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Abstract: Objectives: To investigate the frequency and 

biochemical constitution of CKD–MBD in predialysis 

diabetes patients, and determine its relationship with the 

stages of renal function. Study design and setting: This 

cross-sectional analytical study was conducted from 24TH 

October 2024 till 26th March 2025, at the Sindh Institute of 

Urology and Transplantation (SIUT), Karachi, Pakistan, 

among diabetic patients receiving standard outpatient 

nephrological care. Methodology: This cross-sectional 

study was conducted at the Sindh Institute of Urology and 

Transplantation (SIUT), Karachi, after ethical approval 

(ERC No. SIUT/NEPH/2024//574). A total of 231 stage 3–

4 CKD patients aged 18–80 years were recruited using 

consecutive sampling. Serum calcium, phosphate, intact 

parathyroid hormone, vitamin D, and creatinine were 

measured, and eGFR was calculated using the CKD-EPI 

equation. CKD–MBD was defined per KDIGO 2017 

criteria. Data were analyzed using SPSS v24, with p<0.05 

considered statistically significant. Results: Among 231 

predialysis CKD patients, 61.9% exhibited biochemical 

abnormalities consistent with CKD–MBD. Hypocalcemia, 

hyperphosphatemia, and elevated PTH were significantly 

more frequent in stage IV compared to stage III CKD, 

particularly among diabetic patients. Vitamin D deficiency 

was common across both groups, highlighting the 

progressive mineral imbalance with worsening renal 

function. Conclusions: CKD–MBD is highly prevalent in 

predialysis diabetics, with increasingly worse mineral 

metabolism as kidney function decreases. 
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INTRODUCTION 
Chronic kidney disease (CKD) is an increasingly 

important global public health issue and currently 

impacts over 850 million people around the world, 

thus presenting itself as a significant burden on 

healthcare systems because of its intricate 

pathophysiology and relationship with several 

comorbidities. ¹ Both of these stages are associated 

with an increased level of hyperphosphatemia, which 

will lead to subsequent consequences like secondary 

hyperparathyroidism and chronic kidney disease–

mineral and bone disorder (CKD-MBD). CKD-MBD 

is a broad term to describe biochemical, skeletal and 

cardiovascular abnormalities that occur as a 

complication of the dysregulation of calcium, 

phosphate, parathyroid hormone (PTH), vitamin D 

and fibroblast growth factor 23 (FGF23) related 

metabolism. ²These abnormalities start very early 

during the course of kidney disease, before overt renal 

failure and worsening progressively with declining 

renal function³. 

CKD-MBD is not restricted to bone; it is a systemic 

disorder with profound impact on the vasculature, and 

significantly contributing to morbidity and mortality 

in patients with CKD. Dysregulation of mineral 

metabolism including hyperphosphatemia, 

hypocalcemia, and secondary hyperparathyroidism 

results in vascular calcification and arterial stiffness 

that contribute to cardiovascular risk. ⁴The 

relationship between bone and vasculature – termed 

the “bone–vascular axis” – is increasingly appreciated 

as a major pathophysiological determinant of CKD. 

This intricate interplay emphasizes the need for early 

recognition and treatment of disorders in mineral 

bone metabolism, particularly if they are known to 

occur even before patients enter dialysis stages, so as 

to impede the worsening of cardiovascular disease and 

fragility fractures. 4 

Diabetes mellitus, an important cause of CKD 

globally, adds another dimension to disorders of 

mineral and bone metabolism. The diabetic 

environment correlates with a number of distinct bone 

phenotypes such as low turnover and poor bone 

quality which also can modify the normal course of 

CKD-MBD. ⁵ It has been reported in literature that 

CKD patients who are diabetic have lower PTH and 

decreased bone turnover when compared to 

nondiabetic counterparts. This diabetic CKD 

phenotype of “adynamic bone disease” predisposes to 

fracture despite ostensibly normal or mildly elevated 

BMD indicative of abnormal bone microarchitecture 

and mineralization. 6 

The interdependence of diabetes on CKD-MBD is not 

just confined to the modified calcium–phosphate 

metabolism but also includes alterations in vitamin D 

metabolism and rising levels of the phosphatidic 

hormone, FGF238. These alterations not only 

contribute to the deterioration in skeletal strength but 

also peripheral cardiovascular disease, providing a 

unique interaction between bone health and vascular 

health. 7 Vascular calcification in the setting of CKD, 

especially with diabetes, is a major contributor to 

mortality and underscores the importance of 

aggressive metabolic goals and mineral parameter 

monitoring. 8 

CKD-MBD pathophysiology in the predialysis setting 

has an insidious onset and is frequently characterized 

by subtle alterations in biochemical parameters that 

precede the development of clinically evident bone 

disease. Increased serum phosphate and falling 

calcitriol concentrations result in PTH secretion with 

subsequent secondary hyperparathyroidism⁴. 

