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Abstract 
There is an increasing demand and requirement to develop new biomarkers for the early diagnosis and detection 
of diabetes mellitus (DM). The present study is designed to estimate serum alkaline phosphatase (ALP) and serum 
calcium levels in type 2 diabetes mellitus (T2DM) patients. The serum alkaline phosphatase and calcium levels 
were estimated using commercially available kits on a semiautoanalyzer. The fasting blood sugar (FBS) of the 
subjects was measured by the glucose oxidase-peroxidase (GOD-POD) method using a commercially available 
kit. The level of ALP was found to be statistically significant in T2DM patients when compared with matched 
healthy individuals (p <0.001), whereas the association of serum calcium level was found to be non-significant (p 
= 0.07). Although there is a decrease in serum calcium level in T2DM patients when compared with healthy 
controls. It is concluded that the management of T2DM and its associated complications may require regular 
estimation of serum ALP and calcium levels. The estimations may also be significant in the management of 
osteoporosis in T2DM patients. High utilization of calcium and vitamin D especially from supplements may lower 
the risk of DM. 
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1. Introduction 
Diabetes is considered to be an important health 

issue with a significant burden worldwide [1]. The 
number of people with type 2 diabetes mellitus 
(T2DM) worldwide is predicted to double between 
2000 and 2030 [2], and India will be one of the 
countries with the maximum number of people having 
T2DM including China and United States [3]. The 
incidence and prevalence of DM is increasing because 
of the aging population and the prevalence of obesity 
and sedentary lifestyle. About 195 million world 
population in different age groups are affected by DM 
and it is one of the major causes of impairment and 
death. T2DM patients, having progressive insulin 
deficiency, longer duration of diabetes, and glycaemic 
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control increase the risk of hyperglycaemia in patients 
[2]. In T2DM, the variations in blood sugar were 
positively correlated with the development of coronary 
artery disease (CAD) and blood vessel endothelium is 
damaged by chronic persistent hyperglycaemia.  

Increase in ALP concentration may occur due to 
increased osteoblastic activity which occurs due to 
depletion of calcium bone mineral content leading to 
alveolar bone loss or fractures. Patients with T2DM 
may be in the condition of oxidative stress, during 
which the ALP is released in order to facilitate the 
increased transport of glutathione (GSH) into the cell. 
Hence, increased ALP level plays a vital role in the 
maintenance of intracellular antioxidant defence 
mechanism. Calcium is an important element found in 
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teeth and bones, providing strength and has a 
structural function [4]. It is important element for 
maintaining and regulating metabolic activities of 
cells, transmission of nerve impulse and contraction of 
muscles [5]. More than of the calcium in the body is 
stored in bone as hydroxyapatite which provides 
skeletal strength as well as a reservoir for calcium to be 
released into the serum. In serum, calcium exists in 3 
forms namely, protein-bound, ionized (free), and 
complexed (chelated). The protein-bound (albumin 
and calmodulin) calcium accounts for 40% of the 
serum calcium and cannot be used by tissues. The 
serum calcium is often chelated into the ionic 
complexes of calcium phosphate, calcium carbonate, 
and calcium oxalate and allows calcium to be absorbed 
by various tissues of the body. However, the free 
calcium, which accounts to about 50% of the serum 
calcium, is utilized by the body to maintain physiologic 
functions [5]. Alteration in serum calcium levels in 
plasma of T2DM patients results in peripheral insulin 
resistance due to impairment in signal transmission of 
insulin due to which the activity of glucose transporter 
protein 4 (GLUT4) is decreased [6]. In hyperglycemia, 
calcium is mostly excreted from the bone in urine in 
T2DM patients [7]. Decrease level of serum calcium in 
T2DM patients may be due to hyperglycemia which 
results in excessive urinary loss of calcium. Hence, the 
study was designed to evaluate the activity of serum 
alkaline phosphatase and calcium levels in T2DM 
patients and control subjects. We also wanted to 
determine the co-relation (if any) in the studied 
parameters in T2DM patients. 

 
2. Materials and Methods 
2.1 Subject selection 
This case-control study was approved by 

Institutional Ethical Committee of the IIMS&R, 
Integral University, Lucknow 
(IEC/IIMS&R/2019/35). A total of 92 subjects aged 
from 30-65 years were included in the study, 46 were 
T2DM patients and 46 healthy controls. Subjects were 
enrolled after taking proper medical and family history 
and informed consent from each subjects enrolled was 
taken and recorded. T2DM was diagnosed if the 
fasting plasma glucose was estimated ≥ 126 mg/dl (≥ 
7 mmol/l) or 2 hour post glucose was ≥ 200 mg/dl (≥ 
11.1 mmol/l) [8, 9].  

