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LleAb. OuennTb YacToTy neperomoB AOMT y Anu ¢ caxapHbim anabeTom 2-ro Thna (CA2) n 6e3 CA u accoumaunio nepeaomos AOTT
€ (haKTOpamm prUCKa XPOHUUECKMX HEUHMEKLIMOHHBIX 3aboaeBaHni (XHM3).
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CTUE; NCKAIOHYAAMCh AL, OTKa3aBLIMeCs OT B3STUS MPOb KPOBU AAS onpeseAeHnst BUOXMMMYeCKMX NokasaTeAei. Bcero B aHaans
BKAloueHO 3393 yenoseka, 3 Hux ¢ CA2 — 718 (21,2%). MposeaeH c6op nHdopmaumn o neperomax AOI 3a nocreaHue 3 roaa.
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CHUXaeTcs no mepe yBeandeHns MIMT. Y MyxuumH wanc nepeaoma AOI nosbiwaetcs ¢ yBeandenmem koHueHtpaumnm OXC. Cea-
3n CA2 c nepernomamm AOIT He BbiISBAEHO.
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amu ¢ CA2, Tak 1 6e3 Hero.
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BACKGROUND: The attention to the forearm fractures, as to osteoporotic fractures, is important for ensuring early detection of
individuals at increased risk of future fractures and taking preventive measures.

AIMS: To determine the frequency of a history of forearm fractures in patients with type 2 diabetes mellitus (DM2) and without
diabetes, and their association with risk factors for chronic non-communicable diseases (NCD).

MATERIAL AND METHODS: In 2015-2017, in Novosibirsk, a random urban population sample of males and females, 58-84
years old (n=3878), was surveyed. The study included persons who signed the informed consent to conduct the study, excluded
individuals who wrote a waiver of taking blood to determine biochemical parameters. In total, the analysis included n=3393
people, 718 of them with DM2 (21.2%). Work design is cross-sectional research. The collection of information on fractures during
for the last 3 years, the registration of socio-demographic data; and risk factors for NCD, a study of biochemical blood parameters.
The analysis of the association of DM2 and a complex of risk factors for NCD with a chance of a forearm fracture.

RESULTS: The prevalence of forearm fractures in the last 3 years did not differ in patients with DM2 compared with those exam-
ined without diabetes and was 2.4% and 2.8%, respectively (p=0.557). Men with fractures had higher cholesterol and HDL val-
ues, women had lower body mass index (BMI), compared with people without fractures. According to the results of a multivariate
analysis in women, the chance of a forearm fracture is directly associated with smoking in the past, a total cholesterol level of more
than 200 mg/dl and inversely associated with a BMI. In men, associations were found of the chance of a forearm fracture with an
increase in the level of cholesterol. There was no evidence of DM2 with forearm fracture.

CONCLUSION: The obtained data on the incidence of fractures and their association with risk factors for chronic low risk infec-
tions suggest the need for preventive measures for osteoporotic fractures, both in people with and without DM2.
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Background

