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Abstract

Summary A surrogate FRAX® model for Nepal has been constructed using age- and sex-specific hip fracture rates for
Indians living in Singapore and age- and sex-specific mortality rates from Nepal.

Introduction FRAX models are frequently requested for countries with little or no data on the incidence of hip fractures. In
such circumstances, the development of a surrogate FRAX model is recommended based on country-specific mortality data
but using fracture data from a country, usually within the region, where fracture rates are considered to be representative of
the index country.

Objective This report describes the development and characteristics of a surrogate FRAX model for Nepal.

Methods The FRAX model used the ethnic-specific incidence of hip fracture in the Indian community of Singapore, com-
bined with the death risk for Nepal in 2015-2019. The number of hip fractures in 2015 and 2050 was estimated based on
the United Nations’ predicted changes in population demography.

Results The surrogate model gave similar hip fracture probabilities to estimates from Sri Lanka, India and Pakistan but lower
10-year fracture probabilities for men and women at older ages compared to the model for Singapore, reflecting a higher
mortality risk in Nepal compared with Singapore. There were very close correlations in fracture probabilities between the
Nepalese and the Singapore models (» > 0.995) so that the use of the Nepalese model had little impact on the rank order of
risk, i.e. a person at the xth percentile of risk with one model will be at the xth percentile of risk with the other. It was esti-
mated that 6897 hip fractures arose in 2015 in individuals aged 50 years and older in Nepal, with a predicted 3-fold increase
expected by 2050, when 23,409 hip fractures are expected nationally.

Conclusion The surrogate FRAX model for Nepal provides an opportunity to determine fracture probability within the
Nepalese population and help guide decisions about treatment.
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the FRAX® tool for the calculation of 10-year fracture prob-
abilities in women and men from readily obtained clinical
risk factors (CRFs) with or without bone mineral density
(BMD) measurements at the femoral neck (http://www.shef.
ac.uk/FRAX). The algorithm (FRAX) was based on a series
of meta-analyses using primary data from population-based
cohorts that examined a list of candidate clinical risk fac-
tors for fracture [1, 2]. The output of FRAX comprises the
probability of a major osteoporotic fracture (hip, spine, distal
forearm or proximal humerus) or hip fracture. This prob-
ability is in turn dependent upon the risk of fracture and the
competing risk of death, both of which vary from country
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to country [3]. Ideally, data for age-specific incidences of
fracture and death should be available for the construction of
country-specific FRAX models, but information on fracture
incidence is frequently poor or absent. On a positive note,
the availability of FRAX has stimulated studies of fracture
incidence that can be used for the generation of new FRAX
models; specific examples include Armenia, Belarus, Brazil,
Kazakhstan, Mexico, Moldova, Russia, Turkey and Uzbeki-
stan [4].

Recognising that data on hip and other fractures are not
always available, the International Society for Clinical Den-
sitometry and International Osteoporosis Foundation rec-
ommend the development of a surrogate FRAX model to
be used until country-specific data are collected and made
available. Such surrogate models are based on age- and sex-
specific mortality data from the index country, combined
with age-specific, sex-specific rates of fracture derived from
a country, usually nearby, where fracture rates are consid-
ered to be representative of the index country [5]. Of the
86 countries for which a FRAX model is available, twelve
FRAX country-specific models currently use surrogate data
on fracture risk (Bangladesh, Brunei, Ethiopia, Georgia,
India, Kyrgystan, Mongolia, Myanmar, Pakistan, Palestine,
Sri Lanka and Syria). In the absence of national epidemio-
logical data on fracture [6], the present report describes the
development of a surrogate FRAX model for Nepal.

Methods

The Federal Democratic Republic of Nepal is a landlocked
country located in Southern Asia, bordered by the Tibet
Autonomous Region of China to the north, and India to
the south, east and west. Nepal has an area of 147,516 km?
(56,956 sq mi) with a population estimated at 31,235,651 in
2024 [7]. The population of Nepal is young with a median
age of 23.7 years against a global value of 30.3 years and a
median age of 40.3 years in the UK [8].

