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Abstract
Summary Bisphosphonates are the first-line treatment for os-
teoporotic (OP) women; however, therapy is not recommend-
ed in severe renal impairment (RI). This study examined RI
prevalence among OPwomen. Nearly a quarter of women had
moderate RI, and 3.59 % would not be recommended for
bisphosphonates, demonstrating a need for better therapeutic
alternatives.
Introduction Bisphosphonates are the recommended first-line
treatment for postmenopausal women with OP. However,
bisphosphonates are cleared through the kidney, and therapy
is not recommended in severe RI due to adverse treatment
effects observed with intravenous formulations. The objective
of this study was to examine the prevalence of RI among
women with OP aged ≥50 years in the USA.
Methods Women with OP aged ≥50 years were identified
using the 2005–2008 National Health and Nutrition Exami-
nation Survey (NHANES) data. OP was defined as prior OP
diagnosis, previous hip or spine fracture, or measured lumbar
spine/femoral neck bone mineral density (BMD) T-score <
−2.5. The 2005 Modification of Diet in Renal Disease
(MDRD) formula was used to calculate the glomerular filtra-
tion rate (GFR). Moderate and severe RI was defined as GFR
30–59 and 15–29 mL/min, respectively. Bisphosphonate

therapy was considered not recommended among women
with OP if GFR was <35 mL/min.
Results The prevalence of OP among women in USA aged
≥50 years was 27% (12.7 million). Nearly a quarter of women
with OP (23.54±2.02 %; 2.9 million) had moderate RI and
1.88±0.28 % (230,000) had severe RI. Correspondingly, bis-
phosphonate therapy would not be recommended for an esti-
mated 439,000 women with OP (3.59±0.73 %).
Conclusions Nearly a quarter of postmenopausal women with
OP have moderate RI, and over 3 % would not be recom-
mended for bisphosphonate treatment. These data reveal a
need for better therapeutic alternatives that can be used in this
patient population.
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Introduction

Osteoporosis (OP) poses a major health concern for postmen-
opausal women in the USA. Current estimates, using National
Health and Nutrition Examination Survey (NHANES) 2005–
2008 data, have found that approximately 11–30 % of women
aged ≥50 years have OP, depending on the definition used,
and the prevalence of low bone mineral density (BMD) of the
spine or femoral neck is nearly 50 % in this group of women
[1, 2]. Among postmenopausal women with OP, the rate of
bone fractures is approximately four times that among women
with normal BMD, and low BMD is associated with a 1.8-fold
higher rate of fracture [3]. Furthermore, postmenopausal
women with prior bone fractures are at increased risk of
experiencing repeat fractures [4].

Current guidelines recommend bisphosphonates as first-
line treatment for postmenopausal women with OP and low
BMD at risk of spine or hip fracture [5]. The efficacy of both
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oral and intravenous bisphosphonates, including alendronate,
ibandronate, risedronate, and zoledronic acid, to reduce the
risk of fracture has beenwell documented [6–10]. On the other
hand, all bisphosphonates are excreted through the kidneys
[11], which has raised the concern that therapy may increase
the risk of renal adverse events among patients with renal
impairment (RI) [12, 13]. Although the clinical literature on
the safety of bisphosphonates among osteoporotic women
with moderate and severe RI remains limited [14], the US
Federal Drug Administration (FDA) and product manufac-
turers have defined lower limits for impaired renal function
below which therapy is not recommended [15–18]. For
alendronate and zoledronic acid, this threshold is defined as
creatinine clearance [CrCl] <35 mL/min; for ibandronate and
risedronate, the threshold is CrCl <30 mL/min. In general,
bisphosphonates are not considered to be toxic to the kidney,
although intravenous zoledronic acid administration must fol-
low labeled guidelines [13].

Given these treatment recommendations, understanding
the current prevalence of RI among postmenopausal women
with OP can help identify an important unmet medical need in
this patient population. Therefore, the objective of this study
was to examine the current prevalence of moderate and severe
RI among women with OP aged ≥50 years in the USA, in
comparison with the general population of females aged
≥50 years, using the NHANES 2005–2008 data.