The prevalence of DM2 is growing rapidly. Globally,
there are 425 million patients with this pathology [1]. In
the Russian Federation (RF), as of 31 December 2016,
this number exceeded 4.348 million [2]. In Novosibirsk,
according to the population screening of 2003—2005, the
prevalence of DM2 in individuals aged 45—69 years was
11.4% |3, 4]. Pathological changes in DM2 affect all sys-
tems, including the musculoskeletal system. Osteoporo-
tic changes in the bone tissue are asymptomatic; howev-
er, the prevalence of this pathology is high since the dis-
ease is generally diagnosed after a fracture. A high
comorbidity rate of severe osteoporosis with chronic non-
communicable diseases —CNCD—(DMs, cardiovascu-
lar diseases [CVDs], cognitive impairment, sarcopenia,
chronic obstructive pulmonary disease) has been observed
[5]. Generally accepted risk factors of CNCD also con-
tribute to the development of osteoporosis. Based on re-
cent studies, severe osteoporosis is recognised as one of
the DM2 complications [6, 7]. An increase in bone fra-
gility in patients with DM2 can be determined by not only
a decrease in the bone mineral density (BMD) but also
by a disorder of the bone architectonics and change in the
process of bone remodelling [8]. Currently, there are a
number of contradictions that are related to the BMD and
frequency of fractures in patients with DM2. The BMD
in patients with DM2 is increased [7, 9]. Concurrently,
the increased risk of fractures in these patients is a major
concern. The process of glycation of bone components in
DM2 is considered responsible for the phenomenon of
more fragile bone with an increase in mineral density, and
microangiopathy and distal neuropathy can contribute to
falls in these patients [10]. DM2 increases the risk of hip
fracture by 18% in men and 11% in women [6, 9]. Oste-
oporosis is a significant global public health and health-
care problem with dire consequences, accompanied by
high disability and mortality rates. According to previous
studies, the prevalence of forearm distal segment (FDS)
fractures is the highest worldwide compared with that of
other fracture localisations, and the risk of death within
5 years after an FDS fracture ranges from 12% in women
aged 65—74 years to 43% in women aged >85 years [11].
In the general structure of fractures in the RF, an unex-
pected finding was a higher frequency of fractures of the
forearm and humerus compared to those in other coun-
tries [12, 13]. In a continental climate, winters in Novo-
sibirsk are significantly colder (by 5°C—10°C) than in Eu-
ropean regions of Russia. FDS fractures represent a seri-
ous problem since most of them occur as a result of falling
on ice-covered ground. Low air temperatures in Novosi-
birsk force the population to wear closed clothes, which
causes a high risk of vitamin D deficiency. Such climatic
conditions contribute to the disruption of the calcium—
phosphorus metabolism in the population, thereby in-
creasing the risk of osteoporosis. Increased attention to
FDS fractures is important in identifying women with in-
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creased risk for fractures and conducting preventive meas-
ures [14]

AIM

This study aimed to assess the frequency FDS frac-
tures in patients with DM2 and without carbohydrate me-
tabolism disorders as well as their association with CNCD
risk factors in the population sample ranging from middle
to senile age.

Methods

Study design

In 2015—2017 in the city of Novosibirsk, a random ur-
ban population sample of men and women aged 58—84
years (n=3898) was examined with a cross-sectional con-
trolled single-site sampling study. The analysis included
data from 3393 patients, including 718 patients with DM2
(21.2%). A subgroup consisted of 91 patients with FDS
fractures (79 [3.9%] women and 12 [0.9%] men, in which
13 women and four men had DM?2). This is a cross-sec-
tional study.

Inclusion criteria

The study included men and women aged 58—84 years
who provided written informed consent to participate. To
assess the relationship of risk factors for CNCD and FDS
fractures, patients who answered the questionnaire on the
occurrence of FDS fractures in the last 3 years were in-
cluded. Patients who refused to undergo blood examina-
tion for the analysis of biochemical parameters were ex-
cluded.

Conditions

The study was conducted at the screening centre of
the Research Institute of Therapy and Preventive Medi-
cine, Institute of Cytology and Genetics, Siberian Branch
of Russian Academy of Sciences (RAMS), within the
framework of the international project Health, Alcohol
and Psychosocial factors In Eastern Europe (HAPIEE)
[15]. A representative sample of the population of the
Oktyabrsky and Kirovsky districts of Novosibirsk was ex-
amined. The districts selected by national composition,
employment, presence of large industrial enterprises and
educational and cultural institutions are typical adminis-
trative districts of the city of Novosibirsk. The total num-
ber of residents of all ages in the two districts is 340,000.

Study duration
Data were collected from 2015 to 2017.

