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ABSTRACT

Introduction: Chronic kidney disease (CKD) is a progressive condition characterized by a gradual loss of kidney function over time. The kidneys
play a crucial role in maintaining the balance of minerals, electrolytes, and fluids in the body. Further, they also contribute to the regulation of bone
health by producing an active form of vitamin D, which is necessary for calcium absorption in the intestines. CKD-mineral and bone disorder
(CKD-MBD) is used to describe the systemic mineral and bone abnormalities associated with CKD. Additionally, metabolic bone disease in CKD
includes abnormalities in calcium, phosphorus, parathyroid hormone (PTH), and vitamin D metabolism. The imbalance in mineral metabolism in
CKD can result in conditions such as osteoporosis, osteomalacia, and vascular calcification. Therefore, early detection and intervention can help
prevent or minimize the impact of metabolic bone disease that further lead to high mortality rates in chronic kidney disease patients. Materials and
methods: This was cross-sectional observational study conducted on patients of chronic kidney disease in Department of Medicine and
Department of Nephrology IGMC Shimla, Himachal Pradesh. The biochemical markers of CKD-MBD, including calcium, phosphorus, alkaline
phosphatase, intact parathyroid hormone (iPTH), and 25-hydroxyvitamin D3 (250HD), were measured in CKD patients. Results: A total 80
patients of CKD stages 3, 4 and 5 were enrolled for the study. Out of 80 patients 68 (85%) were anaemic, hypocalcemic 64(80%),
hyperphosphatemia 61(77.25%), and raised alkaline phosphatase 58(66.25%). Secondary hyperparathyroidism was present in 55(68.75%) and
hypoparathyroidism in 8(10%), vitamin D deficiency present in 48(60%) and insufficiency 26(32.5%). Conclusion: This study showed that
secondary hyperparathyroidism, hyperphosphatemia, hypocalcemia, increased alkaline phosphatase, and Vitamin D deficiency were quite
common in Indian CKD patients
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INTRODUCTION

In the 21st century, chronic kidney disease (CKD) has emerged as one
of the most prominent causes of death and suffering. The number of
patients affected by CKD has been increasing, due to the rise in risk
factors such as diabetes mellitus and hypertension affecting an
estimated 843.6 million individuals worldwide in 2017.'In addition to
this, CKD is associated with numerous complications, like anemia and
mineral and bone disorder (CKD-MBD).”

According to KDIGO, CKD-MBD is defined as: A systemic disorder
of mineral and bone metabolism due to CKD manifested by either one
or a combination of the following: (i) abnormalities of calcium,
phosphorus, PTH, or vitamin D metabolism; (ii) abnormalities in bone
turnover, mineralization, volume, linear growth, or strength; or (iii)
vascular or other soft tissue calcification.

As kidney function declines, there is progressive deterioration in
mineral homeostasis manifesting as disruption of serum and tissue
concentrations of phosphorus and calcium, as well as changes in
circulating levels of hormones such as parathyroid hormone (PTH),
250HD. Disordered mineral metabolism in CKD patients leads to
significant repercussions such as Secondary hyperparathyroidism
(SHPTH), renal osteodystrophy, and vascular calcification, which not
only contribute to heightened morbidity but also exacerbate the overall
health challenges. ***The metabolism of minerals and the maintenance
of bone health are crucial functions carried out by the kidneys. Acting
as the target organ for various hormones like parathormone (PTH), the
kidneys also play a role in activating vitamin D. Individuals with
chronic kidney disease (CKD) who experience phosphate retention
and reduced calcium levels are susceptible to the development of
parathyroid gland hyperplasia and renal osteitis fibrosa.’ The
accumulation of phosphate can lead to conditions such as
hyperphosphatemia, decreased levels of 1,25(OH)2D3, and
hypocalcemia. These imbalances act as stimuli for the secretion of
parathyroid hormone (PTH), subsequently enhancing phosphate
excretion and playing a role in the advancement of secondary
hyperparathyroidism in the later stages of CKD.” Throughout the
progression of CKD, an array of disturbances in bone turnover or
mineralization can occur, such as adynamic, hyperparathyroid, mixed
renal bone disease, osteomalacia, and osteoporosis. Additionally, each
of these conditions may exhibit decreased bone mineral density

(BMD) or be linked to fragility fractures. It also involves Vascular
Calcification, which can cause cardiovascular events and other serious
complications, ultimately leading to death in CKD patients, including
those on dialysis.” Hence, detecting and addressing CKD-MBD early
is vital, as it significantly contributes to a decline in the quality of life.

