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Abstract
Context—Decreased calcitriol production due to impaired renal function may be a significant risk
factor for falls in normal aging population.

Objective—The objective of the study was to examine the association between creatinine clearance
(CrCl) and the incidence of falls and fallers in groups treated with placebo, calcitriol, estrogen therapy
(ET)/estrogen + progestin therapy (HT), and calcitriol + ET/HT.

Design—This was a 3-yr, double-blind, placebo-controlled study designed to test the efficacy of
calcitriol and ET/HT on bone loss and falls with analysis by intention to treat and post hoc.

Setting—The study was conducted at an academic outpatient center.

Participants—Four hundred eighty-nine normal elderly women aged 65–77 yr; 415 women
completed the study.

Intervention—Subjects were randomized to placebo, calcitriol 0.25 μg twice a day, ET daily
(conjugated equine estrogens 0.625 mg), HT (conjugated equine estrogen 0.625 mg +
medroxyprogesterone acetate 2.5 mg) and calcitriol + ET/HT.

Main Outcome Measures—Cumulative number of falls and fallers were compared between
groups with 24-h urine CrCl less than 60 and 60 ml/min or greater.

Results—Calcitriol treatment decreased the number of fallers and falls. Low CrCl less than 60 ml/
min was a predictor of the number of falls per person but not fallers in the placebo group (P = 0.007).
In the low CrCl group (<60 ml/min), the rate of falls decreased on calcitriol by 53% [95% confidence
interval (CI) −71% to −22%; P = 0.003], calcitriol + ET/HT by 61% (95% CI −76% to −37%; P =
0.001), and ET/HT by 25% (95% CI: −55% to +24%; not significant). Calcitriol reduced the rate of
falls by 30% (95% CI −49% to −4%; P = 0.027) in the CrCl 60 ml/min or greater group.

Conclusion—Calcitriol treatment decreases falls in all subjects but especially in elderly women
with decreased renal function (<60 ml/min) and frequent fallers.
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Falls in elderly people represent a serious public health problem: approximately 30% over the
age of 65 yr fall each year, and this proportion increases to more than 50% by the age of 80 yr
(1). Falls frequently lead to physical injury, fractures, deterioration in physical function, and
nursing home placement (2,3).

We and others have recently shown that treatment with calcitriol [1,25-dihydroxyvitamin D,
1,25(OH)2D] (4,5) or the vitamin D analog, alphacalcidol (6) significantly reduces the risk of
falls (4–6) and the number of fallers (6) in elderly men and women. The biological actions of
vitamin D are generally mediated through its conversion in the kidney to its hormonal form,
1,25(OH)2D. A creatinine clearance (CrCl) of less than 65 ml/min has been recently reported
as a significant independent risk factor for increased incidence of falls and increased risk of
vertebral, hip, and radial fractures in elderly men and women treated for osteoporosis (7,8).
CrCl less than 65 ml/min was also associated with significantly lower serum 1,25(OH)2D levels
(8). Treatment with alphacalcidol significantly reduced the number of falls and fallers in the
low CrCl (<65 ml/min) group (9). Cross-sectional (10) and vitamin D supplementation studies
(11–13) have demonstrated a positive association between higher serum 1,25(OH)2D levels
and improved muscle strength and body sway, and alphacalcidol treatment has been reported
to improve muscle strength and physical performance in vitamin D-deficient older women
(14). Thus, the effect of calcitriol and alphacalcidol, which is a prodrug for calcitriol, can be
attributed to an increase in muscle strength, improved physical performance, and balance.

According to Kidney Disease Outcomes Quality Initiative guidelines of the U.S. Kidney
Foundation, CrCl less than 60 ml/min per 1.73m2 is classified as stage 3 chronic kidney disease
(15), and the guidelines suggest intensive monitoring of patients with decreased CrCl (15,16)
because of a decline in serum 1,25(OH)2D and an increase in serum PTH. In an osteoporosis
intervention trial primarily designed to test the efficacy of conjugated estrogens alone [estrogen
therapy (ET)] or with medroxyprogesterone acetate [estrogen + progestin therapy (HT)] and
calcitriol given alone or in combination on bone loss, we had the opportunity to collect
prospectively data on the incidence of falls. In this post hoc analysis of subgroups, we examined
the association between low CrCl less than 60 ml/min and the incidence of falls and fallers in
a placebo group and compared it with calcitriol, ET/HT, and combination treatment groups.