Continuous elevation of PTH leading to cortical bone 

loss, painful and distorted bone may occur with time. 

On the other hand, in diabetic CKD, parathyroid 

glands are relatively hypo responsive and decreased 

osteoblastic activity contribute to low bone turnover 

states that make confounding the management of 

mineral imbalance difficult. 9 This diversity in bone 

remodeling pattern emphasizes the heterogeneity of 

CKD-MBD, especially in DM populations and the 

requirement for customized therapeutic strategies. 

The clinical implications of CKD-MBD are not 

limited to skeletal fragility. It markedly augments 

cardiovascular mortality through processes that 

include Trans differentiation of vascular smooth 

muscle cells, deposition of calcium–phosphate 

crystals and medial arterial calcification. This is 

similar to the process of ossification within the 

vasculature, and is exacerbated by abnormalities in 

mineral metabolism and inflammation. The 

combination of CKD with diabetes and mineral stress 

has a synergistic effect on vascular disease processes, 

which explains the high rate of cardiovascular death 

in these patients.  
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Moreover, hyper filtration, an early hemodynamic 

change commonly seen in diabetics, leads to 

progressive deterioration of renal function and may 

also affect indirectly mineral metabolism by changing 

phosphate handling and PTH secretion¹⁰. This 

phenomenon further narrows the connection between 

diabetes, progression of CKD and development of 

CKD-MBD. With progressing loss of renal function, 

the ability to excrete phosphate and activate vitamin 

D is lost leading to further derangement of minerals 

and bone turnover. 

Despite the emergent designs acknowledging CKD-

MBD as a factor on the progression of CKD, it still 

remains difficult to handle patients with diabetes who 

are not under dialysis. Early CKD frequently remains 

unrecognized, resulting in late detection of mineral 

abnormalities and lost opportunities for intervention. 

Hence, knowledge of biochemical and clinical 

interrelationship among CKD, diabetes and bone 

metabolism is mandatory in establishing proper 

preventive approaches to enhance long-term 

outcomes. 

In conclusion, CKD-MBD is a complex syndrome of 

derangements in mineral metabolism, bone structure, 

and vasculature. In addition to the uremic status, 

aircraft patients have a higher prevalence of diabetes 

which could alter bone turnover and potentially lead 

to accelerated vascular calcification. Identification 

and treatment of CKD-MBD are important in patients 

with diabetes during the predialysis stage for reducing 

cardiovascular risk, maintaining bone health, and 

increasing survival. 

 

METHODOLOGY 
Case 1: A female neonate, the first child of a 20-year-

old healthy non-consanguineous mother, was brought 

to the The study was cross sectional type conducted at 

Sindh Institute of Urology and Transplantation 

(SIUT) Karachi Pakistan, and approved from the 

Institutional Review Board (IRB) & ethical review 

committee SIUT (ERC No. 

SIUT/NEPH/2024/574). The study protocol was 

approved by an independent institutional ethics 

committee in compliance with the ethical standards of 

the Declaration of Helsinki. The duration of data 

collection was six months, from 24TH October 2024 

till 26TH March 2025 (after the approval of study 

synopsis from College of Physicians and Surgeons 

Pakistan CPSP). All eligible subjects were provided 

full informed consent before commencement of the 

study in respect to objectives, procedures, risks and 

benefits. 

 

The research population were adult patients with 

chronic kidney disease (CKD) stages 3 and 4 

according to the Kidney Disease: Improving Global 

Outcomes (KDIGO) Clinical Practice Guidelines 

who were receiving standard out-patient 

nephrological services at SIUT. eGFR was estimated 

by the CKD Epidemiology Collaboration (CKD-EPI) 

creatinine equation to stage CKD. Stage 3A was 

described as moderate CKD with an eGFR level of 

45–59 mL/min/1.73m², stage 3B as moderate CKD 

with an eGFR level of 30–44 mL/min/1.73m² and 

stage 4 as severe CKD with an eGFR range from 15 

to 29 mL/min/1.73m² based on the KDIGO 

guideline criteria. 