Biochemical abnormalities are prevalent in CKD and serve as the key
indicators for diagnosing and managing CKD-MBD. It is advised that
physicians monitor and regulate these biochemical parameters in the
early stages of CKD, well before the necessity for dialysis arises.
Consequently, biochemical markers of CKD-MBD, including
calcium, phosphorus, alkaline phosphatase, intact parathyroid
hormone (iPTH), and 25-hydroxyvitamin D3 (250HD), were
assessed. There are only few studies being done on severity of bone
mineral disease in CKD patients therefore, we planned to conduct this
study.

MATRIALSAND METHODS
Study Design — A prospective cross sectional observational study.

Setting— Patients of chronic kidney disease in Department of
Medicine and Department of Nephrology IGMC Shimla, Himachal
Pradesh.

Study Population- Study will be conducted in patients with age 18
years or more with chronic kidney disease.

Study Period- One year from 1*Jan 2021 to 30"july 2021.

Inclusion Criteria:

Patients diagnosed with chronic kidney disease and CKD is defined as
abnormalities of kidney structure or function, present for >3 months,
with implication for health and requires one of two criteria
documented or inferred for >3 months: either GFR<60ml/min/1.72m’
or markers of kidney damage, including albuminuria. A patient who
has age 18yrs or moreand give consent to participate in the study.

Exclusion Criteria:
Previous history of chronic disorders associated with changes in
mineral metabolism:
1. Thyroid disorders
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Cushing's syndrome

Prolonged immobilization in the past

Liver disease

Primary hyperparathyroidism

Any medication which might influence bone metabolism
(corticosteroids, hormone replacement therapy, calcitonin,
bisphosphonates, cytotoxics, antimetabolites anticoagulants,
anticonvulsants, thyroxine, interferon or lamivudine) will also be
excluded.

SNk wWd

METHODOLOGY

All patients were subjected to detailed history and clinical
examination. Only routine relevant lab investigations were done, so
there was no extra burden on patients.

Categories definition

The definitions for hypocalcemia (cCa < 8.5 mg/dl), hypercalcemia
(cCa>10.5 mg/dl),<10 g/dl anemic, hyperphosphatemia (phosphorus
>4.5 mg/dl), hypophosphatemia (phosphorus <2.5 mg/dl), elevated
alkaline phosphatase level (>120 IU/L), serum iPTH level (iPTH <
150pg/mL, 150-300pg/mL and >300pg/mL).""""*"*

Statistical Analysis

The data were coded and entered into Microsoft Excel spreadsheet.
Categorical variables were summarized as frequencies and
percentages, and continuous variables as means and standard
deviation. Analysis was done using SPSS version 17.0 (IBM SPSS
Statistics Inc., Chicago, Illinois, USA).Windows software program.
Significance of difference in mean in three groups was inferred by
“ANOVA test” and the significance of difference in proportion in the
groups was inferred by “chi-square test”. Correlation among
numerical was assessed by pearson correlation test depending on the
parametric distribution of data. Statistical significance was assigned at
p-value of less than 0.05.

RESULTS

Patient characteristics:

Demographic characterstics has been shown in table:1. A total of 80
patients were included in this study. Mean age of the patients was 56.66
+14.19 years. There were 80 patients out of which maximum number
of patients 23(28.75%) were in age group of 60-69 years, followed by
20 (25%) patients in age group of 50-59 years. There was female
predominance with 43(53.75%) male and 37(46.25%) females. Most
of patients 54(67.5%) were from rural area and 26 (32.5%) were from
urban area.

