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Care Gap in Patients with Early Inflammatory Arthritis
with a High Fracture Risk Identified Using FRAX®
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ABSTRACT. Objective. To determine the proportion of patients with early inflammatory arthritis in a Canadian
cohort who are at high risk for a major osteoporotic fracture using the Fracture Risk Assessment Tool
(FRAX®), and to determine if a care gap exists in high-risk patients.
Methods. FRAX was applied to 238 patients enrolled in the Canadian Early Arthritis Cohort
(CATCH) study based on norms from the United States and the United Kingdom, without the use of
bone mineral density measurements.
Results. FRAX identified 5%–13% of patients at high risk for fracture, using a conservative analy-
sis. Based on US norms, there was a significant correlation between increasing fracture risk groups
and oral glucocorticoid use (p = 0.012) and baseline erosions (p = 0.040). Calcium or vitamin D use
did not vary among the different fracture risk groups (p = NS), nor did bisphosphonate use (p = NS).
The Disease Activity Score with 28 joint count in the high-risk group was significantly higher com-
pared to the low-risk group (p = 0.048).
Conclusion. Patients at increased risk had higher disease activity, more frequent glucocorticoid use,
and more baseline erosions compared to patients at low risk. A care gap exists, in that a very low
proportion of patients at high risk are being treated with calcium, vitamin D, and/or bisphospho-
nates. A higher fracture risk was calculated in our cohort using the US FRAX calculation tool com-
pared to the UK calculation tool. These data highlight the need to identify and modify fracture risk
in patients with early inflammatory arthritis. (First Release August 15 2010; J Rheumatol
2010;37:2221–5; doi:10.3899/jrheum.091368)
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mobility and independence in patients who are already
restricted by their condition4,5. It was reported recently that
up to 30% of patients with early RA had vertebral deformi-
ties consistent with fracture, in accord with estimates for
patients over 60 years of age with established RA6.
Osteoporotic fractures are a common cause of morbidity and
mortality and an important healthcare cost worldwide7. It
has been estimated that the health and longterm costs asso-
ciated with osteoporosis-related fractures were $13.8 billion
in the United States in 1994 and $1.3 billion in Canada in
19938. There is a limited use of clinical decision tools for
predicting osteoporosis in patients with RA, and thus an
effective fracture prediction tool that includes risk factors
independent of bone mineral density (BMD) measurements
is of clinical importance9,10.

The World Health Organization Fracture Risk
Assessment Tool (FRAX®) has recently been developed to
estimate a 10-year absolute risk of sustaining a hip or other
major osteoporotic fracture (clinical spine, forearm, hip, or
shoulder fracture). The FRAX calculation tool is available
on the Internet (http://www.shef.ac.uk/FRAX)11. The tool
identifies patients as being at low (< 10%), moderate
(10%–20%), or high (> 20%) risk of fracture using validat-
ed clinical risk factors for fracture with or without the use of
a BMD measurement at the femoral neck. The clinical risk

Rheumatoid arthritis (RA) is an inflammatory disease
shown to be associated with a greater risk of fragility frac-
ture and increased bone loss early in the disease course1,2,3.
The progression of osteoporosis is more rapid in the early
stages of RA and if fracture occurs, can result in a loss of
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factors include age, sex, body mass index (BMI), history of
previous fracture, history of parental hip fracture, current
smoking, use of oral glucocorticoids, RA, secondary osteo-
porosis, and excess alcohol intake.

To our knowledge, no other predominantly Caucasian
populations of early inflammatory arthritis (EIA) or patients
with early RA have been evaluated for fracture risk using
this tool. The aim of our study was to determine the propor-
tion of patients with EIA in the Canadian Early Arthritis
Cohort (CATCH) study at high risk for a major osteoporot-
ic fracture using FRAX, and to determine if a care gap exists
in those high-risk patients.