Subjects and Methods
Experimental subjects

Four hundred eighty-nine elderly women aged 65–77 yr were enrolled into a prospective,
double-blind, randomized, placebo-controlled clinical trial Sites Testing Osteoporosis
Prevention and Intervention Treatments (STOP IT) to test the efficacy of conjugated equine
estrogens and calcitriol given individually or in combination on bone loss (4). Women were
excluded if they had severe chronic illness (chronic liver disease, severe chronic obstructive
pulmonary disease, severe rheumatoid arthritis, or serious heart failure); had serum creatinine
greater than 1.5 mg/dl; had primary hyperparathyroidism or active renal stone disease; or were
on certain medications, such as bisphosphonates, anticonvulsants, estrogen, fluoride, or
thiazide diuretics in the previous 6 months. The volunteers recruited for the study were free
living, ambulatory, and willing to give written informed consent.

The women were randomized to one of four groups; ET/HT; conjugated equine estrogens 0.625
mg/d (Premarin) [medroxyprogesterone acetate 2.5 mg/d (Provera) was added if the women
had a uterus]; calcitriol (Rocaltrol) 0.25 μg twice daily; and the combination of both or placebo.
One woman who developed Paget’s disease was excluded from the analyses. Four hundred
fifteen women came for the final study visit at 3 yr, and 337 were adherent to medication–
defined as taking 80% over 3 yr. The analysis was performed on 415 women who came for the
final study visit. The distribution of subjects into different treatment groups has been given in
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an earlier publication (4). The Creighton University Human Institutional Review Board
approved the trial and all patients signed an informed consent form.

Falls
Falls data were collected prospectively by a nonvalidated interview-administered questionnaire
on the incidence of falls every 6 months for the entire study period of 36 months. Falls were
defined as unintentionally coming to rest on the ground, floor, or other lower level. It was not
possible to accurately ascertain the exact date of the fall at the time of the scheduled visit.

Dietary intake and alcohol and smoking history
Dietary intake data were collected using 7-d food dairies. The average daily calcium, vitamin
D, and caffeine intakes were calculated by a dietitian, using the Food Processor II plus nutrition
and diet analysis system (version 5.1; Esha Research, Salem, OR). Alcohol and smoking history
were assessed via a questionnaire. Smoking status was classified as current smokers and
nonsmokers. The alcohol intake was stratified into drinkers and nondrinkers.

Baseline medication use and comorbidities
Information about current use of medications and comorbid conditions were obtained by a
questionnaire. Medication use by the subjects was categorized into three groups as use of 0,
one, or more than one medication. The comorbid conditions included hypertension, thyroid
conditions, cancer, osteoporosis, scoliosis, diabetes, kidney disease, arthritis, chronic
gastrointestinal disease, allergies, hip fracture, pulmonary disease, heart conditions, etc. and
were grouped as existence of none to two, three to four, five to six, or seven mor more
conditions.

Biochemical analysis
Fasting blood and 24-h urine samples were obtained at baseline and end of the study. All
samples were stored frozen at −70 C until analysis. Total calcium and creatinine in urine
samples and serum creatinine were determined by automated procedures (chemistry analyzer;
Nova Nucleus, Waltham, MA). Measured 24-h creatinine clearance was used to stratify the
groups into less than 60 (low group) and 60 ml/min or greater.

Serum 25 hydroxyvitamin D (25OHD) was assayed by a competitive protein binding assay
(17) as described before (18). The competitive protein binding assay method was found to be
highly correlated with HPLC (19). Serum 1,25(OH)2D was measured by a nonequilibrium
radioreceptor assay (Incstar Corp., Stillwater, MN) (20,21) as described before (18). Serum
PTH was measured with the Allegro immunoradiometric assay (Nichols Institute, San Juan
Capistrano, CA) (22). The limit of detection and the interassay variation, respectively, were
12.5 mmol/ liter (5 ng/ml) and 5% for serum 25OHD, 12 pmol/liter and 10% for serum 1,25
(OH)2D, and 1 ng/liter and 3.5% for serum PTH assays. Urine collagen cross-links were
measured by ELISA (Osteomark International, Seattle, WA) as N-telopeptides, a specific
marker for bone type I collagen [expressed as nanomoles bone collagen equivalents per
millimoles of creatinine].