Etiology:

As shown in table: 1, most common etiology for CKD among patients
enrolled was diabetes seen in 31 (38.75%) followed by hypertension
(HTN) and Chronic Glomerulonephritis (CGN) 13(16.25%) patients.
Other causes included were obstructive uropathy (7; 8.75%), IgA
nephropathy (4; 5%) followed by other.

Biochemical parameters:

Table: 2 showed the frequency of various of mineral metabolism
disorders. Mean BUN level in enrolled patients was 37.09+10.23
mg/dl for stage 3, 33.75%=+15.67 mg/dl for stage 4 and 123.79+45.77
mg/dl for stage 5 and as chronic kidney disease stage progresses the
BUN levels increased significantly. Mean creatinine level observed
were 3.03+1.5mg/dl for stage 3, 6.18+2.19mg/dl for stage 4 and
10.75+3.84mg/dl for stage 5.0ut of all patients enrolled 68(85%) had
Hb levels <10g/dl and 12(15%) had Hb levels >10g/dl. Stages of CKD
showed a significant difference with hemoglobin.

The distribution of the laboratory parameters in different stages of
CKD is shown through bar chart in Figure 1,2,3,4,5,6,7,8 (BUN,
Creatinine, hemoglobin ,calcium and phosphorus, alkaline
phosphatase (ALP) vitamin D and iPTH. On ANOVA and chi square
test a significant difference was found of BUN, creatinine,
hemoglobin, calcium, phosphorus, alkaline phosphatase, Vitamin D,
serum iPTH in the various CKD stages (P=0.001).

On comparison of biochemical profile among enrolled patients it was
seen that 64(80%) had calcium levels <8.5mg/dl and 16(20%) had
calcium levels between 8.5-10.5mg/dl. There were no patients who
had calcium levels>10.5mg/dl. Similarly, Phosphorus levels in
61(77.25%) patients were >4.5mg/dl and 2-4.5mg/dl in 19(23.75%)
patients. There were no patients who had phosphorus levels <2mg/dl.

Actotal of 58(66.25%) patients had ALP>120U/l and only 22(33.75%)
patients had ALP levels <120U/1.

A low proportion 6(7.5%) of patients in various CKD stages had an
adequate Vitamin D levels. Out of total 74 (92.5%) patients had
inadequate 250HD levels. The 250HD levels were suggestive of
vitamin D deficiency in 48(60%) and Vitamin D insufficiency in
26(32.5%) patients. There was a significant difference in the mean
levels of 250OHD in the different CKD stages.

Serum iPTH levels were <150pg/mlin 8(10%) patients, 150-300pg/ml
in 17(21.25%) patients and >300pg/ml in 55(68.75%) patient. A total
of 72 (90%) had iPTH level above KDOQI target range suggested for
the CKD stages. The prevalence of patients with iPTH levels >300
pg/ml was 16(20%) in CKD Stage 4 and 39(48.75%) in CKD Stage
5.There was no patient >300 ng/dl in CKD stage 3. A percentage of
5(6.25%) and 3(3.75%) respectively, of CKD Stage 3 and 4 patients
had iPTH levels of <150 pg/ml. Out of total, 6(7.5%), 8(10%) and
3(3.75%) had iPTH level KDOQI target range suggested for the CKD
stages 3, 4 and 5 patients. On Chi square test, a significant difference
was found in serum iPTH in the various CKD stages (P=0.001)

Table-4 Statistical correlation between various CKD-MBD
biomarkers

The pearson correlation cofficient analysis revealed significant
positive correlation between iPTH levels with phosphorus »=0.57, P=
0.001 alkaline phosphatase (» =0.47, P = 0.001), and a significant
negative correlation with hemoglobin (»=-0.6, p 0.001) and vitamin D
(r=0.57, P=0.001).Vitamin D had a significant positive correlation
with calcium (»=0.58, P=0.001) and a significant negative correlation
with alkaline phosphatase (r = -0.44, P = 0.001). Similarly, calcium
showed a negatively correlation with phosphorus(r=-0.46, p=0.001)
and ALPr=-0.57=p=0.001)

Tables -5 Comparison of laboratory parameters in different
chronic kidney disease stages by one way ANOVA

On ANOVA, a significant difference was found in the mean values of
hemoglobin, creatinine, calcium, phosphorus, alkaline phosphatase,
vitamin D, serum iPTH in the various CKD stages (P=0.001).