Methods

Sample

The NHANES are conducted by the National Center for
Health Statistics (NCHS), Centers for Disease Control and
Prevention, to examine the health and nutritional status of
large representative cross-sectional samples of the non-
institutionalized, US civilian population. Detailed descriptions
of the NHANES data collection procedures are provided
elsewhere [19, 20]. Briefly, the NCHS releases NHANES data
in biennial cycles; the present study utilized data from the
2005–2006 and 2007–2008 cycles. The surveys are conducted
using a complex, stratified, multistage, probability-cluster
sampling design to provide representative data for three
race/ethnic groups: non-Hispanic whites, non-Hispanic
blacks, and Mexican Americans. As of 2007, the survey has
been redesigned to oversample the entire Hispanic population,
in addition to the Mexican American population. Variables
used in the present study were collected from a combination of
household interviews and physical examinations conducted in
specially equipped mobile examination centers among a sub-
group of the study participants. All procedures were approved
by the NCHS Ethics Review Board, and written informed
consent was obtained from all survey participants.

Sample inclusion criteria for the present study included
women aged ≥50 years, a commonly accepted age group
considered to be postmenopausal and at high risk for osteo-
porosis [1, 2]. Only participants with complete laboratory and
physical examination information, including osteoporosis di-
agnosis status and measurement of renal function, as further
described below, were included in the final study sample.

Study variables

Osteoporosis

The presence of OP was defined in accordance with the
National Osteoporosis Foundation guidelines [5]. Women
aged ≥50 years were considered to have OP if they reported:
(1) prior OP diagnosis, (2) a previous hip or spine fracture, or
(3) had ameasured lumbar spine or femoral neck bonemineral
density (BMD) T-score less than −2.5 at time of examination.
If an individual reported prior OP diagnosis or hip fracture but
the measured T-score did not meet the set criterion, the indi-
vidual was still considered to have OP (and vice versa).

As described in the NHANES 2005–2006 and 2007–2008
study protocols, BMD of the lumbar spine and femoral neck
were measured with Hologic QDR 4500A fan-beam densi-
tometers (Hologic, Inc., Bedford, MA, USA) using Apex
version 3.0 software (lumbar spine) or Discovery version
12.4 software (femur neck) [21–24]. In both surveys, the left
hip was scanned unless there was a history of previous fracture
or surgery. Rigorous quality control (QC) programs were
employed, which included the use of anthropomorphic phan-
toms and review of each QC and respondent scan at a central
site (Department of Radiology of the University of California,
San Francisco), using standard radiologic techniques and
study-specific protocols.

T-scores were calculated as follows:

T�score ¼ respondent’s BMD−reference group mean BMDð Þ
= reference group standard deviationð Þ

The reference group for the femoral neck BMD measure-
ments included non-Hispanic white women aged 20–29 years
from NHANES III [25, 26], and the reference group for the
lumbar spine included white females aged 30–40 years from
the dual-energy X-ray absorptiometry manufacturer reference
database [27]. Specific thresholds to define osteoporosis were
≤0.858 (SD, 0.120)g/cm2 and ≤1.047 (SD, 0.11)g/cm2 for the
femoral neck and spine, respectively.

Renal impairment

Serum creatinine (Scr) was measured at the time of examina-
tion among participants aged ≥12 years as described in the
NHANES study protocols [28, 29]. The 2005Modification of
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Diet in Renal Disease (MDRD) formula was used to calculate
the glomerular filtration rate (GFR), as a function of measured
Scr, age, race, and gender [30]:

GFR ¼ 175� standardized Scr−1:154 � age−0:203

� 1:212 if black½ � � 0:742 all female½ �

Lower levels of GFR correspond to diminished kidney
function.

RI was categorized into stages, with increasing stage num-
bers corresponding to increased severity, according to the
National Kidney Foundation classification system [31, 32].
Cut points for no/minor RI (stages 0–2), moderate RI (stage
3), severe RI (stage 4), and renal failure (stage 5) were cate-
gorized as GFR ≥60, 30–59, 15–29, and <15 mL/min, respec-
tively. The upper limit for defining severe RI below which
bisphosphonate therapy is not recommended was defined as
GFR <35 mL/min [15–18].

