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FRAX Prediction With and Without 
Bone Mineral Density Testing

Rachel C. Simpkins, PharmD; Tara N. Downs, PharmD, BCACP, CGP;  
and Matthew T. Lane, PharmD, BCPS 

The use of a fracture risk assessment tool with and without bone mineral density testing         
effectively predicted the risk of osteoporotic fractures in male veteran patients.

I
n the U.S. about 2 million men 
have osteoporosis.1 About 1 in  
5 men will experience an osteo-
porotic-related fracture in his 

lifetime.2 In addition, men with hip 
fracture have a higher mortality rate 
compared with that of women with 
hip fracture.3 The National Osteopo-
rosis Foundation guidelines and the 
Endocrine Society guidelines recom-
mend that all men aged ≥ 70 years 
have bone mineral density (BMD) 
testing. Depending on risk factors, 
osteoporosis screening may be ap-
propriate for men aged ≥ 50 years. A 
BMD with a T-score of -2.5 or lower 
is classified as osteoporosis.2

In addition to osteoporosis, osteo-
penia also negatively impacts men. 
Osteopenia is defined as a BMD with 
a T-score of -1 to -2.5.2 According to 
the National Health and Nutrition 
Examination Survey (NHANES), 
about 30% of men aged ≥ 50 years 
have osteopenia.4 FRAX is a fracture 
risk assessment tool that is used to 

predict the 10-year risk of fracture 
in untreated patients with osteope-
nia. The FRAX tool has been vali-
dated with the use of BMD testing 
only at the femoral neck; it has not 
been validated in other parts of the 
body. Treatment is indicated if the  
10-year fracture risk is > 20% for 
major osteoporotic fractures and  
> 3% for hip fractures, based on the 
FRAX calculation.2 

The following risk factors are 
used in the FRAX calculation: age; 
sex; weight (kilograms); height (cen-
timeters); previous fracture (yes or 
no); parental history of hip frac-
ture (yes or no); current smoker 
(yes or no); oral glucocorticoid ex-
posure currently or for > 3 months 
in the past (yes or no); rheumatoid 
arthritis (yes or no); secondary os-
teoporosis or a disorder strongly as-
sociated with osteoporosis, including 
type 1 diabetes mellitus, osteogen-
esis imperfecta in adults, untreated 
long-standing hyperthyroidism, hy-
pogonadism, premature menopause, 
chronic malnutrition, malabsorption, 
or chronic liver disease (yes or no);  
3 or more units of alcohol daily (yes 
or no); and BMD.5

A dual-energy X-ray absorptiom-
etry (DXA) examination is needed 

to determine BMD. However, a DXA 
examination is not always feasible 
for patients who have limited access, 
transportation challenges, require the 
use of assistive devices, and may be 
unaware of the importance of BMD 
testing. 

The FRAX calculation can be ob-
tained with or without BMD. Gadam 
and colleagues compared FRAX cal-
culations with and without BMD to 
predict the 10-year risk of fracture.6 
Their study found that 84% of pa-
tients had an identical fracture risk 
prediction whether or not BMD was 
included. The only risk factor evalu-
ated that was significantly different 
between those with different treat-
ment predictions and those with 
identical treatment predictions was 
age. However, the majority of pa-
tients included were female (96%). 

No studies existed that compared 
fracture prediction risk with and 
without BMD in a male-only popula-
tion. The purpose of this study was 
to determine whether FRAX without 
BMD was as effective as FRAX with 
BMD to predict the risk of osteopo-
rotic fractures and provide an iden-
tical treatment recommendation in 
male veteran patients at the Lexing-
ton VAMC in Kentucky.

Dr. Simpkins is a PGY2 ambulatory care phar-
macy residency instructor in the primary care/
pharmacotherapy clinic, Dr. Downs is a PGY2 
ambulatory care pharmacy residency instructor in 
the geriatrics clinic, and Dr. Lane is the associate 
chief of pharmacy and the PGY1 residency direc-
tor; all at Lexington VAMC in Kentucky.
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METHODS
A retrospective chart review was 
conducted at the Lexington VAMC. 
Approval was obtained from the Lex-
ington VAMC Institutional Review 
Board and Research and Develop-
ment Committee. Patients were iden-
tified using the computerized patient 
record system (CPRS). Included pa-
tients were male, ≥ 50 years, had a 
documented DXA in CPRS from Jan-
uary 2006 to September 2015, and 
had a previous fracture determined 
by ICD-9 codes. Patients were ex-
cluded if they were diagnosed with 
osteoporosis or were ever treated for 
osteoporosis before a DXA scan.