Description of medical intervention

All project participants underwent an examination
that included collecting information using a structured
questionnaire of the project (http://www.ucl.ac.uk/east-
europe/hapiee-cohort.htm), including FDS fractures in
the past 3 years, presence and duration of DM2, pres-
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ence of arterial hypertension and major CVDs and
CNCDs, duration of menopause in women, smoking
habits and other risk factors for CVD and CNCD, phys-
ical functioning and social and demographic data. An-
thropometric measurements were obtained (height,
weight, waist circumference [WC] and hip circumference
[HC], WC/HC ratio and body mass index [BMI]). The
standing height was measured, without outerwear and
shoes, on a standard height metre with an accuracy of
0.5 cm. Body weight was determined, without outerwear
and shoes, on standard lever scales after metrological
control (measurement accuracy, 0.1 kg). BMI was cal-
culated using the following formula: BMI (kg/m?) = body
weight (kg)/height? (m?).

Serum biochemical parameters were analysed in pa-
tients who provided written informed consent to undergo
the procedure. Blood was collected from the ulnar vein
with a vacutainer, in a sitting position, on an empty stom-
ach. After centrifugation, the serum was stored in a low-
temperature chamber (—70°C). A biochemical blood test
was performed at the Clinical Biochemistry Laboratory of
the Research Institute of Therapy and Preventive Medi-
cine, Institute of Cytology and Genetics, Siberian Branch
of RAMS, which has standardisation for internal and ex-
ternal federal quality control. For biochemical studies,
blood was collected from the ulnar vein with a vacutain-
er, in a sitting position, on an empty stomach. After cen-
trifugation, the serum was stored in a low-temperature
chamber (—70°C). The levels of total cholesterol (TC),
high-density lipoprotein (HDL) cholesterol (HDLC),
HDL and triglycerides (TG) were determined by the en-
zymatic method using commercial standard Biocon kits
(Germany) on a Konelab autoanalyser (USA). Serum glu-
cose was converted to plasma glucose (PG) using the fol-
lowing formula: PG (mmol/L) = —0.137+1.047 Xserum
glucose (mmol/L) (EASD, 2005). A diagnosis of diabe-
tes mellitus was established according to epidemiological
criteria with fasting blood glucose levels >7.0 mmol/L
(WHO, 1999) and/or normoglycaemia in patients with a
medical history of established DM2.

Primary outcome of the study

In an epidemiological study on a population sample
of Novosibirsk, the frequency of FDS fractures that oc-
curred in the past 3 years in patients with DM2 and in
those without carbohydrate metabolism disorders was
evaluated. Data on sociodemographic characteristics, ed-
ucation, main risk factors of CNCD and restrictions in
physical activity were collected.

Table 1. Calculation of sample size
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Additional outcomes of the study

The associations of DM2 and risk factors of CNCD
with a risk of FDS fracture were analysed.

Subgroup analysis

The examined patients were divided into subgroups
according to sex and were compared by age, anthropomet-
ric data, blood pressure levels, physical functioning, edu-
cation, smoking, incidence of DM2 and FDS fractures,
duration of menopause in women and serum biochemical
parameters (fasting PG, lipid pattern). The parameters
studied in subgroups of men and women who had FDS
fractures were also analysed. To determine the association
of risk factors of CNCD and DM2 with the risk of FDS
fractures, non-standardised and standardised logistic re-
gression models were used.

Outcome registration methods

The incidence of FDS fractures in the past 3 years,
presence of DM2, presence of arterial hypertension and
major CVDs and CNCDs, duration of menopause in
women, smoking habits and other risk factors for CVD
and CNCD and sociodemographic data were assessed us-
ing the analysis of the structured questionnaire of the
HAPIEE project (http://www.ucl.ac.uk/easteurope/hapiee-
cohort.htm). Restrictions in physical activity due to health
problems were assessed using the Physical Functioning
Scale (PF10) [16]. Indicators of PF10 < 75 U were regard-
ed as low and indicated that the physical activity of the
subject was significantly limited by his/her health status.

