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IntroductionChronic kidney disease (CKD) is an emerging publichealth problem, that affects 5% to 10% of the worldpopulation, with increasing prevalence and adverseoutcomes, including progressive loss of kidney function,cardiovascular disease and premature death [1]. Mineraland bone metabolism disorders associated with CKDform a multifactorial clinical entity. They are associatedwith considerable morbidity and mortality because of anincreased frequency of bone fracture and also predisposeto a greater risk for cardiovascular calcification [2].Osteoporosis is a highly prevalent bone and mineraldisorder in CKD patients along with the otherdeterminants of the various aspects of renalosteodystrophy (ROD) such as secondary

Abstract
Background: There are limited studies available especially of Indian Population about factors defining the pathophysiology

of bone mineral density (BMD) in osteoporotic chronic kidney disease (CKD) patients, not on dialysis.
Material: This study included 100 adult patients. Patients were divided into two groups depending upon GFR. Serum

creatinine, albumin, calcium, phosphate (PO4), alkaline phosphatase, iPTH and Vitamin D were measured at
baseline. BMD was measured by dual energy X-ray absorptiometry.

Results: There were 76 male and 24 female patients. The mean serum phosphate, alkaline phosphatase and iPTH
levels increased steadily as CKD progressed. On the other hand, mean corrected serum calcium and Vitamin
D levels decreased progressively in group A to B. The mean serum PTH values in group A and B were
226.47±3.24 pg/ml and 245.66±13.61 pg/ml respectively. Significant increase was observed in mean PTH
level from group A to group B (p<0.001). The mean level of vitamin D showed a trend of declination from group
A to B (p<0.001). Bone densitometric parameters decreased significantly from patients in Group A to Group B.
T score and Z score declined significantly Group A to B with progression of kidney disease from -2.60±0.08 to
-3.17±0.24 and from -2.13±0.28 to -2.82±0.33 respectively (p<0.001). A positive correlation was seen between
GFR, Vitamin D & serum calcium; while serum iPTH, phosphate and serum alkaline phosphatase correlated
negatively with GFR.

Conclusion: Reduced bone density as estimated from reduced BMD levels was seen early in the course of CKD and it
worsened with the progression of CKD.

Key words: Bone mineral density, Chronic Kidney Disease, dialysis.

hyperparathyroidism, osteomalacia or adynamic bonedisease [3].  Osteoporosis is a condition characterized bylow bone mass leading to reduced bone strength andincreased risk of fractures. It is an important prevalentbone disorder in CKD patients because of their advancedage, post-menopausal status in women, sedentary lifestyle, nutritional state and treatment including steroids.Early initiation of appropriate therapy may prevent orameliorate the mineral and bone disorder that developsin late CKD so, it is important to define the underlyingpathophysiologic process.The World Health Organization (WHO) definition ofosteoporosis is based on bone mineral density (BMD)measurements. Osteoporosis and renal osteodystrophy(ROD) may coexist in elderly patients with CKD, whichmakes the issue problematic to define. The failure of theskeleton to absorb positive phosphate balance in CKD isan important stimulus to heterotopic mineralization, andlinks the skeleton and osteoporosis in CKD tocardiovascular events and mortality. Therefore, itsdiagnosis and management in CKD cohort may differfrom general population. Bone biopsy is the gold standard



