fractures of the pelvis included all pelvic bones (eg sacrum,
ileum, pubis, acetabulum, and ischium) except the coccyx. Data on
one additional fracture site was collected, shaft of the tibia/fibula,
but the results are not presented here because of the relatively small
number of cases (n=83). Women could only be a case at one site.
For this analysis, the first-listed fracture on the medical record was
taken as the fracture site for individuals with simultaneous frac-
tures at more than one of these sites (n=31).

In order to include relatively large numbers of racial/ethnic
minorities for other purposes of this study, all persons indicated as a
minority or with an unknown race/ethnicity on computerized hos-
pital inpatient files andmedical records were invited to participate in
the study for all five fracture sites. Because pelvis fractures were
uncommon, all whites were invited to participate. At the other
fracture sites, only a percentage of persons indicated as whites were
sampled: 50% with proximal humerus and distal forearm fractures
and 25%with foot fractures throughApril 30, 2000. Starting onMay
1, 2000, in order to increase the sample size, 100% of whites with
distal forearm fractures and 50% of the whites with foot and proxi-
mal humerus fractures were invited to participate. It should be noted
that final classification of race/ethnicity was based on self-report
from the questionnaire. Some 73% of eligible patients agreed to
participate.

Controls

The 1614 controls were accrued over the same time period as
cases. Every 3 months, 25% of Kaiser members from the five
centers in the age group 45 years and older were randomly
sampled, and stratified into nine 5-year age groups (45–49,

50–54, 55–59, 60–64, 65–69, 70–74, 75–79, 80–84, 85+). The
selected Kaiser members were then randomly ordered, and the
first 34 women in each 5-year age group were retained. Race/
ethnicity, if available, was ascertained for the potential controls
from Kaiser records. All minorities, all individuals of unknown
race/ethnicity, and a random sample of 39% of white women
were selected. Women previously selected as cases were not eli-
gible to be controls. Some 66% of eligible controls agreed to
participate.

Exclusions

Subjects who required the use of proxy respondents because they
died or had cognitive impairment, defined as a score of ten or
greater on the Blessed Orientation-Memory-Concentration Test
[15] or based on the interviewer’s judgment, were excluded from
these analyses (n=146). Patients who fractured their bone in a
motor vehicle accident (n=69) and cases or controls who said that
they took HRT for the prevention or treatment of osteoporosis
were excluded from these analyses (n=232). Potential cases with
pathologic fractures caused by specific diseases, such as metastatic
cancer or Paget’s disease, and controls with these same diseases
were excluded.

In order to study incident fractures, patients with a history of
fracture since the age of 45 years at the same site as that for
which they were selected were excluded from the analysis
(n=139), and controls with a prior fracture since the age of
45 years at any of the four fractures sites were excluded from the
common control group (n=109). The common control group
refers to the one control group used for all case-control com-
parisons presented in this paper.

Questionnaire

Most information on potential risk factors was obtained from a
standardized questionnaire administered by trained interviewers in
English or Spanish. For cases, questions referred to the period
before the fracture occurred, while for controls, questions referred
to the period before the time of the interview. Back-translation was
used to assure that the English and Spanish versions of the ques-
tionnaire were equivalent. For the first 3 years of the study, the
interview was conducted primarily in person at the subject’s home
(or institution, for institutionalized subjects) or rarely in another
place of convenience. To increase participation rates and the
number of subjects interviewed, the interview was conducted pri-
marily over the telephone after November 15, 2000. Overall, 52%
of interviews were conducted in person. Whether a study subject
was interviewed in person or over the telephone was assessed as an
effect modifier for each HRT and fracture association in the mul-
tivariate analyses. No evidence of effect modification from this
source was found.

Only HRT taken for at least 3 months continuously was in-
cluded. HRT used for birth control was not counted. The HRT
questions were from the Women’s Health Initiative [3]. Women
were asked about the duration and type of estrogen and proges-
togen used, and their age when they started and stopped using each
HRT. When the questionnaire was conducted in person, inter-
viewers showed the women pictures of estrogen and progestogen
pills. The prevalence of use of HRT and odds ratios were similar in
the two types of interviews.

