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Estimation of bone fracture risk using FRAX®
model in some regions of Russian Federation

Purpose: To estimate the absolute risk (AR) of fractures in urban population of some Russian regions
using Russia-specific FRAX® model, as well as to evaluate therapeutic intervention threshold (TIT)

adopted in Russia.

Material and methods: Representative samples of the population from 8 Russian cities included 9143
Russian residents (6324 women and 2819 men) aged 40-69 years (mean age 53.29 + 0.02 years). AR of
fractures was calculated without BMD using the batch processing of data.

Results: The average AR of major fractures (MF) was 7.8% (8.9% in women and 5.5% in men, p=0,0001),
hip fractures (HF) — 0.7% (0.9% in women and 0.4% in men, p=0.0001). In women AR was higher in all age
groups across all cities in comparison with that in men both for MF and HF. The proportion of individuals
who had a previous fragility fractures was 15.2% and 30.6% from them were determined to be in a high-
risk of fractures zone and 69.4% - in the low-risk of fractures zone.

Conclusion: The average AR of MF and HF increased with age regardless of participants’ gender, and
were significantly higher among female population. The majority of the respondents with the previous
fragility fractures have been included into the low-risk of fractures zone, which implies the low sensitivity

of the TIT currently established for country.

Keywords: osteoporosis risk factors « 10-year fracture probability - FRAX® « therapeutic intervention threshold
- climate and geography effects « basic economic features

Introduction

Osteoporosis is the major cause of bone fractures
throughout the world. Even minimal trauma
can cause fragility fractures. According to World
Health Organization (WHO) and International
Osteoporosis Foundation osteoporosis, among
other chronic non-infectious diseases, should
be considered as one of the most important and
socially significant public health issues of many
countries including Russian Federation (Russia)
[1]. Demographic changes observed in Russia
during the past 20 years indicate a significant
aging of the general population. The United
Nations (UN) forecasts suggest that while the
total Russian population will be decreasing from
143 million in 2010 down to 133.8 million in
2035, the number of men and women aged 60 and
over will increase by 43% and 30% respectively,
whereas number of people aged 70 and over will
increase by 70% and 54% respectively. At the
same time, the number of hip fractures (HF) and
major osteoporotic fractures (MF) will increase
by 42% and 23.7% respectively [2,3].
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Due to the above-listed facts not only the early
diagnostics and timely therapeutic intervention,
but also the prediction of low-energy fractures
risk is gaining in importance [4].

The

prediction are critical for osteoporosis preventive

fracture risk assessment and outcome

care. A number of recent epidemiological
studies demonstrated that Dual energy X-ray
Absorptiometry (DXA) method, which is
considered a golden standard in osteoporosis
diagnostics, has insufficient sensitivity and
is unable to satisfactory detect patients with
elevated risk of bone fractures [5-7]. This fact
contributed to the search for more universal
methods of fractures risk assessment.

Considering that certain clinical risk factors
have an independent effect on the risk of bone
fractures, regardless of the bone mineral density
(BMD) values, the group of WHO experts
developed the Fracture Risk Assessment Tool
(FRAX®) using which the 10-year probability of

fractures can be estimated based on the complex
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evaluation of risk factors with or without
factoring in BMD [8]. Factors included in
FRAX® model were identified among the study
participants from nine large countries, such as:
Canada, Japan, Australia and several European
Union countries, covering the population of
several continents. Subsequently, the model
was tested on 11 independent population-based
cohorts who constituted over a 1 million of man-

years [9].

The probability of fractures varies considerably
in different regions of the world [10]. This
is mainly due to the variable frequencies of
fractures occurrence, as well as differences in a
life span embedded into the FRAX® model. The
probability of fractures is also influenced by
multiple risk factors that differ not only between
various countries, but also between certain
territories of larger countries with ethnically-
diverse populations [11-13]. Considering these
circumstances subsequently the national FRAX"
models were developed based on the country-
specific epidemiological studies of fractures and
mortality rates related to them.

