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Abstract: Diabeticretinopathyis the most frequent microvascular complications of Diabetes mellitus and one of 

the leading causes of blindness worldwide. DR has a complex process and various bone turnover markers play 

a key role in pathogenesis and progression of Diabetic Retinopathy. Previous studies have shown that bone 

turnover markers such as serum calcium, vitamin D, Phosphate, parathyroid hormone, alkaline phosphatase  

have significant effect on microvascular changes in Diabetic patients. Our study aims to summarize and 

evaluate the level of various bone turnover markers in DR and critically appraise the level and quality of 

existing studies. 
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I. Introduction 
 Diabetic retinopathy (DR) is among the most common diabetic complications, and is the leading cause 

of blindness among working-aged individuals worldwide
1
. Of an estimated 285 million people with diabetes 

mellitus worldwide, approximately one third have signs of DR and of these, a further one third of DR is vision-

threatening DR, including diabetic macular edema (DME). The prevalence of DR varies from 20% to 80% as 

reported in different studies. Recent estimates suggest that the number of people with diabetic retinopathy will 

increase to 191 million by 2030
2
. DR has a complex process and many risk factors have been established, such 

as poor glycaemia control, long duration of diabetes, smoking, inflammation, obesity, and hypertension. In DR, 

vision loss generally develops as a sequelae of neovascularization of the retina, leading to vitreous haemorrhage 

and retinal detachment. 

 

EFFECT OF BONE TURNOVER MARKERS ON DIABETIC RETINOPATHY 

 The bone is constantly being remodelled to maintain a healthy skeleton structure as per an individual’s 

needs. Various bone turnover markers are used to determine the risk of fracture independently of bone mineral 

density (BMD). These markers are divided into three categories, indicating the number of osteoblasts, bone 

formation or resorption
3
. Several diabetic complications including nephropathy, retinopathy and peripheral 

neuropathy are associated with a higher fracture risks in diabetic patients. Even previous studies have revealed 

an important association between bone metabolism and energy metabolism
4
, which influences the risk of DR. 

 Among the various bone turnover markers, calcium homeostasis plays an important role in 

development of type 2 diabetes mellitus (T2DM). The secretion of insulin in response to an elevated 

concentration of plasma glucose is a Ca
2+

dependent process. Alterations in insulin secretion have also been 

involved with disorders in blood glucose homeostasis
5
, and increasing cytosolic calcium has been associated 

with an increase in the expression of GLUT4 (Glucose Transporter 4) transporters in the myocyte, which, in 

turn, increases the insulin-stimulated glucose transport activity in these cells
6
.  

Apart from calcium, elevated serum phosphate levels, even within the normal range, are also implicated in the 

pathogenesis of vascular disease by inducing vascular calcification in large and medium sized vessels and 

development of endothelial dysfunction
7
.  

 Similarly, Vitamin D deficiency has been shown to alter insulin synthesis and secretion in both humans 

and animal models. Improvement in action of insulin may be mediated by vitamin D directly through the 

presence of Vitamin D receptors in skeletal muscles, stimulation of expression of insulin receptors in bone 

marrow cells and through vitamin D activation of peroxisome proliferator activator receptorδ, a transcription 

factor involved in the control of metabolism of fatty acids in adipose tissue and skeletal muscle
8
. The indirect 

role of vitamin D is via the regulation of pools of intracellular and extracellular calcium and control of normal 
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influx of calcium through the membranes of cells. Vitamin D receptors are expressed extensively in the retina
9
, 

and an animal study showed that calcitriol was a potent inhibitor of retinal neovascularization in an oxygen-

induced ischemic retinopathy mouse model
10

. This evidence indicated that vitamin D may play a role in the 

pathogenesis of diabetic retinopathy. 

 Parathyroid hormone has also been implicated in the pathogenesis and progression of diabetes mellitus. 

Approximately 40% of patients with primary hyperparathyroidism have impaired glucose tolerance. Insulin 

resistance present in patients with hyperparathyroidism probably arises from a raised intracellular free calcium 

concentration, which reduces insulin-stimulated glucose transport. With the progression of insulin resistance 

there is impaired glucose tolerance, and finally diabetes mellitus may result. 

Alkaline phosphatase (ALP) is an enzyme found in several tissues throughout the body with the highest 

concentration found in bone and liver. Elevated level of ALP in the blood are most commonly caused by liver 

disease or bone disorders. However, mild elevation of serum ALP has also been observed in diabetic patients
11

. 

But the effect of ALP on risks of microvascular complications of diabetes mellitus is still not clear. 

 A Longer disease duration, the presence of diabetic complication, and inadequate diabetic control all 

have been reported to have low BMD and increased fracture risk in diabetic patients
12

. A significant association 

between presence of DR and low BMD has been observed, hence DR may be considered as a marker of low 

BMD. 

 Though studies have been done on effect of these bone turnover markers in DR but to the best of our 

knowledge, none of the studies have shown the effect of all these markers collectively. So, this study aims to 

summarize and evaluate the level of various bone turnover markers in DR and critically appraise the level and 

quality of existing studies. 

 

II. Materials And Methods 
 We are conducting a cross-sectional study (taking sample size 60 with 30 study group and 30 control 

group), after taking ethical clearance from Ethical Committee, Jawaharlal Nehru Medical College and Hospital, 

A. M. U., Aligarh. In this study we are trying to compare the effects of various bone turnover markers indiabetic 

patients with diabetic retinopathy with those without diabetic retinopathy.An informed written consent will be 

taken from each patient before participation in the study. The study population will be drawn from the diabetic 

patients with duration of diabetes more than 5 years who will attend the Rajiv Gandhi Center for Diabetes and 

Endocrinology, and subsequently be referred to the Retina Clinic, Institute of Ophthalmology, of the same 

hospital, for their ocular evaluation. 