Demographics and clinical characteristics

Relevant demographics including age, race/ethnicity, and ed-
ucation level, as well as documented risk factors associated
with impaired renal function [31, 33], including increased
body mass index (BMI), hypertension, diabetes, and cardio-
vascular disease (CVD), were identified. Race categories in-
cluded White (non-Hispanic), Black (non-Hispanic) and
other/Hispanic/mixed, and self-reported education level was
categorized as less than high school or high school graduate/
General Education Diploma or higher. BMI (kg/m2) was
calculated using the height andweight measurements obtained
at survey entry and classified according to World Health
Organization definitions: normal BMI, <25; overweight
BMI, 25–29.9; and obese BMI, >30 [34]. Diagnoses of hy-
pertension were based on a systolic blood pressure
>140 mmHg or a diastolic blood pressure >90 mmHg at latest
examination, or self-reported diagnosis or self-reported use of
a prescription medication. Diabetes mellitus (types 1 or 2) was
defined based on self-reported diagnosis. Cardiovascular dis-
ease was also defined based on self-reported diagnosis of
congestive heart failure, coronary heart disease, angina,
stroke, or heart attack.

Statistical analysis

The prevalence of RI was estimated by the abovementioned
demographic and clinical characteristics among women with
osteoporosis aged ≥50 years and, to form a basis of compar-
ison, among the overall US female population aged ≥50 years.
Characteristics of the study population were described using
percentages. Statistical analyses were conducted using SAS
version 9.3, and SUDAAN version 10.1 (Research Triangle
Institute, Research Triangle Park, North Carolina) was used to

calculate national estimates and their 95% confidence intervals
(CI), age standardized to the 2000 US census population. Data
were analyzed using sample weights to account for differential
probabilities of sample selection, nonresponse, and sample
noncoverage. Taylor series linearization was used for variance
estimation. In cases where the sample size was too small to
provide a reliable prevalence estimate, indicated by a ratio of
the standard error/percent >40 %, results were not reported.

Results

A total of 9,914 women participated in NHANES 2005–2008,
of which 3,831 women were aged ≥50 years (Fig. 1) [35, 36].
Among female participants aged ≥50 years, 2,522 women
(66 %) were both interviewed and examined, and 738 women
were classified as having OP. Measurements of Scr for GFR
calculations were unavailable for 7 % of women aged
≥50 years (n=183) and 6 % of women aged ≥50 years with
OP (n=45). Characteristics among the full sample of women
aged ≥50 years compared with those without available renal
function measurements appeared similar; however, statistical
tests comparing the two samples were not conducted, as the
number without renal function measurement was too small to
provide reliable national estimates [37]. Thus, the final ana-
lytical sample included 2,339 women aged ≥50 years,
representing a projected 44.8 million females in the US pop-
ulation, and 693 osteoporotic women with available renal
function measurements.

Among women aged ≥50 years, the estimated crude prev-
alence of OP was 26.9 % (N=12.7 million; data not shown).
Women with OP generally shared a similar distribution of
demographics and clinical characteristics as the full sample
of women aged ≥50 years (Table 1). However, women with
OP tended to be older (48.61 vs. 30.78 % aged ≥70 years) and
more educated (≥high school education, 79.13 vs. 72.02 %),
had a slightly higher frequency of CVD (15.22 vs. 10.61 %)
and diabetes (16.69 vs. 14.47 %), and lower frequency of
obesity (24.47 vs. 37.05 %) compared with all women aged
≥50 years.

Nearly a quarter of women with OP (23.54 % [95 % CI,
19.42–27.65 %]; 2.9 million) had moderate RI (GFR, 30–
59 mL/min), and 1.88 % (1.31–2.45 %; 230,000) had severe
RI (GFR 15–29 mL/min) (Table 2). Correspondingly, an
estimated 439,000 women with OP (3.59 % [2.10–5.08 %])
would not be recommended for bisphosphonate therapy based
on a GFR <35 mL/min. The estimated prevalence of both
moderate and severe RI among women with osteoporosis was
slightly higher than the estimated prevalence for the full
sample of women aged ≥50 years (moderate RI, 19.81 %
[17.43–22.20 %]; severe RI, 1.12 % [0.78–1.45 %]).