Development of a surrogate model for Nepal

Given its proximity to India, combined with a lack of frac-
ture data from Tibet, it was decided to base the Nepalese
model on the fracture rates of the Indian population. Reli-
able data on the risk of hip fracture from the Indian sub-
continent are scarce [6], and data on hip fracture risk were
those for the population categorised as of Indian ethnicity
in Singapore [9, 10]. Hip fracture rates in Indians living in
Singapore are similar to those of Indian ethnicity in South
Africa [11, 12]. As described previously, in the absence of
incidence data for other sites of major osteoporotic fracture
(clinical spine, distal forearm and proximal humerus), the
hip fracture rates were used to estimate these incidences
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on the assumption that the ratio of hip fracture incidence
to these other FRAX outcomes is the same in the index
country as that documented in Sweden, Iceland, Canada,
Moldova and elsewhere [13—16]. National mortality rates
for Nepal used data from the World Health Organization for
2015-2019 [17].

Comparative performance of the surrogate Nepal
FRAX model

For the purpose of comparing the authentic FRAX model
for Singapore with the surrogate model for Nepal, the prob-
abilities of a major osteoporotic fracture (hip, clinical spine,
forearm and humeral fractures) and of hip fracture alone
were computed in men and women at ages 50, 60, 70 and
80 years for all possible combinations of FRAX clinical risk
factors at BMD T-scores between 0 and —3.5 SD in 0.5 SD
steps with a BMI set to 26 kg/m? [18, 19]. This combination
of six risk factors and eight values of BMD gave a total of
512 combinations at each age studied. Note that this was not
a population simulation, but an array of all possible combi-
nations. The correlation between the probabilities derived
from the surrogate and authentic models was examined by
linear regression. In a sensitivity analysis, we compared hip
fracture probabilities using China as the surrogate country.

The age- and sex-specific incidence was applied to the
population of Nepal in 2015 to estimate the number of hip
fractures nationwide in that year. Additionally, future projec-
tions were estimated up to 2050 assuming that the age- and
sex-specific incidence remained stable. Population demog-
raphy was taken from the United Nations using the medium
variant for fertility [7].

Results

The probabilities for Nepal were very similar to those for
Singaporean Indians at the age of 50 years, but with increas-
ing age, the difference in median values increased with age,
an effect that was more marked for men (Table 1). With
advancing age, the surrogate FRAX model gave lower
10-year fracture probabilities for men and women at all older
ages except for age 90 years, compared to the model for
Indian men and women in Singapore, reflecting a competing
higher mortality risk in Nepal (Fig. 1).

Despite differences in absolute values of probability, there
was a close correlation between the FRAX model for Sin-
gapore and the surrogate Nepalese model. For all ages the
correlation coefficients between the probabilities within risk
factor combinations were high (r > 0.995). The relationships
between the probabilities of a major osteoporotic fracture
and hip fracture derived from the two models of FRAX are
shown for men and women at age 70 years in Fig. 2.
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Table 1 Estimated total number of hip fractures (ICD-10 codes
S$72.0, S72.1, S72.2) in men and in women aged 50 years and older in
2015 projected up to 2050 in Nepal

2015 2020 2030 2040 2050
Men 2183 2500 3312 4323 5860
Women 4714 5659 8360 11,885 17,549
Total 6897 8159 11,672 16,208 23,409
Increase (%) - 118 169 235 339

Sensitivity analysis

When using mainland China as the surrogate rather than
India, probability estimates were 20-25% lower than those
derived from the Indian model. As might be expected, there
were very close correlations between probabilities from the
two models. An example of the comparison is given in Fig. 3
for hip fracture probabilities in men and women at the age
of 70 years

Fracture projections

Assuming that the fracture rates derived from Indians liv-
ing in Singapore were representative of Nepal and based on
the United Nations estimates of the Nepal population for
2015, we estimated that the annual number of hip fractures
in men and women aged 50 years or older in Nepal in 2015
totalled 6897, comprising 2183 in men and 4714 fractures in
women. The number of hip fractures is estimated to increase
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progressively by calendar year with a 3-fold increase to
22,768 by 2050 (Table 1).

