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CLINICAL STUDY

Bone mineral density in patients with predialysis chronic kidney disease

H. K. Aggarwal, Deepak Jain, Sachin Yadav, and Vipin Kaverappa

Department of Medicine, Pt. B.D. Sharma University of Health Sciences, Rohtak, Haryana, India

Abstract

Background: There is limited data available especially in Indian Population about prevalence of
reduced bone mineral density (BMD) and various factors associated with it in CKD patients not
on dialysis. Material: This study included 75 adult patients. Patients were divided into three
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 51 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, B and C. The mean serum PTH values in group A, B and C were
137.16� 109.85, 265.02� 132.03 and 328.14� 119.23 pg/mL, respectively and there was
significant increase in mean PTH level from group A to group C (p50.05). The mean level of
vitamin D showed a trend of declination from group A to C (p50.05). Z-score for group A,
group B and group C was 1.11� 2.39, 0.87� 2.66 and �0.92� 1.59, respectively. Similarly,
T score for the three groups were 0.47� 2.34, �0.4� 2.00 and �1.524� 1.42. Both T-score and
Z-score positively correlated with GFR. There was negative correlation between Z-score and
iPTH, and positive correlation with Vitamin D. Conclusion: Reduced bone density was seen early
in the course of CKD as estimated from reduced BMD levels, increased prevalence of
osteoporosis and increased fracture risk and it worsened with the progression of CKD.
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Introduction

Bone disease associated with chronic kidney disease (CKD) is

a complex and multifactorial clinical entity. It is associated

with considerable morbidity and mortality mostly through

inducing musculoskeletal pain, limiting physical capacity, and

most importantly increasing the frequency of bone fractures.

Osteoporosis is a condition characterized by low bone mass

leading to reduced bone strength and increased risk of

fractures. In CKD patients, it is part of a wider spectrum of

metabolic bone problems. Numerous epidemiological studies

done in general population have attributed several risk factors

for osteoporosis including advancing age, female gender, white

race, decreased calcium intake, gastric acid suppression

therapy, sedentary lifestyle, premature loss of gonadal func-

tion, decreased oestrogen secretion, thin body habitus,

decreased physical activity, cigarette smoking, alcohol abuse,

excess glucocorticoid exposure and possibly some genetic

factors.1 Along with the determinants of the various aspects of

renal osteodystrophy (ROD) such as secondary hyperparathyr-

oidism, osteomalacia or adynamic bone disease, osteoporosis

is not an uncommon bone disorder in CKD patients.2,3

Therefore, its diagnosis, management and follow-up may

differ from the general population and an individualization of

diagnosis and dentition for CKD population may be necessary.

Osteoporosis and ROD may coexist in patients with CKD,

which makes the issue problematic to define. With the rising

prevalence of CKD, a better understanding of these two

processes and their interplay deserves more attention. Bone

biopsy is considered the gold standard for diagnosing (ROD),

but rarely used, because it is expensive and an invasive

procedure that needs special equipment and the samples

obtained require specialized processing that is not widely

available. Consequently, in recent years, several biochemical

markers of bone metabolism have been used and tested in the

evaluation of bone remodelling in uremic patients.3

Circulating PTH levels have been used as a surrogate

indicator of bone turnover, which are used together with

measurements of serum calcium, phosphorus, and alkaline

phosphatase levels to evaluate, diagnose, and guide the

treatment of ROD. Many other circulating biochemical

markers of bone formation and resorption have been

investigated as clinical indicators of bone turnover, but their

clinical applicability remains to be established.4 In addition to

bone histology and serum biomarkers, imaging has been an

important component of evaluating bone disease and assess-

ment of extra skeletal calcification in CKD patients.5

Dual energy X-ray absorptiometry (DEXA), quantitative
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computed tomography and heel ultrasound are the widely

used techniques. Due to its lower cost, accuracy, short scan

time, non-invasive nature and low radiation dose, DEXA is

the most commonly used method for BMD measurements.

BMD can be easily measured using this method which is

quick, non-invasive, accurate and associated with minimal

exposure to radiation. Ongoing developments in non-invasive

imaging techniques almost certainly will lead to their

improved and more widespread use in clinical diagnosis and

decision-making in the near future.6

Although our knowledge regarding the risk factors and

outcomes associated with ROD has evolved, less is known

about osteoporosis in predialysis patients. Since various

parameters like calcium, phosphate, serum alkaline phos-

phatase and hormone like PTH, vitamin D clearly plays an

integral part in determining bone health, it would be

important to understand how these parameters are related to

bone mass in patients with CKD. The modern era has seen

important advances in the understanding and management of

osteoporosis, but in patients with CKD it remains a complex

issue that has yet to be clearly defined, hence the present

study was undertaken.

