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ANNOTATION

In this article, the authors studied the features of bone metabolism in 67 patients with type 2 diabetes and with
diabetic osteoarthropathy of various stages. The levels of 25-hydroxyvitamin D 3 were significantly lower in
patients of all 4 x groups (average age 70 + 12 years) than in the control group (27.2 + 6.2 ng / ml).

It should be noted that 34 (50.7%) of patients with diabetic pope ulcers had a severe deficiency of 25-
hydroxyvitamin D 3 with levels below 10 ng / ml.

Only 13% of patients, the level of 25-hydroxyvitamin D 3 exceeded 20 ng / ml. In addition, secondary

hyperparathyroidism was found in 26% of patients, and at 12.5% of patients a hypocalcemia was revealed.

A negative correlation was established (R = -0.241) (p <00,1) between the classification of Armstrong and

the status of 25-hydroxyvitamin D 3.

The authors concluded that patients with diabetic foot syndrome complicated by Stop Charcot are
susceptible to high risk of 25-hydroxyvitamin d3 and calcium deficiency. Any patient with the diabetic foot
syndrome should take measurement of the level of 25-hydroxyvitamin D 3 and obtain prophylactic treatment
when reduced indicators are detected.
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RELEVANCE
Type 2 diabetes mellitus (DM2) is the metabolic disorder with the highest prevalence and incidence worldwide.

In 2019, the International Diabetes Federation (IDF) reported the prevalence of diabetes in 463 million
people worldwide, of which approx. 95% suffer from type 2 diabetes. IDF estimates that this number will rise to
700 million by 2045.

Type 2 diabetes is associated with numerous complications such as micro- and macrovascular
pathologies, nephropathy, neuropathy, and changes in bone homeostasis. The latter is often referred to as
diabetic bone disease associated with an increased risk of fractures and subsequent impaired fracture healing,
rich in complications [1, 2].]. Indeed, a large British study involving over 2800 patients identified diabetes as
one of the main risk factors for delayed healing of non-union fractures [3]. Bone mineral density (BMD) is
usually low in type 1 diabetics. Despite an increased risk of fractures, most authors describe an increased BMD
in patients with type 2 diabetes mellitus [4, 5], which indicates a low quality of the bone matrix. Diabetic foot
syndrome and Charcot's osteoarthropathy are the most frequently described representatives of diabetic bone
diseases affecting approx. every 5th diabetic during the first 5 years of illness [6]. In 20% of cases, this leads to
amputation of the affected limb [7].] which is the main cause of non-traumatic amputations in developed
countries. Most of the long-term therapeutic cost for diabetics is in the treatment of these bone diseases [8].
There is evidence that early adjustment of therapy may not only reduce ocular, renal, or nervous system
complications [9], but may also have a positive effect on the progression of diabetic bone disease. To obtain

such information, advanced model systems are required [10].
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Despite advances in the study of the mechanisms and clinical manifestations of pathological changes in
bone tissue in diabetes mellitus, there is still no consensus on the nature, frequency, and causes of skeletal
changes under controlled hyperglycemia.

The most likely explanation for the inconsistency in the assessment of bone lesions in diabetes mellitus
is the heterogeneity of the examined patient population, the use of various methods for assessing the state of
bone tissue.

Until now, there is no consensus on the role of biochemical markers of bone remodeling, the study of
which would allow diagnosing osteoarticular pathology in the early stages and finding a differentiated approach
to the treatment of this category of patients.

All of the above motivated the present study.

The purpose of the study is to study the features of bone metabolism in patients with diabetic
osteoarthropathy of various stages.

MATERIAL AND METHODS OF RESEARCH
67 patients (prospectively) with type 2 diabetes and Charcot's foot were examined in the period of 2021 at the
RSSPMC of Endocrinology, in the department of diabetic foot.

All observed patients were divided into 4 groups:

1 gr - patients with acute stage of Charcot's foot with type 2 diabetes - 16 patients,
group 2 - patients with subacute Charcot foot - 18 patients,

group 3 - patients with chronic stage of Charcot's foot - 20 patients,

Group 4 - patients with Charcot foot complications - 13 patients

The control group consisted of 20 healthy individuals.

Of the 67 patients, there were 42 men and 25 women. Average age: men was 69.12 years, women
- 68.15 years. The duration of type 2 diabetes ranged from 17 to 25 years
RESEARCH METHODS INCLUDED
biochemical (bilirubin, direct, indirect, lipid spectrum, ALT, AST, PTI, coagulogram, blood sugar, glycated
hemoglobin, urea, creatinine, GFR, calcium, alkaline phosphatase, parathormone, vitamin D3, blood and
instrumental : ECG, MRI of the feet, dopplerography of the main vessels of the legs, ultrasound of the internal
organs, DECA, fundus.