Table: 1 Demographic Characterstics

Age Range Count of Age %

20-29 4 5%

30-39 7 8.75%

40-49 11 13.75%

50-59 20 25%

60-69 23 28.75%

70-79 13 16.25%

80-90 2 2.5%

Gender

M 43 53.75%

F 37 46.25%

Address

Rural 54 67.5%

Urban 26 32.5%

Etiology

Diabetics mellitus 31 38.75%

CGN 13 16.25%

HTN 13 16.25%

Obstructive uropathy 7 8.75%

1gA nephropathy 4 5%

CIN 4 5%

ADPKD 3 3.75%

LUPUS 3 3.75%

RSD 1 1.25%

FSGS 1 1.25%

Table: 2 Frequency of various of mineral metabolism disorders
Stage |Freque|% Mean |Medi|Std. Minim |Maxi
sof |ncy an |Deviati lum mum
CKD on

BUN|5 42 52.5% [123.79 (121 |45.77 |64 244
4 27 33.75%169.7 |68 |15.67 |45 112
3 11 13.75%137.09 |36 [10.23 |18 53
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Table-4 Statistical correlation between various CKD-MBD
biomarkers

Correlation Pearson coefficient P value
Calcium and iPTH -0.58 <.001.
Phosphorus and iPTH  |0.57 <.001
iPTH and ALP 0.47 <.001.
Vitamin D & iPTH -0.57 <.001
Hb %& iPTH -0.63 <.001
Calcium and Vit D 0.58 <.001
ALP & Vit D -0.44 <.001
Calcium and phosphorus|-0.46 <.001
Calcium and ALP -0.57 <.001

Table-4 Comparison of biochemical parameters in different stages
of chronic kidney disease by one-way ANOVA

CKD Stage 3 Stage 4 Stage 5 P value
BUN 37.09+ 10.23 [69.7+ 15.67 [123.79 +45.77|<0.001
Creatinine |3.03+ 1.5 6.18 +2.19 10.75+3.84  |<0.001
Hb 10.07+ 1.16 |7.94+ 1.67 6.91 +1.19 <0.001
phosphorus|3.85 +0.83 4.79 £0.93 6.34+1.03 <0.001
Calcium  |9.36 £0.86 7.95+1.12 6.74 £0.94 <0.001
ALP 111.45+23.93|117.04 £32.61 |168.19 £17.67 |<0.001

Results ( p value) <0.001 Vitamin D |33.05+12.58 |22.16+9.38 12.53+5.46 <0.001
Creat|5 42 52.5% [10.75 |10.35/3.84 |4.1 17.5 iPTH 153.91+ 74.61|317.67+ 138.35|467.62 £143.72/<0.001
inine

4 27 [3375%[618 |63 [219 |27 |35 MR IR Ry R aOs

3 11 13.75%1(3.03 |23 |L.5 1.4 5.6 =

Results ( p value) <0.001
Table: 3 Frequency of various of mineral metabolism disorders