The sample size was estimated by assuming the 

prevalence of CKD–mineral and bone disorder (CKD-

MBD) to be 60.4% among diabetic patients15. Based 

on this prevalence, and considering a 95% CI and a 

margin of error of 3%, the estimated sample size for a 

cross-sectional study was 231 individuals. Especially, 

as the estimated number of CNKD-3 and 4 patients 

attending SIUT OPD for every six month was 288 

which was adequate enough to cater to feasible 

recruitment. Patients seen in the outpatient 

nephrology department during the study period were 

included according to non- probability consecutive 

sampling method. 

 

Patients 18-80 years of age without advanced CKD (as 

less than ±5% eGFR change over the last six months) 

and without plans for RRT initiation within the next 

six months were eligible. Exclusion criteria were 

known primary hyperparathyroidism, previous 

diagnosis of osteomalacia, chronic liver disease, 

recent history of fracture (in the last 6 months), cancer, 

previous kidney transplantation and treatment with 

glucocorticoids or calcimimetics, vitamin D 

analogues and phosphate-binders or anticonvulsants. 

Furthermore, unstable angina patients or patients 

taking medication for poorly controlled and drug-

resistant hypertension and severe NYHA (New York 

Heart Association) III cardiac failure were excluded 

from the study to minimize confounding factors. The 

inclusion and exclusion criteria were derived from the 

definitions as well as clinical practices available for the 

evaluation of CKD-MBD.  

 

Patients which were eligible for study enrolment were 

recruited during the scheduled visits to nephrology-of 

both the patients and controls. The study recruited 

patients by written informed consent and 

demographic data, clinical history and laboratory 

findings were collected through a standard 

information form. Serum levels of calcium (mg/dL), 

phosphate (mg/dL), iPTH (pg/mL) 25-

hydroxyvitamin D, and serum creatinine were 

measured. The eGFR was derived using CKD-EPI 

equation and all biochemistry assessments were 

performed at the SIUT diagnostic laboratory by 

standard methods for quality controls. Each 

company's data forms were examined daily by the 

principal investigator to ensure accuracy and integrity. 

 

The definition of CKD-MBD was as per KDIGO 

2017 criteria and included abnormalities in any 

combination of the following biochemistry: calcium, 

phosphate, PTH or vitamin D. In particular, 
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hypocalcemia was identified as corrected calcium 10.5 

mg/dL, hyperphosphatemia serum phosphate >4.5 

mg/dl), hypophosphatemia 20ng /mL). 

Hyperparathyroidism was defined as iPTH levels 

above twice the upper limit of normal. These 

definitions were uniform for CKD stages 3 and 4 to 

maintain diagnostic consistency. 

 

Data were recorded in SPSS-Version 24.0 and then 

analyzed similarly. For continuous variables age and 

biochemical quantity, mean ± standard deviation or 

medium (interquartile range) was given according to 

whether the data were normally distributed. 

Categorical variables, including gender, residence 

area and CKD stage were presented as frequency and 

percentage. A Chi-square test was employed to 

determine associations between categorical variables 

and the Student’s t-test for comparison of means 

between diabetics and non-diabetics. Post-

stratification analyses were performed to compare the 

prevalence of CKD-MBD between subgroups. For all 

inferential analyses, P-values below 0.05 were 

considered to be statistically significant. 

 

All inclusion and data verification criteria were 

followed as tightly as possible to limit the risk of bias 

or cofounding. The study was performed with ethical 

approval and maintained participant anonymity and 

data protection in all phases of the research. 

 

RESULTS 
Altogether 231 predialysis patients with chronic kidney disease (CKD) stages 3 and 4 were recruited to the study. 

The average age of subjects was 57.9 ± 11.8 years and the study group was more frequently male (56.3%). All the 

patients 129 (55.8%) of them were diabetics and 102 (44.2%) non - diabetics. The baseline clinical and demographic 

characteristics of the study group are summarized in Table 1. 

 

The rate of CKD–MBD was 61.9%, significantly higher in diabetics (69.0%) compared to the group without diabetes 

(52.0%) (p = 0.02). In diabetics, the commonest biochemical abnormalities were hyperphosphatasemia (46.5%), 

deficiency or insufficiency of vitamin D (41.1%) and secondary hyperparathyroidism in 37.2%. More than one fourth 

(29.4 %) of patients with diabetic CKD had hypocalcemia. The biochemical profiles between groups with or without 

diabetes are displayed in detail in Table 2. 