Statistical calculations were carried out in the Microsoft Windows software environment using the
Microsoft Excel-2007 and Statistica version 6.0, 2003 software packages. The obtained data are shown as M+m,
where M is the mean value of the variation series, m is the standard error of the mean value. The significance of
differences between independent samples was determined by the method of Mann-Whitney and Student.

RESEARCH RESULTS

Table 1 shows the distribution of patients by sex and age.

Table 1. Distribution of patients by sex and age
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Age, years Number of men Number of women
lgr 249r 3gr 49r lgr 29r 3gr 49r

30-44 - - - - - - - -
45-59 4 7 5 2 1 2 1 2
60-74 7 3 8 5 4 6 6 4
75 and older - - - - - - - -
Total: n= 67 11 10 13 7 5 8 7 6

As can be seen from Table 1, most of the patients were aged 60 to 74 years - 42 (62.7%), while the

number of men was more: 42 men and 25 women.

The next step in our research was to study the parameters of carbohydrate metabolism (Table 2).

Table 2. Comparative characteristics of parameters of carbohydrate metabolism in patients by

groups
Indicator 1 group 2 group 3 group 4 group control
fasting glycemia, | g 5.4 29+ 7,4742,15* 8,1242,23 11,243,14%* 4,3+0,3
mmol/I

OGTT, 11,53+3,05* 9,11+3,33* 10,14+2,3* 10,1+2,12* 6,7+0,05
mmol/I
HbAlc, % 11,83+2,1** 9,38+1,4* 9,21+1,2* 12,8+1,21** 4,3+0,6

Note: OGTT is an oral glucose tolerance test, p is the significance of differences in groups compared
with control. At the same time, *p<0.05 **p< 0.001

As can be seen from Table 2, there were significant violations of carbohydrate metabolism in all

groups, which indicates the state of decompensation in these patients.

Our main task was to study the biochemical and hormonal parameters of bone metabolism in the

compared groups of patients with Charcot's foot (Table 3).

Table 3. Comparative characteristics of biochemical and hormonal parameters of patients by groups

Indicator 1 group 2 group 3 group 4 group Control
calcium, 1,3£0,04* 1,240,08* 2,04+0,07 1,740,04* 2,25+0,03
mmol/I

PTH, pg/ml 71,3+9,7 72,8+£10,7 104,6+12,9* 105,8+9,8* 76,7+12,3
Vit Dz, ng/ml 12,6+3,3** 11,244 2%* 10,544,1** 11,3+4,8** 27,246,2

Note: PTT - parathormone - significance of differences in groups in comparison with control. At the
same time, *p<0.05 **p< 0.001

As shown in Table 3, 25-hydroxyvitamin D3 levels were lower (12.6+3.3 ng/mL, p<0.001, 11.2+4.2
ng/mL, p<0.001, 10.5+4, 1 ng/ml, p<0.001, 11.3+4.8 ng/ml, p<0.001) in patients of all 4 groups (mean age

70+12 years) than in the control group (27.26, 2 ng/ml).

Of note, 34 (50.7%) patients with diabetic foot ulcers were severely deficient in 25-hydroxyvitamin D 3

with levels below 10 ng/mL.
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Only 13% of patients had 25-hydroxyvitamin D3 levels above 20 ng/mL. In addition, secondary
hyperparathyroidism was found in 26% of patients (in groups 3 and 4), and hypocalcemia was detected in 12.5%
of patients.

CONCLUSIONS

Patients with diabetic foot syndrome complicated by Charcot foot are at high risk of 25-hydroxyvitamin D3 and
calcium deficiency. 2. Any patient with diabetic foot syndrome should have their 25-hydroxyvitamin D 3
measured and receive prophylactic treatment if decreased values are found.