MATERIALS AND METHODS
Subjects. Data from the 238 patients successively recruited
between July 2007 and January 2009, inclusive, were col-
lected from the CATCH study, a multicenter, observational,
prospective, “real-world” cohort of patients with EIA.
Inclusion criteria were age > 16 years, between 6 weeks and
12 months of persistent synovitis, and ≥ 2 swollen joints or
1 swollen metacarpophalangeal or proximal interphalangeal
joint with ≥ 1 of the following: positive rheumatoid factor,
positive anti-cyclic citrullinated peptide (anti-CCP), morn-
ing stiffness > 45 minutes, response to nonsteroidal antiin-
flammatory drugs or painful metatarsophalangeal squeeze
test. The majority of CATCH patients were recruited from
the higher population provinces, mainly Ontario and
Quebec.

Patients were evaluated at baseline and every 3 months
according to a standard protocol. Treatment, including dis-
ease modifying antirheumatic drug (DMARD) therapy, such
as methotrexate, sulfasalazine, and hydroxychloroquine,
with the option of oral, intramuscular, or intraarticular glu-
cocorticoid bridging was left to the discretion of the treating
physician. Prednisone doses ≤ 10 mg daily were usually
used. Therapy was adjusted at every visit with the aim of
remission, defined as zero swollen joints.
Data collection. FRAX was applied to the baseline charac-
teristics of patients utilizing the 2008 US norms, without
BMD, where the appropriate calculation tool accounted for
ethnicities with the following distribution: Caucasian (n =
224), Asian (n = 9), Hispanic (n = 3), and Black (n = 2).
Patients were also assessed assuming norms from the United
Kingdom, without BMD.

A history of previous fracture was collected using spon-
taneous reports in the CATCH standard questionnaire during
baseline and followup visits. A history of hip fracture in a
parent was inconsistently reported by patients participating
in the study and was assumed to be absent for purposes of
calculating fracture risk (n = 238). Values were imputed for
patients with unreported weight (n = 2) and height (n = 17),
as well as for patients with both weight and height unre-
ported (n = 57), which were needed to apply the tool.
Average Canadian male weight 81.9 kg and height 174.8 cm

and average Canadian female weight 67.9 kg and height
161.8 cm were substituted12. Since FRAX has a limited age
range (40–90 years), 39 (16%) patients were under the age
of 40 years and thus fracture risk at the age of 40 was cal-
culated for these patients, and no patient was over the age of
90. Only 6 patients were over the age of 80 years.
Statistical analysis. Our fracture groups were based on
FRAX US norms. The chi-square test was used to test inde-
pendence between the fracture risk group and other categor-
ical groups such as for oral glucocorticoid use, baseline ero-
sions of the hands and/or feet, calcium or vitamin D intake,
and bisphosphonate use. The Fisher exact chi-square test was
used when the expected cell frequency was less than 5.
ANOVA was used to determine whether the Disease Activity
Score 28-joint count (DAS28) varied among different frac-
ture risk groups. A sensitivity analysis was conducted on sub-
groups of Population 1 (whole population, n = 238);
Population 2 (without imputation of height and weight, n =
162); and Population 3 (without imputation of height and
weight and without premenopausal women, n = 104).

RESULTS
Baseline characteristics of the 238 patients are displayed in
Table 1. For the FRAX calculation, RA diagnosis at baseline
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Table 1. Baseline characteristics of patients with early inflammatory
arthritis (n = 238).

Characteristic

Age, mean ± SD yrs 52 ± 15
Female, n (%) 189 (79)
Weight, kg, mean ± SD* 76.3 ± 17.4
Height, cm, mean ± SD* 165.5 ± 9.4
Body mass index, mean ± SD* 27.5 ± 5.5
Previous fracture, n (%) 25 (11)
Current smoking, n (%) 56 (24)
Glucocorticoid use meeting FRAX criteria, n (%) 58 (24)
Rheumatoid arthritis, n (%) 175 (74)
Secondary osteoporosis, n (%) 48 (20)
Alcohol 3 or more units per day, n (%) 61 (26)
Symptom duration, median months of new-onset

persistent synovitis (IQR) 6.1 (4.42, 9.35)
Meet ACR criteria for RA, n (%) 194 (82)
RF-positive**, n (%) 174 (80)
Anti-CCP-positive†, n (%) 104 (66)
Erosive disease (hands and/or feet)††, n (%) 55 (27)
Tender joint count (68), mean ± SD 12.8 ± 9.9
Swollen joint count (66), mean ± SD 8.8 ± 8.1
ESR, mm/h, normal < 20, mean ± SD 26.6 ± 22.2
C-reactive protein, mg/l, normal < 8, mean ± SD 16.7 ± 29.2
DAS28 ESR score, mean ± SD 4.9 ± 1.5
HAQ score, mean ± SD 1.0 ± 0.7