104

J Int Med Sci Acad
2019; (April-June); Vol 32; No. 2

Jain et. al.
Predialysis Osteoporotic Patients of CKD

biochemical markers of bone metabolism in predialysisosteoporotic patients of chronic kidney disease and hencethe present study is undertaken.
Material and MethodsThe present study was conducted on hundred adultosteoporotic patients of chronic kidney disease either ofstage 3 or 4 on regular follow up of kidney and dialysisclinic at Pt. B.D. Sharma PGIMS, Rohtak. The studyincluded male patients between age 18-75 yrs andpremenopausal non pregnant females greater than 18 yrsof age. All the patients were osteoporotic having T score< -2.5 on DEXA scan. Patients on haemodialysis, CKD stage5 & 5 D, post renal transplants, with preexistingpsychiatric illness and post-menopausal women wereexcluded. Patients having history of parathyroidectomy,hormone replacement therapy within previous 2 years,bone tumors, multiple myeloma and other causes ofmetabolic bone disease were also not included in thestudy.After taking written informed consent and a thoroughhistory, each participant went under detailed clinical,biochemical and radiological examination. The study wasapproved by ethical committee of Pt. B.D. SharmaUniversity of Health Sciences. Patients were divided intotwo groups. Group A consisted of thirty four patients ofCKD stage 3 (eGFR 45-30 ml/min/1.73m2) and Group Bhad sixty six patients of CKD stage 4 (eGFR 30-15 ml/min/1.73m2). Routine renal and other biochemicalinvestigations including; blood urea, serum creatinine,serum corrected calcium levels, serum phosphorous levels,calcium phosphate product, serum protein, iPTH levels,serum sodium, serum potassium, blood sugar werecarried out as per the standard methods used in Dept. ofBiochemistry, PGIMS, Rohtak. GFR was measured byMDRD equation.  Serum (iPTH) level was measured bychemiluminescent immune assay (CLIA) method. Serum25 Hydroxy Vitamin D level was measured by enzymelinked immunosorbent assay (ELISA) method. BoneMineral Density (BMD) was measured by dual energy x-ray absorptiometry at lumbar spine and neck of femurand lowest values were included (DEXA, Hologic ExplorerQDR series 90797). The results were obtained in T score,Z score and bone mineral density (g/cm2). Z score is thenumber of standard deviations from the mean of a healthyage and gender matched normal population, which allowsthe comparison of BMD between patients of different ageand gender. T score is the number of standard deviationsfrom the mean of a healthy young adult population (20-40 years old); it is used for the definition of osteopenia(between -1.0 and -2.5 T score) and osteoporosis (< -2.5T score).

for diagnosing ROD, but it is rarely used because it isexpensive and an invasive procedure that needs specialequipment and the samples obtained require specializedprocessing that is not widely available. Consequently, inrecent years, some biochemical markers of bonemetabolism have been used and tested in the evaluationof bone remodelling in uremic patients [4]. CirculatingPTH levels are used as a surrogate indicator of boneturnover, along with serum calcium, phosphorus andalkaline phosphatase levels to evaluate, diagnose andguide the treatment of renal osteodystrophy. Various otherbiochemical markers of bone formation and resorptionhave also been investigated, but their clinical applicabilityremains to be established [5]. Imaging has also been animportant component of evaluating bone disease in thepast, and remains the main tool in assessing extra skeletalcalcification in CKD patients [6].Several noninvasive methods are available for theassessment of BMD. Dual energy X-ray absorptiometry(DEXA), quantitative computed tomography and heelultrasound are the widely used techniques. Quantitativecomputed tomography is the most precise and reliablemethod but its high radiation involvement and cost, limitits usefulness as a screening test in large populations.7Due to its lower cost, accuracy, short scan time and lowradiation dose, DEXA is the most widely used method forBMD measurements. WHO deûnition for BMD are basedon T-scores (T-score = measured BMD-young adult BMD/young adult standard deviation). Based on T-scores,patients may be divided into three groups: Normal (T > -1.0), osteopenic (T < -1.0 and > -2.5), and osteoporotic(T < -2.5). Ongoing developments in non-invasive imagingtechniques almost certainly will lead to their improvedand more widespread use in clinical diagnosis anddecision-making in the near future.There is a growing prevalence of lifestyle diseases likediabetes, hypertension and ageing in leading to CKD inthe the current era. Therefore, there is a need to increaseour knowledge about the nature, diagnosis andpathophysiology of reduced BMD in CKD patients. Inspiteof various studies have been carried out in the pastregarding the risk factors and outcomes associated withrenal osteodystrophy, there is insufficient knowledgeabout osteoporosis in predialysis patients. Variousbiochemical parameters like calcium, phosphate, serumalkaline phosphatase and hormone like PTH, vitamin Dplay an essential part in maintaining bone health.Therefore, there relation with bone mass needs to bestudied in patients with CKD, thus leading to bettertreatment modalities and reduction of morbidity andmortality. There is a relative paucity of studies in Indianliterature regarding bone mineral density and
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Statistical AnalysisAt the end of the study, the data was expressed asmean±1SD or range. Probability values of <0.05 wereconsidered to be significant in all the analysis. TheStatistical analyses were performed using independent t-test. The correlations were tested using Pearsoncorrelation coefficient analysis. All statistical calculationswere carried out using SPSS 20.0 software.
ResultsIn our study majority of patients were above 40 years ofage. The mean age of the patients in Group A was52.47±12.42 years and Group B had a mean age of46.54±8.98 years. Out of total 100 patients, 74 were maleand 26 were female, thus males comprising almost threefourth of the study group. The most common cause of CKDin Group A and Group B was diabetes mellitus followedby chronic glomerulonephritis and hypertension. Lessfrequent etiology included adult polycystic kidney disease,obstructive uropathy & renal amyloidosis. The importantbiochemical parameters of both the groups are depictedin Table 1.The mean estimated Glomerular Filtration Rate (eGFR)ml/min/1.73 m2 of Group A was 35.60±3.68 and23.47±3.64 in Group B. The mean corrected serum