Ethical expertise

The study was approved by the Ethics Committee of
the Research Institute of Therapy and Preventive Medi-
cine of the Siberian Branch of RAMS (protocol dated De-
cember 26, 2014).

Statistical analysis

Principles of calculating the sample size. The prelimi-
nary calculation of the sample size (in each group) was
conducted to ensure a minimum odds ratio (OR) of 2 (at
a=0.05, b=0.10 and 0.20) for the prevalence of the tested
factor of 10% and 20% in control.

Given the preliminary data on the prevalence of DM?2
in the population, the expected frequency will be in the
range of 10%—20%. The available sample of 3,393 patients
is sufficient to detect differences in the frequency of DM2
in patients with and without fractures to provide an OR=2
with 90% power.

OR 10% 20%
Power 80% Power 90% Power 80% Power 90%
307 402 186 244
3 112 146 72 93
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Methods of statistical data analysis. Statistical data pro-
cessing was performed using the SPSS software package
(version 13.0). Automated database cheque and statistical
analysis were performed. The statistical significance of dif-
ferences in average values was evaluated by Student’s 7-test
for normally distributed variables. To determine the sta-
tistical significance of differences in qualitative character-
istics, the Pearson chi-squared test (x?) was used. Com-
parison of two independent groups by quantitative vari-
ables with an abnormal distribution was performed using
the nonparametric Mann—Whitney test. Data obtained in
the tables and text are presented as absolute and relative
values (n, %) and M*o, where M is the arithmetic mean
value and o is the standard deviation. Differences were
considered statistically significant at a p-value <0.05. To
assess the relationship of risk factors and their combina-
tions with FDS fractures that occurred in the past 3 years,
logistic regression was used. We analysed models stan-
dardised by age (Models 1 and 2) and multivariate mod-
els (Models 3, 4, 5 and 6).

DOI: https://doi.org/10.14341/probl9799

Results

objects (participants) of the study

A sample of the population of Novosibirsk was exam-
ined. There were 3,898 patients aged 58—84 years. The
analysis included data from 3,393 patients (2,005 women
and 1,388 men), in which 718 patients (21.2%) had DM2.
Moreover, 21.7% of women and 20.3% of men provided
written informed consent for the analysis of serum bio-
chemical parameters and complete examination.

Primary results of the study

The characteristics of women and men with FDS frac-
tures in the past 3 years are presented in Tables 2 and 3.
Women with a history of wrist fractures had lower weight,
BMI, WC, HC and WC/HC ratio compared with wom-
en without FDS fractures (Table 2). Men with FDS frac-
tures in the past 3 years had higher TC and HDLC levels
than those without history of FDS fractures (Table 3). The
frequency of FDS fractures in the past 3 years in patients

Table 2. Characterisation of groups of women with FDS fractures in the past 3 years and without a history of FDS fracture

Indicators FDS fr_acture+ FDS _fracturef p-value
n=79 n=1926

Age, years 68,8%6,3 69,2+6,8 0,611
Height, cm 157,7+7,1 157,2+6,1 0,453
Weight, kg 70,9+13,2 75,9t14,7 0,003
BMI, kg/m? 28,5+4,7 30,7%5,7 0,001
WC, cm 89,7+11,9 95,2+12,4 0,001
HC, cm 105,9£10,3 109,1£10,7 0,013
WC/HC ratio 0,85%0,6 0,87+0,7 0,001
SBP, mmHg 143,4%20,9 144,9£21,6 0,528
DBP, mmHg 83,4%+10,1 82,3+10,8 0,362
Fasting plasma glucose, mmol/L 6,3+5,1 6,3+1,8 0,937
TC, mg/dL 225,9+37,1 219,1+46,7 0,201
TG, mg/dL 133,5+103,1 136,8+84,1 0,739
HDLC, mg/dL 53,24+14,1 53,0+14,9 0,918
Physical functioning, n/%