IQR: interquartile range; ACR: American College of Rheumatology; RF:
rheumatoid factor; anti-CCP: anti-cyclic citrullinated peptide; ESR: ery-
throcyte sedimentation rate; DAS28: Disease Activity Score with 28-joint
count; HAQ: Health Assessment Questionnaire. * Values imputed
Canadian averages. ** N = 218. † N = 157. †† N = 201.
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was based on the physician’s assessment, where the compo-
nents for determining if a patient meets American College of
Rheumatology criteria for RA may not have been available
to physicians at the time of diagnosis. The 10-year risk of a
major osteoporotic fracture and characteristics of patients
according to FRAX US and UK norms are displayed in
Table 2. Oral glucocorticoid use in this study was defined as
those patients meeting the FRAX criteria for glucocorticoid
use at doses ≥ 7.5 mg for ≥ 3 months and those using oral
glucocorticoids at a lower dose and duration than the
amount considered to be a risk factor in FRAX. Based on
US norms, there was a significant correlation between
increasing fracture risk groups and oral glucocorticoid use
(p = 0.012) as well as baseline erosions of the hands and/or
feet (p = 0.040). At baseline and subsequent visits, the cal-
cium or vitamin D use did not vary among the different frac-
ture risk groups (p = nonsignificant) and neither did bispho-
sphonate use (p = nonsignificant). The DAS28 with erythro-
cyte sedimentation rate (DAS28-ESR) in the high-risk
group was significantly higher than the DAS28-ESR in the
low-risk group (p = 0.048).

Considering the subgroups, there remained a strong asso-
ciation between the increasing fracture risk groups and oral
glucocorticoid use, determined by the chi-square test. The p
values for the subgroups, Population 2 (without imputation
of height and weight) and Population 3 (without imputation
of height and weight and without premenopausal women),
were p = 0.013 and p = 0.024, respectively. However, con-
sidering the subgroups (Populations 2 and 3), there was no
longer a significant association between the increasing frac-
ture risk groups and baseline erosions of the hands and/or
feet. Consistent with the observations from the whole popu-
lation, the calcium or vitamin D use and bisphosphonate use
in the subgroups (Populations 2 and 3) did not vary among
the different fracture risk groups (p = nonsignificant).

A logistic regression analysis was used to evaluate the
correlation between FRAX major osteoporotic fracture risk
and oral glucocorticoid use as well as baseline erosions of
the hands and/or feet in the whole population and the sub-
groups (Populations 2 and 3), as shown in Table 3. Based on
the whole population, for a patient in the moderate-risk

group compared to the low-risk group, the odds of having
oral glucocorticoid use were 1.924 times higher. For a
patient in the high-risk group compared to the low-risk
group, the odds of having oral glucocorticoid use were
2.887 times higher.

In total, 197 (83%) patients were taking methotrexate,
where 142 (72%) of them used combination DMARD ther-
apy consisting of methotrexate with sulfasalazine and/or
hydroxychloroquine. However, 70 (29%) patients were not
prescribed a DMARD in the first 3 months of followup and
only one patient started biologic therapy.

Of the 238 patients, 136 (57%) received glucocorticoid
treatment; 58 (24%) patients were treated with oral gluco-
corticoids (prednisone) meeting the FRAX criteria for glu-
cocorticoid use at doses ≥ 7.5 mg for ≥ 3 months, 44 (18%)
patients received oral glucocorticoids at a lower dose and
duration not meeting FRAX criteria, and 93 (39%) patients
required intermittent intramuscular or intraarticular gluco-
corticoids. We found no correlation between DMARD use
and fracture risk.