calcium in group A was 8.15±0.27 mg/dl and in group Bwas 7.50±0.16 mg/dl. The mean level of serum correctedcalcium decreased from Group A to Group B. There was astatistically significant difference between the two groups(p<0.001). The mean phosphate levels increased from6.32±0.32 mg/dl in Group A to 7.11±0.34 in Group B witha statistically significant difference (p<0.001). The meanserum alkaline phosphatase (SAP) values in Group A was124±13.02 IU/L and in Group B 145.15±18.25 IU/L. MeanSAP values were higher in Group B as compared to GroupA with a statistically significant difference  (p<0.001).The mean vitamin D level of Group A was 26.79±0.86 ng/ml, while Group B had a mean vitamin D level of23.64±1.56 ng/ml. The mean vitamin D level decreasedwith progression of kidney disease from Group A to GroupB with a statistically significant difference between thetwo groups (p<0.001). The mean serum intactParathyroid Hormone (iPTH) values in Group A and Bwere 226.47±3.24 pg/ml and 245.66±13.61 pg/mlrespectively. The mean serum iPTH level were higher inGroup B as compared with Group A with a statisticallysignificant difference (p<0.001).There was significant decline in bone densitometricparameters from patients in Group A to Group B (Table2). T score decreased from Group A to B with progression
Table 1: Biochemical Parameters

Table 2: Comparison of Bone Densitometric Data in Group A and B
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of kidney disease from-2.60±0.08 to -3.17±0.24 with astatistically significant difference (p<0.001). Z score alsodecreased from Group A to B with progression of kidneydisease from -2.13±0.28 to -2.82±0.33 with a statisticallysignificant difference (p<0.001). Bone mineral densityshowed a similar pattern and decreased from 0.80±0.008g/cm2 to 0.73±0.029 g/cm2 from Group A to Group B witha statistically significant difference (p<0.001).

Figure 1: Comparison of Bone Densitometric Data in Group A and B

Figure2: Correlation between Glomerular Filtration Rate (GFR) and
Corrected Serum Calcium

Figure 3: Correlation between Glomerular Filtration Rate (GFR) and
Vitamin D

On correlation analysis, there was statistically significantassociation between GFR and Corrected serum calcium,serum phosphate level, SAP, Vitamin D and iPTH levels.The corrected serum calcium and vitamin D werepositively correlated with the GFR. On the other hand,serum phosphate, SAP & iPTH correlated negatively witheGFR. T-score, Z-score and BMD correlated (g/cm2)positively correlated with GFR.