Among women with OP, older compared with younger
women had a higher prevalence of moderate RI (Table 3).
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The estimated prevalence of moderate RI among women with
OP aged ≥70 years was 34.03 % (29.75–38.31 %) compared
with 13.62 % (8.55–18.68 %) among women with OP aged

50–69 years. Osteoporotic women with hypertension and
CVD also had a higher prevalence of moderate RI (hyperten-
sion, 29.75 % [23.99–35.51 %]; CVD, 32.79 % [25.32–

Fig. 1 Summary of sample
selection for women aged
≥50 years with osteoporosis from
NHANES 2005–2008

Table 1 Demographic and clinical characteristics for the US female population aged ≥50 years and females with osteoporosis aged ≥50 years with
available renal function measurement, NHANES 2005–2008

Characteristic Women aged ≥50 years Osteoporotic women aged ≥50 years

Sample
(n=2,339)

Weighted population
(N=44,768,626)

Weighted % (95 % CI) Sample
(n=693)

Weighted population
(N=12,257,497)

Weighted % (95 % CI)

Age, years

50–69 1,472 30,987,561 69.22 (66.60, 71.83) 330 6,299,219 51.39 (46.11, 56.67)

≥70 867 13,781,065 30.78 (28.17, 33.40) 363 5,958,278 48.61 (43.33, 53.88)

Race

White 1,258 34,978,934 78.13 (73.40, 82.87) 417 10,011,848 81.68 (76.36, 87.00)

Black 471 4,282,515 9.57 (6.71, 12.43) 83 709,577 5.79 (3.34, 8.24)

Other 610 5,507,177 12.30 (9.48, 15.12) 193 1,536,072 12.53 (8.46, 16.60)

Education

<High School 763 9,335,373 20.87 (18.16, 23.56) 258 3,426,090 27.98 (23.24, 32.72)

≥High School 1571 35,403,892 79.13 (76.44, 81.83) 433 8,818,443 72.02 (67.28, 76.76)

BMI categorya

Normal 654 14,586,893 33.05 (30.62, 35.49) 279 5,461,332 45.33 (40.62, 50.03)

Overweight 699 13,192,883 29.90 (27.50, 32.29) 213 3,638,339 30.20 (27.38, 33.02)

Obese 941 16,349,452 37.05 (34.86, 39.23) 188 2,948,324 24.47 (20.02, 28.93)

Hypertension 1317 23,435,607 52.35 (50.40, 54.29) 404 6,794,337 55.43 (51.56, 59.30)

Diabetes 454 6,479,246 14.47 (11.59, 17.35) 139 2,045,850 16.69 (11.64, 21.75)

CVD 296 4,750,162 10.61 (9.03, 12.19) 111 1,865,322 15.22 (12.36, 18.07)

BMI body mass index, CI confidence interval, CVD cardiovascular disease
a BMI was unavailable for 2 % (n=45) of women aged ≥50 years and 2 % (n=13) of osteoporotic women, respectively
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40.25 %]), than women with OP who did not have these
conditions (no hypertension, 15.81 % [10.53–21.10 %]; no
CVD, 21.88 % [17.32–26.44 %]). Similar trends for the
prevalence of GFR <35 mL/min, for which bisphosphonate
therapy is not recommended, were observed across the CVD
and hypertension categories; however, the sample size was
generally too small to provide reliable prevalence estimates
for these groups.

Discussion

Bisphosphonates are currently the recommended first-line
treatment for postmenopausal women with OP [5]. However,
bisphosphonates are cleared through the kidney, and therapy
is not recommended in severe RI due to adverse treatment
effects observed with intravenous formulations [38]. The re-
sults of this study suggest that nearly one quarter (24 %) of
women aged ≥50 years with OP in the USA have moderate RI
(GFR 30–59 mL/min) and approximately 4 % have a GFR
<35 mL/min, below which bisphosphonate therapy is not
recommended [15–18]. These results translate to an estimated
439,000 women who would not be recommended for bisphos-
phonate treatment.

Although the US Federal Drug Administration and product
manufacturers currently do not recommend bisphosphonate
therapy among osteoporotic women with severe RI [15–18],
the clinical literature on the safety of bisphosphonates among
individuals with OP and moderate to severe RI remains lim-
ited [14]. Studies of oral bisphosphonates were largely based
on small sample sizes, particularly for patients with severe RI
(GFR <30 mL/min), and a relatively short treatment duration
[14]. A sub-analysis of the Fracture Intervention Trial did not
find a significant difference in the number of renal or other

adverse events associated with alendronate treatment among
women with moderate (GFR <45–59mL/min) to severe (GFR
<45 mL/min) RI compared with no/moderate RI (GFR
≥60mL/min) [39]. Likewise, a pooled analysis of nine clinical
trials of risedronate in patients with mild (CrCl >50 to
<80 mL/min) to severe (CrCl <30 mL/min) RI demonstrated
a similar incidence of renal adverse events compared to pla-
cebo, regardless of renal function [40].