Stages of CKD p value - 2
3 4 5 Total =
n |Total (80) |11(13.75 |27(33.75/42(52.5
%) %) %) v
<10 g/dl |3 (3.75%)|23(28.75|42(52.5 |68(85%)
%) %) ) a -
>10 g/dl |8 (10%) |4 (5%) |0 (0%) |12 (15%) Stages of CKD
Calcium Figure:1
< 0 0 <
8.5 mg/dl|5(6.25%) 3)(22.25 32(51.2) 64(80%) |p<0.001 Maean Creatinine by Stages of CKD
8.5-10.5 |6(7.5%) |9(11.25 |1 16(20%)
mg/dl %) (1.25%) 1
>10.5 0(0%) |0(0%) |0(0%) |0(0%)
mg/dl .
Phosphorus < )
2-4.5 7(8.75%) | 10(12.5 2(2.5%) |19 p<0.001 =
mg/dl %) (23.75%) 5
4
>4.5 mg/dl|4 (5% %) |17(21.25/40(50%) 61
%) (77.25%) :
ALP
>120 U/l |5(6.25%) | 11(13.75|42(52.5 |58 p<0.001 " ’
%) %) (66.25%) ' - .
<120 U/l |6(7.5 %) |16(20%)|0 (0%) (22 Stages of CKD
0,
_ (33.75%) Figure:2
vieD Hb by Stages of CKD
<20 ng/ml | 0(0%) 11(13.75|37(46.2 |48(60%) |p<0.001 ey ame
% %) o il
20-30 8(10%) |13(16.25|5 26(32.5%) 5% " ”-\,, 2
ng/ml %) (6.25%)
30-80 3(3.75%) |3 0(0%) |6(7.5%) 40%
ng/ml (3.75%)
>80 ng/ml |0(0%) |0 (0%) [0(0%) |0(0%) ¥
iPTH g
<150 5(6.25%) |3 0(0%) |8(10%)  |p<0.001 ..
pg/ml (3.75%) -
150-300 |6(7.5%) |8 (10%) |3 17
pg/ml (3.75%) |(21.25%) 10%
>300 0(0%) 16(20%)|39(48.7 |55 aTsn
pg/ml 5%) (68.75%) -
= 4

Stages of CKD

Figure: 3

Percent

Calcium by Stages of CKD

Stages of CKD

Figure :4

International Journal of Scientific Research |—| 19 |



Volume - 13 | Issue - 03 | March - 2024

PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsr

Phosphorus by Stages of CKD

B z45mga
B =45 mgial

d
Stages of CKD
Figure:5
ALP by Stages of CKD
: -
-.I I |
20%
5
Stages of CKD
Figure:6
Vit D by Stages of CKD
W =30 ngm
B 20-30 ngm
aon W 30-80 ng'mi
§
Stages of CKD
Figure :7

iPTH by Stages of CKD

Percent
5 w @ &
[+ Q [~} o
3 3 3 ] 3
I— h
.i
EEn
v o= A
3 81

Stages of CKD

Figure:8

DISCUSSION

This study encompassed a total of 80 participants. The study
population comprised predominantly mean age of the patients was
56.66 +14.19 years in which maximum numbers of patients were in
age group of 60-69 years, followed by patients in 50-59 years. Previous
research has noted an increased prevalence of CKD among older
individuals. Aging is frequently linked to both structural and
functional alterations in the kidneys, potentially playing a role in the
onset and advancement of CKD. *Furthermore, older adults with CKD
commonly experience multiple comorbidities like diabetes,
hypertension, and cardiovascular disease, contributing to an increased
prevalence of CKD. Moreover, considering the higher mortality rates
among the elderly population, particularly those aged 75 years and

older, the prevalence of CKD tends to decrease. This observation
implies a reduction in the occurrence of CKD among individuals in the
70-80 age group.”"

A higher predominance of males was observed compared to females,
and this disparity may be attributed to lifestyle and behavioral factors,
including smoking, alcohol consumption, and dietary habits, which
could contribute to the development of CKD. "Most of patients were
from rural areas as compared to urban area. This is because of
geographical distribution of population in this area.In our study most
common etiology for CKD among patients enrolled was diabetes seen
in followed by hypertension, chronic glomerulonephritis in patients.""”

This observational study, which included patients in CKD Stage 35,
identified a significant occurrence of biochemical abnormalities
associated with CKD-MBD. It is well-established that the principal
instigator of secondary hyperparathyroidism has traditionally been
recognized as phosphate retention resulting from a decrease in renal
function. The accumulation of phosphate results in hyper
phosphatemia, reduced levels of Vitamin D, and hypocalcemia. These
well-recognized factors act as stimuli for the secretion of parathyroid
hormone (PTH), subsequently promoting phosphate excretion and
contributing to the progression of secondary hyperparathyroidism in
advanced stages of CKD. Observed mean levels of phosphorus 3.85
+0.83,3.8540.83, 6.34+ 1.03 and ALP 111.45423.93,117.04 £32.61,
168.19 £17.67 in CKD stage 3, 4, 5 respectively. There was a
significant difference between the various stages of CKD and the mean
levels of, phosphorus, and ALP. The current investigation noted the
mean + standard deviation of intact parathyroid hormone (iPTH) in
stages 3, 4, and 5 as 153.91 + 74.61, 317.67 + 138.35, and 467.62 +
143.72, respectively. Significant differences in iPTH levels are evident
across the various stages of CKD Serum phosphorous and alkaline
phosphatase levels were a strong and significant predictor of the serum
iPTH level.” In our study Phosphorus, ALP and iPTH showed a
positive correlationr=0.57, p=0.001,r=0.47,p=0.001.