Figure 4: Correlation between Glomerular Filtration Rate (GFR) and
Serum Phosphate

Figure 5: Correlation between Glomerular Filtration Rate (GFR) and
Serum Alkaline Phosphatase (SAP)

Figure 6: Correlation between Glomerular Filtration Rate (GFR) and
intact Parathyroid Hormone (iPTH)
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DiscussionCKD-mineral and bone disorder (CKD-MBD) is a systemicdisorder that is associated with increased risk of fractureand cardiovascular disease thus leading to increasedmorbidity and mortality. Abnormal regulation of calcium,phosphorous, vitamin D and parathyroid hormone (PTH)is associated with disturbed bone and mineralmetabolism. Bone Mineral Density (BMD) being animportant component of bone strength is a goodpredictor of future fracture risk, particularly whencoupled with age, prior fracture.Therefore itsmeasurement has to be an important part of investigativeworkup. Osteoporosis is a complex multi-factorial diseasethat remains asymptomatic until a fracture occurs, andtherefore strategies need to be developed to accuratelyidentify ‘‘high risk’’ subjects who may benefit frompreventive treatments for fracture. In osteoporosis, oncea fracture occurs, the risk of a subsequent fracture is high.The risk of fracture increases 1.5-3 times for eachstandard deviation decrease in the BMD [8]. Therefore,the diagnosis of osteoporosis should be made before thefirst fracture occurs, so that the patient can undertakelifestyle changes and undergo treatment to preventfractures. The early initiation of appropriate treatmentmay prevent or ameliorate the mineral and bone disorderthat develops in late CKD, therefore the pathophysiologicprocess underlying abnormality needs to be defined.Osteoporosis and renal osteodystrophy may coexist inelderly patients with CKD, which makes the issueproblematic to define. In a patient with renalosteodystrophy, there is the potential for low BMD tocoexist with an enormous range of functionalabnormalities. These range from high turnover bonelesions in patients with uncontrolledhyperparathyroidism to severely reduced boneremodelling activity in patients with adynamic bonedisease. This is in contrast to the non CKD patients withosteoporosis where bone remodelling is not severelyaffected. Osteoporosis in CKD is a part of the constellationof metabolic bone problem and therefore, its diagnosisand management may differ from general population.In present study the mean level of serum calcium wasfound to decline with GFR from group A to group B. Therewas a statistically significant difference between the twogroups (p<0.001). Increased levels of FGF-23 promoterenal phosphate excretion and decreases renal synthesisof 1-alpha-hydroxylase, resulting in calcitriol deficiencyand hypocalcaemia [9]. The mean phosphate levels wereobserved to increase from group A to group B with astatistically significant difference between the twogroups. Phosphate retention begins early in CKD and