Data collection included patient’s 
age, gender, race, glucocorticoid use 
for at least 3 months within 1 year 
prior to DXA, body weight within  
3 months prior to DXA, height 
within 1 year prior to DXA, family 
history of fracture, previous fall or 
fracture, diagnosis of rheumatoid 
arthritis, smoking status at the time 
of DXA, alcohol intake of at least  
3 drinks per day at the time of DXA, 
and vitamin D level within 1 year 
prior to DXA. In order to find a clini-
cally significant difference (P < .05) 
with a power of 80%, a sample size of 
64 patients was needed. 

Each patient’s FRAX predictions 
were calculated with and without 
BMD. Patients were then separated 
into 2 groups: those who had an iden-
tical treatment recommendation when 
calculating FRAX with and without 
BMD, and those who had a different 
treatment recommendation when 
calculating FRAX with and without 
BMD. Binary variables for each group 
were compared using the Fisher exact 
test, and numeric variables were com-
pared using a simple Student’s t test.

RESULTS
After screening 1,510 patients, only 
119 patients met the criteria and 

were included in the study (Fig-
ure). All patients included were 
male. Mean age was 71.2 years and  
113 (95.0%) were white (Table 1).

Of the 119 patients included in 
the study, 98 patients (82.4%) had 
the same treatment recommendation 
when the FRAX score was calculated 
with and without BMD. The remain-
ing 21 patients (17.6%) had different 
treatment recommendations when 
FRAX scores were calculated with 
BMD compared with FRAX scores 
calculated without BMD. Treatment 
was recommended based on risk pre-
diction for 43 of the 98 patients who 
had identical treatment recommenda-
tions. Of the 21 patients who had dif-

ferent treatment recommendations, 
treatment was recommended based 
on risk prediction for 14 patients 
when FRAX scores were calculated 
with BMD. Treatment was recom-
mended for the other 7 patients 
when FRAX scores were calculated 
without BMD.

Of the numeric variables evalu-
ated, mean age, femoral neck BMD, 
and T-score were all significantly dif-
ferent between the 2 groups (Table 
2). Patients with an identical treat-
ment recommendation were a mean 
age of 67.9 years (SD: 10.2 y), and 
patients with different treatment rec-
ommendations were a mean age of 
62.2 years (SD: 8.9 y) (P = .011). Pa-
tients with an identical treatment rec-
ommendation had a mean BMD of 
0.9 (SD: 0.2), and patients with dif-
ferent treatment recommendations 
had a mean BMD of 0.8 (SD: 0.1) 
(P = .021). Patients with an identi-
cal treatment recommendation had 
a mean T-score of -1.7 (SD: 1.2), and 
patients with different treatment rec-
ommendations had a mean T-score 
of -2.3 (SD: 1.1) (P = .031). Mean 
weight, height, and vitamin D level 
were not statistically significantly  
different between the 2 groups. 

1,510  
total patients

1,427

156

126

121

119
study patients

83 females  
excluded

1,271 without a 
DXA excluded

30 treated with a 
bisphosphonate

5 without femur 
BMD available

2 with diagnosis 
of osteoporosis  

excluded

Figure. Remaining Patients 
After Exclusion Criteria Applied

Abbreviations: BMD, bone mineral density; DXA, 
dual-energy X-ray absorptiometry.
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Table 1. Patient  
Characteristics (N = 119)

Characteristics Patients, No.

Mean age (range), y 71.2 (51-96)

Race/ethnicity
 White
 Black
 Asian
 American Indian
 Did not specify

113
    3
    1
    1
    1

Mean weight (range), kg 86.3 (43.9-140.5)

Mean height (range), cm 178.2 (162.6-200.7)
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Of the binary variables evalu-
ated, only glucocorticoid use was 
significantly different between the  
2 groups. Of the patients with an 
identical treatment recommendation, 
4 (4.1%) received a glucocorticoid. Of 
the patients with different treatment 
recommendations, 4 (19%) received a 
glucocorticoid (P = .032). Vitamin D 
supplementation, previous fracture, 
smoking status, rheumatoid arthritis, 
and alcohol use were not statistically 
significantly different between the  
2 groups (Table 3). 

DISCUSSION
The purpose of this retrospective 
study was to determine whether 
using FRAX without BMD was as 
effective as using FRAX with BMD 
in predicting the risk of osteoporotic 
fractures and in providing identical 
treatment recommendations in male 
veteran patients. The results of this 
study revealed that FRAX calcula-
tions without BMD provided iden-
tical treatment recommendations 
as FRAX calculations with BMD 
for 82.4% of male veteran patients. 