 
 

2.2 Biochemical estimations 
Estimation of blood sugar: the fasting blood sugar 

(FBS) was estimated by the glucose 
oxidase/peroxidises method [10]. Glucose is oxidized 
by glucose oxidase (GOD) into gluconic acid and 
hydrogen peroxide. Hydrogen peroxide is the 
presence of peroxidase (POD) oxidized the chromogen 
4-Amino antipyrine/phenolic compound to a red 
coloured compound. The intensity of the red coloured 
is proportion to the glucose concentration and is 
measured at 505 nm (489-530 nm). The optical 
dentisty (OD) of the samples was measured at 505 mm 
and the concentration of glucose in the sample was 
estimated using the following equation:  

Glucose (mg/dl) = A sample/A standard × 
concentration of standard (100 mg/dl) 

Estimation of the serum alkaline phosphatase: 
Serum ALP was estimated by using commercially 
available kits (Coral, Tulip Diagnostics Pvt. Ltd, India) 
using a semi-autoanalyzer [7]. The activity of ALP was 
analyzed by the kinetic method using the p-
nitrophenyl phosphate (p-NPP) [11-13]. 

Estimation of serum calcium by OCPC method: 
serum calcium levels was measured using 
commercially available kit (Coral, Tulip Diagnostics 
Pvt. Ltd., India) using a semi-autoanalyzer [4]. The 
serum calcium was estimated by the o-cresolphthalein 
complexone (OCPC) method [14, 15]. Calcium in 
alkaline medium combines with o-cresolphthalein 
complex to form a purple colored complex. Intensity of 
the color formed is directly proportional of the amount 
of calcium present in the sample and was measured at 
570 nm. 

 
2.3 Statistical analysis 
Statistical analysis was done using SPSS software 

version 20.0. The data are represented as Mean±SD 
(Standard Deviation), p<0.05 value was considered 
statistically significant. The correlation was 
determined by using Karl’s Pearson’s correlation 
coefficient. 

 
3. Results 
After taking clinical history which included 

occupation, age, sex, and integrated risk factors 
promoting the illness, the patients we selected for the 
study. The patients with serious medical conditions 
and with mineral supplementation or any drugs that 
affected mineral metabolism were excluded from the 
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study. A total of 46 diagnosed T2DM patients aged 
between 30-65 years and a similar number of 
apparently healthy individual of age 30-65 years as 
controls were taken for the study. 

It was found that ALP was significantly increased 
in patients with mean and SD (264.79±44.85) when 
compared to healthy controls with mean and SD 
(143.17±29.96) as shown in Table 1. It was found that 
the ALP is raised in T2DM patients when compared to 
the healthy individual which is statistically significant 
i.e. p <0.001 (Table 1). 

However, it was found that calcium levels in 
T2DM patients was not significantly different 
(9.05±0.86) when compared to healthy controls 
(9.46±0.92) as shown in Table 2. It was found that the 
estimated calcium level was almost same in both the 
groups i.e. cases and controls, hence the association 
was not statistically significant i.e. (p = 0.07) (Table 2). 

It was observed that the clinical parameters such 
as FBS, ALP have significant positive co-relation in 
T2DM patients (p <0.001) but calcium level was 
statistically not significant (p= 0.07) shown in Table 3. 

 

4. Discussion 
ALP physiologically increases during bone 

growth, while pathological increases are mostly 
associated with hepato-biliary disorders. Alkaline 
phosphatase enzyme may be raised in different 
conditions like pregnancy, bone disorders, hyper-
parathyroidism, and chronic alcoholism [16]. Due to 
extra deposition of fat in liver, serum ALP level may 
raise and, termed as non – alcoholic fatty liver disease. 
Fatty liver may result in hepatic insulin resistance and 
may develop systemic insulin resistance and 

insulinemia. Hence ALP is said to be the marker of 
insulin resistance group of symptoms which includes 
in the pathogenesis of diabetes. Research studies 
reported that ALP participates in the maintenance of 
intracellular antioxidant defenses mechanism via 
extracellular glutathione transport into various cells. 
ALP is normally present outside of the cell membrane 
having primary function of maintaining level of 
glutathione (GSH), an important antioxidant. 
Increases in ALP activity can be due to oxidative stress, 
resulting increased transport of GSH precursors into 
cells [4, 16]. 