Results of the HORIZON Pivotal Fracture Trial have addi-
tionally established the short and long-term safety of IV
zoledronic acid among postmenopausal women with severe
RI (CrCl <30 mL/min) [41]. The study noted that zoledronic
acid may be associated with transient increases in Scr over the
first 9–11 days post-treatment. Follow-up among the small
group of patients (n=31) who experienced short-term signif-
icant increases in Scr showed that the levels had returned to
pre-infusion values within 12 months, demonstrating no cu-
mulative effect on renal function. Although transient, small
increases in Scr should not be taken lightly. Current guidelines
define acute kidney injury as an increase in Scr of ≥0.3 mg/dL
within a 48-h period [42]. Acute kidney injury has been
associated with an increased risk of progression to renal
impairment, and implies even greater concern for patients with
moderate to severe RI [42]. Therefore, further research, using
larger sample sizes, is needed to better establish the safety of
bisphosphonates among women with OP and severe RI before
treatment can be recommended in this population.

In the present study, the prevalence of impaired renal
function among osteoporotic women increased with age and
was higher among individuals with certain risk factors, such
as hypertension and CVD, which were fairly common in this
patient population. As prior research suggests that RI can
increase the risk of CVD, retinopathy and diabetes complica-
tions, clinical guidelines recommend regular monitoring of

Table 2 Prevalence of renal impairment among the US female population aged ≥50 years and among females with osteoporosis aged ≥50 years,
NHANES 2005–2008

Women aged≥50 years Osteoporotic Women Aged≥50 years

Sample
(n=2,339)

Weighted population
(N=44,768,626)

Weighted % (95 % CI) Sample
(n=693)

Weighted population
(N=12,257,497)

Weighted % (95 % CI)

RI (GFR, mL/min)a

≥60 1,833 35,370,205 79.01 (76.58, 81.44) 514 9,141,869 74.58 (70.40, 78.76)

30–59 471 8,869,291 19.81 (17.43, 22.20) 165 2,885,375 23.54 (19.42, 27.65)

15–29 33 499,522 1.12 (0.78, 1.45) 14 230,254 1.88 (1.31, 2.45)

<15b 9 74,275 0.17 (0.04, 0.29) 1 – –

<35c 80 1,213,142 2.71 (1.96, 3.46) 30 439,893 3.59 (2.10, 5.08)

CI confidence interval, GFR glomerular filtration rate, RI renal impairment
a No/minor RI (stages 0–2), GFR≥60 mL/min; moderate RI (stage 3), GFR 30–59 mL/min; severe RI (stage 4), GFR 15–29 mL/min; and renal failure
(stage 5), GFR <15 mL/min, defined according to the National Kidney Foundation classification system [31, 32]
b Sample size for women with osteoporosis (n=1) was too small to provide reliable estimate for the prevalence of renal failure (GFR <15 mL/min)
c GFR<35 mL/min represents the lower limit for defining severe renal impairment below which bisphosphonate therapy is not recommended [15–18]
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kidney function to prevent further complications [32]. Osteo-
porotic patients with chronic kidney disease mineral and bone
disorder (CKD–MBD) represent an additional risk group for
whom bisphosphonate treatment may pose increased cardio-
vascular risk by altering vascular calcification [43]. However,
conclusive evidence regarding the safety and efficacy of
bisphosphonates among patients with CKD–MBD is largely
lacking, as few patients in clinical trials of bisphosphonates
have had biochemical changes that could suggest CKD–MBD
[43, 44]. Among postmenopausal women with OP, clinical
trials of both the intravenous and oral formulations of
ibandronate found that aortic calcifications increased over
3 years follow-up [45]. However, similar increases were seen

among patients taking placebo, suggesting that ibandronate
does not increase the risk of vascular calcification. Likewise,
another study found increased calcium deposition in women
with osteoporosis after 2 years of alendronate with a similar
rate seen in the control group [46]. Recognizing the need for
further research, clinical guidelines recommend that patients
with moderate to severe RI (GFR <60mL/min) with biochem-
ical abnormalities of CKD–MBD and OP should be continu-
ally monitored for changes in renal function and receive
additional investigation with bone biopsy prior to bisphospho-
nate therapy [43].

