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A B S T R A C T

FRAX is an important  web based tool to assess fragility fracture risk in osteoporosis. It has many important limitations too. Good 
clinical judgement is needed to interpret the results of FRAX. With increasing use we can improvise this tool further.
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“If  wishes were horses, beggars would ride. And then, fracture risk 
prediction would be even easier than adding 2+2!”

Introduction

Osteoporosis is by far the most common metabolic 
bone disease. An international Consensus Development 
Conference[1]  more correctly labeled it as “a disease 
characterized by low bone mass and micro-architectural 
deterioration of  bone tissue, leading to enhanced bone 
fragility and a consequent increase in fracture risk.”

While introduction of  many anti-fracture medications since 
the early 1990s has revolutionized osteoporosis therapy, it 
is equally important to recognize the role of  risk factors, 
both modifiable and non-modifiable. Understanding these 
risk factors and utilizing them to the fullest, in both fracture 
prediction and fracture prevention/management, would be 
like reinforcing our armamentarium to fight against this 
enemy “osteoporosis.”

fragility fractures  of  all kinds—vertebral, hip, forearm, 
and others—are a public health problem. With increasing 
longevity of  the Indian population, this problem is going 
to reach epidemic proportions.[2] Despite the availability of  

diagnostic tools and clinical data supporting the importance 
of  preventing and treating osteoporosis, many patients 
remain undiagnosed and untreated.[3] 

Day in and day out, in our clinics, we come across patients 
with severe osteoporosis and no fractures and even patients 
with borderline osteopenia but multiple fragility fractures. 
The million-dollar question always remains; “Can we 
predict fragility fractures?” An ideal fracture prediction tool 
is equivalent to pursuit of  the “holy grail.” Bone mineral 
density (BMD) assessment, although specific, may not be 
sensitive for predicting fracture risk. Adding clinical risk 
factors that are able to predict fracture independent of  
BMD may improve our ability to predict fracture risk.[4]

Frax: Facts

FRAX is a web-based algorithm (www.shef.ac.uk/FRAX) 
designed to calculate the 10-year probability of  major 
osteoporosis-related fracture (clinical vertebral, hip, 
forearm, or humerus) and hip fractures in men and women 
based on easily obtained clinical risk factors and bone 
mineral density (BMD) [Figure 1].

How was Frax Developed?

The WHO task force first reviewed the literature using 
mega-analysis to identify eight candidate risk factors for 
fracture, independent of  BMD [Table 1]. For each country, 
they added country-specific fracture incidence rates to these 
clinical risk factors to yield a 10-year probability of  fracture. 
In this model, we neither use relative risk, because relative 
risk decreases with age, nor do we use lifetime fracture 
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risk as it begins to decline at 70 years of  age because of  
competing risk of  death.[4] This FRAX model has been 
validated in 11 cohorts across the globe.[5] Fracture risk 
prediction tools are designed to facilitate treatment of  
people at high absolute risk of  fracture and re-assurance of  
those at low risk. Various guidelines based on these fracture 
prediction tools guide us in targeting the intervention. The 
National Osteoporosis Foundation (NOF)[6,7] intervention 
thresholds are based upon economic cost-effectiveness 
analyzes (10 year probability of  major osteoporotic fracture 
≥ 20% and hip fracture ≥ 3% is considered significant), 
whereas the National Osteoporosis Guideline Group 
(NOGG) guidelines recommend intervention if  the 
probability of  fracture exceeds that of  a person of  the same 
age, who has suffered a previous osteoporotic fracture.[8]

An important utility in fracture prediction using FRAX 
tool is its use of  Body Mass Index (BMI) instead of  
BMD applicable as a simple screening test, thus avoiding 

unnecessary investigations in those with a very low 
probability of  fracture. [Figure 2]

Learning by Example

A 50-year-old male with a BMI of  20 kg/m2 and having no 
risk factor can easily be re-assured, even without undergoing 
BMD testing (10 year probability of  major osteoporosis 
related fracture is 1.5% and hip fracture is 0.2%).