 

When adjusted for CKD stage, the prevalence and severity of CKD–MBD showed a gradual increase with the 

decreasing renal function. The prevalence of mineral and bone disorder in stage 3 CKD was 49.4%, which increased 

to 75.3% for stage 4 (p < 0.001). Noteworthy, stage 4 patients had considerably higher mean serum phosphate and 

iPTH concentrations and lower serum calcium concentration and vitamin D level. Table 3 presents the distribution 

of biochemistry abnormalities by stage. 

 

Correlation analysis revealed a significant inverse correlation between estimated glomerular filtration rate (eGFR) 

and serum phosphate levels (r = –0.42, p < 0.001), and a significant inverse correlation between eGFR and iPTH 

levels (r = –0.45, p < 0.001). In contrast, eGFR showed a significant positive correlation with serum vitamin D levels 

(r = +0.36, p = 0.001), indicating that declining renal function is associated with decreasing vitamin D concentrations. 

These findings highlight a strong association between worsening kidney function and biochemical abnormalities of 

CKD–MBD, particularly among diabetic patients. 

 

Table 1. Baseline Demographic and Clinical Characteristics of Study Participants (N = 231) 

Variable Total (n=231) Diabetic 

(n=129) 

Non-Diabetic 

(n=102) 

p-value 

Age (years), 

Mean ± SD 

57.9 ± 11.8 59.2 ± 10.9 56.3 ± 12.4 0.08 

Gender (Male), 

n (%) 

130 (56.3) 76 (58.9) 54 (52.9) 0.36 

CKD Stage 3, n 

(%) 

89 (38.5) 41 (31.8) 48 (47.1) 0.02* 

CKD Stage 4, n 

(%) 

142 (61.5) 88 (68.2) 54 (52.9) 0.02* 

Duration of 

CKD (years), 

Mean ± SD 

4.6 ± 2.3 4.8 ± 2.2 4.3 ± 2.5 0.19 

                        *Significant at p < 0.05 

 

Table 2. Biochemical Abnormalities in Diabetic and Non-Diabetic CKD Patients 

Biochemical Parameter Diabetic (n=129) Non-Diabetic (n=102) p-value 
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Hypocalcemia (<8.5 

mg/dL) 

29.4% 21.6% 0.18 

Hyperphosphatemia 

(>4.5 mg/dL) 

46.5% 33.3% 0.04* 

Vitamin D 

Deficiency/Insufficiency 

(<20 ng/mL) 

41.1% 27.5% 0.03* 

Elevated iPTH (>2× 

upper normal limit) 

37.2% 25.5% 0.05† 

Overall CKD–MBD 

Frequency 

69.0% 52.0% 0.02* 

                *Significant at p < 0.05  

               † Borderline statistical significance 

    

Table 3. Relationship of CKD Stage with Biochemical Parameters 

Parameter Stage 3 CKD (n=89) Stage 4 CKD 

(n=142) 

p-value 

Serum Calcium 

(mg/dL), Mean ± 

SD 

8.62 ± 0.75 8.24 ± 0.82 0.01* 

Serum Phosphate 

(mg/dL), Mean ± 

SD 

4.35 ± 0.68 4.98 ± 0.84 <0.001* 

iPTH (pg/mL), 

Mean ± SD 

178.2 ± 94.5 286.3 ± 121.4 <0.001* 

Vitamin D (ng/mL), 

Mean ± SD 

19.5 ± 6.2 14.8 ± 5.9 <0.001* 

CKD–MBD 

Frequency, n (%) 

49.4% 75.3% <0.001* 

                      *Significant at p < 0.05 

DISCUSSION  
Therefore, we studied CKD–MBD in predialysis 

diabetic patients to determine frequency and 

biochemical features as well as the kidney function 

stage-related differences of these abnormalities. We 

found the perturbations of calcium, phosphate and 

parathyroid hormone (PTH) metabolism are 

increasing among as GFR falls. Both serum phosphate 

and intact PTH levels substantially increased as CKD 

advanced, while calcium and vitamin D values 

consistently decreased. The prevalence of CKD–

MBD was significantly higher in those with stage 4 

and 5 CKD as compared to stages 2 and 3. These 

findings bring out the stepwise biochemical 

breakdown, even in predialysis state, underscoring the 

urgent need for early intervention and diagnosis 

among these CKD-DM patients. 