>75U 24/30,4% 732/38% 0,171

<75U 55/69,6% 1194/62% 0,171
Education, n/%

Higher 28/35,4% 580/30,1% 0,313

Secondary (complete) 48/60,8% 1214/63,0% 0,682

Basic general 3/3,8% 132/6,9% 0,288
DM2, n/% 13/16,5% 423/22,0% 0,245
Smoking, n (%)

current smokers 3/3,9% 90/4,6% 0,717

previous smokers 8/10,3% 107/5,6% 0,087

non-smokers 67/85,9% 1727/89,8% 0,168
Menopause duration, years 19,5£7,9 19,718,4 0,834

Note: FDS fracture+, patients with a fracture of the forearm distal segment in the past 3 years; FDS fracture—, individuals without a fracture of the forearm distal

segment in the past 3 years.
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with DM2 and without carbohydrate metabolism disor-
ders is presented in Figure. Among the participants with-
out diabetes, fractures occurred more often in women than
in men (p=0.001). The frequency of FDS fractures in the
past 3 years did not differ in patients with DM2 compared
with those without (p=0.557), in both men (p=0.191) and
women (p=0.218) (Figure).

Additional study results

According to the results of a multivariate analysis, it
was determined that in women who previously smoked
and had a TC level > 200 mg/dL, the risk of FDS fracture
increases, and decreases with an increase in BMI, regard-
less of other factors (Table 4), which is consistent with data
from other Russian and foreign studies [7, 14, 17]. In men,
the risk of FDS fracture increases with an increase in the
TC level (Table 5). In both women and men aged 58—84
years, no associations between DM2 and FDS fractures
that occurred in the past 3 years were observed (Tables 4
and 5).

Adverse events

Adverse events were not identified during the course
of the study.

ORIGINAL RESEARCH ARTICLE
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The frequency of FDD fractures over the past 3 years in individuals
with diabetes mellitus and without carbohydrate metabolism disor-
ders.

Table 3. Characterisation of groups of men with FDS fractures in the past 3 years and without a history of FDS fracture

Indicators FDS fracture+ FDS fracture— p-value
n=12 n=1376

Age, years 69,6+7,4 69,1£7,0 0,824
Height, cm 168,9+6,6 170,9£6,3 0,262
Weight, kg 83,3+14,6 81,2+15,1 0,639
BMI, kg/m? 29,2+5,0 27,8+4.6 0,284
WC, cm 101,6+12,9 98,2+12,7 0,353
HC, cm 104,0+ 7,4 102,618,1 0,535
WC/HC ratio 0,97£0,07 0,95+0,08 0,368
SBP, mmHg 147,5+13,5 146,8+8,1 0,907
DBP, mmHg 89,9+10,0 85,7£11,9 0,224
Fasting plasma glucose, mmol/L 6,5%£1,0 6,419 0,957
TC, mg/dL 246,1£70,4 199,2+434 0,001
TG, mg/dL 169,8+140,8 127,1£78,4 0,063
HDLC, mg/dL 57,0£24,6 47,5+14,3 0,024
Physical functioning, n/%

>75U 5/41,7% 383/27,8% 0,287

<75U 7/58,3% 993/72,2% 0,287
Education, n/%

Higher 4/33,3% 555/40,3% 0,622

Secondary (complete) 8/66,7% 742/53,9% 0,378

Basic general 0/0% 79/5,7% 0,392
DM2, n/% 4/33,3% 278/20,2% 0,261
Smoking, 1 (%)

current smokers 6/50% 368/26,8% 0,093

previous smokers 3/25% 572/41,6% 0,246

non-smokers 3/25% 435/31,6% 0,623

Note: FDS fracture+, patients with a fracture of the forearm distal segment in the past 3 years; FDS fracture—, individuals without a fracture of the forearm distal

segment in the past 3 years.
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Table 4. Results of a logistic regression analysis of the relationship of the parameters studied with the risk of FDS fractures in the past 3 years

in women
Indicators Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
OR 95%ClI OR 95%CI OR 95%CI OR 95%CI OR 95%ClI OR 95%ClIl