Recent clinical trial evidence suggests that denosumab is
an effective alternative treatment to bisphosphonates for the

Table 3 Prevalence of renal impairment among females with osteoporosis aged ≥50 years according to demographic and clinical characteristics,
NHANES 2005–2008

Characteristic GFR 30–59 mL/mina (n=165) GFR <35 mL/minb (n=30)

Sample
(n=693)

Weighted population
(N=12,257,497)

Weighted %
(95 % CI)

Sample
(n=693)

Weighted population
(N=12,257,497)

Weighted %
(95 % CI)

Age, years

50–69 37 857,742 13.62 (8.55, 18.68) 3 –c –c

≥70 128 2,027,633 34.03 (29.75, 38.31) 27 396,373 6.65 (3.85, 9.46)

Race

White 126 2,630,718 26.28 (21.38, 31.17) 18 339,576 3.39 (1.53, 5.25)

Black 17 137,980 19.45 (11.82, 27.07) 6 50,678 7.14 (1.38, 12.90)

Other 22 116,677 7.60 (3.31, 11.88) 6 –c –c

Education

<High school 53 850,463 24.82 (17.02, 32.63) 13 158,341 4.62 (1.98, 7.62)

≥High school 111 2,025,665 22.97 (18.13, 27.81) 17 281,552 3.19 (1.34, 5.04)

BMId

Normal 72 1,301,546 23.83 (18.73, 28.94) 13 156,695 2.87 (1.19, 4.54)

Overweight 51 924,346 25.41 (19.04, 31.77) 8 136,205 3.74 (0.78, 6.70)

Obese 39 617,022 20.93 (13.47, 28.39) 9 –c –c

Hypertension

Yes 122 2,021,395 29.75 (23.99, 35.51) 26 371,542 5.47 (3.35, 7.59)

No 43 863,980 15.81 (10.53, 21.10) 4 –c –c

Diabetes

Yes 30 440,121 21.51 (13.77, 29.26) 12 –c –c

No 135 2,445,254 23.95 (19.50, 28.40) 18 242,050 2.37 (1.36, 3.38)

CVD

Yes 40 611,569 32.79 (25.32, 40.25) 15 235,453 12.62 (7.35, 17.90)

No 125 2,273,806 21.88 (17.32, 26.44) 15 204,440 1.97 (0.79, 3.14)

The sample sizes for osteoporotic women with severe RI (GFR 15–29 mL/min; n=14) and renal failure (GFR <15 mL/min; n=1) were too small to
provide reliable prevalence estimates stratified by demographics/characteristics. Therefore, the results were not presented

BMI body mass index, CI confidence interval, CVD cardiovascular disease, GFR glomerular filtration rate, RI renal impairment
a No/minor RI (stages 0–2), GFR≥60 mL/min; moderate RI (stage 3), GFR 30–59 mL/min; severe RI (stage 4), GFR 15–29 mL/min; and renal failure
(stage 5), GFR <15 mL/min, defined according to the National Kidney Foundation classification system [31, 32]
b GFR<35 mL/min represents the lower limit for defining severe renal impairment, below which bisphosphonate therapy is not recommended [15–18]
c Unreliable estimates (SE/percent >40 %)
d BMI was unavailable for 13 (2 %) of respondents
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prevention of fractures among women with OP. In postmeno-
pausal women with OP, the subcutaneous administration of
60 mg of denosumab every 6 months for 36 months signifi-
cantly reduced the risk of vertebral, nonvertebral, and hip
fractures [47]. Furthermore, there were no significant differ-
ences between subjects who received denosumab and those
who received placebo in the total incidence of adverse events,
including renal adverse events. However, comparisons of
efficacy are limited because there has been no head-to-head
trial comparing rates of fracture reduction associated with
denosumab and bisphosphonates. Therefore, further research
is needed before denosumab can be used in the first-line
setting, although results are promising for osteoporotic wom-
en with severe RI.

