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ABSTRACT
It is unknown whether treatment for osteoporosis with raloxifene is safe or effective in those with chronic
kidney disease (CKD). With data from a multicenter, randomized, placebo-controlled trial of 7705
postmenopausal women with osteoporosis, the effect of raloxifene on rate of change of bone mineral
density (BMD), incidence of fractures, and adverse events by stage of CKD was examined over 3 yr.
Baseline serum creatinine values were available for 7316 women, and these values were used to assign
a category of creatinine clearance (CrCl) using the Cockcroft-Gault formula (CrCl �45, 45 to 59, and �60
ml/min). BMD was measured at baseline and annually by dual x-ray absorptiometry. Within the placebo
group, lower baseline CrCl was associated with a trend for higher annual losses of BMD at the femoral
neck; however, within the raloxifene group, lower baseline CrCl was associated with greater increases in
femoral neck BMD. This interaction between category of CrCl and treatment assignment was significant
for rate of change of BMD at the hip. Irrespective of kidney function, raloxifene treatment was associated
with a greater increase in spine BMD, a reduction in vertebral fractures, and no effect on nonvertebral
fractures compared with placebo. Within each category of kidney function, adverse events were similar
between the raloxifene and placebo groups. In conclusion, raloxifene increases BMD at both the hip and
the spine and reduces the risk for vertebral fractures among individuals with CKD. The effect of
raloxifene on hip BMD is greater among those with mild to moderate CKD.
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The prevalence of low bone mineral density (BMD)
and osteoporosis increases with greater severity of
chronic kidney disease (CKD).1–5 CKD may have an
increased risk for osteoporosis for several reasons,
including shared risk factors for both conditions
such as advanced age and female gender. Alterna-
tively, CKD may lead to metabolic abnormalities
that accelerate bone loss, such as chronic metabolic
acidosis, hypogonadism, hyperparathyroidism, and
abnormalities with vitamin D metabolism.6 Despite
the increased burden of osteoporosis among those
with CKD, the majority of randomized trials evalu-
ating the efficacy of pharmacologic agents in pre-
venting fractures in postmenopausal women with
osteoporosis have excluded women with serum cre-

atinine levels �2.0 mg/dl.7–14 Because therapies for
osteoporosis have not typically included those with
CKD, it remains uncertain whether the beneficial
effects of osteoporosis therapy, specifically ralox-
ifene, extend to those with kidney disease and
whether these therapies are safe for those with CKD.
This uncertainty is reflected in the recent review
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article on osteoporosis in CKD, which emphasized the un-
known impact of osteoporosis therapies on BMD in those with
CKD and their uncertain safety profile.15

Raloxifene hydrochloride is a nonsteroidal benzothiophene
that binds to estrogen receptors and has been demonstrated to
increase BMD and reduce the risk for vertebral fractures in
postmenopausal women with osteoporosis; however, the ef-
fects of raloxifene among women with osteoporosis and CKD
are uncertain. Using data from the Multiple Outcomes of
Raloxifene Evaluation (MORE) trial, we examined the efficacy
and safety of raloxifene therapy in postmenopausal women
with osteoporosis in risk subgroups defined at baseline by pres-
ence and severity of CKD.

RESULTS

Baseline characteristics of the 7316 women by category of cre-
atinine clearance (CrCl) are shown in Table 1. Among the co-
hort, 1480 (20%) had a CrCl of �45 ml/min, 3493 (48%) had
a CrCl of 45 to 59 ml/min, and 2343 (32%) had CrCl �60
ml/min. Among the women with a CrCl �45 ml/min, only 55
had a CrCl �30 ml/min (lowest CrCl 20.0 ml/min). There were
several differences in baseline characteristics across categories
of CrCl. Women with lower CrCl were more likely to be older
and more years postmenopausal; to have a lower body mass
index (BMI); to have a lower baseline BMD at the femoral

neck, trochanter, and lumbar spine; and to have prevalent frac-
tures. They also were less likely to have had a hysterectomy and
had higher concentrations of 25-hydroxy vitamin D (P � 0.001
for all comparisons, except hysterectomy P � 0.006; Table 1).
These trends in baseline data were similar across levels of renal
function when individuals were categorized by Modification of
Diet in Renal Disease (MDRD) estimated GFR (eGFR) with
the following significant difference: BMI was more similar
across categories of eGFR (26.2, 25.4, and 25.0 for eGFR cate-
gories �45, 40 to 59, and �60 ml/min per 1.73 m2. Findings
were similar when analyses using CrCl or eGFR were limited to
the 5675 with baseline and repeat BMD measurement at 36 mo.