Material and methods

This study was conducted on seventy five adult pre-dialysis of

CKD stage III-V as per NKF-DOQI classification, on regular

follow-up of kidney and dialysis clinic at Pt. B.D. Sharma

PGIMS, Rohtak with age between 18 and 75 years. A pre-

informed written consent for enrolment in the study was

obtained. The study was duly approved by the ethical

committee of Pt. B. D. Sharma University of Health

Sciences Rohtak. Patient receiving medication known to

influence bone and mineral metabolism such as corticoster-

oids, other immune suppressive agents, hormone replacement

therapy, anticoagulants, lithium and anticonvulsants were

excluded. Patients having clinical or biochemical evidence of

other bone diseases such as osteomalacia, aluminium related

bone disease and Paget’s disease, and so on and patients with

prior parathyroidectomy were also excluded. Each patient was

subjected to detailed general physical examination and the

following relevant renal and other biochemical investigations

were carried out.

Routine renal and other biochemical investigations includ-

ing; blood urea (mg/dL), serum creatinine (mg/dL), serum

corrected calcium levels (mg/dL), serum phosphorous levels

(mg/dL), calcium phosphate product, serum protein (g/dL),

iPTH levels (pg/mL), vitamin B12 levels(pg/mL), serum

sodium (meq/L), serum potassium (meq/L), blood sugar were

carried out as per the standard methods used in Dept. of

Biochemistry, PGIMS, Rohtak. GFR was measured by

collecting 24 h urine of the patient. The patients were divided

into three groups A, B and C on the basis of severity of kidney

disease using creatinine clearance. Each group consists of age

and sex matched patients from CKD stage III, IV, and V

respectively. Group A patients had GFR values from 30 to

59 mL/mt, Group B 15 to 29 mL/mt and Group C less than

15 mL/mt. PTH was measured by chemiluminescent immune

assay (CLIA) method. Vitamin D level was measured by

enzyme linked immunosorbent assay (ELISA) method.

BMD was measured by dual energy X-ray absorptiometry

(DEXA, Hologic Explorer QDR series 90797) at the lumbar

spine L1-L4 vertebrae. BMD results obtained in T score and

in Z score. Z score is the number of standard deviations from

the mean of a healthy age and gender matched normal

population, which allows the comparison of BMD between

patients of different age and gender. T score is the number of

standard deviations from 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

(less than �2.5 T score).

Statistical analysis

At the end of the study, the data was expressed as mean� 1SD

or range. Probability values of 50.05 were considered to be

significant in all the analysis. The Statistical analyses were

performed using Kruskal–Willis one way analysis of variance

(ANOVA). The correlations were tested using Spearman’s

Rank order correlation analysis. All statistical calculations

were carried out using SPSS 20.0 software.

Results

Of total 75 patients, 51 were male and 24 were female, thus

males comprising almost two third of the study group. Most

common cause of CKD was diabetes mellitus followed by

chronic glomerulonephritis, hypertension. Less frequent

etiology included adult polycystic kidney disease, obstructive

uropathy and renal amyloidosis. The mean body mass index

of the three groups was 23.1, 22.9 and 22.0 and had no

statistical difference (Table 1). As expected, the mean serum

phosphate, serum alkaline phosphatase and iPTH levels

increased steadily as CKD progressed with statistical differ-

ence among three groups. On the other hand, mean corrected

serum calcium and Vitamin D levels decreased progressively

in group A, B and C. The mean serum PTH values in group A,

B and C were 137.16� 109.85, 265.02� 132.03 and

328.14� 119.23 pg/mL, respectively and there was statistic-

ally significant increase in mean PTH level from group A to

group C (p50.05). The mean vitamin D level of group A was

38.14� 15.73, 31.16� 17.91 in group B and 21.92� 13.00 in

group C. The mean level of vitamin D showed a trend of

declination from group A to C (p50.05).

Bone densitometric analysis revealed progressive decline

in the bone mineral density (BMD) with deterioration of renal

function. Both T-score as well as Z-score decreased steadily

as stage of CKD progressed. Z-score for group A, group B

and group C was 1.11� 2.39, 0.87� 2.66 and �0.92� 1.59,

respectively. Similarly, T score for the three groups were

0.47� 2.34, �0.4� 2.00 and �1.524� 1.42 (Figure 1). There

was statistically significant difference in the T-score and

Z-score of group A, B and C.

