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ABSTRACT:
Background: Chronic kidney disease is a precursor to end-stage kidney disease and is associated with an increased risk of
death. The present study was conducted to assess the timing of onset of CKD related metabolic complications
(anemia/hyperkalemia/ hyperphosphatemia/ hypocalcemia/metabolic acidosis) at different stages of CKD. Materials &
Methods: The present study was conducted on 150 patients of CKD of both genders. Blood sample was collected in a dry
disposable syringe under aseptic condition by vein puncture and arterial sample was collected by arterial puncture under
aseptic condition. Biochemical assay was done in all patients. Results: Out of 150 patients, fatigue was seen in 69 patients
(46%), muscle pain in 58 (38.7%), numbness in 52 (34.6%), bone pain in 48 (32%) and vomiting in 47 (31.2%). Maximum
number of CKD patients was seen in CKD 5 which constitute 46% followed by CKD 4 which constitutes 20.6%. As the
stage of CKD advances there is a significant occurrence of anemia, hyperkalemia, hyperphosphatemia, hyperuricemia,
hypocalcemia and metabolic acidosis. The anemia hyper phosphatemia, hyperuricemia occurrence become significant from
stage 3B onwards and the occurrence of hypocalcemia hyperkalemia and metabolic acidosis become significant from stage
4. Conclusion: Monitoring for anemia hyper phosphatemia, hyperuricemia are mandatory from stage 3 B and for
hypercalcemia hyperkalemia and metabolic acidosis stage 4, so as to treat the patients effectively and retard the progression
of CKD to some extent. Early diagnosis and management of these conditions may prevent or delay the progress to end stage
renal disease.
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INTRODUCTION
Chronic kidney disease (CKD) is a precursor to end-stage
kidney disease and is associated with an increased risk of
death. End-stage kidney disease has a poor prognosis and
requires major intervention, in the form of dialysis or
transplant. Early identification of subjects with CKD
should, therefore, be encouraged for the purpose of targeting
potential interventions, e.g. low-protein diet, control of
blood pressure, etc.1 Chronic kidney disease encompasses a
spectrum of different pathophysiological processes
associated with abnormal kidney function and a progressive
decline in glomerular filtration rate. Chronic Kidney Disease
is a major public health problem and major cause of
morbidity and
mortality worldwide. 2
Metabolic
complications associated with CKD are anemia,
hyponatremia,
hypokalemia,
metabolic
acidosis,
hyperuricemia, hypocalcemia and hyperphosphatemia. The
World Health Organization defines anemia as a hemoglobin
level less than 13 g/dL in men and post-menopausal women
and less than 12 g/dL in pre-menopausal women. The
pathogenesis of the hypocalcemia includes (a) phosphate
retention, (b) skeletal resistance to the calcemic action of
PTH, and (c) altered vitamin D metabolism. 3

In the early stages of CKD, phosphorus retention stimulates
FGF-23 and PTH secretion, which in turn suppress renal
phosphate reabsorption and augment renal phosphate
excretion. FGF-23 also suppresses 1, 25-dihydroxyvitamin
D (1,25D) production, which limits intestinal phosphate
absorption but allows increases in PTH levels. 4 The present
study was conducted to assess the timing of onset of CKD
related metabolic complications (anemia/hyperkalemia/
hyperphosphatemia/ hypocalcemia/metabolic acidosis) at
different stages of CKD.
MATERIALS & METHODS
The present study was conducted in Medicine Department
in collaboration with biochemistry department Guru Nanak
Dev Hospital, Amritsar attached to Government Medical
College. This is a cross sectional study in which CKD
patients presenting to outpatient and inpatient department of
Guru Nanak Dev Hospital, Amritsar over a period of 12
months were enrolled and screened using a predetermined
proforma. A minimum of 150 patients (males- 91, females59) were included in the study. The patients were explained
in their vernacular language about the procedures to be
adopted in the study and their informed written consent was
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taken. The study was conducted after approval from
institutional thesis and ethical committee.

was centrifuged at 3000 rpm for 10 minutes for the
separation of serum and plasma respectively for the
estimation of biochemical assay. Biochemical assay was
done in all patients. The data collected was analyzed
according to the standard statistical methods to reach a
conclusion. P value less than 0.05 was considered
significant.