DM2

DM2(-) 1,0 1,0 1,0 1,0 1,0

DM2(+) 0,53 0,19-1,46 0,51 0,19-1,43 0,64 0,23—1,78 0,72 0,25-2,03 0,63 0,34—1,15
Age, per year 0,99 0,96—1,03 1,01 0,98-1,05 1,00 0,97-1,04 1,01 0,97-1,05 1,00 0,94-1,07 1,03 0,99—1,07
Blood plasma glucose, 0,97 0,85—1,10
mmol/L
Smoking

non-smoker 1,0 1,0 1,0 1,0

current smoker 1,03 0,43-2,46 0,95 0,39-2,27 0,91 0,31-2,63 0,82 0,25-2,70

previous smoker 2,73 1,25-6,01 2,68 1,21-591 294 1,17-7,38 2,23 1,10—-4,55
BMI, per kg/m? 0,91 0,87-0,96 0,91 0,86—0,96
Menopause duration

>10 years 1,0

<10 years 0,89 0,42—1,90
Physical functioning

>75U 1,0 1,0

75U 1,13 0,66—1,95 1,00 0,99—1,01
TC

>200.0 mg/dL 1,0

<200.0 mg/dL 1,98 1,19-3,29

Note. OR, odds ratio; 95% CI, confidence interval with a level of 95%. Models 1 and 2, standardisation by age; Model 3, standardisation by age, DM2 and smoking;
Model 4, standardisation by age, DM2, smoking and BMI; Model 5, standardisation by age, smoking, DM2, BMI, menopause duration and physical functioning;
Model 6, standardisation by age, smoking, physical functioning and TC level

Table 5. Results of a logistic regression analysis of the relationship of the parameters studied with the risk of FDS fractures for the past 3

years in men

Indicators

DM2
DM2(-)
DM2(+)

Age, per year

Blood plasma glucose,
mmol/L

Smoking
non-smoker
current smoker
previous smoker

BMI, per kg/m?

Physical functioning
>75U
<75U

TC, mg/dL

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
OR 95%CI OR 95%CI OR 95% CI OR 95% CI OR 95% CI OR 95%CI
1,0 1,0 1,0 1,0 1,0
1,87 0,40—-8,62 1,90 0,41-8,87 1,73 0,36—8,41 1,69 0,34-8,28 1,42 0,44—4,66
0,99 0,92-1,08 1,02 0,94-1,09 1,0 0,92—-1,09 1,00 0,92—-1,09 0,99 0,91-1,09 1,02 0,95-1,11

1,00 0,77—-1,31

1,0 1,0 1,0 1,0
2,27 0,44—11,58 2,36 0,46—12,16 2,28 0,44—11,77 2,24 0,62-8,08
2,13 0,39-11,71 2,04 0,37-11,29 1,89 0,34—10,22 0,75 0,79-3,05

1,04 0,90-1,20 1,03 0,89-1,18

1,0 1,0
2,65 0,68—10,41 2,56 0,86—7,57
1,01 1,00—1,02

Note. OR, odds ratio; 95% CI, confidence interval with a level of 95%. Models 1 and 2, standardisation by age; Model 3, standardisation by age, DM2 and smoking;
Model 4, standardisation by age, DM2, smoking and BMI; Model 5, standardisation by age, DM2, smoking, BMI and physical functioning; Model 6, standardisation
by age, DM2, smoking, BMI, physical functioning and TC level
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Discussion

Summary of the primary result of the study

In the population sample of patients without diabetes,
a high incidence of FDS fractures was noted, mainly in
women (p=0.001). These data in the Siberian population
are consistent with data on the prevalence of fractures in
the Russian population. In the past 3 years, the incidence
of FDS fractures in patients with DM2 did not differ com-
pared with that in patients without diabetes (p=0.557),
and there was no difference in the frequency of fractures
in men and women with DM2 (p=0.179).