The prevalence of both osteopenia as well as osteoporosis

increased with advancement of renal disease. Group A (stage

III) had 16 patients with normal bone density as defined by

WHO and 9 patients with reduced bone density (5 patients

had osteopenia and 4 had osteoporosis). Group B (stage IV

CKD) comprised of 12 patients with normal bone density, 10

patients with osteopenia and 3 with osteoporosis. Stage V

predialysis patients (Group C) had 9 patients with
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osteoporosis and 10 with osteopenia. This group had only six

patients with normal bone density (Figure 2). When the three

groups were compared, the results were found to be statis-

tically significant (p50.05).

On correlation analysis, there was statistically significant

association between GFR and Corrected serum calcium,

Vitamin D, iPTH, serum phosphate level. The corrected

serum calcium and vitamin D were positively correlated with

the GFR while iPTH and phosphate were negatively

correlated (Figure 3). Both T-score and Z-score were

positively correlated with GFR. On further analysis when

the association between BMD (Z-score) and Vitamin D was

studied, statistically significant positive correlation was

observed. There was negative correlation between Z-score

and iPTH (Figure 4).

Discussion

CKD-mineral and bone disorder (CKD-MBD) is considered

to be a systemic disorder that is associated with fracture,

cardiovascular disease, and mortality. It is associated with

derangements in bone and mineral metabolism that leads to

abnormal regulation of calcium, phosphorous, vitamin D, and

parathyroid hormone (PTH). Because the early initiation of

appropriate therapy may prevent or ameliorate the mineral

and bone disorder that develops in late CKD, the ability to

Figure 1. Bone mineral density in patients
divided into three groups based on the GFR.
[(a) T-score in Group A, B and C: (b) Z score
in Group A, B and C].

Table 1. Characteristics of three groups stratified into three groups on the basis of eGFR.

Age (in years) Group A (Stage III) (n¼ 25) Group B (Stage IV) (n¼ 25) Group C (Stage V) (n¼ 25)

Age (years) 50.24� 13.48 49.8� 15.17 55.08� 12.55
BMI 23.12� 2.58 22.90� 2.37 22.04� 2.17
Systolic BP (mmHg) 132.24� 13.13 142� 12.74 141.04� 12.07
Diastolic BP (mmHg) 83.36� 7.82 84.32� 9.04 89.76� 9.97
Hemoglobin (g/dL) 10.03� 1.70 9.05� 1.58 8.19� 1.48
B. Urea (mg/dL) 76.28� 19.22 113� 29.94 162.48� 46.63
S. Creatinine (mg/dL) 1.97� 0.87 2.94� 0.722 6.22� 2.71
S. Alkaline phosphatase 107.6� 39.085 119� 32.778 137.76� 60.446
Corrected calcium (mg/dL) 8.216� 0.4259 8.116� 0.4200 7.872� 0.3285
S. phosphate (mg/dL) 4.852� 1.784 5.728� 1.294 6.568� 1.437
iPTH (pg/mL) 137.16� 109.85 265.02� 132.03 328.148� 119.23
Vitamin D (ng/dL) 38.144� 15.732 31.16� 17.910 21.92� 13.006
T-score 0.476� 2.344 �0.4� 2.001 �1.524� 1.423
Z-score 1.112� 2.391 0.876� 2.669 �0.928� 1.596
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define the pathophysiologic process underlying abnormality is

important. BMD is an important component of 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 emphasizing the importance of this inves-

tigation. The risk of fracture increases 1.5–3 times for each

standard deviation decrease in the BMD.7

Osteoporosis is a complex multi-factorial disease that

remains asymptomatic until a fracture occurs, and strategies

need to be developed to accurately identify ‘‘high risk’’

subjects who may benefit from preventive treatments before

fractures occur. In osteoporosis, once a fracture occurs, the

risk of a subsequent fracture is high. Therefore, the diagnosis

of osteoporosis should be made before the first fracture

occurs, so that the patient can undertake lifestyle changes and

undergo treatment to prevent fractures. The only way to do

this is to measure BMD.

Keeping in view these facts this study was planned to

evaluate the BMD in 75 predialysis patients, 25 each from

CKD stage III, IV and V, respectively. The three groups were

similar in baseline characteristics including age, sex, ethni-

city, geographical area, religion, economic status and educa-

tion level. The present study demonstrated that BMD, as

assessed by Z-score and T-score decreased significantly as the

CKD progressed from stage III to stage V. There was a

Figure 3. Scatter diagram demonstrating correlation between (a); GFR and T-score. (b); GFR and Z-score.

Figure 2. Prevalence of reduced bone density in various stage of CKD.