Calcium is present in the bone and teeth, 
establishing a structural function [17]. It act as 
intracellular second messengers that affects activity of 
the enzymes and secretion of hormones such as 
insulin, aldosterone, and anti-diuretic hormone. It is 
important for stabilizing cell metabolism, nerve 
impulse transmission, and muscular contraction [18]. 
It plays various important functions in formation, 
release, and receptor response to neurotransmitter 
[19]. Bone formation rate is decreased in 
hyperglycemic condition and calcium loss via urine in 
Diabetes is originated from the bone [20]. Insulin is 
also necessary for normal bone mineralization. 
Osteoblast controls mineralization by regulating the 
passage of calcium and phosphate ion across their cell 
membrane, these cells contain phosphatase that is 
used to generate phosphate ion from inorganic 
phosphates [21]. Serum calcium level is decreased in 
T2DM patients due to hyperglycemia which results in 
increase urinary loss of calcium in proportion to the 

Table 1. Estimation of ALP in T2DM patients and controls 

 

Group Mean SD p-value 

Control (n=46) 143.17 29.96 - 

T2DM (n=46) 264.79 44.85 <0.001 

 

 

 

Table. 2 Estimation of serum calcium in T2DM patients and 

controls 

 

Group  Mean SD p-value 

Control (n=46) 9.46 0.92 - 

T2DM (n=46) 9.05 0.86 0.07 

 

 

Table 3. Correlation of clinical parameters in T2DM patients 

 

Variables FBS ALP Calcium 

FBS 

Pearson 

Correlation 
1 .572** -.323 

Sig. (2-tailed) - .001 .071 

N 46 46 46 

ALP 

Pearson 

Correlation 
.572** 1 -.410* 

Sig. (2-tailed) .001 - .020 

N 46 46 46 

Calcium 

Pearson 

Correlation 
-.323 -.410* 1 

Sig. (2-tailed) .071 .020 - 

N 46 46 46 
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degree of glucosuria [22]. Patient having DM are at the 
risk of developing complications like diabetic foot 
syndrome, Charcot’s arthropathy and osteoporosis 
[23].  

The present case-control study was designed to 
estimate the serum ALP and calcium levels in 
diagnosed T2DM patients and healthy controls. It was 
observed that the concentration of ALP was 
significantly increased when compared with healthy 
control subjects. Botolin and McCabe have shown that 
chronic hyperglycemia increases ALP activity [24]. 
The increase in ALP concentration could be due to 
osteoblastic activity as a result of depletion of calcium 
mineral content which may lead to alveolar bone loss 
or fractures. It was analyzed that the calcium level was 
decreased in T2DM subjects when compared with 
healthy individuals but it was not statistically 
significant. A Canadian study by Sun et al., found that 
calcium is altered significantly with abnormalities in 
FBS [25]. The decreased level of serum calcium in 
T2DM patients may be due to hyperglycemia which 
results in excessive urinary loss of calcium. However, 
due to small sample size, further studies with more 
patients are required to substantiate the findings of the 
present study. 

We conclude that ALP levels in T2DM were 
significantly higher when compared with healthy 
individuals. The calcium levels was not significantly 
different, between T2DM patients and healthy 
controls. The FBS and ALP was significantly 
correlated. Hence, the analysis of serum ALP and 
calcium levels in T2DM patients is an important tool 
for the management of osteoporosis and related bone 
disorders associated with DM. 

 
Acknowledgments 
The authors are grateful to IIMS&R, Integral 

University, Lucknow for providing the necessary 
laboratory research facilities and Dr. Ausaf Ahmad for 
the statistical analysis of samples. The authors would 
also like to thank the reviewers for their encouraging 
comments and valuable suggestions. 

 
Authors’ contributions 
MDK: data collection and analysis of results, 

drafted the manuscript. RA: conception or design of 
work, analysis and interpretation of results. HA: 
analysis and interpretation of results, drafted the 
manuscript, critically revised the manuscript. MMK: 

analysis and interpretation of results, statistical 
analysis of data. SK: conception or design of work, 
analysis and interpretation of results. All authors 
approved the final version to be published. 

 
Conflict of interests 
There are no potential conflicts of interest to 

declare. 
 
Ethical declarations 
Ethics approval and consent to participate: The 

study was conducted through appropriate consent and 
approval of Institutional Ethical Committee, IIMS&R, 
Lucknow (IEC/IIMS&R/2019/35).  