Calcium absorption test
Calcium absorption was measured in a fasting state at the beginning and end of the study by
oral administration of 18.5 × 104Bq (5 μCi) 45Ca (Amersham, Arlington Heights, IL) in 100
mg CaCl2 carrier given in a total volume of 250 ml distilled water (23) and described before
(18). Calcium absorption was expressed as percentage of the actual dose per liter of blood and
corrected for body weight.
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Physical activity and physical performance measures
Physical Activity Scale for the Elderly (PASE) was calculated based on questionnaire items
assessing various domains of physical activity, including walking, sitting activities, light sport
and recreational activities, moderate sport and recreational activities, strenuous sport and
recreational activities, and exercise and light housework (24). Grip strength was measured on
the right hand by a handheld Jamar dynamometer (Jackson, MI). The average of three trials
was recorded. Walking speed was assessed as the time taken to walk a 15-ft walkway at the
subject’s normal pace and then as quickly as possible (25). Timed rising test involved the time
taken by the subject to rise from a chair three times as quickly as possible (25).

Statistical analysis
All analyses were done by the SAS statistical package (version 9.1; SAS Inc., Cary, NC). The
presented results are from intent-to-treat analyses. Baseline patient characteristics, biochemical
variables, and physical performance measures were compared according to CrCl subgroups
with Student t tests. Medication use, comorbid conditions, smoking status, and alcohol intake
were compared between the two CrCl groups by χ2 tests. Poisson regression was used to
examine the predictors of the cumulative number of falls at 6, 12, 24, and 36 months. Fallers,
classified as no falls vs. one or more falls in 36 months, was examined with logistic regression.
Treatment group and CrCl subgroups were considered as predictors in the models. Models
were adjusted for significant confounders selected with backward selection from the full model
at each time point. Potential confounders adjusted for in the CrCl models were age, baseline
serum 25OHD, weight, height, baseline calcium absorption, number of comorbidities (none to
two, three to four, five to six, and seven or more), number of medications (none, one, more
than one), smoking status (smokers vs. nonsmokers), alcohol intake, and PASE score.
Significant confounders that entered the models were number of comorbidities, smoking status,
and PASE score. Although serum 1,25(OH)2D was significant in the backward regression
analysis, we did not include it as a confounding variable because our hypothesis is that reduced
1,25(OH)2D production is the main cause of the falls. Unadjusted means and SES are given
for the cumulative number of falls per person at 36 months in each group, presented with P
values from the Poisson regression models. Data on the adjusted cumulative rate of falls per
person at 36 months, referred to hereafter as rate of falls, are presented along with 95%
confidence intervals (CIs). P < 0.05 was considered statistically significant.

Results
Of the 489 women randomized to the treatment, 415 completed the final study visit. Three
hundred thirty-seven were adherent to treatment, 78% on placebo, 70% on calcitriol, 65% on
HT/ET, and 62% on HT/ET + calcitriol. In the adherent group, medication compliance
calculated at 36 months for the groups was 92% on placebo, 93% on calcitriol, 92% on
conjugated estrogens, and 94% on medroxyprogesterone. In the less than 60/60 ml/min or
greater CrCl subgroups, compliance, respectively, was 93/94% in placebo; 92/92% on
calcitriol; 95/92% on the combination, and 90/93% in the ET/HT groups.

The results presented below are based on intent-to-treat analyses of 415 subjects who
completed a final visit; the results from the complier analyses in 337 subjects are similar (data
not given).