As anticipated given the randomized trial design, baseline
characteristics were similar across treatment groups within
each category of CrCl (Table 2) with the following exceptions:
Among women with CrCl �45 ml/min, those assigned ralox-
ifene had slightly lower parathyroid hormone (PTH) levels
compared with those assigned placebo (P � 0.012). Also,
among women with a baseline CrCl �60 ml/min, those as-
signed to raloxifene therapy were more likely to have had a
prevalent vertebral fracture (P � 0.002), diabetes (P � 0.016),
and higher PTH concentrations (P � 0.018) at baseline com-
pared with those assigned to placebo (Table 2).

For all analyses, the results when using the 60 and 120 m/d
doses of raloxifene were similar to those using a pooled ralox-
ifene treatment group. Thus, all findings presented are for the
pooled raloxifene treatment group.

Table 1. Baseline characteristics by CrCl category

Characteristic

Category of CrCl (ml/min)

Pa
<45

(n � 1480)
45 to 59

(n � 3493)
>60

(n � 2343)

CrCl (ml/min; median �min, max�) 40.6 (20.0, 44.9) 52.4 (45.0, 59.9) 67.4 (60.0, 124.8)
Age (yr; mean � SD) 71.7 � 5.3 67.0 � 6.2 62.2 � 6.7 �0.001
Years since menopause (mean � SD) 23.6 � 7.5 19.0 � 7.8 15.1 � 7.9 �0.001
BMI (kg/m2; mean � SD) 22.7 � 3.2 24.6 � 3.2 27.8 � 4.1 �0.001
BMD (g/cm2; mean � SD)

femoral neck 0.59 � 0.08 0.62 � 0.07 0.65 � 0.07 �0.001
lumbar spine 0.79 � 0.14 0.81 � 0.13 0.83 � 0.13 �0.001
trochanter 0.52 � 0.08 0.55 � 0.08 0.58 � 0.08 �0.001

White (n �%�) 1427 (96.4) 3382 (96.8) 2268 (96.8) 0.747
Prevalent vertebral fracture (n �%�)

0 818 (55.4) 2202 (63.3) 1544 (66.2) �0.001
1 310 (21.0) 694 (19.9) 420 (18.0)
�2 350 (23.7) 584 (16.8) 369 (15.8)

Previously received estrogen therapy (n �%�) 420 (28.4) 998 (28.7) 706 (30.2) 0.365
Previously had hysterectomy (n �%�) 297 (20.1) 773 (22.1) 572 (24.4) 0.006
Current smoker (n �%�) 224 (15.4) 599 (17.4) 423 (18.2) 0.078
Walks for exercise (n �%�)b 196 (67.6) 404 (68.2) 218 (68.6) 0.946
Diabetic (n �%�)c 48 (3.3) 119 (3.4) 111 (4.8) 0.015
PTH (pmol/L; mean � SD)d 3.8 � 1.9 3.6 � 1.6 3.8 � 1.7 �0.001
25-Hydroxy vitamin D (nmol/L; mean � SD) 74.3 � 32.3 72.1 � 31.3 65.6 � 28.8 �0.001
aP values for age, BMI, and BMD are from an ANOVA; years since menopause, PTH, and 25-hydroxy vitamin D from a Kruskal-Wallis test because of skewness;
categorical data from a � 2 test.
bWalks for exercise was asked only of a subset of n � 1201. These are English-speaking women at megasites in the United States.
cDefined as those reporting a preexisting condition, fasting blood glucose �7.0 mmol/L, or on hypoglycemic medication.
dTo convert PTH to pg/ml, divide by 0.11.

CLINICAL RESEARCH www.jasn.org

2 Journal of the American Society of Nephrology J Am Soc Nephrol ●● : –, 2008



Bone Mineral Density
Of the 7316 women in our analysis cohort, 5675 (78%) com-
pleted technically adequate BMD measurements at baseline
and 3 yr. There was evidence of an interaction between baseline
category of CrCl and treatment assignment for prediction of
rate of change in BMD at the hip (P � 0.005 for interaction
term at the femoral neck and 0.01 at the trochanter). Conse-
quently, all additional analyses performed for change in BMD
at either the femoral neck or the trochanter were stratified by
treatment assignment. Figure 1A shows the 3-yr annualized
percentage change in femoral neck BMD from baseline by cat-
egory of CrCl and treatment assignment. Within the placebo
group, lower CrCl seemed to be associated with higher annual
losses of BMD at the femoral neck, but the trend did not reach
significance (P � 0.09 for trend); however, within the ralox-
ifene group, the trend was in the opposite direction, in that the
effect of raloxifene in increasing femoral neck BMD was most
pronounced among women with lower CrCl (P � 0.01 for
trend). Compared with placebo, the effect of raloxifene on in-
creasing femoral neck BMD was 1.0% per year among women
with a CrCl �45 ml/min, 0.7% per year among women with a
CrCl of 45 to 59 ml/min, and 0.6% per year among women
with a CrCl �60 ml/min (P � 0.001 for all comparisons be-
tween pooled raloxifene treatment group and placebo group).
Substitution of trochanteric BMD for femoral neck BMD or
the absolute rate of change in BMD for percentage change in
BMD did not alter the results. When using the MDRD eGFR in
place of the Cockcroft-Gault CrCl, there was no evidence of an
interaction between category of kidney function and annual-