In accordance with the KDOQI (2003) recommended target ranges for
various CKD stages, our study revealed that the highest proportion of
hyperparathyroidism patients with iPTH levels exceeding 300 pg/ml
were in CKD stage 5, followed by stage 4. Additionally, 8 out of 10%
had iPTH levels below 150 pg/ml. Given that iPTH levels below 150
pg/ml are linked to a greater incidence of adynamic bone disease, it's
worth noting that adynamic bone disease is characterized by minimal
or absent bone turnover, a common occurrence in individuals with low
PTH and reduced tissue-specific alkaline phosphatase activity.
Complications arising from adynamic bone disease involve an
elevated occurrence of fractures and bone pain, coupled with a
correlation to heightened vascular and cardiac calcification. ***

The levels of 25OHD emerged as the most reliable indicator of Vitamin
D status, indicating vitamin D deficiency in 48 (60%) individuals and
vitamin D insufficiency in 26 (32.5%) patients. The mean levels of
vitamin D in CKD stages 3, 4, 5 are 33.05+12.58, 22.16+9.38 and
12.534+5.46 respectively. There was a significant difference in the
mean levels of 2SOHD in the different CKD stages. Levels of 2S0HD
below <20ng/dl are associated with increased PTH levels.” In our
study, 250HD had a significant positive correlation with calcium
(r=0.58, P=0.001) and a significant negative correlation with alkaline
phosphatase (r=-0.44, P=0.001) and iPTH (»=-0.57,P=0.001).

Additionally, calcium exhibited a negative correlation with both
phosphorus (r=-0.47, p=0.001) and ALP (r=-0.57, p=0.001). This
observation aligns with the understanding that parathyroid hormone
(PTH) and vitamin D serve as the primary physiological regulators of
calcium and phosphate homeostasis in humans. As the glomerular
filtration rate (GFR) decreases, there is a decrease in phosphate
excretion, leading to the accumulation of phosphate and an elevated
synthesis of parathyroid hormone (PTH).

Additionally, the compromised kidney function suppresses the
production of vitamin D, resulting in hypocalcemia. This
hypocalcemia leads to heightened levels of parathyroid hormone,
further extracting calcium from the bones, resulting in weakened
bones with low bone mass and the development of renal
osteodystrophy, increasing the risk of fractures.”

While bone biopsy remains the gold standard for diagnosing the type
of renal osteodystrophy, it is not easily accessible for most patients.
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Consequently, assessing bone or total alkaline phosphatase along with
intact parathyroid hormone (iPTH) can serve as an alternative to
estimate bone turnover. **

The primary objective of managing CKD-MBD is to mitigate the
adverse outcomes linked to hypocalcemia, hyperphosphatemia,
vitamin D deficiency, and hyperparathyroidism. Consequently,
addressing all these complications relies on utilizing established
measurable surrogate markers of disordered mineral bone metabolism.
These markers include serum calcium, phosphate, intact parathyroid
hormone, and 25-hydroxyvitamin D. As per the current KDIGO
guideline, treatment decisions are recommended based on the serial
trends of these biochemical markers.

CONCLUSION

Our research indicated a high prevalence of hyperphosphatemia,
hypocalcemia, elevated alkaline phosphatase, Vitamin D deficiency,
and hyperparathyroidism in the CKD study population. In light of the
correlation analysis findings, any disturbance in these biomarkers
should be recognized as a significant warning sign of CKD-MBD.
Given the substantial prevalence of metabolic bone disease among
CKD patients, it is advisable for these individuals to undergo early-
stage CKD monitoring for CKD-MBD, incorporating all
recommended biomarkers by KDIGO.
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