1108 H. K. Aggarwal et al. Ren Fail, 2013; 35(8): 1105–1111



statistically significant difference between the three groups

(p50.0046). The Z-score also showed similar pattern. These

findings indicate that alteration in BMD although begin early

in CKD, it is related to the severity of kidney function and

majority of patient with advanced CKD have reduced bone

density and subsequent increased risk of fractures. CKD

encompasses several metabolic and hormonal abnormalities,

including decreased renal synthesis of 1,25(OH)D, hyperpho-

sphatemia, hypocalcemia, increased secretion of PTH,

chronic metabolic acidosis, premature hypogonadism, and,

more recently, recognized 25(OH) vitamin D deficiency;

all may adversely affect the bone remodelling process in

one or more of the following ways—increasing bone resorp-

tion, decreasing bone formation, or impairing mineralization

of osteoid. These changes in bone remodelling have the

potential to accelerate the deterioration of bone microstruc-

ture that accompanies normal aging—trabecular thinning and

perforation, dropout of trabeculae, cortical thinning, and

porosity—and therefore may prematurely decrease bone

quality and strength and increase susceptibility to fragility

fracture.8,9

Most of the studies done previously are in concordance

with a reduced BMD in CKD patients. Labao et al. did a study

to determine the prevalence and histological features of low

BMD in 103 pre-dialysis CKD patients. Almost 50% patients

had low BMD. In patients with low BMD bone histomor-

phometry revealed adynamic bone disease (52.5%) and

osteomalacia (42.5%).10 In another study Buchannan et al.

suggested that occult renal insufficiency may contribute to

bone loss in aging women, and that this effect may be

mediated in part by 1,25(OH)D and PTH giving some insight

about the underlying pathological mechanism.11

We observed that both T-score as well as Z-score

decreased with the progression of CKD. As severity of

CKD increased, the total number of patients with reduced

bone density (osteopenia and osteoporosis) increased from 9

in stage III to 19 in stage V. The prevalence of osteoporosis

increased from 16% in Group A to 12% in Group B and 36%

in Group C. The prevalence of patients with normal BMD

decreased from 64% in Stage III CKD to 24% in Stage V.

These findings have important therapeutic implications in

terms of defining population at increased risk of fracture and

Figure 4. Scatter diagram demonstrating correlation between (a) Z-score and iPTH; (b) Z-score and Vitamin D.
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preventive strategies can be instituted. The findings of our

study corroborated with the previous studies. Bianchi et al.

evaluated BMD in 69 patients with CKD and in healthy

controls matched for age and sex. Patients were divided into

three groups on the basis of creatinine clearance: group 1,

58 to 36 mL/min; group 2, 30 to 18 mL/min; group 3, 15 to

9 mL/min. BMD was found to be decreasing with the

worsening of renal failure.12 Another study done in 113

predialysis patients the prevalence of overt osteoporosis

(T-score5�2.5) was found to be increased when compared

with healthy sex, age, and weight-matched controls. The study

included patients ranging from mild to severe degrees of renal

failure, and the decrease in BMD was most pronounced in

patients with the lowest levels of GFR. Debut of the renal

disease before skeletal maturity was reached and diabetic

nephropathy further increased the risk of low BMD.

In multivariate analysis, GFR and BMI were the strongest

predictors of BMD.13

In early stages of renal dysfunction, renal function should

be assessed by measuring creatinine clearance (eGFR) rather

than the serum creatinine concentration since renal insuffi-

ciency can be masked by apparently normal circulating

creatinine levels. We did a correlation analysis to assess the

relationship between GFR and T-score and Z-score. The

association between loss of renal function measured by GFR

and BMD as measured by T-score was assessed by

Spearman’s Rank Order correlation test. There was a strong

positive correlation which was statistically significant

(p50.001). Similarly, a positive correlation was observed

between GFR and Z-score (p50.005).

In order to determine the factors contributing to the

reduced BMD, we did a correlation analysis. The BMD

(Z-score) was negatively correlated with iPTH which was

statistically significant (p50.0001). As elevated PTH levels

are catabolic for cortical bone, these biochemical alterations

could cause deterioration in cortical architecture, leading to

reduced cortical density and increased cortical porosity much

earlier in the course of CKD than previously thought.14

As cortical bone contributes substantially to bone mechanical

competence, these architectural changes could account for the

increased fracture susceptibility noted in studies of patients

with CKD.15,16 Several other investigators have also found a

similar negative correlation between PTH levels using

a variety of measurement of BMD.17–19 Labao et al. did

a histomorphometric analysis and observed a significant

association between Adynamic bone disease and iPTH level

less than 150 pg/mL (p50.05), whereas higher values of

iPTH were associated with Osteomalacia.10 The increased

serum PTH causes an increase of bone turnover, which is

usually associated with bone loss. Secondary hyperparathyr-

oidism has been proposed as the principal mechanism

whereby vitamin D deficiency could contribute to the

pathogenesis of hip fractures in CKD population. The cortical

porosity is increased in hyperparathyroidism, so it is not

surprising that serum parathyroid level is an important

predictor of BMD.