ized percentage change in BMD at either the femoral neck (P �
0.44 for interaction) or the trochanter (P � 0.35 for interac-
tion; Figure 1B); however, the overall effect on hip BMD was
similar, with women in the pooled raloxifene treatment group
gaining hip BMD over 3 yr, whereas those in the placebo group
experienced losses in hip BMD, irrespective of category of
eGFR.

Unlike at the femoral neck, the effect of raloxifene on rate of
change in spine BMD did not differ by category of CrCl at
baseline (P � 0.54 for interaction). In general, lower CrCl was
associated with greater increases in spine BMD irrespective of
treatment assignment (P � 0.006 for trend within placebo
group and P � 0.001 within pooled raloxifene group; Figure
2A). Results were similar when eGFR was substituted in place
of the CrCl (P � 0.98 for interaction; Figure 2B).

Fractures
Use of raloxifene was associated with an overall decrease in the
incidence of vertebral fractures (odds ratio [OR] 0.57; 95%
confidence interval [CI] 0.47 to 0.69). There was no evidence
of an interaction between treatment assignment and category
of baseline kidney function for the prediction of risk for inci-
dent vertebral fractures (P � 0.39 for interaction
CrCl*treatment assignment [Table 3] and P � 0.93 for inter-
action eGFR*treatment assignment). Raloxifene therapy was
not associated with any benefit compared with placebo in the
overall cohort in reducing the risk for any nonvertebral frac-
ture (OR 0.94; 95% CI 0.80 to 1.11). The lack of effect of ralox-
ifene in reducing risk for nonvertebral fracture was consistent

Table 2. Baseline characteristics by CrCl category and treatment

Characteristic

Category of CrCl (ml/min)

<45 45 to 59 >60

Placebo
(n � 510)

Raloxifene
(n � 970) P*

Placebo
(n � 1170)

Raloxifene
(n � 2323) P*

Placebo
(n � 771)

Raloxifene
(n � 1572) P*

CrCl (ml/min; median �min, max�) 40.5 (20.0, 44.9) 40.7 (21.7, 44.9) 0.662 52.5 (45.0, 59.9) 52.4 (45.0, 59.9) 0.454 66.9 (60.0, 124.8) 67.8 (60.0, 120.5) 0.145
Age (yr; mean � SD) 71.7 � 5.3 71.7 � 5.3 0.874 67.3 � 6.1 66.9 � 6.2 0.058 62.1 � 6.7 62.3 � 6.8 0.539
Years since menopause (mean � SD) 23.7 � 7.6 23.5 � 7.5 0.929 19.4 � 7.8 18.8 � 7.9 0.126 14.8 � 7.9 15.2 � 7.9 0.338
BMI (kg/m2; mean � SD) 22.7 � 3.3 22.7 � 3.2 0.605 24.7 � 3.2 24.6 � 3.2 0.276 27.8 � 4.1 27.9 � 4.1 0.805
BMD (g/cm2; mean � SD)

femoral neck 0.59 � 0.08 0.59 � 0.08 0.833 0.62 � 0.08 0.62 � 0.07 0.751 0.64 � 0.07 0.65 � 0.07 0.556
lumbar spine 0.79 � 0.14 0.79 � 0.14 0.842 0.81 � 0.14 0.81 � 0.13 0.406 0.83 � 0.13 0.83 � 0.13 0.851
trochanter 0.52 � 0.08 0.52 � 0.08 0.682 0.55 � 0.08 0.55 � 0.08 0.940 0.58 � 0.08 0.58 � 0.08 0.686

White (n �%�) 488 (95.7) 939 (96.8) 0.271 1130 (96.6) 2252 (96.9) 0.564 751 (97.4) 1517 (96.5) 0.242
Prevalent vertebral fracture (n �%�)

0 297 (58.4) 521 (53.8) 0.236 706 (60.2) 1496 (64.6) 0.058 545 (71.0) 999 (63.8) 0.002
1 101 (19.8) 209 (21.6) 241 (20.7) 453 (19.6) 112 (14.6) 308 (19.7)
�2 111 (21.8) 239 (24.7) 216 (18.6) 368 (15.9) 111 (14.5) 258 (16.5)