progresses with the advancement of renal dysfunction.Hyperphosphatemia is associated with high rates ofmortality observed in CKD patients. The mechanismunderlying this association is unclear but may be relatedto increased nephrocalcinosis, hyperparathyroidism,alterations in cellular energy metabolism, or altered renalhemodynamics.There was a statistically significant difference for SAPbetween the two groups (p<0.001). SAP values increasewith decreasing eGFR due to the altered bone dynamicsand increase in born turnover. SAP inactivatespyrophosphate, an endogenous inhibitor ofhydroxyapatite formation, resulting in medial arterialvascular calcification, thereby contributing tocardiovascular disease and mortality in CKD. We observedhyperparathyroidism commencing early in CKD and asGFR decreased further, the level of PTH increased. Themean serum iPTH values in group A and B were226.47±3.24 and 245.66.±13.61 pg/ml respectively. Themean serum iPTH levels were observed to increase fromgroup A to group B with a statistically significantdifference (p<0.001). Secondary hyperparathyroidism(SHPT) is associated with several complications. Patientswith SHPT have abnormalities in bone histology andincreased bone resorption. The classical skeletalabnormality observed in patients with CKD stages 3, 4and 5 is osteitis fibrosa cystica, although adynamic bonedisease can also be observed it is less frequently seen [10].The mean vitamin D level decreased from group A togroup B with a statistically significant difference(p<0.001). Patients with kidney disease are at risk forvitamin D deficiency due to increased levels of FGF-23resulting in calcitriol deficiency, reduced sun exposure,decreased intake of foods containing Vitamin D anddecreased endogenous synthesis of Vitamin D in skin [11].The reduction in calcitriol occurs despite a progressiverise in serum PTH concentrations, which stimulates 1-alpha hydroxylase activity. Reduced functional renal mass,phosphate retention, and other metabolites thataccumulate in kidney failure also contribute to 1-alphahydroxylase inhibition thus lowering circulating calcitriolconcentrations in CKD.The various parameters of bone metabolisms affect eachother. It has been well known that  hyperparathyroidismin chronic renal failure results from hypocalcemia,occurring, in part, from phosphate retention and/ordeficient 1, 25-dihydroxyvitamin D3 (1, 25(OH)2 D)synthesis. The presence of hyperparathyroidism and 1,25(OH)2 D deficiency were consistent with theobservations done by Pitts et al [12]. They measuredcreatinine clearance (CCr), fractional excretion ofphosphorus (FEP), serum phosphorus, ionized calcium,
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PTH and 1, 25(OH)2 D concentrations in 21 normalsubjects and 51 patients with renal failure. Patients withmild renal failure (GFR>40 ml/min) had normal meanserum phosphorus and ionized calcium and decreasedmean 1, 25 (OH)2 D levels compared with those in normalsubjects. In patients with moderate renal failure (GFR 20-40ml/min), the mean ionized calcium level was normal,plasma PTH levels and FEP were elevated, and thedecrement in 1, 25(OH)2 D was more pronounced. Theynoticed that mean ionized calcium level was decreasedonly in the group of patients with severe renal failure(GFR< 20ml/min) while in our study we demonstratedhypocalcaemia beginning in patients with moderate renaldysfunction.In a cross sectional study, Ghosh et al evaluatedbiochemical parameters of bone metabolism in 150predialysis patients [13]. Serum creatinine, albumin,calcium, phosphate, alkaline phosphatase, hemoglobin,uric acid and urinary protein excretion were measured.They concluded that hyperphosphatemia, hypocalcemia,increased alkaline phosphatase, 25 vitamin D deficiencyand insufficiency and hyperparathyroidism were quitecommon in CKD 4 and 5 patients.Our results were in concordance with a cross sectionalanalysis done by  Stavroulopoulos et al in 112 predialysispatients, 67 men and 45 women, of which seventypatients had CKD stage 3 and 42 patients, had CKD stage4 [14]. The mean calcium levels were 2.46± 0.08 mmol/L, the mean phosphate serum levels were 1.17 ± 0.22mmol/L. Mean vitamin D levels of the total participantswere 52.13 nmol/L (median: 47 nmol/L) with 90 patients(80%) having vitamin D levels below 75 nmol/L. Forty-nine patients (44%) had vitamin D insufficiency, 34(30%) had vitamin D deficiency and seven (6%) hadsevere deficiency. Median PTH was 76 (9–283) ng/L andwas above the target in 25 of the 60 patients with CKDstage 3 (>70 ng/L). They concluded that vitamin D levelswere correlated with the GFR and advancement of renalfailure. On subgroup analysis, the prevalence ofhyperparathyroidism was seen maximum in the vitaminD deficient group highlighting the role of vitamin Ddeficiency in the pathogenesis of SecondaryHyperparathyriodism.The present study demonstrated that in osteoporoticpatients T-score, Z-score and Bone Mineral Density (BMD)significantly decreased as the CKD progressed from stage3 to stage 4. The findings of our study corroborated withthe previous studies. Bianchi et al evaluated BMD in 69patients with CKD and in healthy controls matched for ageand sex [15]. BMD was found to be decreasing with theworsening of renal failure and is an important componentof bone strength. A low BMD, therefore is a good predictor