 
Funding 
Self-funded. 
 
References 

1. Kanwar G, Jain N, Sharma N, Shekhawat M, Ahmed J, 
Kabra R. Significance of serum urea and creatinine levels in 
type 2 diabetic patients. IOSR J Dent Med Sci. 2015; 
14(8):65-7. 
2. Standards of medical care in diabetes--2011. Diabetes 
Care. 2011; 34 Suppl 1(Suppl 1):S11-61. 
3. Kumar A, Goel MK, Jain RB, Khanna P, Chaudhary V. 
India towards diabetes control: Key issues. Australas Med 
J. 2013; 6(10):524-31. 
4. Rigo J, Mohamed M, De Curtis M. Disorders of calcium, 
phosphorus and magnesium metabolism. Neonatal-
Perinatal medicine: disease of the fetus and infanth. 2006; 
8:1492-523. 
5. Yu, E.; Sharma, S. Physiology, Calcium. In StatPearls; 
StatPearls Publishing: Treasure Island, FL, USA, 2022. 
6. Wei W, Jiang W, Gu W, Wu H, Jiang H, Li G, et al. The 
joint effect of energy reduction with calcium 
supplementation on the risk factors of type 2 diabetes in the 
overweight population: a two-year randomized controlled 
trial. Aging (Albany NY). 2021; 13(4):5571-84. 
7. Yamada H, Funazaki S, Suzuki D, Saikawa R, Yoshida M, 
Kakei M, et al. Association between Urinary Calcium 
Excretion and Estimated Glomerular Filtration Rate 
Decline in Patients with Type 2 Diabetes Mellitus: A 
Retrospective Single-center Observational Study. J Clin 
Med. 2018; 7(7):171. 
8. Seino Y, Nanjo K, Tajima N, Kadowaki T, Kashiwagi A, 
Araki E, et al. Report of the committee on the classification 
and diagnostic criteria of diabetes mellitus. J Diabetes 
Investig. 2010; 1(5):212-28. 
9. Rani DP, Anandan SN. A clinical study of serum alkaline 
phosphatase and calcium level in type 2 diabetes mellitus 
with periodontitis among the south Indian population. 
SRM J Res Dent Sci. 2012; 3(3):175. 
10. Trinder P. Enzymatic determination of glucose. Ann 
Clin Biochem. 1969; 6:24-7. 

https://www.iosrjournals.org/iosr-jdms/papers/Vol14-issue8/Version-1/O014816567.pdf
https://www.iosrjournals.org/iosr-jdms/papers/Vol14-issue8/Version-1/O014816567.pdf
https://www.iosrjournals.org/iosr-jdms/papers/Vol14-issue8/Version-1/O014816567.pdf
https://www.iosrjournals.org/iosr-jdms/papers/Vol14-issue8/Version-1/O014816567.pdf
https://pubmed.ncbi.nlm.nih.gov/21193625/
https://pubmed.ncbi.nlm.nih.gov/21193625/
https://pubmed.ncbi.nlm.nih.gov/24223071/
https://pubmed.ncbi.nlm.nih.gov/24223071/
https://pubmed.ncbi.nlm.nih.gov/24223071/
https://www.espen.org/files/ESPEN-Guidelines/Pediatrics/ESPGHAN_ESPEN_ESPR_CSPEN-guidelines-on-pediatric-parenteral-nutrition-Calcium-phosphorus-and-magnesium.pdf
https://www.espen.org/files/ESPEN-Guidelines/Pediatrics/ESPGHAN_ESPEN_ESPR_CSPEN-guidelines-on-pediatric-parenteral-nutrition-Calcium-phosphorus-and-magnesium.pdf
https://www.espen.org/files/ESPEN-Guidelines/Pediatrics/ESPGHAN_ESPEN_ESPR_CSPEN-guidelines-on-pediatric-parenteral-nutrition-Calcium-phosphorus-and-magnesium.pdf
https://www.espen.org/files/ESPEN-Guidelines/Pediatrics/ESPGHAN_ESPEN_ESPR_CSPEN-guidelines-on-pediatric-parenteral-nutrition-Calcium-phosphorus-and-magnesium.pdf
https://www.ncbi.nlm.nih.gov/books/NBK482128/
https://www.ncbi.nlm.nih.gov/books/NBK482128/
https://pubmed.ncbi.nlm.nih.gov/33589569/
https://pubmed.ncbi.nlm.nih.gov/33589569/
https://pubmed.ncbi.nlm.nih.gov/33589569/
https://pubmed.ncbi.nlm.nih.gov/33589569/
https://pubmed.ncbi.nlm.nih.gov/33589569/
https://pubmed.ncbi.nlm.nih.gov/29996526/
https://pubmed.ncbi.nlm.nih.gov/29996526/
https://pubmed.ncbi.nlm.nih.gov/29996526/
https://pubmed.ncbi.nlm.nih.gov/29996526/
https://pubmed.ncbi.nlm.nih.gov/29996526/
https://pubmed.ncbi.nlm.nih.gov/29996526/
https://pubmed.ncbi.nlm.nih.gov/24843435/
https://pubmed.ncbi.nlm.nih.gov/24843435/
https://pubmed.ncbi.nlm.nih.gov/24843435/
https://pubmed.ncbi.nlm.nih.gov/24843435/
https://www.srmjrds.in/article.asp?issn=0976-433X;year=2012;volume=3;issue=3;spage=175;epage=179;aulast=Pushpa
https://www.srmjrds.in/article.asp?issn=0976-433X;year=2012;volume=3;issue=3;spage=175;epage=179;aulast=Pushpa
https://www.srmjrds.in/article.asp?issn=0976-433X;year=2012;volume=3;issue=3;spage=175;epage=179;aulast=Pushpa
https://www.srmjrds.in/article.asp?issn=0976-433X;year=2012;volume=3;issue=3;spage=175;epage=179;aulast=Pushpa
https://www.scirp.org/(S(i43dyn45teexjx455qlt3d2q))/reference/ReferencesPapers.aspx?ReferenceID=130311
https://www.scirp.org/(S(i43dyn45teexjx455qlt3d2q))/reference/ReferencesPapers.aspx?ReferenceID=130311