Currently FRAX® model and its localized
versions are available in 58 countries around the
world. Russian FRAX® model became available
for practical use in 2012 and was based on the
epidemiological data on peripheral fractures
(femur, shoulderand forearm) and corresponding
mortality normalized by sex and age. The model
was developed based on full-fledged scientific
data, including cases of hospitalization, gathered
in two Russian cities: Yaroslavl’ and Pervoural’sk
[14]. However, as the territory of Russia is
large, spans several climatic zones and ethnically
diverse it is virtually impossible to extrapolate
the studies’ results to the whole country.
According to the results of earlier multicenter
epidemiological studies the frequency of fragility
fractures had varied substantially between the
regions [15]. However, the data collection
protocols used in these studies was also different
from those used in the baseline study the
Russian version of FRAX® model was based
on. Ethnic diversity can also cause significant
differences in the prevalence of both the fractures
themselves and their risk factors [11,12].
Moreover, significant differences in prevalence
of certain risk factors included in FRAX® were
detected which contributes individually or
collectively towards the estimation of fracture
probability [16,17]. Consequently, in order to
obtain a complete picture of the prevalence of
osteoporotic fractures in the Russian Federation,
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high quality regional epidemiological studies are
necessary. Large number of regions included in
the study will provide additional information
for development of region-specific osteoporosis-
preventive activities aimed at managing the risk
of fractures.

Determination of the therapeutic intervention
threshold (TIT) is another important component
of fractures’ prediction and prevention. TIT
represents individual fracture probability at
which the commencement of the osteoporosis
specific treatment is justifiable. TIT is developed
for each specific country and considers local
economic conditions. The societal willingness
to pay is considered to be the major factor
contributing to variations in TIT levels per
year among the countries, provided that the
population’s quality of life or quality-adjusted
life-years (QALY) remained consistent [18-20].

The TIT for Russia as well as Russian
FRAX® model was developed based on the
epidemiological data obtained in Yaroslavl’ and
Pervoural’sk. The threshold calculation takes
into account the 10-year MF probabilities in
women of specific age, with body mass index
of 24 kg/m?* and only one risk factor, i.e. low-
energy fracture which on its own is the reason
for prescription of the specific therapy [9]. This
TIT is also recommended for men as the clinical
and economic efficacy of intervention in men
is almost identical to that in women with the
equivalent fracture risk [3,11]. Russia-specific
FRAX® model not include pharmacoeconomic
analysis due to lack of the respective healthcare-
cost studies.

The prognostic validation of the method requires
larger clinical studies in random population
groups in various regions of Russia. Conduction
of full-fledged epidemiological studies across
Russia is an expensive and labor-intensive process
which requires significant government funding.
So far, the Russia-specific FRAX® model was
tested among the urban population of different
Russian regions as part of the multicenter
epidemiological study of cardiovascular Diseases
in Russian Federation.

The goal of the study was to estimate the 10-
year probability of fractures in urban population
of some Russian regions using Russia-specific

FRAX® model, as well as to evaluate TIT adopted
in Russia.

The objectives of the study were:

= assessment of the average absolute risk of
MF and HF in Russian population;
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e determination of the percentage of
population with high risk of low-
energy fractures that require medical
intervention.

Materials and methods

The study was performed within the framework
of a observational  project
“Epidemiology of Cardiovascular Diseases in
Regions of Russian Federation (ESSE) in 2012-
2014”.

multicenter

The analysis was performed using representative
samples of the population from different regions
of the Russia represented by the following 8
cities: Vologda (Northwestern Federal District
(FD); n=976), Ivanovo (Central FD; n=1309),
Volgograd (Southern FD; n=1097), Tyumen
(Ural FD; n=1279), Kemerovo (Siberian FD;
n=1081), Krasnoyarsk (Siberian FD; n=398),
Vladivostok (Far-Eastern FD; n=1382) and
Vladikavkaz (North-Caucasian FD; n=1621).
These cities were selected based on the climatic,
geographic The
northwestern border of the territory covered
by the study was Vologda (59°13’N, 39°53’E),
southern border was Vladikavkaz (43°02°N,
44°40’E) and eastern border was Vladivostok
(43°06’N, 131°52°E).

and economic features.

The systematic stratified multi-stage random
sample was formed in each region based on
availability of hospital and outpatient facilities
in accordance with Kish selection methodology
[21]. ESSE protocol operated in most advanced

Federation

healthcare institutions to achieve maximal
randomization as described. The sampling
methodology and research prerequisites are
discussed in detail above [22]. Approximately

80% of the patients responded to the requests.
Inclusion criteria

Men and women at the age of 40 to 69 years
old. All patients enrolled in the study signed
informed consent forms.

Exclusion criteria
Refusal to participate in the study.

In total, 9143 people were enrolled in the
study including 6324 women and 2819 men
with the mean age of 53.29 + 0.02 years old.
Predominantly the participants were under the
age of 65 (77%) and only 112 patients were
over the age of 65. Individuals aged 70+ with
substantially higher risks of fractures were not
included due to ESSE protocol limitations.