Baseline characteristics and biochemical variables of study population in CrCl subgroups
(Table 1)

Women in the low CrCl group were significantly different for the following measurements:
they were older (P = 0.014), smaller (P = 0.002), and lighter (P = 0.001) and had lower calcium
absorption (P < 0.001), 24-h urine calcium (P < 0.001), creatinine (P < 0.001), serum 1,25
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(OH)2D (P = 0.012) and serum 1,25(OH)2D to 25OHD ratio (P = 0.06). The high CrCl group
took more medications more than one (P = 0.043). The mean and median serum 25OHD levels
in the less than 60 ml/min CrCl group were 32.7 and 32.1 ng/ml, respectively, whereas in the
60 ml/min or greater CrCl group, the corresponding values were 32.7 and 30.8 ng/ml,
respectively. Six percent of the population had serum 25OHD levels less than 15 ng/ml. The
baseline characteristics and biochemical measures (Table 1) were also compared in the two
CrCl subgroups in the four treatment groups. The results were similar to that seen in the two
CrCl subgroups combined (data not given).

Study participants who dropped out of the study (n = 151), compared with compliers, had lower
CrCl (67.8 ± 1.5 vs. 73.6 ± 1.06 ml/min, P = 0.002) and lower serum 1, 25(OH)2D (32.9 ± 0.67
vs. 35.1 ± 0.43 pg/ml, P = 0.005) only.

In the total group of 415 women, baseline serum 1,25(OH)2D decreased with decreasing urine
CrCl (r = 0.116, P = 0.018) (Fig. 1) and increasing serum creatinine (r = −0.148, P = 0.003).

The biochemical data from Table 1 at the end of 36 months was compared in the CrCl subgroups
in the placebo group. Results were similar to that seen at baseline; statistical differences were
not seen, probably due to insufficient numbers. At the end of 36 months, repeat 24-h urine CrCl
decreased less than 60 ml/min in 28% of those initially above 60 ml/min. Serum 1,25(OH)2D
was not measured at the end of the study.

Physical performance measures (Table 1)
At baseline, women in the low CrCl group had lower physical activity score (PASE) (P = 0.03),
were significantly (P < 0.05) slower in the timed walk test, and were weaker in grip strength
(P < 0.001). Baseline physical performance measures, compared between the two CrCl
subgroups in the four treatment groups (data not given), showed similar trends to that seen in
Table 1.

Fallers
Of 415 subjects who completed the final 36-month study visit, the percentage of subjects in
each treatment group having a fall at any time during the study was 64% on placebo, 49.5%
on calcitriol, 58% on calcitriol + ET/HT, and 57% on ET/HT alone (Table 2). At 36 months,
calcitriol treatment reduced fallers by 46% (odds ratio 0.54, 95% CI 0.31–0.94; P = 0.03).
Other treatment groups had no effect on fallers.

Cumulative rate of falls
Comparing treatment groups with placebo in 415 subjects, the adjusted rate of falls was reduced
by 36% (95% CI −51 to −17%; P = 0.0009) in the calcitriol group and reduced by 25% (95%
CI −42 to −3%; P = 0.03) in the calcitriol + ET/HT group; no significant reduction was seen
in the ET/HT group (Table 3). In the calcitriol treatment group, the number of falls per person
at 6 months was 0.26 and averaged 0.14 for the rest of the study period, whereas the placebo
group averaged 0.23 at 6-month intervals during the 3 yr.

Effect of CrCl (CrCl < 60 ml/min vs. CrCl ≥ 60 ml/min) on fallers (Table 2)
Measured 24-h urine CrCl was not a significant predictor of fallers in any of the treatment
groups. There were no significant differences in fallers in the CrCl subgroups in the placebo
or treatment groups (Table 2).
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Effect of CrCl (CrCl < 60 ml/min vs. CrCl ≥ 60 ml/min) on falls (Table 2)
Measured 24-h urine CrCl was a significant predictor of the number of falls per person in the
placebo group (P = 0.007) at 36 months from Poisson regression model. At the end of 36
months, comparing the two CrCl groups (< 60 vs. ≥ 60 ml/min), the mean ± SE number of falls
per person at 36 months in the placebo group was 1.79 ± 0.44, compared with 1.15 ± 0.14,
respectively (Fig. 2A) and was 63% higher (95% CI 14–133%; P = 0.007) in the CrCl less than
60 ml/min group.