An analysis of the risk factors for CNCD confirmed an
increased risk of FDS fractures in patients with a history of
smoking and a decreased risk in those with higher BMI in
women. An association between FDS fractures and in-
creased TC level was found in both men and women. Re-
garding the indicators of carbohydrate metabolism, there
were no associations between FDS fractures that occurred
in the past 3 years and PG level and presence of DM2.

Discussion of the primary result of the study

According to the literature, the prevalence of FDS
fractures worldwide is the highest compared to those of
other fractures. In the Skine region (Sweden), based on
the registry, the incidence of FDS fractures in patients
aged 17—64 years was 278 per 100,000 individuals (male-
to-female ratio, 1:1.5) [18]. Abrahamsen et al., in a recent
large-scale study conducted in Denmark [19], showed that
the incidence of FDS fractures in men (153 per 100,000
individuals) was almost similar to that in Jerrhag’s study
[18], but that in women was slightly higher (530 per
100,000 individuals).

In the city of Pervouralsk of the RF, in a 2-year peri-
od, 586 FDS fractures were registered (average of 540.7
per 100,000 individuals); moreover, fractures in women
were registered five times more often than in men (787.9
and 171.1 per 100,000 women and men, respectively;
p<0.00001) [13]. According to the study by Zavodsky et
al., in the Volgograd region, in the period of 2008—2014,
fracture of the radial bones was predominant, in both os-
teoporosis and normal BMD (p<0.0001) [12]. In the city
of Ulan-Ude, in the period of 2009—2011, medical docu-
mentation of trauma centres was studied, and it was found
that women had osteoporotic FDS fractures more often
(44.4% of cases), while in men FDS fractures occurred in
only 22.2% of cases [17]. Our study also noted a threefold
predominance of the frequency of low-energy FDS frac-
tures in women compared with those in men. In our study,
the incidence of FDS fractures in the past 3 years in pa-
tients with DM?2 aged 58—84 years was 2.4%. Similar data
were obtained in a study by Yalochkina et al., in which in
214 patients with DM2 aged 44—88 years who participat-
ed in a questionnaire survey, 5.1% of the patients had his-
tory of FDS fractures [20].

The search for associations of CNCD risk factors and
osteoporotic fractures is actively conducted in Russian and
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foreign studies. In our study, men with FDS fractures in
the past 3 years, with a non-standardised analysis, had
high TC and HDLC levels. The literature data on the anal-
ysis of the correlation of TC and HDL levels and BMD
are contradictory. Some researchers did not find any re-
lationship between them [21]; however, in the Tromso
population study, in which 27,159 patients were observed
for 6 years, lower HDLC levels were found in patients
without fractures, and in patients with DM2, lower HDL
levels were associated with increased BMD [22]. In our
study, in women with a non-standardised analysis, BMI
was significantly lower than that in patients without frac-
tures, and a multivariate analysis showed that the risk of
fractures decreases with an increase in BMI. Obesity is
traditionally perceived as being protective of the bone. This
is explained by an increase in the mechanical load on the
skeleton and ability of adipocytes to convert androgens to
17B3-oestradiol, which increases BMD [23]. According to
Bonds et al., in obese patients, increased BMD was a hall-
mark of bones bearing the skeleton weight, in contrast to
forearm bones [24]. This can probably explain the similar
results in the incidence of FDS fractures in patients with
DM2 (2.4%) and in those without (2.8%; p = 0.557).