10-year probability of fractures was calculated
based on Russia-specific FRAX® model (without
BMD) using data batch processing. Patients with
high risk of fractures requiring antiosteoporotic
treatment were determined based on the
TIT proposed by the Russian Osteoporosis
Association in 2012 Figure 1.

In order to estimate the clinical risk factors
of osteoporosis and fractures the following
questions regarding risk factors embedded into

the FRAX® model were included into the study

questionnaire designed in a modular manner:
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Figure 1. Therapeutic intervention threshold based on 10-year probability of major osteoporotic

fractures and age for the Russian population
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contained socio-demographic data of subjects,
behavioral features and habits, health status,
personal and family history of fractures (including
hip fractures in parents), smoking, alcohol abuse,
body mass index, use of glucocorticoids, presence
of rheumatoid arthritis and/or secondary
osteoporosis. The FRAX® model notes on the
risk factors were used to determine contributions
of the parameters towards risk estimation [23].

Data analysis was performed using Statistical
Analysis System (SAS) software package (SAS
Institute Inc, USA) and included descriptive
statistics, mean and distribution analysis,
frequency tests, correlation and dispersion
analysis (ANOVA — Analysis of Variation).

Results and discussion

Use of the FRAX® model without BMD
permitted extensive application of the calculator
for detection of participants with high risk of
fractures in regions where DXA is unavailable.
Mean 10-year probabilicy of MF and HF in
the sample was 7.8% and 0.7% respectively
and women had significantly higher probability
comparing to men (8.9% vs. 5.5% for MF and
0.9% vs. 0.4% for HF).

With age a gradual increase in the 10-year
probability of MF was observed both in men and
women from 5.9% in the age group of 40-44
years old up to 10.2% in the age group of 65-
69 years old. By the age of 70 the risk of MF
doubled in women and increased by 1.2 times
in men. In women the average risk of fractures
has been increasing consistently with age while
in men maximal risk was achieved by 60-64 years
of age and then has been decreasing gradually
Figure 2a. Similar tendency was observed with
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respect to the absolute HF risk. The increase in
mean 10-year probability of HF with age from
0.3% in the age group of 40-44 years old up
to 1.8% in the age group of 65-69 years old
was identified. In women the risk of HF was
significantly higher in all age groups comparing
to that in men, and dramatically increased at the
age of 60+, while in men the trend was less steep.
Risk of HF increased by 5.5 times in women and
by 4.5 times in men between the age of 40 and
70 years old Figure 2b.

The increase in 10-year probability of MF and
HF with age, as well as the decrease in risk of
fractures at the age 80-85+ years old, due to the
prevalence of the probability of death over the
risk of fractures, was observed in both foreign
and domestic studies [10,14,24].

When comparing the 10-year probabilities of MF
and HF in various Russian cities, the lowest rates
were observed in Tyumen (6.7% MF and 0.54%
HF), consequently this city was considered a
reference. The highest risk was noted in Vologda
(8.15% MEF and 0.8% HF).

Absolute risk of MF varied depending on
geographical location of the cities and was
significantly higher in the most northern city -
Vologda compared to that in the most southern
city - Vladikavkaz (8.15% wvs. 7.72%, p<0,05).
The significant difference in absolute risk of MF
was detected between these cities, however no
clear north-to-south gradient was observed. No
reliable difference was identified between the
uttermost west and east cities of Russia. Similar
trend was detected in the prevalence of the
risk factors included in FRAX®, particularly of
previous low-trauma fractures the frequency of

which was considerably higher in Vologda and
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Note: Differences between men and women: **¥p<0.001; ***p<0.0001

Figure 2. Mean 10-year probability of MF (a) and HF (b) of various age and sex groups in urban

population of some Russian regions
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substantially lower in Vladikavkaz [16]. However,
the gradual decrease in the frequency of fractures
was not revealed, which demonstrates relatively
small contribution of climatic and geographical
features to the risk of fractures. It appears that
social and economic factors, or combinations of
other factors are more important contributors to
the risk of fractures.

The mean 10-year probability of fractures
in Tyumen was similar to values previously
observed in Yaroslavl’ and Pervoural’sk during
development of the Russia-specific FRAX®
model. Apparently, the Russia-specific fractures
risk assessment algorithm was designed based on
the data obtained from the cities with relatively
low risk of fractures.

