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Learning objectives
You will learn:

• That fracture risk differs with ethnicity

• The risk factors that are used to assess fracture risk by the FRAX, QFracture and Garvan tools

• Problems and limitations of the FRAX model

• The FRAX model in the South African context.

Introduction
The fracture (FRAX) algorithm provides information on the 10-year probabilities of 
major osteoporotic fracture, which is defined as a hip, wrist, humerus, or clinical 
vertebral fracture. It is important to understand that there are different FRAX tools 
that are used within different continents; in Europe, there are tools that vary between 
Armenia and Ukraine for example. The United States has developed different FRAX 
models based on ethnicity: Caucasian, Black, Hispanic and Asian. The different ethnic 
groups in Singapore, the Chinese and the Indian Malays, also differ with regard to 
fracture risk. So, with regard to FRAX tools, it is important to have a specific country’s 
population risk and bone mineral density (BMD) as a reference. The clinician can use 
the FRAX tool both with and without BMD measurements; age and gender are also 
very important influencing factors. 
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FRAX models 
cannot and 
should not 
replace clinical 
judgement

Which risk factors are used in the FRAX tool? 
The FRAX tool is easy to use. Once a coun-
try has been selected, the individual’s name, 
their age or date of birth, gender, weight, and 
height are entered, as well as clinical risk fac-
tors. The body mass index (BMI) is automati-
cally calculated. The clinical risk factors used 
in the FRAX tool are:
• Low BMI 
• History of previous fragility fracture
• Parental history of hip fracture
• Glucocorticoid treatments
• Smoking
• Alcohol
• Rheumatoid arthritis as a surrogate for 

secondary causes of osteoporosis
• Other secondary causes of osteoporosis.  

Upon calculation, the FRAX tool gives two 
probabilities: a 10-year probability of a major 
osteoporotic fracture, and a 10-year probabil-
ity of a hip fracture. Generally, an indication 
to start the patient on treatment would be a 
risk of 3-5% for the 10-year probability of a 
hip fracture, and a risk of 20% for the 10-year 
probability of a major osteoporotic fracture. 
The intervention selected depends on many 
other factors such as health economics and 
the affordability of the chosen therapy. 

Problems and limitations of the FRAX model
One of the current limitations of using the 
FRAX tool is that it only offers ‘yes’ or ‘no’ 
as options and so, as examples, there is no 
option for recording how many previous frac-
tures and there is no distinction between pre-
vious and current smoking. Clinicians know 
that, when asked, a patient often denies being 
a smoker especially if  they are currently not 
smoking or have recently quit, and similarly, 
when asked if  they drink the patient will say 
no, but if  you ask when last they drank, they 
will say ‘last week’. With regard to glucocor-
ticoids, the FRAX model does not account 
for the dose or the duration of use which 
is important as the higher the dose and the 
longer the duration of use, the greater the risk 
of developing osteoporosis. The clinician can 
add a BMD value, using only femoral neck 
data or the T-score, and specifying the type 
of machine used for these measurements. It 
does not accommodate all known risk factors 
and, importantly, it does not talk about falls, 
biochemical markers, or the range of different 
methods of assessing BMD. 

Utility of the FRAX tool depends on the 
adequacy of epidemiological informa-
tion. This is particularly relevant to South 
Africa; historically, available national data 
has not been generalisable to the different 
populations of the country. In South Africa, 
not only do we not have a hip registry but 
adequate epidemiological data is also compli-
cated by our having both a public and private 
healthcare sector; it has only recently been 
discovered that the majority of hip fractures 
occur in public sector patients. Without local 
South African data, it is difficult to decide 
which surrogate model to use for the FRAX 
tool, as South Africa has three or four differ-
ent populations. South Africa’s FRAX still 
needs to be verified, and intervention thresh-
olds still need to be decided upon.

The FRAX model is relevant only for 
untreated patients, it cannot be used for 
treated patients. More importantly, FRAX 
models cannot and should not replace clinical 
judgement. 

Recent improvements to the FRAX model
One of the limitations to the FRAX model 
has been the lack of quantification of peni-
cillin or corticosteroid dose. There is now a 
published correction to account for the effects 
of corticosteroid use (Table 1).1 This means 
that if  a patient is on a low dose of corticos-
teroids, the probability can be decreased by 
35% for hip fracture and 20% for a major 
osteoporotic fracture; at a medium dose 
(2.5-7.5mg prednisolone), no adjustments are 

made to the FRAX probability; and if  the 
patient is on a high dose, the probability of 
fracture increases. 