The mean number of falls per person between the CrCl subgroups was not different in the
treatment groups, 0.96 ± 0.23 vs. 0.85 ± 0.13 (P = 0.35) in the calcitriol group (Fig. 2A), 1.03
± 0.31 vs. 1.15 ± 0.18 (P = 0.36) in the calcitriol + ET/HT group (Fig. 2B), and 1.39 ± 0.32
vs. 1.18 ± 0.17 (P = 0.47) in the ET/HT group (Fig. 2C).

Effect of treatment, compared with placebo, on the rate of falls in the CrCl subgroups (Table
3)

In the CrCl less than 60 ml/min groups, calcitriol, compared with placebo, reduced the rate of
falls by 53% (P = 0.0033); the effect of calcitriol treatment was seen at 12 months and was
significant at 36 months. Calcitriol + ET/HT significantly reduced the rate of falls by 61%
(P = 0.0002). There was a nonsignificant 25% reduction (P = 0.26) with ET/HT treatment
alone.

In the 60 ml/min or greater CrCl groups, calcitriol, compared with placebo, reduced the rate
of falls by 30% (P = 0.027); there was no effect of calcitriol + ET/HT or ET/HT alone.

Although calcitriol treatment significantly reduced the rate of falls in both less than 60 ml/min
(P = 0.003) and 60 ml/min or greater (P = 0.03) CrCl groups, the effect was more significant
in the low CrCl group.

Adverse events
The adverse events related to estrogen and calcitriol treatment has been described in detail
earlier (4). Hypercalcemia associated with calcitriol treatment was mild and infrequent over
the treatment period. A single episode of hypercalcuria (>300 mg/d) occurred in 7% of subjects
on placebo, 6% on ET/HT, 18% on ET/HT + calcitriol, and 29% on calcitriol treatment and
was probably related to perturbations of dietary calcium intake. Persistent hypercalcuria was
uncommon and the calcitriol dose was reduced in two subjects.

Discussion
In this study of normal elderly women, calcitriol treatment significantly reduced the number
of fallers by 46%, but no association was found between CrCl and the number of fallers.
However, a 24-h CrCl less than 60ml/min was associated with an increase in the number of
falls per person. In the low CrCl group, calcitriol and calcitriol + ET/HT were both effective
in significantly reducing the rate of falls by 50–60%, and the effect was apparent by 12 months.

The results of the present study are in agreement with the observations by Dukas et al. (7–9)
in a slightly older population, mean age 75 yr, from Switzerland. In community-dwelling
elderly men and women, Dukas et al. (7,8) reported that CrCl less than 65 ml/min defined by
the Cockroft-Gault formula is an independent risk factor for increased frequency of falls and
fractures, which they attributed to a reduction in serum 1,25(OH)2D levels. They also reported
that alphacalcidol, which is a prodrug for calcitriol, reduced the number of falls and fallers in
the low CrCl group (9). However, one study reported that long-term vitamin D
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supplementation, 700 IU/d reduced the number of fallers in ambulatory women irrespective of
CrCl (26).

A decrease in the muscle strength with aging is associated with an increased incidence of falls
in the elderly (27). In the present study, characteristics of women in the low CrCl group with
the higher fall rate were lower physical activity, decreased muscle strength, lower physical
performance, lower serum 1,25(OH)2D, and decreased conversion of serum 25OHD to 1,25
(OH)2D. An important finding was that the receptors for 1,25(OH)2D in muscle decrease with
aging (28) and if combined with lower serum 1,25(OH)2D could be responsible for decreased
muscle strength and the increase in the rate of falls in elderly women. A smaller but significant
reduction in the rate of falls with calcitriol treatment was seen also in women with CrCl 60 ml/
min or greater, possibly through up-regulation of 1,25(OH)2D receptors in muscle.

It is possible that 25OHD, which is the substrate for 1,25(OH)2D, is not high enough for elderly
subjects in whom there is impaired conversion of 25OHD to 1,25(OH)2D in the kidney (29).
There is evidence suggesting that serum 25OHD levels higher than 30–32 ng/ml are needed to
reduce serum PTH in the elderly (30). Although serum levels of 1,25(OH)2D are usually tightly
regulated, we did observe some substrate dependency of 1,25(OH)2D production in a seasonal
study of serum 25OHD (18). PTH has been reported to be an independent risk factor for falls
in an Australian elderly population (31), although that was not seen in this study or in a study
from Boston (26).