Vitamin D was positively associated with Z-score. There

was a strong, positive correlation which was statistically

significant (p50.0001) emphasizing the need for achieving

adequate Vitamin D levels to maintain bone density and

hence in prevention of fracture. Vitamin D insufficiency and

deficiency are a well-known cause of secondary hyperpara-

thyroidism and increased bone turnover in the general

population and can aggravate the hyperparathyroidism found

in CKD patients. Mucsi et al. assessed the association

between vitamin D status and parathyroid function, bone

turnover, bone mass and structure in 69 patients on mainten-

ance hemodialysis. A high prevalence of potentially signifi-

cant vitamin D3 deficiency was found in this patient

group: 59% of the patients had a 25(OH)D3 level below

20 nmol/L.20 In concordance to our results, there was a

statistically significant negative correlation between serum

25(OH) D3 levels and serum intact parathyroid hormone

(iPTH) (p50.05), and this association remained significant

after controlling for potential co variables. Furthermore, they

concluded that that serum 25(OH)D3 concentration is posi-

tively correlated with BMD (p50.01). In another study, it

was observed that 1,25-(OH)2D values correlated positively

with GFR and negatively with the log of plasma PTH and

serum phosphorus concentrations. Log of plasma PTH

correlated negatively with CCr and positively with FEP. The

ionized calcium concentration correlated very weakly with

CCr and the log of the plasma PTH level.21

Some authors are however of the view that the decreased

bone density in CKD patients may be due to confounding

factors related to this cohort. To ascertain whether BMD is

associated with fractures in participants with and without

CKD in the Health, Aging, and Body Composition study,

Robert et al. studied well functioning older individuals. CKD

was defined as GFR570 mL/min. They confirmed that BMD

provides information on risk for fracture in older individuals

regardless of renal dysfunction. They did not found patients

with CKD at an additional risk. The inclusion of patients with

early renal dysfunction (stage II) GFR570 mL/min may have

resulted this because most of the metabolic abnormalities

arise in the later stages of CKD.22 In another study, Stehman-

Breen et al. observed that factors that predict bone loss in

the CKD-V population are similar to those in the general

population and include female gender, Caucasian race, older

age, chronic disease, and immobility.23 Age and weight, more

precisely the BMI (body mass index) is a well known

predictor of BMD as evident in the previous studies,17,24

although some authors are of different opinion.17,18 However,

in the present study these confounding factors were not

present as the three groups had similar age profile and BMI.

The mean age of the patients in group A, B and C were 50.24,

49.8 and 55.08 years, respectively. The mean BMI in group A,

B, and C were 23.12, 22.9 and 22.04, respectively. Although

BMI decreased with progression of CKD it was not statistic-

ally significant (40.05). In another study, Hsu et al. analyzed

data from a group of patients from the Third National health

and Nutritional Examination (NHANES) III survey, and

found that although subjects with worse renal function had

reduced BMD, this was probably confounded by a list of

known predictors of BMD principally age, sex and weight.

However, in our study none of these confounders was

significant. Hsu et al. concluded that the abnormalities in

Vitamin D–PTH homeostasis and acid–base disturbances

could be detrimental to the bone mass in patients with

moderate to severe renal dysfunction while ESRD patients,
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that is CKD stage V develops osteoporosis because of

prolonged immobilization and gonadal dysfunction.25

In conclusion, a state of reduced bone density is seen early

in the course of CKD (GFR560 mL/min) as estimated from

reduced BMD levels, increased prevalence of osteoporosis

and increased fracture risk and it worsens with the progres-

sion of CKD. Metabolic abnormalities in form of hypocal-

cemia, hyperphosphatemia, elevated serum PTH, reduced 1,

25-dihydroxyvitamin D levels commence well before the

overt osteoporosis. In developing country like India where

monetary constraints is common, useful information on the

bone status can be obtained by using simple, inexpensive,

outpatient based non invasive methods, such as BMD

measurements and biochemical parameters of bone metabol-

ism in patients with predialysis patients of CKD giving a vital

opportunity to act and intervene so that complications like

fracture can be reduced.
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