REFERENCES

[1] Vestergaard P., Rejnmark L., Mosekilde L. Relative fracture risk in patients with diabetes mellitus, and
the impact of insulin and oral antidiabetic medication on relative fracture
risk. Diabetologia. 2005;48:1292-1299. doi: 10.1007/s00125-005-1786-3. [PubMed]
[CrossRef] [Google Scholar]

[2] Retzepi M., Donos N. The effect of diabetes mellitus on osseous healing. Clin. Oral Implants
Res. 2010;21:673-681. doi: 10.1111/j.1600-0501.2010.01923.x. [PubMed] [CrossRef] [Google
Scholar]

[3] Hernandez R.K., Do T.P., Critchlow C.W., Dent R.E., Jick S.S. Patient-related risk factors for fracture-
healing complications in the United Kingdom General Practice Research Database. Acta
Orthop. 2012;83:653-660.  doi: 10.3109/17453674.2012.747054. [PMC  free article] [PubMed]
[CrossRef] [Google Scholar]

[4] Vestergaard P. Discrepancies in bone mineral density and fracture risk in patients with type 1 and type
2 diabetes--a meta-analysis. Osteoporos. Int. 2007;18:427-444. doi: 10.1007/s00198-006-0253-
4. [PubMed] [CrossRef] [Google Scholar]

[5] Picke A.K., Campbell G., Napoli N., Hofbauer L.C., Rauner M. Update on the impact of type 2
diabetes mellitus on bone metabolism and material properties. Endocrinol. Connect. 2019;8:R55-R70.
doi: 10.1530/EC-18-0456. [PMC free article] [PubMed] [CrossRef] [Google Scholar]

[6] Lauterbach S., Kostev K., Kohlmann T. Prevalence of diabetic foot syndrome and its risk factors in the
UK. J. Wound Care. 2010;19:333-337. doi: 10.12968/jowc.2010.19.8.77711. [PubMed]
[CrossRef] [Google Scholar]

[7]1 Pscherer S., Dippel F.W., Lauterbach S., Kostev K. Amputation rate and risk factors in type 2 patients

with diabetic foot syndrome under real-life conditions in Germany. Prim Care Diabetes. 2012;6:241—
246. doi: 10.1016/j.pcd.2012.02.004. [PubMed] [CrossRef] [Google Scholar]

[8] Kahm K., Laxy M., Schneider U., Rogowski W.H., Lhachimi S.K., Holle R. Health care costs
associated with incident complications in patients with type 2 diabetes in Germany. Diabetes
Care. 2018;41:971-978. doi: 10.2337/dc17-1763. [PubMed] [CrossRef] [Google Scholar]

[9] Prasad R.B., Groop L. Precision medicine in type 2 diabetes.J. Intern Med. 2019;285:40-48.
doi: 10.1111/joim.12859. [PubMed] [CrossRef] [Google Scholar]

[10]Ehnert S., Rinderknecht H., Aspera-Werz R.H., Haussling V., Nussler A.K. Use of in vitro bone
models to screen for altered bone metabolism, osteopathies, and fracture healing: Challenges of
complex models. Arch. Toxicol. 2020;94:3937-3958. doi: 10.1007/s00204-020-02906-z. [PMC free
article] [PubMed] [CrossRef] [Google Scholar]