Absolute risk of MF and HF was significantly
higher in women compared to that in men in all
other cities included into the study Table 1.

In accordance with the TIT chart for Russia
Figure 1, the proportion of individuals with
the high risk of MF in the total sample was 7%
(1.7% in men and 8.9% in women). To some
extent, the low percentage of individuals with
high risk of fractures is associated with a relatively
“young” sample. The lowest number of women
with high risk of MF was observed in Tyumen
(4%) while in other cities the number of women
with elevated risk of MF was significantly
higher (p<0.0001). No significant interregional
differences in the frequency of the high risk of
MF were noted in men Table 2.

Federation

The portion of participants with a history of low-
energy fractures was 15.2% (n=1211; 438 men
and 773 women) of which 30.6% were in the
red - high risk zone and 69.4% were in the green
- low risk zone (according to the TIT chart for
Russia above) which indicates low prognostic
value of the method.

As of today, there have been only few recent
studies on the use of the Russia-specific FRAX®
model to determine the 10-year probability of
fractures. These studies has also pointed out low
sensitivity of Russia-specific FRAX® model with
respect to estimation of 10-year probability of
fractures, which is probably due to an artificially
inflated TIT rather than flaws of the FRAX"
model itself [25].

Apart from the effects of climate and geography
on distribution of the 10-year probability in
various regions of Russia, we have also evaluated
influence of certain basic economic features
of cities included into study and individual
parameters of healthcare availability to the citizens
with the absolute risk of fractures Table 3.

According to the official data of the Russian
state statistical agency Rosstat in 2013 (the year
of the present study) Tyumen and Krasnoyarsk
had more favorable economic conditions. Total
regional product in these cities was 1.5-3 times
higher than that in other cities included into the
study [26,27]. Moreover, the regional funding of
mandatory state health insurance programs per
capita and standards of the free healthcare were

Research Article

Table 1. Gender differences in mean 10-year probability of MF and HF in cities of Russia

City
(‘;;L:g‘,‘; Vladivostok Vladikavkaz If:;:ﬁr;no ‘z::;gozgr;d Ivanovo K:;s;::ﬁ\?k
39053'F) (43°06'N,131°52'E) = (43°02'N,44°40'E) 86°4') 44°30°E) (56°59'N,40°58'E) 92052'F)
Women (n) 533 1000 1156 643 781 912 333
Mean
10-year g0 ggees 9.52%%% 9.81%% 9.37%% 9.16%* 8.92%% 8.54*
probability
of MF, %
Mean
10-year g hgee 1034+ 0.95%% 0.97%% 0.92%% 0.86%* 0.84*
probability
of HF, %
Men (n) 443 382 465 438 316 397 65
Mean
10-year - 5 g 5.94%% 5.36% 5.58%%% 5.54%% 5.15% 481
probability
of MF, %
Mean
T0year | g 0.52%%* 0.43* 0.47%%% 0.48%%% 0.42 041
probability
of HF, %
Note: Difference between various cities and Tyumen: *p<0.05; **p<0.001; ***p<0.0001

Tyumen

(57°09'N,

65°32'E)
966

7.73

0.71

313

4.69

0.37
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Table 2. Distribution of men and women with high risk of MF in cities of Russia

City

Vologda

Vladikavkaz
Vladivostok

Kemerovo
Volgograd
Ivanovo

Krasnoyarsk

Tyumen

Women Men
Fraction of patients . . .
with high risk of P Odds ratio (CI95%) F’af‘ti';: g:lf::';':,‘o/“')‘"‘h P Odds ratio (CI95%)
MF, %
13.9 0.0001 4.5(2.9-7.0) 1.9 NS 6.5(0.8-51.8)
12.7 0.0001 4.0 (2.7-6.0) 2.0 0.05 7.0 (1.0-55.1)
12.2 0.0001 3.8(2.5-5.7) 2.4 0.05 8.5(1.1-66.6)
11.8 0.0001 3.6 (2.3-5.6) 2.5 0.05 8.4(1.1-65.0)
8.8 0.001 2.5(1.6-3.9) 1.2 NS 4.4 (0.5-39.2)
8.0 0.05 2.2(1.4-3.5) 0 NS 1.5(0.1-16.2)
7.6 0.05 2.1(1.2-3.7) NS 0.0 (0.0-999.0)
4 - - 0 - -
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Table 3. Interrelation of the fracture risks with welfare and income in population of various cities