The measures of HRT presented in this paper are ever use of
HRT continuously for at least 3 months (yes/no); use of HRT in
the last month and continuously for at least 3 months (yes/no);
total years of HRT use; years since last use of HRT; and esti-
mated total number of postmenopausal years without use of
HRT. If a woman had never used HRT, the time since last use of
HRT was taken to be her current age minus age at last menstrual
period. Twenty-six women were excluded because of missing
values of the age they last stopped using HRT. Total postmen-
opausal years without HRT use refers to the number of years that
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a woman went without HRT after her last menstrual period. This
was estimated by calculating the number of years since the last
menstrual period for each woman (current age minus age at last
menstrual period), then subtracting the total years she was on
HRT.

Women with missing or ‘don’t know/refused to answer’ values
of the HRT measures were assumed not to have used HRT.
Missing values of age at last menstrual period were assigned an age
of last menstrual period of 51.4, the mean age of menopause in a
multiethnic community study population [16]. Women with a
hysterectomy and at least one intact ovary were also assigned an
age at last menstrual period of 51.4 or the date they began HRT use
because their age at the last menstrual period reflects the date of
their hysterectomy, not the date of menopause. Some women began
HRT before their menstrual periods ended; these women were as-
signed an age at last menstrual period as the age they started using
HRT. The percentage of women assigned an age at last menstrual
period of 51.4 was 12% for both cases and controls. When the
analyses were repeated excluding those where age at last menstrual
period was unknown, the measures of association did not change
by more than 10%.

The following questionnaire-derived variables were assessed as
potential confounders in the multivariate analyses: body mass in-
dex (kg/m2); history of maternal hip fracture and dowager’s hump;
self-reported overall health compared with others of her age; use of
thiazides and related diuretics, calcium supplements, and seizure
medications for at least once a week for a total of 1 year or longer;
average weekly alcohol intake in the past year; average weekly
leisure-time physical activity level in the past year; smoking status
(current smoker, past smoker, or never smoker); type of menopause
(hysterectomy, bilateral oophorectomy, or natural); number of
fractures incurred since the age of 45 years; and number of falls
during the prior year. Missing values for the components of the
summary variables were given values of ‘no’ for binary response
variables, the modal value for ordinal variables, and mean sub-
group values by age, gender, and race/ethnicity for body mass in-
dex. Among all cases and controls, missing values occurred for less
than 1% of women for most variables.

Statistical analysis

Odds ratios, which approximate the relative risk, were used as the
measure of association between potential risk factors and fractures.
To examine the association between a variable and fracture con-
trolling for the effects of other variables, we used logistic regression
with SAS version 8 software to compute adjusted odds ratios. The
adjusted odds ratios took into account the 5-year age group, race/
ethnicity as indicated by inpatient medical files to account for how
the cases and controls were sampled, the type of interview (in
person versus over the telephone), and additional variables listed in
the footnotes to Tables 2 and 3. Variables were included in the
multivariable models if they changed the odds ratios by more than
10% at any of the fracture sites, or if a priori hypotheses supported
their inclusion.

Self-reported race/ethnicity was categorized into four groups on
the basis of similarity of odds ratios for fractures: (1) white, Native
American and other, (2) black, (3) Chinese, Filipino, Japanese,
Pacific Islander and other Asians, and (4) Hispanic. The small
number of subjects (n=120) who reported themselves as being in
more than one racial/ethnic category were placed into a single
category according to their answers to questions on their degree of
acculturation.

For all the analyses presented in this paper, a common control
group was used. However, for comparison, five unique control
groups were also created by excluding only controls with prior
fractures at the fracture site to which they were being compared,
and the results were similar to those found with the common
control group.

Possible effect modification of the associations between HRT
use and fracture by age, type of interview, smoking status, body
mass index, physical activity and alcohol consumption was assessed

by stratification and cross-product terms in logistic regression.
Little evidence of effect modification was present and will not be
discussed further.