Frax: Fantasy

“Fantasy mirrors desire.” This is true even for FRAX 
prediction; it was devised with a desire to create a sure shot 
fracture prediction model, but it itself  has its inherent flaws. 
Certain variables that would be difficult for a primary care 
practitioner—measurements of  physical activity, vitamin 
D deficiency, bone turnover markers, despite them being 
independent risk factors, are excluded. FRAX does not take 
into account dose-response relationships.[4] For example, 
somebody on a higher dose of  glucocorticoids has a greater 
risk as compared to somebody on a lower dose. FRAX also 
doesn’t take into account interaction of  risk factors. FRAX 
may only be used in untreated patients. FRAX does not 
account for individuals who have low lumbar T-score but 
with normal femoral neck.[9] Composite strength indices 
of  the femoral neck can predict fracture risk without race/
ethnicity information as accurately as bone mineral density 
does in combination with race/ethnicity information, 
which is not incorporated in FRAX.[10] FRAX assumes that 
the relationship between BMI and mortality in all races and 
ethnic groups are similar, which is not so.[4] Subsequent 
fracture risk fluctuates over time and may be highest in the 
first 5 years after initial fracture.[5] The increased subsequent 
fracture risk after initial fracture is considered constant 

Figure 1: Showing FRAX calculation tool-web-based algorithm program
Figure 2: Showing paper hand out that can be kept in OPD and also can 
calculate risk based on Body Mass Index (BMI), even if BMD not available

Table 1: Clinical risk factors included in WHO Fracture 
Risk Assessment Tool
Country of residence
Age (allows ages between 40 and 90 years)
Sex
Weight and height for calculating body mass index
Prior fragility fracture, including radiographic vertebral fracture
Family history of osteoporosis (parent with hip fracture)
Current smoking
Glucocorticoid use (prednisolone ≥ 5 mg daily for ≥ 3 months, current 
or past)
Rheumatoid arthritis (physician-confirmed diagnosis)
Alcohol use (≥ 3 units daily)
Secondary osteoporosis (type 1 diabetes, osteogenesis imperfecta 
in adults, untreated long-standing hyperthyroidism, hypogonadism 
or premature menopause (age < 45 years), chronic malnutrition, or 
chronic liver disease
Bone mineral density; model also works without bone mineral density
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over time in FRAX.[4] The question always remains, should 
we deny an “established preventive strategy” to a person 
with borderline low risk just based on “health economics.” 
Communication about FRAX risk depends on the patient’s 
understanding of  the statistical concept of  risk,[4] which is 
especially poor in our country.

Learning by Example

A 50-year-old male smoker, with chronic mal-absorption 
and hyperthyroidism and T score of  -1.8, would be denied 
therapeutic intervention, if  purely based on FRAX score 
(10 year probability of  major osteoporotic fracture is 2% 
and hip fracture is 0.9%).

A 40-year-old female, with an autoimmune disease requiring 
treatment with multiple immune-modulators including 
glucocorticoids for a longer duration of  time with a T 
score of  -2.4, would be denied therapeutic intervention, if  
purely based on FRAX score (10 year probability of  major 
osteoporotic fracture is 3% and hip fracture is 1.1%).

FRAX future
In the future, we can anticipate the incorporation of  spinal 
BMD T-scores into the algorithm. Eventually, other bone 
measurements, biochemical tests, and risk factors may 
also be added. Meanwhile, the WHO Center is currently 
collaborating with organizations in many countries to 
adapt FRAX by incorporating their respective fracture and 
mortality rates into the algorithm. This will allow the use of  
FRAX to expand around the globe and enable those who are 
interested to develop region-specific treatment thresholds. 
The ultimate test of  the validity of  FRAX will come when 
its ability to predict fracture and to select patients for therapy 
is evaluated prospectively in large clinical trials.

Frax: Alternatives

Several alternatives of  FRAX exist such as the Canadian 
Osteoporosis Society,[11] the Nguyen algorithm,[12] and the 
Dutch algorithm.[13] These risk factor algorithms depend 
on a smaller number of  clinical risk factors. They are often 
only valid and include other additional factors that may not 
be included in FRAX such as falls. They are often validated 
only in a given observational study or in given cohort and 
at this time, may not have generalized applicability. They 
need to be validated in different countries.[4]

Conclusion

FRAX is a major achievement in terms of  our understanding 
of  measuring fracture risk. But, FRAX does not replace 

good clinical judgment by the health care practitioner. It is 
likely that providing global risk information to patients at 
only one point in time may well be relatively ineffective.[4] 
We should thus consider repeating FRAX information over 
time, making it a dynamic tool. Perhaps the greatest current 
limitation of  FRAX is that few use it.[5] Busy clinicians find 
it difficult to spend time on a web-based algorithm due 
to numerous reasons. But, more we use it, more we can 
improvise this tool.

“We become what we behold. We shape our tools, and 
thereafter our tools shape us.” 
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