Previously received estrogen therapy (n �%�) 135 (26.5) 285 (29.4) 0.229 330 (28.3) 668 (28.9) 0.722 241 (31.3) 465 (29.7) 0.422
Previously had hysterectomy (n �%�) 105 (20.6) 192 (19.8) 0.717 255 (21.8) 518 (22.3) 0.735 195 (25.3) 377 (24.0) 0.488
Current smoker (n �%�) 78 (15.5) 146 (15.3) 0.932 197 (17.1) 402 (17.5) 0.757 137 (17.9) 286 (18.4) 0.793
Walks for exercise (n �%�)b 67 (65.1) 129 (68.8) 0.535 140 (70.0) 264 (67.4) 0.512 72 (71.3) 146 (67.3) 0.474
Diabetic (n �%�)c 19 (3.7) 29 (3.0) 0.456 45 (3.9) 74 (3.2) 0.302 25 (3.3) 86 (5.5) 0.016
PTH (pmol/L; mean � SD)d 3.9 � 1.9 3.7 � 2.0 0.012 3.6 � 1.5 3.6 � 1.6 0.563 3.7 � 1.5 3.8 � 1.7 0.018
25-Hydroxy vitamin D (nmol/L; mean � SD) 72.6 � 30.9 75.2 � 32.9 0.179 72.2 � 30.0 72.0 � 32.0 0.518 66.3 � 28.4 65.2 � 29.0 0.253
aP values for age, BMI, and BMD are from an ANOVA; years since menopause, PTH, and 25-hydroxy vitamin D from a Kruskal-Wallis test because of skewness;
categorical data from a �2 test.
bWalks for exercise was asked only of a subset of n � 1201. These are English-speaking women at megasites in the United States.
cDefined as those reporting a preexisting condition, fasting blood glucose �7.0 mmol/L, or on hypoglycemic medication.
dTo convert PTH to pg/ml, divide by 0.11.
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within subgroups defined by level of kidney function (using
CrCl; Table 3). When individuals were categorized using the
MDRD eGFR, there was some evidence that the effectiveness of
raloxifene in reducing nonvertebral fracture differed by cate-
gory of kidney function (P � 0.0503 for interaction
eGFR*treatment assignment; Table 3). Raloxifene seemed to
lower the risk for nonvertebral fractures among women with
an eGFR �60 ml/min per 1.73 m2 and increase the risk among
women with eGFR �45 ml/min per 1.73 m2; however, there
were few events among women with an eGFR �45 ml/min per
1.73 m2 (n � 32), and 95% CI around the point estimate of
effect were wide (0.61 to 2.62).

Adverse Events
Women with reduced kidney function were more likely to ex-
perience one or more serious adverse effects when categorized
using either CrCl or eGFR (Table 4). Women with more ad-
vanced kidney disease were also more likely to discontinue the
study permanently as a result of an adverse event (11.3, 10.1,
and 8.3% for CrCl and 15.5, 9.7, and 9.2% for eGFR categories
of �45, 45 to 59, and �60 ml/min, respectively); however,
within each category of CrCl or eGFR, rates of adverse events
by treatment assignment were not different in either the num-
ber of serious adverse events or the number of women who
discontinued the study (P � 0.1 for interaction between kidney

function and treatment assignment for all adverse event cate-
gories; Table 4).

DISCUSSION

In this post hoc analysis of data from the MORE study, a ran-
domized trial of the efficacy and safety of raloxifene treatment
in postmenopausal women with osteoporosis, we found that
the effect of raloxifene on rates of spinal bone loss, risk for
fractures, and rates of adverse events was consistent across risk
subgroups defined by baseline CrCl or eGFR. We also observed
that the effect of raloxifene on rates of hip bone loss differed by
category of renal function as defined by CrCl (but not eGFR),
in that the effect of raloxifene in increasing hip BMD was most
pronounced in women with the lowest CrCl (stage 3 CKD).

Our results in the placebo group suggest a difference in the
association between CKD and the rate of change of BMD at the
lumbar spine as compared with that at the hip. Specifically,
greater evidence of CKD among women in the placebo group
was associated with greater increases in spine BMD; however,
more advanced CKD among women in the placebo group was
associated with greater rates of decline in BMD at the femoral
neck and trochanter. Spinal BMD measures the bone density
not only at the spine but also overlying vascular calcification,16

and adults with more advanced CKD have a greater prevalence
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Figure 1. (A) Annualized percentage change in BMD at the
femoral neck by baseline CrCl category (n � 5533; placebo n �
1825; raloxifene n � 3708). (B) Annualized percentage change in
BMD at the femoral neck by baseline MDRD GFR category (n �
5533; placebo n � 1825; raloxifene n � 3708).
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Figure 2. (A) Annualized percentage change in BMD at the
lumbar spine by baseline CrCl category (n � 5596; placebo n �
1837; raloxifene n � 3759). (B) Annualized percentage change in
BMD at the lumbar spine by baseline MDRD GFR category.
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and rate of increase in vascular calcification compared with
those with preserved kidney function.17 Thus, it is likely that
the increases in BMD observed at the spine in the placebo
group at least partially reflect the effect of ongoing age-related
vascular calcification as opposed to true increases in BMD.