Blood sample was collected in a dry disposable syringe
under aseptic condition by vein puncture and arterial sample
was collected by arterial puncture under aseptic condition.
Venous sample was stored in EDTA and plain tube arterial
sample was stored in heparinized tube. The blood sample
RESULTS
Table I Clinical features in patients
Clinical
features
Fatigue
Muscle pain
Numbness
Bone pain
Vomiting

Frequency

Percentage

69
58
52
48
47

46%
38.7%
34.6%
32%
31.3%

Table I shows that out of 150 patients, fatigue was seen in 69 patients (46%), muscle pain in 58 (38.7%), numbness in 52
(34.6%), bone pain in 48 (32%) and vomiting in 47 (31.2%).
Table II Distribution of patients based on CKD stage
Stages of
CKD
CKD 1
CKD 2
CKD 3A
CKD 3B
CKD 4
CKD 5

Frequency

Percentage

P value

6
9
13
22
31
69

4
6
8.6
14.6
20.6
46

0.001

Table II shows out of total 150 patients, maximum number of CKD patients was seen in CKD 5 which constitute 46%
followed by CKD 4 which constitute 20.6%. The difference found to be significant (P< 0.05).
Table III Comparison of hypocalcemia of CKD 1 with different CKD stages
Stage of CKD

Stage of
CKD
2

Number of
patients
0

P value

Significance

1

Number of
patients
0

0

1

0

3A

3

0.3

1

0

3B

7

0.1

1
1

0
0

4
5

16
48

0.01
0.001

Not
significant
Not
significant
Not
significant
Significant
Significant

Table III shows that as the stage of CKD advances, there is a considerable increase in number of patients of hypocalcemia
with each stage. P value becomes significant from stage 4 onwards.
Table IV Comparison of hyperkalemic patients of CKD 1 with different CKD grading
Stage of
CKD
1
1
1
1
1

Number of
patients with
hyperkalemia
0
0
0
0
0

Stage of
CKD

Number of patients
with hyperkalemia

P value

Significant

2
3A
3B
4
5

0
1
5
14
28

0
0.4
0.19
0.04
0.04

Not Significant
Not Significant
Not Significant
Significant
Significant

Table IV shows that as the stage of CKD advances, there is a considerable increase in number of patients of hyperkalaemia
with each stage. P value becomes significant from stage 4 onwards.
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Table V Comparison of hyperuricemia of CKD stage 1 with different CKD stages
Stage of
CKD
1
1
1
1
1

Number of patients
with hyperuricemia
0
0
0
0
0

Stage of CKD

Number of patients
with hyperuricemia
2
5
14
21
53

2
3A
3B
4
5

P value

Significant

0.21
0.07
0.006
0.002
0.000

Not significant
Not significant
Significant
Significant
Significant

Table V shows that as the stage of CKD advances, there is a considerable increase in number of patients of hyperuricemia
with each stage. P value becomes significant from stage 3B onwards.
Table VI Comparison of Metabolic acidosis of CKD 1 with different CKD grading
Stage of
CKD
1
1
1
1
1

Number of patients with
Metabolic Acidosis
0
0
0
0
0

Stage of CKD

Number of patient with
Metabolic Acidosis
2
3
5
15
42

2
3A
3B
4
5

P value

Significant

0.21
0.20
0.19
0.03
0.005

Not Significant ant
Not significant
Not significant
Significant
Significant

Table VI shows that as the stage of CKD advances, there is a considerable increase in number of patients of metabolic
acidosis with each stage. P value becomes significant from stage 4 onwards.
Table VII Comparison of hyperphosphatemia of CKD 1 with different CKD stages
Stage
of CKD
1
1
1
1
1

Number of
patients
0
0
0
0
0

Stage of CKD
2
3A
3B
4
5

Number of
patients
1
5
12
19
56

P value

Significant

0.39
0.07
0.01
0.006
0.00

Not significant
Not significant
Significant
Significant
Significant

Table VII shows that as the stage of CKD advances, there is a considerable increase in number of patients of
hyperphosphatemia with each stage. P value becomes significant from stage 3B onwards. Table VIII shows that as the stage
of CKD advances, there is a considerable increase in number of patients of anemia with each stage. P value becomes
significant from stage 3B onwards.
Table VIII Comparison of anemia of CKD 1 with different CKD stages
Stage

Number of
anemic patients

Stage of CKD

CKD 1
CKD 1
CKD 1
CKD 1
CKD 1

0
0
0
0
0

2
3A
3B
4
5

DISCUSSION
Early detection of CKD and its metabolic complications is
now a priority for delaying disease progression and for
primary prevention of many CKD-associated chronic
diseases, including cardiovascular, mineral, and bone
diseases. The present study analyzed the spectrum of
Chronic Kidney Disease related metabolic complications
(hyperkalemia/
hyperphosphatemia/
hypocalcemia/
metabolic acidosis/anemia) with regards to different stages
of Chronic Kidney Disease among 150 patients presented to
General Medicine Department.