 Danish Khan et al. 

5 

11. Schiele F, Muller J, Colinet E, Siest G. Certification of an 
enzyme reference material for alkaline phosphatase (CRM 
371). Clin Biochem. 1991; 24(2):159-68. 
12. McComb RB, Bowers GN, Jr. Study of optimum buffer 
conditions for measuring alkaline phosphatase activity in 
human serum. Clin Chem. 1972; 18(2):97-104. 
13. Recommendations of the German Society for Clinical 
Chemistry. Standardisation of methods for the estimation 
of enzyme activities in biological fluids. Experimental basis 
for the optimized standard conditions. Z Klin Chem Klin 
Biochem. 1972; 10(6):281-91. 
14. Gitelman HJ. An improved automated procedure for the 
determination of calcium in biological specimens. Anal 
Biochem. 1967; 18(3):521-31. 
15. Baginski ES, Marie SS, Clark WL, Zak B. Direct 
microdetermination of serum calcium. Clin Chim Acta. 
1973; 46(1):49-54. 
16. Marshall D, Johnell O, Wedel H. Meta-analysis of how 
well measures of bone mineral density predict occurrence 
of osteoporotic fractures. BMJ. 1996; 312(7041):1254-9. 
17. Nordin, BEC. Calcium, Phosphate and Magnesium 
Metabolism: Clinical Physiology and Diagnostic 
Procedures. Edinburgh: Churchill Livingstone, 1976. 
18. Edwards SL. Maintaining calcium balance: physiology 
and implications. Nurs Times. 2005; 101(19):58-61. 
19. Robinson LJ, Blair HC, Barnett JB, Zaidi M, Huang CL. 
Regulation of bone turnover by calcium-regulated calcium 
channels. Ann N Y Acad Sci. 2010; 1192:351-7. 

20. Nagasaka S, Murakami T, Uchikawa T, Ishikawa SE, 
Saito T. Effect of glycemic control on calcium and 
phosphorus handling and parathyroid hormone level in 
patients with non-insulin-dependent diabetes mellitus. 
Endocr J. 1995; 42(3):377-83. 
21. Tsavaris NB, Pangalis GA, Variami E, Karabelis A, 
Kosmidis P, Raptis S. Association of neutrophil alkaline 
phosphatase activity and glycosylated haemoglobin in 
diabetes mellitus. Acta Haematol. 1990; 83(1):22-5. 
22. Sultan E, Taha I, Saber LM. Altered bone metabolic 
markers in type 2 diabetes mellitus: Impact of glycemic 
control. J Taibah Univ Medical Sci. 2008; 3(2):104-16. 
23. Hofbauer LC, Brueck CC, Singh SK, Dobnig H. 
Osteoporosis in patients with diabetes mellitus. J Bone 
Miner Res. 2007; 22(9):1317-28. 
24. Botolin S, McCabe LR. Chronic hyperglycemia 
modulates osteoblast gene expression through osmotic and 
non-osmotic pathways. J Cell Biochem. 2006; 99(2):411-
25. Sun G, Vasdev S, Martin GR, Gadag V, Zhang H. Altered 
calcium homeostasis is correlated with abnormalities of 
fasting serum glucose, insulin resistance, and beta-cell 
function in the Newfoundland population. Diabetes. 2005; 
54(11):3336-9. 
 