Is it possible that simple vitamin D therapy can have the same effect as the D hormone-calcitriol
in reducing falls? Studies on the effect of vitamin D supplementation on risk of falling/falls
are inconsistent. Vitamin D, 400 IU/d, was effective in reducing fallers in one study (32) but
not in another (33). Vitamin D, 800 IU/d, reduced the risk of falls or fallers in four studies
(11,12,26,34) but was ineffective in four others (35–38). There are several possible
explanations for the inconsistent data; most of these studies had high numbers of subjects with
hypovitaminosis D (<20 ng/ml) or vitamin D insufficiency (<15 ng/ml), and the vitamin D
dose might not have increased serum 25OHD high enough. Also, compliance to treatment is
often low; in a study of vitamin D supplementation, 1000–1500 IU/d, given to 625 older men
and women, the rate of falls but not the number of fallers decreased by 27%; however, when
the data were reanalyzed in a compliant group, both falls and fallers decreased more
significantly on vitamin D (39). In this present study, an increased rate of falls were observed
in women with mean serum 25OHD of 30 ng/ml so that hypovitaminosis D, i.e. serum 25OHD
less than 20 ng/ml, was not a contributing cause. It is possible that vitamin D therapy could be
effective in reducing falls in patients with low serum 25OHD and normal CrCl who have the
ability to convert to 1,25(OH)2D; however, the ability to convert decreases with age,
particularly after the age of 75 yr (29).

The present study has several limitations. Falls were a secondary outcome in the study, although
number of events and the long observations period compensates in part. The fall incidence data
were based on participants’ own report. The study population is comprised mostly of healthy
Caucasian women between the ages of 65 and 77 yr, and the observations and estimates of
CrCl cannot be generalized to men and women of other races, especially those with low body
weight.

In conclusion, the results of the present study show that low CrCl (<60 ml/min) is a risk factor
for falls in elderly women. Decreased conversion of 25OHD to the active hormonal form of
vitamin D-calcitriol by the aging kidney associated with decreased physical performance and
an age related decrease in calcitriol receptors in muscle are explanations for increased rate of
falls. Calcitriol treatment reduces the incidence of falls; the mechanism by which calcitriol
affects the fall incidence is not yet clear. An up-regulation of calcitriol receptors in muscle by
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calcitriol treatment is a strong possibility, but also there could be an improvement in balance
through its action on central or peripheral nervous system. Whether simple vitamin D
supplementation in subjects with impaired renal function is as effective as calcitriol or vitamin
D analogs in preventing falls is not known, but because of relative costs of medication, a
comparative study is needed.

Not many therapies reduce falls in the elderly. Interventions that are proposed to be beneficial
in fall prevention are a program of muscle strengthening and improved balance (pooled risk
ratio 0.8, 95% CI 0.66–0.98; 20% reduction), multidisciplinary intervention (pooled risk ratio
0.73, 95% CI 0.63–0.85; 27% reduction), withdrawal of psychotropic medications (relative
hazard ratio 0.34, 95% CI 0.16–0.74; 66% reduction), exercise intervention (risk ratio 0.51,
95% CI 0.36–0.73; 49% reduction), etc. (40). The data from this study suggest that targeting
women with decreased renal function for treatment with calcitriol also could be an effective
strategy (50–60% reduction).
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Fig 1.
Correlation graph between measured CrCl and serum 1,25(OH)2D3.
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Fig 2.
Cumulative number of falls per person in the placebo and calcitriol groups (A); placebo and
ET/HT + calcitriol groups (B); and placebo and ET/ HT groups (C) over the treatment period
in women with CrCl less than 60 and more than 60 ml/min. The data were adjusted for
significant covariates: number of comorbid conditions, smoking status, and PASE score. *,
P < 0.05, compared with placebo CrCl greater than 60 ml/min; †, P < 0.05, compared with
calcitriol CrCl less than 60 ml/min; ‡, P < 0.05, compared with calcitriol + ET/HT CrCl less
than 60 ml/min.
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