Results

Of the women who used HRT, over 75% used Premarin
in various doses, and less than 10% used Estrace, the
next most common regimen. Some 67% of women
taking progestogens used Provera, and 17% used med-
roxyprogesterone. Of women with a hysterectomy, 93%
took estrogen alone, and 91% of women without a
hysterectomy took estrogen and progestogen, and the
odds ratios associated with HRT use were similar in the
hysterectomized and nonhysterectomized groups. In
addition, the effect of current and past HRT use was
assessed separately among women using estrogen alone
versus women using estrogen plus progestogen, and the
HRT and fracture associations were similar in these two
groups. As a result, all estrogen and estrogen plus pro-
gestogen regimens were combined in the analysis. In
addition, the dose of HRT in Premarin users was as-
sessed. Over 75% of Premarin use involved the 0.625 mg
dose, and the findings for duration of HRT and dose of
HRT both reduced the odds ratio estimates, so the
results on dose are not presented.

Selected characteristics of each case group and the
controls are presented in Table 1. On average, the foot
fracture cases were the youngest and proximal humerus
and pelvis fracture cases the oldest. Most women first
used HRT near the time of menopause. The age at last
menstrual period was lower for ever users of HRT than
women who never took HRT (45.7 vs 47.5). In general,
age at last menstrual period was not associated with any
of the fractures (data not shown). Pelvis fracture cases
had the lowest body mass index and lowest percentage
with natural menopause. A higher percentage of foot
fracture cases and lower percentages of distal forearm
and proximal humerus fracture cases had ever used
HRT than controls. Distal forearm, proximal humerus,
and pelvis cases were less likely to be current HRT users
than controls. Women who were currently using HRT
tended to have used HRT for at least twice as long as
past users and had fewer postmenopausal years without
HRT than past users (data not shown).

Adjusted odds ratios for the relationship between
HRT use and fractures of the foot, distal forearm,
proximal humerus, and pelvis are presented in Table 2.
Having ever used HRT for 3 or more months was
associated with a decreased risk of 35% for distal fore-
arm, 37% for proximal humerus, and 28% for pelvis
fractures, but had no effect on foot fractures. When
subjects were categorized into current users, past users,
and never users, current use was associated with a re-
duced risk for distal forearm, proximal humerus, and
pelvis fractures of 45%, 49%, and 49%, respectively, but
had no effect on foot fractures. Past use (not considering
length of use) was associated with at most a slightly
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reduced risk of fractures of the distal forearm and
proximal humerus.

The greater the amount of time a woman did not take
HRT in her postmenopausal years, the greater her risk
for fractures in the distal forearm, proximal humerus,
and pelvis (Table 2). For every 5 years a woman went
without HRT after her last menstrual period, her odds
increased by 18% for distal forearm, 24% for proximal
humerus, and 12% for pelvis fractures. Although the
number of postmenopausal years without HRT and
duration of HRT measure highly correlated character-
istics of HRT use, the number of postmenopausal years

without HRT is presented because it approximates the
amount of time that bone was exposed to only minimal
estrogen. The risk for fractures of the distal forearm,
proximal humerus, and pelvis increased with the amount
of time since last use of HRT, even after controlling
for total length of HRT use in addition to age, race/
ethnicity, type of interview, body mass index, and type
of menopause.

The relationship between risk for fracture and timing
and duration of HRT use is presented in Table 3. Cur-
rently using HRT for a total of 7 years or more (the
median duration of HRT use among HRT users in the

Table 1 Means and percentages of selected characteristics among cases and controls

Subject characteristics Site of fracture

Foot
(n=618)

Distal forearm
(n=744)

Proximal humerus
(n=331)

Pelvis
(n=109)

Controls
(n=1617)

Age (years*) 58.8 65.7 68.9 73.9 63.9
Age at start of first HRT (years*) 47.9 48.9 48.3 48.5 49.0
Mean age at last menstrual
period among women with natural
menopause (years)

49.2 49.0 48.9 49.5 49.4

Mean body mass index (kg/m2) 27.1 25.9 26.7 23.8 26.4
Self-reported race/ethnicity (%):
Black 14.2 7.4 7.3 7.3 20.7
Hispanic 14.7 14.3 10.0 3.7 9.7
Asian 12.0 10.4 9.4 5.5 21.1