These findings were similar to the 
findings of another study by Gadam 
and colleagues, in which 84% of pa-
tients had identical treatment recom-
mendations when calculating FRAX 
scores with and without BMD.6 In 
contrast, a prospective cohort study 
by Ettinger and colleagues found that 
the addition of BMD to the FRAX 
calculation enhanced the perfor-
mance of the FRAX tool by correctly 
identifying more patients who experi-
enced a fracture within the following 
10 years.8

Several of the risk factors evalu-
ated in the present study were in-
dicative of an identical treatment 
recommendation. Age was one of 
the risk factors that differed signifi-
cantly between the 2 groups. The 
mean age of patients with an identi-
cal treatment recommendation was  
67.9 years, and the mean age of pa-
tients with different treatment rec-
ommendations was 62.2 years  
(P = .011). These findings opposed 
the findings in the Gadam and col-
leagues’ study.6 The results of that 
study revealed that younger age 

rather than older age was more indic-
ative of an identical treatment recom-
mendation. The study by Gadam and 
colleagues included both male and 
female patients; however, the major-
ity of patients included in the Gadam 
study were female (96%).6 Because 
the present study included only male 
patients, a comparison of the results 
was difficult because of the different 
patient populations. 

A higher T-score (P = .031) and 
a higher BMD (P = .021) were the 
other 2 risk factors associated with 
an identical treatment recommen-
dation with and without BMD. The 
Gadam and colleagues study did 
not find these to be significant risk 
factors for identifying an identical 
treatment recommendation.6

The FRAX calculation without 
BMD identified all the patients meet-
ing treatment criteria based on the 
FRAX calculation with BMD except 
for 14 of the 119 patients (11.8%). 
Therefore, > 88% of patients who met 
treatment criteria based on FRAX cal-
culated with BMD also met treatment 
criteria based on FRAX without BMD. 

The FRAX calculation has several 
advantages, including risk stratifica-
tion in men and identifying those 
with other conditions that may pre-
dispose them to a fracture.7 There-
fore, before obtaining a DXA scan, 
it would be reasonable to calculate a 
FRAX score without BMD to identify 
patients who are at high risk for frac-
ture but who may not receive treat-
ment because they are not considered 
to need a DXA scan or a DXA scan is 
not feasible.

Limitations
Currently, FRAX is validated only 
using femoral neck BMD. This study 
was a retrospective chart review only; 
no information was obtained from 
communicating with the patient, 
including the patient’s past medical  

Table 2. Numeric Variables Comparison

Numeric Variables  
(Student’s t Test)

Patients With an 
Identical Treatment 
Recommendation

Patients With a  
Different Treatment 
Recommendation P Value

Mean age (SD), y     67.9 (10.2)   62.2 (8.9) .011

Mean femoral neck bone mineral 
density (SD), g/cm2     0.9 (0.2)     0.8 (0.1) .021

Mean T-score (SD)    -1.7 (1.2)    -2.3 (1.1) .031

Mean weight (SD), kg     86.5 (18.2)     83.9 (21.2) .797

Mean height (SD), cm 178.5 (6.7) 176.3 (6.5) .246

Mean vitamin D level (SD), ng/mL     22.3 (15.9)    27.8 (12.5) .318
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history and family history. Also, 
this study had a small sample size: 
Of the 1,510 patients screened, only  
119 met inclusion criteria. None of 
the 119 patients evaluated had a fam-
ily history of fracture documented in 
their CPRS. Therefore, several of the 
patient’s 10-year fracture risk scores 
may be underestimated if one or both 
of their parents experienced a frac-
ture. Last, the majority of patients in-
cluded in this study were white, so 
the results of this study cannot neces-
sarily be generalized to other races.

CONCLUSION
The majority of male patients had 
an identical treatment recommenda-
tion when a FRAX score was calcu-
lated with and without BMD. Older 
age, higher BMD, and higher T-score 
were all indicative of an identical 
treatment recommendation. Larger 
studies are necessary in order to vali-
date the FRAX tool without the use 
of femoral neck BMD. However, the 
FRAX tool alone can be beneficial to 
identify male patients who should 
have a DXA scan performed to ob-
tain a BMD. If a male patient’s FRAX 
score suggests risk for osteoporotic 
fracture, then a DXA scan should 
be completed to obtain a BMD if  
feasible.

Additionally, when obtaining a 
BMD is not feasible to predict frac-
ture risk, the FRAX tool alone may 
be useful a majority of the time to 
accurately determine treatment 
recommendations in male patients 
aged > 65 years. The results of this 
study lead the authors to believe 
that FRAX without BMD in male 

patients aged > 65 years will appro-
priately identify more patients for 
treatment.   �
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Table 3. Binary Variables Comparison

Binary Variables
(Fisher Exact Test)

Patients With an Identical  
Treatment Recommendation, 

No. (%) (n = 98)

Patients With a Different  
Treatment Recommendation, 

No. (%) (n = 21) P Value

Glucocorticoid use   4 (4.1)   4 (19.0) .032

Vitamin D use  26 (26.5)   8 (38.1) .297

Previous fracture  72 (73.5) 13 (61.9) .297

Ever smoked  33 (33.7) 12 (57.1) .051

Rheumatoid arthritis   6 (6.1)   1 (4.8) .999

Alcohol use  14 (14.3)   5 (23.8) .325