 A clinical history will be taken with the help of a structured questionnaire including demographic data, 

duration of diabetes, treatment taken, presence of any other complications of diabetes, addictions, dietary habits, 

family history of diabetes, and blood pressure. 

The laboratory profile of each patient would comprise of: 

Blood sugar (both fasting ≥ 126mg/dl and 2 hours blood glucose on 75 gm oral glucose tolerance test (OGTT) 

≥200mg/dl in diabetes), HbA1c (greater than or equal to 6.5 % in diabetes)
13

. 

 Serum calcium (normal physiological range- 8.9-10.1 mg/dl), serum phosphate (normal physiological range -

2.5-4.5 mg/dl), vitamin D (normal physiological range 20-76 pg/ml), serum alkaline phosphatase (normal 

physiological range 41-133), parathyroid hormone (normal physiological range 11-54 pg/ml)
14

. 

According to WHO criteria, T score ≤ -2.5 is osteoporosis, Tscore -2.5 to -1.0 is osteopenia, Tscore ≥ -1.0 is 

normal BMD. 

 The ocular examination will comprise of refraction (undilated), slit lamp biomicroscopy as well as 

dilated fundoscopy with the use of 78D/90D Volk lens. A fundus photograph using Visucam 500 will be taken 

and secured as an objective evidence of the subjective findings seen on 78D/90D slit lamp biomicroscopy.  

A diagnosis of diabetic retinopathy will be made as per ETDRS classification. 

 

III. Discussion 
 Many studies have been performed across the world to determine the effect of bone turnover markers in 

diabetic retinopathy. Results of some of the studies have been mentioned below. 

 Stratton et al (2001)
15

, have given evidence that poor glycemic control and long duration of diabetes 

are independent risk factors of Diabetic retinopathy.J Levy et al(1986)
16

, conducted a study which showed that 

there is no correlation between plasma calcium and duration of diabetes. However, the alteration in calcium 

homeostasis accompanies the diabetic state.Pittas AG et al (2006)
17

, conducted a prospective study which 

suggested a potential beneficial role for both vitamin D and calcium intake in reducing risk of type 2 

diabetes.Cecilia M. Giachelli(2009)
7
, conducted a study which concluded that hyperphosphatemia promotes 

vascular calcification in part by promoting smooth muscle cells to undergo an osteochondrogenic phenotype 

change through a mechanism requiring sodium -dependent phosphate cotransporters. Upregulation of sodium 

phosphate cotransporters in smooth muscle cells by disease state and cytokines may facilitate vascular 
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calcification even when serum phosphate levels are in normal range.Rukshana C. Shroff (2010)
18

 conducted a 

study which concluded that vascular calcification occurs in response to deranged calcium and phosphate 

metabolism in chronic kidney disease and is characterized by vascular smooth muscle cell damage and 

attrition.Ute Zietz et al (2003)
19

, conducted an experimental study in mice which concluded that disruption of 

vitamin D receptor signalling pathway is associated with a pronounced impairment in oral glucose tolerance and 

insulin secretory capacity, together with a reduction in pancreatic insulin mRNA levels in normally fed 

mice.Taverna MJ et al (2005)
9
, conducted a study in which he observed that in a cohort of Caucasians with C-

peptide negative type 1 diabetes, a novel association between the functional folk vitamin D receptor 

polymorphism and severe diabetic retinopathy, especially among subjects with fewer than 25 year of diabetes 

duration. W. H.  Taylor, A. A. Taylor(2001)
20

, conducted a study which concluded that approximately 40% of 

patients with primary hyperparathyroidism have impaired glucose tolerance. Insulin resistance is present in 

hyperparathyroidism and probably arises from a raised intracellular free calcium concentration which, by 

decreasing normal insulin stimulated glucose transport, increases the requirement for insulin.Belfiore F et 

al(1973)
11

, conducted a study which concluded that some serum enzymes including alkaline phosphatase show 

changed activities in diabetes mellitus. The level of serum alkaline phosphatase found to be increased in 

diabetes mellitus but not correlated with blood sugar concentration.Rao GM,Morghom LO(1986)
21

 conducted 

a study which showed positive correlation between serum alkaline phosphatase and blood glucose level of 

diabetic patients.Bonds DE et al(2006)
22

, conducted a study which concluded that women with type 2 diabetes 

mellitus are at increased risk for fractures. This risk is also seen among black and non-Hispanic white women 

after adjustment for multiple risk factors including frequent falls and increased bone mineral density.Lim Y et 

al(2016)
23

, conducted a study which concluded that the presence of diabetic retinopathy is significantly 

associated with a reduced bone mineral density and increased prevalence of osteoporosis in diabetic women. 

 

IV. Conclusion 
 Although the results in previous studies appeared to be largely similar, there are inadequate evidence 

that will support a particular result. So, further studies in this field are required and the results obtained will be 

added to that already established fact in our literature. Moreover, Most of researches have been conducted 

worldwide but there are limited studies done in Indian population. Hence, our study aims to determine the effect 

of bone turnover markers in DR in Indian population and examine the potential association between bone 

turnover markers and diabetic retinopathy sopossible interventions can be given accordingly. 
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