 

 

https://pubmed.ncbi.nlm.nih.gov/2040088/
https://pubmed.ncbi.nlm.nih.gov/2040088/
https://pubmed.ncbi.nlm.nih.gov/2040088/
https://pubmed.ncbi.nlm.nih.gov/5008530/
https://pubmed.ncbi.nlm.nih.gov/5008530/
https://pubmed.ncbi.nlm.nih.gov/5008530/
https://pubmed.ncbi.nlm.nih.gov/4681028/
https://pubmed.ncbi.nlm.nih.gov/4681028/
https://pubmed.ncbi.nlm.nih.gov/4681028/
https://pubmed.ncbi.nlm.nih.gov/4681028/
https://pubmed.ncbi.nlm.nih.gov/4681028/
https://www.semanticscholar.org/paper/An-improved-automated-procedure-for-the-of-calcium-Gitelman/3d9ae43d56a1b20526537784d73cdacfd340ca77
https://www.semanticscholar.org/paper/An-improved-automated-procedure-for-the-of-calcium-Gitelman/3d9ae43d56a1b20526537784d73cdacfd340ca77
https://www.semanticscholar.org/paper/An-improved-automated-procedure-for-the-of-calcium-Gitelman/3d9ae43d56a1b20526537784d73cdacfd340ca77
https://pubmed.ncbi.nlm.nih.gov/4732888/
https://pubmed.ncbi.nlm.nih.gov/4732888/
https://pubmed.ncbi.nlm.nih.gov/4732888/
https://pubmed.ncbi.nlm.nih.gov/8634613/
https://pubmed.ncbi.nlm.nih.gov/8634613/
https://pubmed.ncbi.nlm.nih.gov/8634613/
https://lib.ugent.be/en/catalog/rug01:000041092
https://lib.ugent.be/en/catalog/rug01:000041092
https://lib.ugent.be/en/catalog/rug01:000041092
https://pubmed.ncbi.nlm.nih.gov/15920876/
https://pubmed.ncbi.nlm.nih.gov/15920876/
https://pubmed.ncbi.nlm.nih.gov/20392259/
https://pubmed.ncbi.nlm.nih.gov/20392259/
https://pubmed.ncbi.nlm.nih.gov/20392259/
https://pubmed.ncbi.nlm.nih.gov/7670567/
https://pubmed.ncbi.nlm.nih.gov/7670567/
https://pubmed.ncbi.nlm.nih.gov/7670567/
https://pubmed.ncbi.nlm.nih.gov/7670567/
https://pubmed.ncbi.nlm.nih.gov/7670567/
https://pubmed.ncbi.nlm.nih.gov/2105565/
https://pubmed.ncbi.nlm.nih.gov/2105565/
https://pubmed.ncbi.nlm.nih.gov/2105565/
https://pubmed.ncbi.nlm.nih.gov/2105565/
https://cyberleninka.org/article/n/183583
https://cyberleninka.org/article/n/183583
https://cyberleninka.org/article/n/183583
https://pubmed.ncbi.nlm.nih.gov/17501667/
https://pubmed.ncbi.nlm.nih.gov/17501667/
https://pubmed.ncbi.nlm.nih.gov/17501667/
https://pubmed.ncbi.nlm.nih.gov/16619259/
https://pubmed.ncbi.nlm.nih.gov/16619259/
https://pubmed.ncbi.nlm.nih.gov/16619259/
https://pubmed.ncbi.nlm.nih.gov/16619259/
https://pubmed.ncbi.nlm.nih.gov/16249463/
https://pubmed.ncbi.nlm.nih.gov/16249463/
https://pubmed.ncbi.nlm.nih.gov/16249463/
https://pubmed.ncbi.nlm.nih.gov/16249463/
https://pubmed.ncbi.nlm.nih.gov/16249463/