of Russia
ey e e oy Mean 0year S9SPU pandatory
City . probability of = probability of state health
prot.luct per per capita, MF, % HF, % ] state health insurance, RUB
capita, RUB RUB insurance, RUB
Tyumen without
autonomous 6049212 247313 6.66 0.54 13554.67 12782.87
regions
Krasnoyarsk 441 084.9 24 921.7 7.08 0.62 133875 11915
Vladivostok 297 2243 243425 7.95 0.77 12363.9 10459.34
Vologda 2897828 @ 20513.2 8.15 0.8 10149.7 8451
Kemerovo 2439323 19697.4 7.58 0.72 114459 9050.3
Volgograd 235814.1 17 589.6 747 0.7 10 094.9 72349
Vladikavkaz 168 268.3 17 788.1 7.72 0.7 9510.6 75957
Ivanovo 151 263.6 18 123.2 7.12 0.64 9397.6 7903.7

also higher in these cities compared to that in
other cities covered by the study [28].

Our data indicates that 10-year probability of
fractures, as well as the number of participants
with the high risk of low-energy fractures was the
lowest in Tyumen and Krasnoyarsk.

Based on the assessment of the correlation
between total regional product, mean
individual income, mandatory state health
insurance, budget plus mandatory state health
insurance and mean 10-year probability of
MF and HF in each region covered by the
study, quite significant correlations were
identified. These correlations cannot be
deemed statistically significant due to the
insufficient number of regions included in the
study. However, the low negative correlation
coeflicient between the economic parameters
of the regions and the individual 10-year
probability of fractures was determined to be
statistically significant Table 4.

Thus, the data suggests that even small increase
in mandatory state health insurance may
significantly lower the risks of fractures regardless
of the climate and/or geographical conditions of
the region.

Int. J. Clin. Rheumatol. (2018) 13(2)

Study limitations

The study is not population-based, since the
sample is not represented by all Federal districts.
The Volga region is not included in the study.
This study did not include persons over 70 years
of age, as this was not provided for by ESSE

protocol.
Conclusion

The present study is based on the Russia-specific
FRAX® model and estimates the risk of fractures
in random samples recruited in different
regions of Russia. The epidemiological study of
such scale was conducted in Russia for the first
time, thus the batch processing of the FRAX®
algorithm was used. Mean 10-year probability
of MF varied depending on the geographical
location of the selected cities and was higher in
the most northern city (Vologda) compared to
that in the most southern city (Vladikavkaz).
north-to-south
gradient in fracture risks was observed. Tuymen

However, no significant
and Krasnoyarsk had the lowest mean 10-year
probability of fractures and minimal number of
patients with high risk of low energy fractures

which is potentially due to lower prevalence of
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Federation

Table 4. Correlations between economic parameters of the regions and 10-year probability of

fracture risk

Total regional
product, RUB

r p r
Mean 10-year
probability of
MF, % (n=8)
Mean 10-year
probability of
HF, % (n=8)
Individual
10-year
probability
of MF, %
(n=9143)
Individual
10-year
probability
of HF, %
(n=9143)

-0.48 0.19 -0.49

-0.44 0.24 -0.46

-0.05 0.0001 -0.06

-0.02 0.05 -0.03

Mean income per
capita, RUB

Budget plus
mandatory state
health insurance,

RUB

) r P r P

Mandatory state
health insurance, RUB

021 - - - -

0.0001 -0.06 0.0001 -0.07 0.0001

0.002 -0.03 0.004 -0.05 0.0001

fracture clinical risk factors in these regions, the
most favorable economic situation and better
provision of citizens with the free healthcare
associated with multiple government programs.
Consequently, this might be indicative of
the
each particular region, along with climate or
geography, might play a significant role in the

fact that the economic conditions of

risk of fractures.

Despite the identified differences between the
regions, certain similarities were also observed.
Opverall, 10-year probability of MF and HF was
increasing with age regardless of sex and was
higher in female patients in all cities.

Current TIT used in Russia has been found to
have low prognostic value as the majority of
patients with the history of low-energy fractures
(i.e., individuals with a known high risk of
fractures that require medical intervention)
were assigned into a low fracture risk category
according to the Figure 1 above.

Regional variability of 10-year probability
of fractures and prevalence of clinical risk
factors indicate the need for primary study
and monitoring of the risk factors in different
regions of Russia in order to manage the risk of
fractures and improve preventive care considering
the specific characteristics of each particular
region. Further research is required using
pharmacoeconomic analysis in order to increase
the accuracy in determination of the therapeutic

intervention threshold values applicable in Russia.
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