We are aware of a few studies that have evaluated the effects
of osteoporosis therapy in those with kidney disease. All had
more stringent criteria regarding exclusionary levels of serum
creatinine at baseline. The first was a pooled analysis of nine
clinical trials that examined the safety and efficacy of risedr-
onate, a bisphosphonate, in women with osteoporosis and
CKD (n � 9883).18 That study demonstrated that risedronate
led to similar increases in BMD and reductions in fractures
irrespective of baseline kidney function. In addition, that study
suggested that risedronate was safe to use in women with os-
teoporosis and CKD over the 2- to 3-yr observation period. In
all nine studies pooled, individuals were excluded when their
baseline serum creatinine was �1.1 times the upper limit of
normal. Despite this inclusion criteria, that study included 572
individuals with a CrCl �30 ml/min. A secondary analysis of
the Fracture Intervention Trial (FIT), in which women with
low BMD were randomly assigned to placebo or alendronate,
showed similar results.19 Specifically, use of alendronate was
associated with a reduced risk for clinical fractures irrespective
of baseline kidney function. Alendronate use was also associ-
ated with a significant increase in total hip BMD compared
with placebo. This effect was more pronounced in those with a
CrCl �45 ml/min (P � 0.04 for interaction between CrCl and
treatment assignment). Adverse events were similar irrespec-

tive of baseline kidney function; however, the FIT excluded
women with a creatinine level �1.6 mg/dl at baseline. Finally,
Miller et al.20 recently evaluated the effectiveness of teripa-
ratide [recombinant human PTH (1-34)] among postmeno-
pausal women with osteoporosis by level of kidney function.
That study demonstrated that teriparatide increased BMD at
the lumbar spine and femoral neck to similar degrees irrespec-
tive of baseline kidney function. Also, the reduction in risk for
vertebral and nonvertebral fractures was not different by level
of baseline kidney function; however, teriparatide was associ-
ated with an increased risk for elevated uric acid in those with
moderately impaired kidney function (CrCl 30 to 49 ml/min).
That study excluded from participation women with a creati-
nine level �2 mg/dl. We are aware of only one randomized,
controlled trial that specifically recruited individuals with
CKD at baseline.21 That small, randomized, controlled trial
enrolled postmenopausal women on hemodialysis and com-
pared the effect of raloxifene (60 mg/d) with placebo on rate of
change in BMD (n � 50). That trial was of relatively short
duration (1 yr) and demonstrated an improvement in BMD at
the lumbar spine, with no effect at the femoral neck. Our re-
sults extend these findings because we demonstrated that ralox-
ifene is effective in increasing hip BMD and decreasing risk for
incident vertebral fractures among women with osteoporosis and
mild to moderate CKD. In addition, raloxifene is well tolerated
by those with mild to moderate CKD, with an adverse event
rate and a discontinuation rate similar to those of placebo.

Impaired kidney function seems to be a risk factor for os-
teoporosis, progressive bone loss, and ultimately hip fractures.

Table 3. Effect of Treatment on Incident Fracture by Overall Cohort and Baseline Creatinine Clearance and GFR
categories

Fracture Type
Rate of Fracture

(n/N �%�)
Treatment Effect

P for Interaction
between Treatment and

CrCl/eGFR Category

Incident vertebral fracture OR (95% CI)
overall cohort 479/6472 (7.4) 0.57 (0.47 to 0.69)
category of CrCl (ml/min)

�45 143/1280 (11.2) 0.78 (0.54 to 1.11) 0.386
45 to 59 223/3100 (7.2) 0.45 (0.34 to 0.59)
�60 113/2092 (5.4) 0.64 (0.43 to 0.94)

category of eGFR (ml/min)
�45 25/282 (8.9) 0.74 (0.32 to 1.68) 0.933
45 to 59 265/3497 (7.6) 0.54 (0.42 to 0.69)
�60 189/2693 (7.0) 0.60 (0.44 to 0.80)

Incident nonvertebral fracture Relative Hazard (95% CI)
overall cohort 646/7316 (8.8) 0.94 (0.80 to 1.11)
category of CrCl (ml/min)