of future fracture risk, particularly when coupled with age,prior fracture, and other risk factors emphasising theimportance of this investigation.These findings indicate that alteration in BMD althoughbegin early in CKD, is related to the severity of kidneyfunction and majority of patient with advanced CKD havereduced bone density and therefore predisposed toincreased risk of fractures [16]. With the progression ofCKD as glomerular filtration rate (GFR) declines, thefiltered load of phosphate decreases and phosphateretention ensues. Hyperparathyroidsim, calcitrioldeficiency and hyperphosphatemia contribute to skeletalresistance [17]. They adversely affect the boneremodelling thus to accelerating the deterioration of bonemicrostrucure that accompanies normal ageing,trabecular thinning and perforation, dropout oftrabeculae, cortical thinning, and porosity and thereforemay prematurely decrease bone quality and strength andincrease susceptibility to fragility fracture [18-19].  Withprogression of disease in CKD patients, health relatedquality of life shows a declining trend and thus associatedwith increased morbidity and mortality [20]. Thustherapies directed towards improving BMD can lead to aimproved quality and healthier life thus decreasing themorbidity.In order to determine the factors contributing to thereduced bone mineral density, we did a correlationanalysis. The mean GFR negatively correlated with serumphosphate, SAP and iPTH which was statisticallysignificant (p<0.001). Serum calcium and vitamin Dpositively correlated with GFR (p<0.001). These are themain factors which lead to decrease in BMD as the stageof CKD progresses. As elevated PTH levels increase bornturnover, these biochemical alterations could causedeterioration in cortical architecture, leading to reducedcortical density and increased cortical porosity muchearlier in the course of CKD [21]. Cortical bone has animportant contribution in maintaining bone mechanicalcompetence, therefore these architectural changes couldaccount for the increased fracture susceptibility seen inpatients with CKD [22]. Several other investigators havealso found a similar negative correlation between PTHlevels using a variety of measurement of BMD [16,23].Labao et al. did a histomorphometric analysis andobserved a significant association between Adynamicbone disease and iPTH level less than 150pg/mL, whereashigher values of iPTH were associated with osteomalacia[24]. Vitamin D was positively associated with GFR. Therewas a strong, positive correlation which emphasizing theneed for achieving adequate Vitamin D levels to maintainbone density and hence in prevention of fracture. In astudy, it was observed that 1, 25-(OH)2 D values correlated



109

J Int Med Sci Acad
2019; (April-June); Vol 32; No. 2

Jain et. al.
Predialysis Osteoporotic Patients of CKD

positively with GFR and negatively with the log of plasmaPTH and serum phosphorus concentrations. Log ofplasma PTH correlated negatively with CCr. The ionizedcalcium concentration correlated very weakly with CCrand the log of the plasma PTH level [25].
ConclusionTo conclude, patients of CKD have reduced bone densityseen early in the course of disease and it worsens withthe progression of CKD. This leads to increased prevalenceof osteoporosis and therefore an increased fracture riskcontributing to morbidity and mortality. Osteoporosis isa complex multi factorial disease that remainsasymptomatic until a fracture occurs and therefore thereis an unmet need to understand its pathophysiology andits association with various metabolic parameters. Indeveloping country like India due to financial barriers,simple & inexpensive, outpatient based non invasivemethods, such as BMD measurements and biochemicalparameters of bone metabolism can provide a vitalopportunity in early diagnosis of osteoporotic disorders.Considering low BMD osteoporosis an increasing problemaffecting quality of life in CKD patients, there is need todevelop affective treatment modalities based on therelated biochemical parameters, to improve BMD in thesepatients.
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