www.iejrd.com SJIF: 7.169 _

E-ISSN NO: 2349-0721



http://www.iejrd.com/
https://www.ncbi.nlm.nih.gov/pubmed/15909154
https://dx.doi.org/10.1007%2Fs00125-005-1786-3
https://scholar.google.com/scholar_lookup?journal=Diabetologia&title=Relative+fracture+risk+in+patients+with+diabetes+mellitus,+and+the+impact+of+insulin+and+oral+antidiabetic+medication+on+relative+fracture+risk&author=P.+Vestergaard&author=L.+Rejnmark&author=L.+Mosekilde&volume=48&publication_year=2005&pages=1292-1299&pmid=15909154&doi=10.1007/s00125-005-1786-3&
https://www.ncbi.nlm.nih.gov/pubmed/20465554
https://dx.doi.org/10.1111%2Fj.1600-0501.2010.01923.x
https://scholar.google.com/scholar_lookup?journal=Clin.+Oral+Implants+Res.&title=The+effect+of+diabetes+mellitus+on+osseous+healing&author=M.+Retzepi&author=N.+Donos&volume=21&publication_year=2010&pages=673-681&pmid=20465554&doi=10.1111/j.1600-0501.2010.01923.x&
https://scholar.google.com/scholar_lookup?journal=Clin.+Oral+Implants+Res.&title=The+effect+of+diabetes+mellitus+on+osseous+healing&author=M.+Retzepi&author=N.+Donos&volume=21&publication_year=2010&pages=673-681&pmid=20465554&doi=10.1111/j.1600-0501.2010.01923.x&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3555441/
https://www.ncbi.nlm.nih.gov/pubmed/23140093
https://dx.doi.org/10.3109%2F17453674.2012.747054
https://scholar.google.com/scholar_lookup?journal=Acta+Orthop.&title=Patient-related+risk+factors+for+fracture-healing+complications+in+the+United+Kingdom+General+Practice+Research+Database&author=R.K.+Hernandez&author=T.P.+Do&author=C.W.+Critchlow&author=R.E.+Dent&author=S.S.+Jick&volume=83&publication_year=2012&pages=653-660&pmid=23140093&doi=10.3109/17453674.2012.747054&
https://www.ncbi.nlm.nih.gov/pubmed/17068657
https://dx.doi.org/10.1007%2Fs00198-006-0253-4
https://scholar.google.com/scholar_lookup?journal=Osteoporos.+Int.&title=Discrepancies+in+bone+mineral+density+and+fracture+risk+in+patients+with+type+1+and+type+2+diabetes--a+meta-analysis&author=P.+Vestergaard&volume=18&publication_year=2007&pages=427-444&pmid=17068657&doi=10.1007/s00198-006-0253-4&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6391903/
https://www.ncbi.nlm.nih.gov/pubmed/30772871
https://dx.doi.org/10.1530%2FEC-18-0456
https://scholar.google.com/scholar_lookup?journal=Endocrinol.+Connect.&title=Update+on+the+impact+of+type+2+diabetes+mellitus+on+bone+metabolism+and+material+properties&author=A.K.+Picke&author=G.+Campbell&author=N.+Napoli&author=L.C.+Hofbauer&author=M.+Rauner&volume=8&publication_year=2019&pages=R55-R70&pmid=30772871&doi=10.1530/EC-18-0456&
https://www.ncbi.nlm.nih.gov/pubmed/20852505
https://dx.doi.org/10.12968%2Fjowc.2010.19.8.77711
https://scholar.google.com/scholar_lookup?journal=J.+Wound+Care&title=Prevalence+of+diabetic+foot+syndrome+and+its+risk+factors+in+the+UK&author=S.+Lauterbach&author=K.+Kostev&author=T.+Kohlmann&volume=19&publication_year=2010&pages=333-337&pmid=20852505&doi=10.12968/jowc.2010.19.8.77711&
https://www.ncbi.nlm.nih.gov/pubmed/22445058
https://dx.doi.org/10.1016%2Fj.pcd.2012.02.004
https://scholar.google.com/scholar_lookup?journal=Prim+Care+Diabetes&title=Amputation+rate+and+risk+factors+in+type+2+patients+with+diabetic+foot+syndrome+under+real-life+conditions+in+Germany&author=S.+Pscherer&author=F.W.+Dippel&author=S.+Lauterbach&author=K.+Kostev&volume=6&publication_year=2012&pages=241-246&pmid=22445058&doi=10.1016/j.pcd.2012.02.004&
https://www.ncbi.nlm.nih.gov/pubmed/29348194
https://dx.doi.org/10.2337%2Fdc17-1763
https://scholar.google.com/scholar_lookup?journal=Diabetes+Care&title=Health+care+costs+associated+with+incident+complications+in+patients+with+type+2+diabetes+in+Germany&author=K.+Kahm&author=M.+Laxy&author=U.+Schneider&author=W.H.+Rogowski&author=S.K.+Lhachimi&volume=41&publication_year=2018&pages=971-978&pmid=29348194&doi=10.2337/dc17-1763&
https://www.ncbi.nlm.nih.gov/pubmed/30403316
https://dx.doi.org/10.1111%2Fjoim.12859
https://scholar.google.com/scholar_lookup?journal=J.+Intern+Med.&title=Precision+medicine+in+type+2+diabetes&author=R.B.+Prasad&author=L.+Groop&volume=285&publication_year=2019&pages=40-48&pmid=30403316&doi=10.1111/joim.12859&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7655582/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7655582/
https://www.ncbi.nlm.nih.gov/pubmed/32910238
https://dx.doi.org/10.1007%2Fs00204-020-02906-z
https://scholar.google.com/scholar_lookup?journal=Arch.+Toxicol.&title=Use+of+in+vitro+bone+models+to+screen+for+altered+bone+metabolism,+osteopathies,+and+fracture+healing:+Challenges+of+complex+models&author=S.+Ehnert&author=H.+Rinderknecht&author=R.H.+Aspera-Werz&author=V.+Haussling&author=A.K.+Nussler&volume=94&publication_year=2020&pages=3937-3958&pmid=32910238&doi=10.1007/s00204-020-02906-z&