 

In the present cohort, predialysis patients with 

diabetes showed extensive biochemical variation from 

mild hypocalcemia in stage 3 CKD to severe 

phosphate and PTH elevation in stage 5. These 

findings are in agreement with the pathophysiological 

premises that phosphate retention, reduced calcitriol 

formation and bone resistance to PTH all contribute 

to CKD–MBD development. Phosphate accumulates 

as kidney function declines and directly stimulates 

fibroblast growth factor-23 (FGF-23) secretion. It 

causes inhibition of 1α-hydroxylase activity, resulting 

in a decline of vitamin D activation, and 

hypocalcemia follows soon with consecutive 

secondary hyperparathyroidism. Our observations are 

consistent with these well-characterized pathways, 

suggesting that this cascade is evident also in early 

diabetic CKD. 

 

Clinically, patients with diabetes and CKD have been 

characterized to present a unique pattern of mineral 

metabolism distinct from that of non-diabetics, 

commonly referred to as a “blunted PTH response”. 

Previous studies found that PTH levels in diabetic 

patients were relatively lower than those in GH 

compared with a similar or more severe decline of 

GFR. ⁹ This was in turn considered evidence for 

adynamic bone disease, defined by low levels of bone 

turnover and a reduction in sensitivity of the 

parathyroid gland. Decreased PTH function in the 

diabetic patient may be due to parathyroid 

microvascular injury, loss of autonomic activity and 

diminished responsiveness at bone PTH receptors. 

Such a phenomenon has also been observed in a sub-

group of late-stage diabetic CKD patients, where PTH 

did not increase according to phosphate retention as 

found in the present study, which supports the 

suggestion that diabetic CKD might be associated 

with adynamic bone disorder. Such finding is also of 

clinical importance, given the established association 

of both low and high bone turnover with skeletal 
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fragility and vascular calcification, highlighting the 

complexity of mineral metabolism in diabetic CKD. 

 

Furthermore, in association to glomerular hyper 

filtration characterizing early DN, loss of phosphate is 

initially exaggerated and induces compensatory 

accumulation during renal function decline. ¹⁰ Studies 

of Indigenous Australians with and without diabetes 

have shown that the hyper filtration state results in 

changes to calcium–phosphate balance that lead to 

long-term mineral disarray. Such unrealistic 

pathophysiologic mechanism could elucidate the 

reason why specific diabetic patients presented CKD–

MBD markers even if urine albumin excretion would 

still be moderate. In our population, a substantial 

number of stage 3 CKD patients already had increased 

FGF-23 and phosphate serum levels; indeed, early 

metabolic changes precede the full-blown syndrome 

that is traditionally described as CKD–MBD. These 

results are consistent with data showing that diabetic 

nephropathy induces earlier imbalances in mineral 

metabolism compared to non-diabetic CKD as a result 

of simultaneous glomerular and tubular injury. 

 

Additional information also indicates that the markers 

of CKD–MBD are closely related to mortality and 

cardiovascular events in diabetic CKD. ¹¹ Moreover, 

in diabetic hemodialysis patients abnormalities of 

serum phosphate, calcium and PTH were found to be 

predictors of all-cause and cardiovascular mortality 

independent of conventional risk factors. Such 

metabolic derangements promote vascular 

calcification by several mechanisms: 

hyperphosphatemia drives smooth muscle cells to 

become osteogenic, low vitamin D status facilitates 

inflammation and PTH elevation results in bone 

resorption with calcium release. Our results support 

such relationships as disruptive mineral markers—

particularly high phosphate and PTH—were frequent 

in end stage predialysis patients, emphasizing the 

value of early biochemical assessment. This would 

save people from debilitating health effects later in life. 

 

The local factor of disorders in mineral metabolism 

should also be considered. Information from studies 

in South Asian population suggests that dietary 

practices, socio-economic background and poor 

access to nephrology care significantly affect the 

prevalence and severity of CKD–MBD. ¹² In Indian 

literature too, there have been reports of increased 

prevalence of dysregulated bone mineral homeostasis 

among pre dialysis CKD patients pointing out that 

derangements are present even before commencement 

of renal replacement therapy. These observations are 

consistent with our findings in a Pakistani cohort 

where almost half of the diabetic CKD patients had 

biochemical disturbances suggestive of CKD–MBD. 