In the present study, approximately 27% of postmenopaus-
al women (12.7 million) were identified as having osteoporo-
sis, which is consistent with reported prevalence estimates
from prior NHANES studies [1, 2]. Looker et al. provided a
more stringent definition of OP, based on a femoral neck or
spine BMD score less than −2.5 at time of examination,
resulting in a lower estimated prevalence of OP of approxi-
mately 11% [2]. In contrast, Dawson-Hughes et al. provided a
broader definition of eligibility for OP treatment, which in-
cluded individuals with an elevated 10 years risk of fracture
using the Fracture Risk Assessment Tool (FRAX) [5], in
addition to self-reported hip or spine fractures and BMD T-
scores less than −2.5 at examination. As a result, the study
reported a higher estimated prevalence of OP among women
aged ≥50 years (30.8 %, 13.8 million) [1]. Unfortunately, the
algorithms used for FRAX score estimation were unavailable
during the time of this study, which would have resulted in a
slightly larger sample size of osteoporotic women for the
estimation of RI prevalence.

Although prior studies have estimated the prevalence of RI
for the general US population [48, 49], the present study, to
the best of our knowledge, is the first to estimate the preva-
lence of RI among postmenopausal womenwithOP for whom
bisphosphonate therapy is not recommended. The results
showed that the prevalence of moderate and severe RI among
osteoporotic women aged ≥50 years was slightly higher than
the estimated prevalence among the broader population of
females aged ≥50 years. Consistent with prior studies for the
general population [48, 49], specific risk factors such as older
age (≥70 years) and the presence of hypertension and CVD
were associated with a higher prevalence of RI. These condi-
tions were slightly more prevalent among women with oste-
oporosis than the full sample of women aged ≥50 years,
largely explaining the higher prevalence of RI in this
subpopulation.

This study, using a nationally representative sample of
women aged ≥50 years, provides valuable insights into the
burden of RI among postmenopausal women with osteoporo-
sis in the USA. Nevertheless, the study has certain limitations.

As with any survey-based study, certain variables may have
measurement error due to recall bias. In the present study,
potential recall bias was minimized through the use of T-
scores to supplement self-reported diagnoses of OP, and renal
function was estimated using laboratory data collected at
examination. A number of subjects included in the study
may have been on treatment or had been treated for OP before
the study surveys were conducted. Unfortunately, the study
surveys do not include information on prior medications, and
current medications or treatments are not reliably captured.
Additional information on prior OP treatment could provide
further context on the prevalence of RI in this patient popula-
tion. In addition, individuals who are institutionalized in nurs-
ing homes, an important risk group for osteoporosis [50], are
excluded from the NHANES sampling frame by design. As a
result, the prevalence of both osteoporosis and RI are likely
higher than those reported in this study.

Based on available data, the study used the modified four-
variable MDRD formula to estimate GFR, which has been
validated for use in clinical practice, and according to non-
binding guidance published by the FDA, may be used during
treatment assignment [30, 51]. Estimated GFR is now widely
reported in general medicine and nephrology, and in most
circumstances, is sufficient for clinical decision making in-
cluding diagnosis, prognosis, and treatment of patients [30,
32]. It is important to note, however, that a GFR cut point of
<35 mL/min is close but not directly equivalent to a CrCL
cutpoint <35 mL/min, and may result in a slight overestimated
prevalence [30, 32]. Likewise, estimated GFR was based on a
single measurement, whereas in general practice, the clinical
case definition requires multiple consecutive measurements
[32]. Therefore, other nationally representative studies using
both more precise and multiple measures of RI are needed to
confirm the study results. A larger sample size would also
likely improve estimates of the prevalence of severe RI ac-
cording to important risk factors, such as increased BMI,
hypertension, and CVD [31, 33]. Lastly, patients with CKD–
MBD represent an additional risk group with RI who may not
benefit from bisphosphonate treatment [43]. Given that
NHANES is a cross-sectional survey, the database does not
contain serial measurements of serum levels of calcium, phos-
phorus, parathyroid hormone, and alkaline phosphatase activ-
ity over time to effectively assess the prevalence of CKD–
MBD among the population of patients with renal impair-
ment. Further research is needed to better understand the
prevalence of this important condition to further guide treat-
ment decisions for women with OP.

Conclusions

In conclusion, bisphosphonates are currently the recommend-
ed treatment for postmenopausal women with OP. However,
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therapy is not recommended among women with severe RI
due to adverse treatment effects. Nearly one quarter of US
women with osteoporosis aged ≥50 years are estimated to
have moderate RI, and over 3 %, translating to an estimated
439,000 women, would not be recommended for bisphospho-
nate treatment. These data reveal an unmet medical need in
patients with both osteoporosis and impaired renal function,
and a need for better therapeutic alternatives for use in this
patient population.
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