Type of menopause (%):
Hysterectomy 17.0 16.3 16.6 23.9 17.9
Bilateral oophorectomy 12.0 12.2 11.2 14.7 10.2
Natural 71.0 71.5 72.2 61.5 71.9

HRT use ever (% >3 months) 39.5 27.7 25.7 32.1 31.0
Current HRT users (% users)a 72.9 63.4 60.0 51.4 75.7
Past HRT users (% users)b 27.1 36.1 40.0 48.6 25.3

*mean
aCurrent use refers to use of hormone replacement therapy (HRT)
in the month before the fracture for cases or month before the
interview for controls and continuously for at least three months

bPast use refers to use of HRT prior to the month before the
fracture for cases or month before the interview for controls and
continuously for at least three months

*p £ 0.05
**p £ 0.10
aAdjusted for five-year age group, inpatient medical files race/eth-
nicity (white, non-white or unknown), type of interview (in person
versus over the telephone), age in years, self-reported race/ethnic-
ity, body mass index and type of menopause (hysterectomy, bilat-
eral oophorectomy, or natural)
bCurrent use refers to use of HRT in the month before the fracture
for cases or month before the interview for controls and continu-
ously for at least three months

cPast use refers to use of HRT prior to the month before the
fracture for cases or month before the interview for controls and
continuously for at least three months
dNumber of years past last menstrual period minus the number of
years on HRT
eThe time since last use of HRT was estimated by subtracting the
current age of a woman by the age she stopped her last HRT.
Adjusted for total duration of HRT use in addition to the variables
listed in footnote ‘‘a’’. Quartiles are based on the distribution of the
variable in the control group

Table 2 Adjusted odds ratios and 95% confidence intervals for the associations between hormone replacement therapy (HRT) use and
fractures by site of fracture

HRT measures Site of fracture

Foot Distal forearm Proximal humerus Pelvis

Ever HRT use (>3 months, yes/no)a 1.17 (0.93–1.47) 0.65 (0.52–0.82)* 0.63 (0.46–0.85)* 0.72 (0.44–1.19)
Currentb HRT use versus never HRT usea 1.05 (0.81–1.35) 0.55 (0.43–0.72)* 0.51 (0.36–0.74)* 0.51 (0.27–0.95)*
Pastc HRT use versus never HRT usea 1.54 (1.09–2.19)* 0.92 (0.66–1.28) 0.89 (0.57–1.38) 1.17 (0.62–2.22)
Total estimated postmenopausal
years without HRT (each additional 5 years)d

0.99 (0.92–1.07) 1.18 (1.10–1.25)* 1.24 (1.13–1.35)* 1.12 (0.99–1.26)**

Total years since last HRT use (each additional 5 years)e 1.03 (0.94–1.27) 1.11 (1.03–1.21)* 1.17 (1.05–1.30)* 1.08 (0.92–1.28)
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control group) was associated with a reduced risk of
distal forearm fracture of 58%, proximal humerus
fracture of 56%, and pelvis fracture of 43%, while cur-
rent use of HRT for a total of fewer than 7 years showed
a slight reduction in risk for the distal forearm and
proximal humerus, but a greater reduction for the pelvis.
Although the confidence intervals are wider in past
users, past use of HRT for a total of more than 7 years
showed greater reductions in risk (except at the pelvis)
than past use for a total of fewer than 7 years, which
showed no reduced risk for fracture at any site. Figure 1
shows how the multivariate-adjusted odds ratios de-
crease with fewer postmenopausal years without HRT.

Discussion

Our findings and those of others [1, 6] suggest that
current use of HRT is associated with protection against
distal forearm, proximal humerus, and pelvis fractures.
For the most part, long-term, current users showed the
largest reduction in risk. In addition, the risk for frac-
tures in the distal forearm, proximal humerus, and pelvis
increased each year a woman was not using HRT after
menopause. In our study, women who used HRT gen-
erally started at menopause, and current users took
HRT for at least twice as long and had fewer post-
menopausal years without HRT than past users.
Beginning HRT near the time of menopause and
continuing its use indefinitely appears to provide maxi-
mal protection against BMD loss and osteoporotic
fractures [1].