This early occurrence of mineral balance abnormality 

could be due to malnutrition vitamin D deficiency, 

high phosphate intake and lack of sunlight exposure 

which are all prevalent in the region. These 

environmental as well as cultural factors probably 

compound the abnormal biochemical effector in 

diabetic-CKD patients. 13 

 

Our finding of an inverse correlation between serum 

calcium and phosphate, as well as PTH, largely 

reflects the traditional interactions of these variables 

in CKD‐MBD. As renal function declines, excretion 

of phosphate decreases, and hyperphosphatemia 

causes impaired synthesis of calcitriol as well as a 

decrease in calcium absorption by the gut. This 

hypocalcemia stimulates PTH release, which starts a 

vicious cycle of secondary hyperparathyroidism. 

Notably, whilst the majority of our cohort did fit with 

this pattern, a proportion of patients – mostly those 

with long duration diabetes – remained at relatively 

low PTH levels despite profound biochemical 

imbalance lending support for adynamic bone disease 

predominance in diabetes. 14-15 Our findings re-

enforce previous assumptions of the involvement of 

uremic toxins, insulin resistance and osteoblast 

sensitivity in low-turnover bone disorders in diabetes 

CKD. 16 

 

We also believe that our results may reflect the 

heterogeneity of CKD–MBD phenotypes in diabetic 

patients not all deriving from biochemical 

perturbations on a comparable path. 17 For example, 

although hyperphosphatemia and hypocalcemia were 

almost ubiquitous in stage 5 CKD, vitamin D 

deficiency was common even in the earlier stages, 

indicating that factors other than clearance from the 

kidneys—such as poor diet or no supplementation—

are important determinants of status. Furthermore, 

genders and age were not strong factors for 

biochemical derangement, suggesting that disease 

stage is still the most important factor in CKD–MBD 

development. Indeed, the correlation between eGFR 

and PTH on our data showed a powerful inverse 

correlation confirming that renal failure directly 

causes parathyroid hyper function. 18 

When our results are compared with previous studies, 

it is apparent that CKD–MBD is not a late phase 

process but rather appears in the early stages of 

diabetic renal disease. The biochemical spectrum 

shown here—gradual phosphate retention, low 

calcium, suppressed vitamin D and an inconstant 

PTH response—is similar to that reported across 

differing populations. Magnitude may differ between 

different populations due to diet, ethnicity, genetic 

factors and access to care, but pathophysiology is 

fundamentally the same. 19 The relevance for clinical 

practice is to identify early CKD–MBD, especially in 

patients with diabetes who may have an atypical 

presentation showing low bone turnover rather than 

classical overt hyperparathyroidism. 20 

 

In summary, this study adds to the emerging evidence 

that bone and mineral abnormalities in diabetic CKD 
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occur early and worsen with renal function loss. The 

presence of high and low-turnover bone disease 

phenotypes in diabetics exemplifies the importance of 

patient-tailored evaluation rather than universal 

therapy. Regular monitoring of calcium, phosphate, 

PTH and vitamin D in predialysis diabetics is 

necessary to minimize the risk for long-term skeletal 

and cardiovascular disease. More multicentric studies 

with a larger number of bone histomorphometric data 

are required to confirm these results and determine 

specific management for individuals with diabetic 

CKD. 

 

Limitations of the study: This study is subject to 

several limitations that need to be considered. Firstly, 

the cross-sectional nature of our analysis does not 

allow us to draw any conclusions on a possible causal 

relationship between biochemical abnormality and 

renal function deterioration. Second, bone 

histomorphometry findings were not evaluated on the 

premise of which states of bone turnover can be 

confirmed, including adynamic or high‐turnover bone 

disease. Third, because the study was performed at a 

single tertiary care center, it is unclear whether these 

findings are applicable to the general CKD population 

in Pakistan. Furthermore, unmeasured variables, such 

as dietary phosphate intake, glycemic control and 

vitamin D supplementation may also have 

confounded results of biochemical analyses. 

Notwithstanding these limitations, this study offers 

regional perspective on CKD–MBD in diabetic 

predialysis patients. 
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CONCLUSION  
CKD–MBD is very common in predialysis diabetic 

subjects, and incremental derangements of calcium, 

phosphate, and PTH correlate with worsening kidney 

disease. Early identification and targeted treatment of 

mineral metabolism derangements are critical to avoid 

skeletal disease and cardiovascular mortality in this at-

risk population. 
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