�45 143/1480 (9.7) 0.84 (0.60 to 1.17) 0.753
45 to 59 298/3493 (8.5) 1.02 (0.80 to 1.30)
�60 205/2343 (8.8) 0.92 (0.69 to 1.23)

category of eGFR (ml/min)
�45 32/343 (9.3) 1.26 (0.61 to 2.62) 0.050
45 to 59 335/3921 (8.5) 1.07 (0.85 to 1.35)
�60 279/3052 (9.1) 0.80 (0.62 to 1.00)
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CKD may be associated with a higher prevalence of osteopo-
rosis and osteopenia for several reasons. Individuals with CKD
are more likely to be older, female, and vitamin D deficient;
have increased PTH levels; and have had an earlier onset of
menopause. In addition, there is concern that kidney disease
itself may be a risk factor for lower BMD.1–5,22 The biologic
basis for progressive bone loss among individuals with im-
paired kidney function has recently been borne out by two
prospective cohorts demonstrating that individuals with
poorer kidney function, defined as a lower CrCl23 or a higher
cystatin C,24 had greater rates of hip bone loss. Increased rates
of hip bone loss may potentially increase the risk for hip frac-
ture among individuals with impaired kidney function. Nicko-
las et al.25 reported an independent correlation between an
eGFR �60 ml/min per 1.73 m2 and the prevalence of hip frac-
tures using the cross-sectional National Health and Nutrition
Examination and Survey (NHANES). Ensrud et al.26 reported a
graded association between level of kidney function and the

subsequent risk for hip fracture among older women. Simi-
larly, elevated cystatin C concentrations have been indepen-
dently associated with risk for hip fracture among women.27

Irrespective of cause, individuals with CKD have a greater
prevalence of osteoporosis and are at increased risk for clinical
fractures. Despite this increased risk, the majority of studies
evaluating osteoporosis therapy have attempted to exclude sys-
tematically individuals with CKD. A review group on osteopo-
rosis in CKD concluded that the use of osteoporosis therapies
in patients with CKD is highly controversial, given unknown
effectiveness of these therapies on BMD and fractures risk.15 In
addition, the review expressed concern regarding the un-
known safety profile of osteoporosis therapeutic agents when
used in those with CKD. This analysis of data from the MORE
trial indicates that the effects of raloxifene on spine BMD, frac-
ture risk, and adverse events are similar among women with
and without CKD, whereas it provides some evidence that the
rate of gain in hip BMD with raloxifene treatment increases

Table 4. Effect of treatment on adverse events by overall cohort and baseline kidney function categorya

Adverse Event
Rate of Adverse Event

(n/N �%�)
Treatment Effect

(OR �95% CI�)

P for Interaction
between Treatment
and Kidney Function

Category

Had a serious adverse event
overall cohort 1728/7316 (23.6) 0.89 (0.79 to 1.00)
category of CrCl (ml/min)

�45 436/1480 (29.5) 0.90 (0.71 to 1.13) 0.726
45 to 59 786/3493 (22.5) 0.86 (0.73 to 1.02)
�60 506/2343 (21.6) 0.94 (0.76 to 1.16)

category of eGFR (ml/min)
�45 117/343 (34.1) 0.78 (0.49 to 1.23) 0.388
45 to 59 928/3921 (23.7) 0.87 (0.75 to 1.02)
�60 683/3052 (22.4) 0.94 (0.79 to 1.12)

Discontinued because of an adverse event
overall cohort 716/7316 (9.8) 1.18 (1.00 to 1.39)
category of CrCl (ml/min)

�45 167/1480 (11.3) 1.02 (0.72 to 1.43) 0.423
45 to 59 354/3493 (10.1) 1.24 (0.97 to 1.57)
�60 195/2343 (8.3) 1.24 (0.90 to 1.71)

category of eGFR (ml/min)
�45 53/343 (15.5) 0.61 (0.34 to 1.09) 0.337
45 to 59 382/3921 (9.7) 1.32 (1.04 to 1.67)
�60 281/3052 (9.2) 1.18 (0.90 to 1.53)

Discontinued because of an adverse event or death
overall cohort 776/7316 (10.6) 1.15 (0.98 to 1.35)
category of CrCl (ml/min)

�45 191/1480 (12.9) 1.02 (0.74 to 1.41) 0.610
45 to 59 379/3493 (10.9) 1.23 (0.97 to 1.55)
�60 206/2343 (8.8) 1.15 (0.85 to 1.57)

category of eGFR (ml/min)
�45 61/343 (17.8) 0.65 (0.37 to 1.13) 0.460
45 to 59 410/3921 (10.5) 1.30 (1.03 to 1.63)
�60 305/3052 (10.0) 1.13 (0.88 to 1.45)

aSerious adverse event is defined as an adverse event that resulted in death, hospitalization, cancer, permanent disability, or threat to life; women were
counted only once, even when they had more than one serious adverse event.
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with greater severity of CKD as defined by level of CrCl (down
to a CrCl of 30 ml/min).