Discussion

This paper describes the development of a surrogate FRAX
model for Nepal, utilising hip fracture rates in ethnic Indi-
ans from Singapore and mortality data from Nepal. With
advancing age, the surrogate model provided lower estimates
of fracture probability for both major osteoporotic and hip
fractures in men and women in Nepal compared with the
Singaporean model. The lower probabilities in Nepal reflect
differences in age-specific mortality between the two coun-
tries. Importantly, the differences had little impact on the
stratification of risk, since there was little or no change in the
rank order of fracture probability, and the correlation coef-
ficients between surrogate and Singaporean versions were
close to unity. Thus, an individual at the 90th percentile of
risk in Singapore would still be at the 90th percentile of risk
using the surrogate FRAX tool. The lower absolute values of
probability would, however, become important in the setting
of intervention thresholds and in health economic analysis to
inform practice guidelines. For example, the use of thresh-
olds derived from Singapore within Nepal guidelines would
have an important impact on the proportion of the popula-
tion eligible for treatment.

An obvious limitation of this study is the assumption that
the fracture rates in Nepal are similar to Indians living in
Singapore. This assumption cannot be tested, and differences
between the two populations might impact this assumption.
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Fig. 1 Age-specific 10-year probabilities (%) of a hip fracture (HF) and major osteoporotic fracture (MOF) for men or women without clinical
risk factors and BMI of 25 kg/m? with unknown BMD, using Nepali and (Indian) Singaporean FRAX models
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Fig.2 Comparison of 10-year
probability of fracture using the
surrogate FRAX tool for Nepal
and the Singapore Indian FRAX
tool for combinations of clinical
risk factors and BMD at the

age of 70 years. The left-hand
panels show the comparison

in men. The top panels relate

to major osteoporotic fracture
(MOF) and the lower panels

to hip fracture probability. The
diagonal line shows the line of
identity

Fig.3 Comparison of 10-year
probability of hip fracture (HF)
using the surrogate FRAX tool
for Nepal derived from Singa-
pore India and mainland China
in men and women at the age
of 70 years. The diagonal line
shows the line of identity
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It is of interest that hip fracture rates for Indians in Singa-
pore and South Africa are very similar [10, 11] but there are
precedents for doubting the adequacy of surrogate models.
For example, the historical use of Romanian fracture rates
to populate a surrogate Armenian model yielded substan-
tially different probabilities from an authentic model when
this became available [20]. In the present study, fracture
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probabilities were 20-25% lower when mainland China
was used as the surrogate. Research is required to derive
Nepalese hip fracture incidence data with which to refine
this FRAX model.

A further limitation, though one shared with the major-
ity of current FRAX models, is that the model was con-
structed using incidence data on hip fracture only, rather
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than all major osteoporotic fractures. The latter are calcu-
lated from the hip fracture incidence on the basis that the
age- and sex-specific relationship between these fractures
and hip fractures is similar to that reported in Malmo, Swe-
den [13]. Importantly, this commonality of pattern has been
observed in other studies where data has allowed its assess-
ment including Canada [14], Iceland [15], the USA [21], the
UK [22], Australia [23] and Moldova [16], despite marked
differences in incidence between these countries [3]. This
commonality of pattern is supported by register studies,
which indicate that in those regions where hip fracture rates
are high, so too is the risk of forearm fracture and spine
fractures (requiring hospital admission) [24, 25].

The widespread availability of FRAX has resulted in its
adoption in many practice guidelines worldwide [26]. The
fracture probability equivalent to a woman with a prior frac-
ture has been used as an intervention threshold in more than
30 countries [26-30]. If the same threshold were applied
to Nepal, then intervention would be recommended with a
probability of a major fracture that varied between 2.6 and
19% depending on age. The impact of such thresholds or
alternative thresholds will require further study.

In summary, a surrogate FRAX model has been created
for Nepal. The model can provide the opportunity to deter-
mine fracture probability among the population of Nepal
and help guide decisions about treatment. The latter will
require the development of assessment and intervention
thresholds. Several approaches have been used in prac-
tice guidelines worldwide [26], the impact of which will
require further study.
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