Number of
patients without
anemia
3
6
13
25
56

P value

Significant

0.3
0.07
0.01
0.000
0.000

Not significant
Not significant
Significant
Significant
Significant

In present study of the total 150 patients, 91 (60%) were
males and 59 (40%) were females. Male to Female ratio was
3:2. Predominance of male was in tally with Zhang et al5
where Male to Female ratio was 2.33:1. The mean age of
males was 53.8 years and females were 52.8 years. This is
consistent with the study done by Zhang et al 5 also
confirmed increasing prevalence of CKD with increase in
age. Nakhaul et al6 found that the mean age of the study
population was 72 ± 11.9 years with 55% being females and
13% which is higher than our study. We found that out of
150 patients, fatigue was seen in 69 patients (46%), muscle
pain was seen in 58 patients (38.7%) patients, numbness
was seen in 52 patients (34.6%) patients, bone pain was
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seen in 48 patients (32%) patients, vomiting was seen in 47
patients (31.3%) patients. Aslam et al 7 found that
Gastrointestinal manifestations stand out among the clinical
presentations with anorexia (76%), nausea (60%) vomiting
(40%) and abdominal pain (26%). In this study, there were
74 patients out of 150, (prevalence of 49.3 %) who were
having hypocalcemia. The hypocalcemia become significant
from stage 4 onwards. There is increase in hypocalcemia
patients as the stage of CKD advances. Luo et al8 found
hypocalcemia in 38.2% of patients which was lower than
our study. Hyperkalemia was present in 48 (32%).
Maximum number of number of hyperkalemic patients were
with CKD 5 (28) followed by CKD 4 (14).the hyperkalemia
used to be significant from stage 4. Sarafidis et al9 found out
that the prevalence of hyperkalemia to be 43 %. So it is
recommended to avoid high potassium diet and drugs which
increase the potassium level from stage 4 and use them with
caution from stage 3B which is similar to our study. We
found that while taking hyperuricemia into account, it was
found out that 63.3 % (n=95) of patients in this study group
had hyperuricemia. Hyperuricemia become significant from
stage 3B. A study conducted by Doualla et al 10 showed
prevalence of hyperuricemia was 67% which is similar to
our study. We observed that out of the 150 patients, 67
(44.7%) were having some degree of metabolic acidosis.
Metabolic acidosis become significant from stage 4
.Moranne et al11and Agarwal12 found that metabolic acidosis
is a common complication from stage 4 with prevalence of
more than 30 -50%. We found that hyperphosphatemia was
present in 93 (62%). Oh et al13 found out that prevalence of
hyperphosphatemia was 53% which is similar compared to
this study. In this study anemia was present in out of 150
patients 103 had anemia (68.7%).hyperphosphatemia
become significant from 3B. Moranne et al11 found out that
as GFR decreases, chance of anemia increases and
prevalence increased from 8 to 40% which is lower than our
study.
We observed that occurrence of anemia increase as the stage
of CKD advances. The anemia become significant from
stage 3 B onwards. Moranne et al11 found out that as GFR
decreases, chance of anemia increases and prevalence
increased from 8 to 40% which is lower than our study This
is only a cross sectional study and with small sample size.
CONCLUSION
We found that risk for anemia, hyperphosphatemia,
hyperuricemia occurrence become significant from stage
3B. Hence screening for anemia, hyperphosphatemia
hyperuricemia is better started from stage 3A. and for
hypocalcemia hyperkalemia and metabolic acidosis become
significant from stage 4. So screening should be started
from stage 3B onwards. This means that regular monitoring
of these parameters are essential in addition to regular
monitoring of blood urea, serum creatinine, and blood
sugars as is the practice usually followed. We also
recommend the treating physician should be alert and
anticipate for coronary artery disease and stroke. Early
diagnosis and management of these conditions may prevent
or delay the progress to end stage renal disease.
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