Our study has several limitations. We were unable to use a
direct measure of GFR. Instead, we relied on two indirect mea-
sures of kidney function, both based on the serum creatinine.
Use of the two creatinine-based formulas resulted in substan-
tial differences in the number of individuals categorized with
poor kidney function: 1480 with a CrCl �45 and 343 with an
eGFR �45. It is unclear which formula best predicts kidney
function in this population of postmenopausal women, be-
cause neither has been validated in a similar population. The
MDRD equation was derived in middle-aged adults without
diabetes and with CKD.28 Whereas some studies have sug-
gested that the MDRD estimate of kidney function is more
accurate than the Cockcroft-Gault equation in older peo-
ple,29 –31 others have not supported this claim.32 Despite the
differences in the numbers of individuals categorized with
CKD between the formulas, the overall effect of raloxifene
treatment on BMD we observed was similar, irrespective of
formula used. In addition to potential bias introduced by the
estimating formulas, serum creatinine itself may be a biased
marker of kidney function in the elderly. Previous studies sug-
gested that serum creatinine becomes a less reliable marker of
kidney function with aging, specifically in elderly women. Age
has been associated with a decline in muscle mass and alter-
ations in creatinine metabolism.33 These deficiencies in esti-
mating kidney function may have led to misclassification in the
category of kidney function to which individuals were as-
signed. This misclassification could explain the similar con-
centrations of PTH and vitamin D observed across categories
of both CrCl and eGFR. Alternatively, the preserved PTH and
vitamin D concentrations observed may be the result of re-
cruiting healthy individuals for inclusion into the trial, and
results obtained in this population may not be generalizable to
those with identified kidney disease. Whereas our primary re-
sults suggest a greater therapeutic benefit for raloxifene in in-
creasing hip BMD among individuals with more advanced
CKD when categorized by CrCl, our results differed when
eGFR was substituted for CrCl, in that the effect of raloxifene
in increasing hip BMD was consistent across categories of
eGFR. Also, we had limited power to determine whether the
effect of raloxifene on risk for nonvertebral fracture was con-
sistent across categories of baseline kidney function and to ex-
plore further the inconsistency of results when kidney function
was expressed using eGFR versus CrCl. Finally, the MORE trial
excluded women from participation when their baseline serum
creatinine was �2.6 mg/dl. As a result of this exclusion crite-
rion, few women (n � 55) with a CrCl �30 were included.
Consequently, it is unknown whether our results are general-
izable to postmenopausal women with serum creatinine levels
�2.6 mg/dl and/or a CrCl �30 ml/min.

Among postmenopausal women with osteoporosis and
mild to moderate CKD (to stage 3), raloxifene therapy in-
creases BMD at both the hip and the spine with a greater effect
on hip BMD in those with mild to moderate CKD as defined by

CrCl, reduces risk for vertebral fractures, but has no effect on
risk for nonvertebral fractures.

CONCISE METHODS
The MORE study was a 3-yr multicenter, randomized, placebo-con-

trolled trial that began enrollment in 1994. The study enrolled 7705

postmenopausal women aged 31 to 80 in 25 countries. The protocol

was approved by the human studies review board at each participating

center. The primary objective of the MORE trial was to determine

whether raloxifene therapy decreased the risk for incident vertebral

fractures compared with placebo in postmenopausal women with os-

teoporosis. Women were randomly assigned to receive one of three

treatments: Placebo or 60 or 120 mg/d raloxifene. All women were

also given daily supplements of 500 mg of calcium and 400 to 600 IU

of vitamin D. Inclusion and exclusion criteria have been previously

published.34 Specifically, the MORE trial included women who were

at least 2 yr postmenopausal, did not have severe or long-term dis-

abling conditions, and had osteoporosis at baseline defined as low

BMD (T score at the femoral neck or lumbar spine below �2.5) or

radiographically apparent vertebral fractures. Individuals were ex-

cluded when they had a serum creatinine level �2.6 mg/dl (225

mmol/L) at baseline. Of the 7705 women enrolled in the trial, a total of

7316 (95%) women completed baseline serum creatinine measure-

ments and are the subject of this analysis.

Renal Function
Baseline serum creatinine was measured at a central laboratory using

a modified Jaffe reaction on Roche (Basel, Switzerland)/Hitachi (To-

kyo, Japan) instrumentation (intra-assay coefficient of variation

3.5%). For the primary analysis, kidney function was determined us-

ing the Cockcroft-Gault formula, which is an estimate of CrCl: {CG �

0.85 � [140 � age (years)] � weight (kg)/[72 � creatinine (mg/dl)]}.