DISCUSSION
A diagnostic and therapeutic care gap exists in these patients
with EIA at high risk for fracture. FRAX identified 5%–13%
of patients at high risk for fracture, depending on the coun-
try calculation tool applied (US/UK), using a conservative
analysis. These patients had higher disease activity and had
more frequent oral glucocorticoid use and more baseline
erosions compared to patients at low risk for fracture. The
care gap was assessed using the 2002 Canadian guidelines
for osteoporosis from the Scientific Advisory Council of the
Osteoporosis Society of Canada (OSC)13. These recommen-
dations suggest that “People receiving ≥ 7.5 mg of pred-
nisone daily for more than 3 months should be assessed for
initiation of a bone-sparing therapy” and that “Bisphos-
phonates are the first-line therapy for the prevention of glu-
cocorticoid-induced osteoporosis.” Although 58 (24%) of
all patients in our cohort met these criteria, only 18 (8%) of
all patients were treated with bisphosphonates. Of the
patients at high risk for fracture according to US norms, 15
(48%) were treated with any dose of oral glucocorticoids,
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Table 2. Ten-year risk of a major osteoporotic fracture and characteristics of patients according to FRAX US and UK norms (n = 238). Values are number (%).

Low Risk Moderate Risk High Risk
(< 10%) (10–20%) (> 20%)

USA UK USA UK USA UK

N (%) 155 (65) 175 (73) 52 (22) 52 (22) 31 (13) 11 (5)
Oral glucocorticoid use 38 (25) 47 (27) 20 (38) 17 (33) 15 (48) 9 (82)
Received calcium or vitamin D 28 (18) 33 (19) 14 (27) 13 (25) 6 (19) 2 (18)
Received a bisphosphonate 11 (7) 11 (6) 3 (6) 6 (12) 4 (13) 1 (9)
Baseline erosions (hands and/or feet) 31/140 (22) 38/157 (24) 16/42 (38) 15/38 (39) 8/19 (42) 2/6 (33)
Baseline DAS28 score, mean ± SD 4.7 ± 1.5 4.8 ± 1.5 5.1 ± 1.6 4.9 ± 1.5 5.3 ± 1.2 5.6 ± 1.4

DAS28: Disease Activity Score with 28-joint count; ESR: erythrocyte sedimentation rate.
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but only 3 (25%) of these patients received a bisphospho-
nate. Despite awareness that classic risk factors are associ-
ated with high fracture risk, a very low proportion of
patients are being treated with bisphosphonates, even
though these agents have been shown to reduce vertebral
fractures by almost 50% in susceptible populations14. The
OSC guidelines also noted that “Adequate calcium and vita-
min D through diet or supplements are essential for the pre-
vention of osteoporosis and, taken together, are essential
adjuncts to preventative therapy.” Of the 15 patients at high
risk for fracture according to US norms and treated with oral
glucocorticoids, only 4 (27%) were receiving supplemental
calcium and vitamin D. A possible explanation for the
observed care gap may be that rheumatologists are primari-
ly concerned with efforts toward treating the primary dis-
ease, which consequently results in less attention being paid
to managing comorbidities. Early recognition of osteoporo-
sis risk could allow earlier intervention to prevent fracture.
This is an important factor in implementing best practices in
patients with EIA.

Various data sets have contributed to country-specific
calculation tools for FRAX to account for the observed dif-
ferences in fracture prevalence among countries. In the US,
there are sufficient data to allow determination of fracture
probability for the major ethnic categories in the country —
Caucasian, Black, Hispanic, and Asian. Worldwide, fracture
risk assessments with FRAX calculation tools are currently
available for 17 countries11. A FRAX model calibrated to
the epidemiology from Canada is forthcoming, but not yet
available. Controversy remains as to which dataset in FRAX
is most appropriate for application to the Canadian popula-
tion. It is postulated that a patient in Canada could have a
similar fracture risk potential to a patient in the US given the
historical and sociocultural similarities of the 2 populations;
however, it can also be argued that the same argument could
also apply to the UK population. Some have argued that the
risk in Canadian patients should be calculated using the
Swedish FRAX tool based on latitude; however, the major-
ity of our patients were from a more southern latitude.
Therefore, we evaluated fracture risk according to both US
and UK norms. The higher apparent risk of osteoporosis in
the US compared to the UK is reflected in our cohort in the

comparison between fracture risks after applying their
respective calculation tools. Whether this is a true reflection
of differences in risk between the 2 populations or an arte-
fact of the underlying databases cannot be determined from
our study. Further, this was a study to examine the propor-
tion of patients who might not be receiving care according
to guidelines for the management of fracture risk.