In our study, we did not identify a relationship between
FDS fracture and presence of DM2. However, a number
of meta-analyses reported an increase in the risk of a prox-
imal femoral fracture by 1.3—2.1 times and increase in the
risk of other fractures in patients with DM2 by 1.2 times
[25, 26]. A study in Manitoba (Canada) showed that in in-
dividuals aged >40 years (n=6455/55,958), diabetes was a
significant independent risk factor for major osteoporotic
fractures (risk ratio, 1.32; 95% confidence interval = 1.20—
1.46) [27]. However, in a study by Kanis et al., the risk of
fracture in patients with DM2 did not increase during the
first 5 years from the onset of the disease [28], while Ivers
et al. noted a high risk of any fracture in patients with DM2
for at least 10 years [29]. A two-phase change in the risk
of fractures in this category of patients has been proposed;
with a newly diagnosed DM2, the risk of a fracture is ac-
tually reduced, which may be associated with some pro-
tective effects of high adipose mass in these patients, and
significantly increases only after 5 years [27]. Some stud-
ies suggest that DM2 may also be associated with faster
bone tissue loss, which may partially explain the increase
in fracture rate. Schwartz et al. found that older women
with diabetes lose bone strength faster than those without
in many areas of the skeleton but not in the radial bone
[30]. Leslie et al. recently published data showing that in
the province of Manitoba, women with DM2 had a slight-
ly larger loss of BMD in the femoral neck, but not in other
areas, compared with the control population without dia-
betes [27]. The paradoxical increase in the number of frac-
tures may be the result of complex mechanisms underlying
the increased bone fragility in diabetes, and, probably, the
localisation of fractures and degree of compensation for
carbohydrate metabolism are important. Therefore, in this
study, the lack of association of FDS fractures and DM2
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can be quite natural. Since FDS fracture is the most com-
mon fracture, even a slight increase in the number of cas-
es can affect significantly the need for healthcare resourc-
es, especially in individuals of working age, when patients
are on sick leave, depending on their profession, for >5—
12 weeks. The NORA study demonstrated that a fracture
of the forearm at the age of >45 years increases the risk
of fracture of the proximal femur by 1.9 times [31]. These
facts make it possible to state an ‘osteoporotic cascade’
of fractures, when another and sometimes a series of new
fractures occur after one fracture. National Bone Health
Alliance Working Group experts note that FDS fractures
are characterised as osteoporotic fractures if there is con-
comitant osteopenia or osteoporosis by measuring BMD
(<—1.0 T-points) at the level of the lumbar spine or femur
[32]. Data from the US National Osteoporosis Fund in-
dicate that wrist fractures alone (patients without prelim-
inary hip/vertebral fractures or with BMD in the range of
osteoporosis values) are not indications for pharmacother-
apy [33]. In the Russian recommendations for osteoporo-
sis, the presence of fractures of the peripheral (non-axial)
segments of the skeleton and a decrease in BMD in these
segments are not diagnostic criteria for osteoporosis [34].

Thus, there is currently no consensus among special-
ised bone research societies regarding whether a low-en-
ergy wrist fracture should be considered as a criterion in
the diagnosis of osteoporosis. Therefore, the identifica-
tion and close follow-up of these patients as a high-risk
group for fractures is one of the primary tasks of public
healthcare.

Study limitation

A limitation of this study is its cross-sectional design.
Another limitation is the assessment of the history of FDS
fractures using a standardised questionnaire without con-
sidering the confirmation of fractures by X-ray examina-
tion.
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Conclusion

In the study, a high incidence of FDS fractures in the
past 3 years (3.9%) was found in women. The association
of risk factors of CNCD, such as smoking and hypercho-
lesterinaemia, with FDS fractures was found, which indi-
cates the need for preventive measures to reduce the inci-
dence of smoking and hypercholesterinaemia, including
those aimed at primary prevention of FDS fractures. Data
on the prevalence of fractures of various localisations in
DM2 are contradictory; however, we did not found nei-
ther differences in the incidence of FDS fractures in the
past 3 years in patients with and without DM2 (p=0.557)
nor associations of fractures and blood glucose levels and
presence of DM2.
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