Another improvement that has been made to 
the FRAX model is to include the trabecular 
bone score (TBS) which gives some degree 
of information on bone quality and thus 
improving the predictability of the FRAX 
model. 



JANUARY 2021  I  3

The FRAX tool – how to predict fracture risk in South African patients

EARN FREE
CPD POINTS

Join our CPD community at

and start to earn today!

www.denovomedica.com

Table 1. Adjustment of FRAX estimates of fracture probability according to dose of 
prednisolone1

Dose Prednidolone 
equivalent mg/d

Average adjustment: 
hip fracture 
probability

Average adjustment: 
major osteoporotic 
fracture probability

Low <2.5 -35% -20%

Medium 2.5-7.5 None None

High ≥7.5 +20% +15%

South Africa in context – probability and incidence 
of fracture

The incidence of hip fractures in terms of the 
age-standardised fracture rates for women 
per 100 000 in selected countries, published in 

2012, show that the highest incidence occurs 
in Denmark, with South Africa sitting second 
from the bottom (Figure 1).

The problem with this graph is that the South 
African ranking is based on data published 
in 1968 by Louis Solomon, who recorded 
an incidence of hip fractures in a black 
African population of 6.9/100 000 in men 
and 4.3/100 000 in women, which was very 
low. A 2014 study from Durban showed a 
hip fracture rate in the African population of 
about 10%. A recent multicentre study,2 which 
looked at the ethnic and gender-specific inci-
dence rates of hip fracture in municipal clinics 

in three provinces in South Africa, sought 
to increase the generalisability of the FRAX 
models to our population. The Western Cape 
clinics were deemed representative of the 
coloured population, KwaZulu-Natal has a 
large proportion of Indian patients, and both 
Gauteng and KwaZulu-Natal clinics included 
black patients in the study. Population statis-
tics of eight municipal districts contained in 
the 2011 census were used as the denominator 
to calculate the incidence of hip fractures. 

Figure 1. World age-standardised hip fracture rates for women per 100 000 in selected countries
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The latest South African data on hip frac-
tures per 100 000 population shows that 
incidence increases with age, both in men 
and in women, as is the case in the rest of the 
world. It is also evident in all age groups that 
the fracture rate is higher in women than in 
men. There are also different incidence rates 
based on ethnicity (Figure 2), with a substan-
tially increased prevalence in Indians in the 

older age groups, even though there is a lower 
overall incidence because the population size 
is much smaller. Crude incidence rates are 
130/100 000 in the White population, 112/100 
000 in the Indian population; 58/100 000 in 
the Coloured population, and 37/100 000 in 
the black African population. Due to its size, 
the black African population will account for 
a greater actual number of hip fractures.

These figures have been used for the FRAX 
model for South Africa, thereby allowing 
for contextual calculation of the probabil-
ity of major osteoporotic fractures and hip 

fractures in our population. Figure 3 shows 
these probabilities for the different popula-
tion groups. It is exciting to see that the South 
African flag is finally in the FRAX tables. 

Figure 2. Age-standardised hip fracture incidence rates for South African men and women (A) and ethnic groups 
(B). Results presented in five-year age bands2

Figure 3. Ten-year probability of major osteoporotic fractures and hip fractures for different population groups
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Due to its size, 
the black African 
population will 
account for a 
greater actual 
number of hip 
fractures
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Practical use of the South African FRAX model
The probabilities of fracture are very differ-
ent between South African ethnic groups. 
As an example, a 67-year-old black African 
woman who weighs 56kg, has a height of 
158cm, is a smoker who consumes alcohol, 
and has a T-score of -2.5 will have a 10-year 
probability of 5.3% for a major osteoporotic 

fracture and 3.3% for a hip fracture. If  using 
a cut-off  of 5% for a hip fracture as an indi-
cation for requiring therapy, this individual 
will not receive therapy. Using the exact same 
data, but for a Coloured woman, the 10-year 
probability for hip fracture is 5%, and so this 
patient would be treated. 

Current NOFSA guidelines
The current guidelines recommend input 
from FRAX in patients who are in the 
T-score range of between -1.0 to -2.5. 
Otherwise, the management algorithm as 

developed does not need to change; the 
availability of South African data allows for 
determination of the 10-year probability with 
greater confidence.