It is well established that women experience a rapid
loss of bone after menopause [17]. Among women taking
estrogen, rates of bone resorption and formation have
been found to return to premenopausal values [17] and
are approximately one-third that of nonusers [18].
However, once women stop using HRT, bone loss re-
turns to the initial, accelerated postmenopausal rate [18,
19], and the protective effect of HRT on fracture risk
diminishes [1, 8]. Thus, both duration and timing of
HRT seem to be important for fracture prevention.

HRT afforded no protection against foot fractures.
Studies have documented improvements in the heel
ultrasound stiffness index with HRT [20, 21], but the
associations between the ultrasound stiffness index and
foot fractures were not assessed in these studies. In the
Study of Osteoporotic Fractures, each standard devia-
tion decrease in calcaneal bone mineral density was only
weakly associated with foot fractures (RR=1.12, 95%
CI: 0.97, 1.29), and HRT was not associated with a
reduction in risk for foot fractures [11].

The limitations of our study are, first, as with many
case-control studies, inaccurate reporting of prior events
such as HRT use could have occurred. A validation
study at Kaiser Permanente of self-reported HRT use in
the month before the fracture for cases and the month
before interview for controls was conducted to deter-
mine the association between self-reported HRT use andT
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HRT prescriptions being filled at Kaiser Permanente.
Some 79% of cases and controls who said they used
HRT in the last month had a prescription filled in that
period, and almost 90% of these women had a pre-
scription filled for HRT in the prior 90 days. These
percentages are likely to be underestimates because a
small number of women fill their prescriptions at other
pharmacies.

It has been suggested that some of the beneficial ef-
fects of HRT seen in nonexperimental studies can be
explained by selection bias [22] or uncontrolled con-
founding. That is, healthier women may be choosing to
take HRT, and HRT use may be a marker of socio-
economic, clinical, or lifestyle factors that put women at
a lower risk of fracture. We controlled as best we could
for the possible confounding variables we measured,
such as physical activity or the presence of certain dis-
eases, but uncontrolled confounding cannot be ruled
out. In a recent meta-analysis of randomized controlled
trials, Torgerson and Bell-Syer [4] found a 40% reduc-
tion in ‘wrist’ fractures with HRT. This value is similar
to our results for the association between current use of
HRT and distal forearm fractures, suggesting that
selection bias may not have played a large role in our
study. Also, the lower response rate in the control group
may be a limitation, especially if HRT use was related to
nonresponse in the controls and not the cases. This does
not appear to be the situation in our study, as the foot
fracture cases had similar patterns of HRT use as con-
trols, and our findings on current HRT use and distal
forearm fractures were similar to the meta-analysis dis-
cussed above [4].

Women interviewed in person were shown pictures of
HRT pills, while subjects interviewed over the telephone
were not. This could bias our results because those

subjects interviewed in person could give more accurate
answers than those interviewed over the telephone.
However, the odds ratios for the HRT measures did not
vary by type of interview. Finally, age at menopause had
to be imputed for 12% of cases and controls, but
excluding these women did not change the associations
between HRT and fracture.

On the other hand, patients were interviewed shortly
after the fracture in order to collect more accurate and
detailed information than if more time had elapsed. The
subjects used in this study had equal access to health care
because they were all enrolled in the same health plan.We
also excludedwomenwhousedHRTfor the prevention or
treatment of osteoporosis so as to avoid underestimation
of the benefits of HRT on fractures [23].

In summary, the hypothesis of this study was that
HRT would be beneficial to all four fracture sites, but
would have the largest effect on the distal forearm and
the least effect on foot fractures. This observational
study suggests that current HRT use in postmenopausal
women reduces the risk for fractures of the distal fore-
arm, proximal humerus, and pelvis to a similar extent,
and does not reduce the risk for fractures of the foot.
The risk for fractures in the distal forearm, proximal
humerus, and pelvis increases with the time since last
HRT use and with greater time that a woman has been
without HRT after her final menstrual period. The
findings of this study support the long-term, current use
of HRT for the prevention of osteoporotic fractures, but
other benefits and risks also need to be considered.
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