The fracture risk reported in our population is likely
underestimated. This is due in part to inconsistent reporting
of a history of parental hip fracture. This risk factor was
assumed to be negative in all patients, when in reality this
may not be the case. This study reflects real-world rheuma-
tology practice, where it is not the usual pattern of practice
to take a detailed family fracture history. However, as the
importance of a history of osteoporotic fracture in first- or
second-degree relatives has been emphasized13, it is appar-
ent that without knowledge of this common risk factor, this
study presents a conservative risk estimate of fracture for
this population regardless of the calculation tool applied to
this cohort. In addition, in some instances we had to impute
Canadian averages of weight and height for patients where
these data were unreported in our database. Patients with
EIA may not be accurately represented by the average
Canadian due to disease. The actual heights of both females
and males in CATCH are similar to Canadian averages;
however, the weights and thus BMI of both females and
males in this cohort were slightly greater than the average
Canadian. This observation is in line with a previous study
reporting that the mean weight and BMI were higher in RA
patients compared to non-RA controls15. However, it has
been reported that a low BMI and weight loss are associat-
ed with increased fracture risk16. Lastly, FRAX does not
take into account all fractures when calculating the major
osteoporotic fracture risk17. Other evidence does indicate
that the occurrence of any low-trauma fracture in the older
adult population is likely to increase the risk of an osteo-
porotic fracture in first- and second-degree relatives. These
issues singly or combined could have the result that the care
gap documented in these patients is larger than presented
here.

Our study has further limitations. CATCH is a real-world
EIA cohort designed to evaluate clinical outcomes and best
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Table 3. Logistic regression analysis between FRAX major osteoporotic fracture risk groups and oral glucocorticoid use and baseline erosions of the hands
and/or feet, in the whole population and the subgroups (Population 2 and 3).

Population Fracture Risk Oral Glucocorticoid Use Baseline Erosions
OR p OR p

1. Whole population (n = 238) Moderate vs low 1.924 0.055 2.164 0.041
High vs low 2.887 0.009 2.557 0.064

2. Population without imputation of height and weight (n = 162) Moderate vs low 2.520 0.024 2.236 0.066
High vs low 3.360 0.021 2.330 0.172

3. Population without imputation of height and weight and without Moderate vs low 2.943 0.026 1.947 0.179
premenopausal women (n = 104) High vs low 3.727 0.023 1.927 0.320
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practices. CATCH was not designed to validate FRAX.
However, due to the ease of use of the FRAX tool, it can be
utilized in this cohort to evaluate fracture risk. The estimate
of fracture risk in our cohort did not include BMD measure-
ments, as they were not available from all patients (a situa-
tion common to routine clinical care). It has been reported
that the addition of BMD in the FRAX calculation is highly
unlikely to change the fracture risk assessment in an ERA
population18. Nevertheless, treatment decisions should not
be based solely on FRAX assessment. Instead, patients at
high risk for fracture according to FRAX may benefit most
from BMD testing, and treatment should be based on the
diagnosis of osteoporosis, defined as a BMD value less than
–2.5 standard deviations. It remains to be determined if
decision tools to assist physicians in selecting patients at
risk for fracture (and thus candidates for BMD testing) are
superior, and the superiority of FRAX in this context needs
to be examined further. Additional research validating the
use of FRAX in patients with EIA is warranted.

Overall, data from our cohort study provided the oppor-
tunity to assess the osteoporosis care gap, and thus high-
lighted the need to identify and modify fracture risk in
patients presenting with EIA. Rheumatologists should be
more aware of the prevalence of osteoporosis in their RA
and inflammatory arthritis population and ensure that the
patients are investigated and managed accordingly.
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