Other fracture risk calculation tools
FRAX is not the only fracture risk assess-
ment tool available. Two that are commonly 
used are the Garvan tool (Australia) and 
QFracture (United Kingdom). The Garvan 

uses age, sex, weight, previous fragility 
fractures, the number of fractures, and the 
fall history. The Garvan tool also uses BMD 
(Figure 4). 

Figure 4. Input risk variables for FRAX, QFracture and the Garvan assessment tools3

Risk factor FRAX Garvan QFracture Comments

Age + + +

Sex + + +

Height + - +

Weight + +* + *Only when BMD is not entered

Ethnicity +* - + *US and Singapore

Previous fragility fracture + +* +** *From the age of 50y 
*Also number of prior fractures 
**Prior hip, spine or shoulder

BMD + +* - *Site of BMD not specified on website but elsewhere stated to 
be femoral neck

Parental history of hip 
fracture

+ - +* *Also parental history of OP

Smoking +* - +** *Current 
**Categories of exposure

Alcohol intake +* - +** *≥3 units per day 
**Categories of exposure

Taking steroid tablets 
regulary

+* - + * Currently exposed to oral glucocorticoids or has been 
exposed to oral glucocorticoids for more than 3 months at a 
dose of prednisolone of 5mg daily or more 

Osteogenesis imperfecta +* - - *Grouped as secondary OP

Diabetes +* - +** *Type 1 grouped as secondary OP 
**Type1, type 2

In nursing home - - +

Falls history - +* + *Categories of exposure

Dementia - - +

Cancer - - +
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QFracture uses many more factors: previous 
fragility fracture; prior hip, spine, or shoulder 
fracture; smoking with categories of expo-
sure; categories of alcohol intake; diabetes; 
and other chronic diseases or secondary 
causes of osteoporosis. Although the FRAX 

model uses rheumatoid arthritis, QFracture 
uses rheumatoid arthritis plus systemic lupus 
erythematosus or other endocrine disorders. 

There are many more different models, but 
these are the ones used most commonly. 

Conclusion
Osteoporosis is undertreated. It is a silent 
disease and currently in South Africa a 
wide spectrum of patients at risk, notably 
black African patients or higher-risk Indian 
patients, are not being considered. An 
important problem is that BMD services are 
not readily available, particularly in regional 

hospitals. Now that there is a FRAX model 
appropriate for South African populations, 
its use together with different densitometry 
readings might give valuable information with 
regard to the fracture risk for an individual 
patient.  

Key learnings

• Fracture risk assessment tools need to be population-specific

• Age and gender are very important risk factors for fracture

• The FRAX tool generates a 10-year probability of a major osteoporotic fracture or hip fracture

• Some limitations to the FRAX and other probability assessment models emphasise that fracture tools 
cannot and should not replace clinical judgement

• A South African model is now available for use with the FRAX tool.

NOW EARN FREE CPD POINTS

Click here to access and submit deNovo Medica’s CPD modules

References
Click on reference to access the scientific article

1. Kanis JA, Johansson H, Oden A, et al. Guidance for 

the adjustment of FRAX according to the dose of 

glucocorticoids. Osteoporos Int 2011; 22: 809-816.  

2. Dela SS, Paruk F, Brown SL, et al. Ethnic and gender-specific 

incidence rates for hip fractures in South Africa: A multi-centre 

study. Bone 2020; 115253. 

3. Kanis JA, Harvey NC, Johansson H, et al. Overview of fracture 

prediction tools. J Clin Densitom 2017; 20(3): 444-450. 

http://www.denovomedica.com
https://www.facebook.com/DeNovo-Medica-727966280661344/
https://twitter.com/deNovoMedica
https://www.linkedin.com/in/denovo-medica-5b80901a1/
https://twitter.com/deNovoMedica
https://www.facebook.com/DeNovo-Medica-727966280661344/
https://www.linkedin.com/in/denovo-medica-5b80901a1/
mailto:info%40denovomedica.com?subject=
http://www.denovomedica.com
http://www.denovomedica.com
https://doi.org/10.1007/s00198-010-1524-7
https://doi.org/10.1007/s00198-010-1524-7
https://doi.org/10.1007/s00198-010-1524-7
https://www.sciencedirect.com/science/article/abs/pii/S8756328220300338?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S8756328220300338?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S8756328220300338?via%3Dihub
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5663341/ 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5663341/ 