CrCl was categorized as �45, 45 to 59, and �60 ml/min, using a

modification of the classification system recommended by the Na-

tional Kidney Foundation.28 Stage 3 CKD is defined as a CrCl between

30 and 60 ml/min. Secondary analyses were performed in which the

MDRD formula {eGFR � 186 � [creatinine (mg/dl)�1.154] � [age

(years)�0.203] � 0.742 (if female) � 1.21 (if black)} was used to esti-

mate GFR (eGFR) in place of the Cockcroft-Gault CrCl.

Bone Mineral Density
BMD was measured at the spine and the femoral neck at baseline and

annually by dual-energy x-ray absorptiometry. A central reading fa-

cility provided correction factors to adjust for intersite differences and

changes in the performance of densitometers over time.35,36 Of the

7316 women included in this analysis, 5675 (78%) had technically

adequate BMD measurement at both baseline and after 3 yr. The rate

of change in BMD was expressed as annualized percentage change

between the year 3 value and baseline. There were no carry-forward

values of BMD from intervening years.

Fractures
Participants in the MORE trial underwent lateral thoracic and lumbar

spine films at baseline and 24 and 36 mo. Incident radiographic ver-
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tebral fractures were identified using a combination of morphometric

and semiquantitative methods, by comparison of lateral spine films

taken at baseline and an average of 2.9 yr later.37 A new incident

vertebral fracture was defined as a fracture in a vertebra that was not

fractured as baseline. Nonvertebral fractures were reported by partic-

ipants and confirmed either by x-ray reports or from medical charts.

Fractures of the skull, face, metacarpals, fingers, or toes were ex-

cluded, as were traumatic fractures. The average follow-up time for

nonvertebral fractures was 2.6 � 0.8 yr.

Adverse Events
All women were questioned about adverse events at each visit. Serious

adverse events were defined as those that resulted in death, hospital-

ization, cancer, or permanent disability or were life-threatening.

Other Measures
Demographic data, medical history, and health-related habits were

collected by self-report questionnaire at baseline. At each visit, partic-

ipants’ height and weight were measured. BMI was calculated as

weight in kilograms divided by height in meters squared. Information

on walking for exercise was asked of a subset of 1201 English-speaking

women at the larger sites in the United States. Women were defined as

having diabetes when they reported a preexisting condition of diabe-

tes, had a fasting blood glucose of �126 mg/dl (7.0 mmol/L), or were

on hypoglycemic medications.

Statistical Analysis
Characteristics of participants at the baseline examination across cat-

egories of CrCl were compared using �2 tests of homogeneity for

categorical data, analyses of variance for normally distributed contin-

uous data, and Kruskal-Wallis tests for skewed continuous data. In

addition, within each category of CrCl, these same tests were used to

compare characteristics at the baseline examination by treatment as-

signment. Using linear regression (least squared means procedure),

the average annual percentage rate of change in BMD at the femoral

neck, trochanter, and lumbar spine and its 95% CI was calculated

according to category of baseline kidney function (CrCl and eGFR)

and treatment assignment. Logistic regression was used to determine

the effect of raloxifene on the risk for incident vertebral fractures

within each category of baseline kidney function. Cox regression was

used to determine the effect of raloxifene on the time to a new non-

vertebral fracture within each category of baseline kidney function.

Rates of serious adverse events and study discontinuation were calcu-

lated by category of baseline kidney function and by treatment assign-

ment, and �2 tests were performed to examine differences between

treatment groups within each category of kidney function. Formal

tests for interaction were performed to determine whether the effect

of raloxifene on each outcome differed by baseline category of kidney

function. The presence of an interaction between renal function and

treatment effect was evaluated by including a treatment assignment �

category of kidney function (ordinal variable with three levels) term

in the models. All tests are presented with two-sided P values; P � 0.05

was considered significant. All analyses were performed using an in-

tention-to-treat model and were conducted using SAS 9.1 (SAS Insti-

tute, Cary, NC).

A total of 7316 postmenopausal women (95% of the original

MORE trial participants) were included in this analysis. Of the 389

women excluded from our analysis, 309 (79%) were from Australia,

New Zealand, and Singapore, because these sites did not send serum

specimens to the central laboratory for determination of laboratory

parameters, including serum creatinine. Compared with the 7316

women included in the analysis, the 389 women excluded were, on

average, slightly older (67.3 versus 66.4 yr; P � 0.02); were more likely

to have had a hysterectomy (27 versus 22%; P � 0.03); had a lower

BMI (24.7 versus 25.3 kg/m2; P � 0.01); had a slightly higher BMD at

the femoral neck (0.65 versus 0.62; P � 0.01), lumbar spine (0.83

versus 0.82; P � 0.05), and trochanter (0.58 versus 0.55; P � 0.01); and

were less likely to smoke (7.5 versus 17.3%; P � 0.01).
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