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Calcitropic hormonal status in north Indian patients with
end-stage renal disease

A. K. SINGH, S. AVULA, V. KHER, D. S. RAO, A. MITHAL

ABSTRACT
Background. Bone disease in chronic renal failure has a wide

spectrum that includes both high and low turnover conditions.
Specific preventive and therapeutic measures require knowledge
of the nature of bone involvement. Bone biopsy with static and
dynamic hlstomorphometry is the gold standard for characteriza-
tion of renal bone disease. However, non-invasive biochemical
tests, especially serum intact parathyroid hormone (PTH), have
a good correlation with histomorphometry. We studied the
clinical and biochemical profile of bone disease in a sample of
north Indian patients with chronic renal failure.

Methods. Twenty-nine patients of chronic renal failure were
evaluated clinically, radiologically (subperiosteal erosions on
hand X-rays) and biochemically (serum calcium, phosphorus,
total alkaline phosphatase, intact PTH, osteocalcin, 25-hydroxy-
vitamin D, 1,25-dihydroxyvitamin D). Bone histomorphometry
could be done in 4 patients.

Results. Serum intact PTH within or below the non-uraemic
normal range, an index of low bone turnover, was seen in 17
(58.6%) patients. Serum osteocalcin, a bone formation marker,
was within or below the non-uraemic normal range in 65.5%
patients. Serum intact PTH and osteocalcin had a significant
positive correlation (r=0.6). Patient groups with clinical or
radiological evidence of bone disease had serum intact PTH and
osteocaldn levels comparable to those lacking such features.
Serum intact PTH and total alkaline phosphatase were lower in
haemodialysed (n= 25) patients than in those who had not
received haemodialysis (n= 4). Low ( < 10 ng/ml) serum 25-
hydroxyvitamin D levels were seen in 7 (24%) patients while
1,25-dihydroxyvitamin Dwas low ( < 15.9 pg/rnl) in 20 (69%)
patients. The biochemical parameters accurately reflected the
bone histology (n= 4).

Conclusions. Our data show that the majority of north Indian
patients with chronic renal failure have biochemical evidence of
low bone turnover. Empirical use of calcium salts and active
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vitamin D analogues without documentation of parathyroid status
carry the risk of further suppression of bone turnover.

.Natl Med J 'India 1999; 12:202-7

INTRODUCTION
Renal osteodystrophy (ROD) is an important and nearly ubiqui-
tous complication of renal failure. IOver the years, ROD has been
the subject of intensive investigations and, as a result, advances in
its pathophysiological understanding and management continue
to be made.>'

There have been considerable changes in the clinical and
epidemiological profiles of ROD over the last few decades.>'?
ROD is characteristically heterogeneous and is classified histo-
logically into entities with high/normal bone turnover (osteitis
fibrosa, mixed osteodystrophy and 'mild' disease) or low bone
turnover (osteomalacia, adynamic bone diseasej.v-? Identifica-
tion of the type of skeletal involvement in a patient is essential for
selection of appropriate preventive and therapeutic measures
which are specifically designed, and often widely different.v'<"
Quantitati ve static and dynamic histomorphometry and histochem-
istry on mineralized bone biopsy samples remains the gold
standard for correct characterization of the specific type of ROD. 1.3.9
In fact, the full spectrum of ROD was appreciated only after the
employment of bone biopsy and precise histomorphometric analy-
sis in patients with renal failure.

Despite development of safe and convenient outpatient tech-
niques of bone biopsy, it still has the disadvantage of being an
invasive procedure. Moreover, it requires an appropriately
equipped laboratory with a team of trained personnel for proper
processing and analysis of samples. These logistic drawbacks 12
have contributed to an ongoing search for ideal non-invasive
modalities to provide a correct diagnosis of ROD.

Clinical and radiological evaluations are neither sensitive nor
specific.!" Serum intact parathyroid hormone (PTH) has been
found to be the most useful clinically, as it has an excellent
correlation with bone histomorphometric indices.1.5.13-18Bone
formation markers, such as serum osteocalcin (OC) l.l3.19-21and
bone-specific alkaline phosphatase (BSA) 1.14.15also correlate well
with histomorphometric analysis, but are not routinely used for
the evaluation of ROD, either because of variations between
different assays (osteocalcinj=" or lack of wide availability
(BSA).1 Other serum markers 1.24of bone formation and resorption
are research tools whose role in non-invasive characterization of
ROD is still being studied.

The spectrum of ROD in a given geographical area during a
given time period is influenced not only by the population charac-
teristics but also by the prevalent management practice for renal
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insufficiency." Unfortunately, there is scant published informa-
tion on the nature of ROD from most developing countries,
including India. We studied a sample of end-stage renal disease
(ESRD) patients drawn from the nephrology services of a tertiary
medical care centre in north India to characterize the profile of
skeletal inolvement in these patients with a special focus on their
biochemical and calcitropic hormonal status.

PATIENTS AND METHODS
Patients
Twenty-nine patients (27 men, 2 women) with ESRD, mean age
(SEM) 33.8 (1.8) years (range 15-57 years, median 32 years) who
were found suitable for living-related renal transplantation by the
nephrology services of the Sanjay Gandhi Postgraduate Institute
of Medical Sciences, Lucknow, Uttar Pradesh were enrolled for
the present study. An attempt was made to study the patients as
soon as possible after entry into the pre-transplant dialysis
programme-all the patients had received dialysis for ~4 months
before evaluation. Patients on steroids, hepatic microsomal en-
zyme-inducing drugs and those with liver disease or chronic
diarrhoea were excluded. The aetiology of ESRD was diabetic
nephropathy (5), chronic tubulo-interstitial disease (3), polycys-
tic kidney disease (1), chronic obstruction (1) and presumed
glomerulonephritis (19). At the time of evaluation, one patient
had not been dialysed, three had received 1-2 peritoneal dialyses
and the others had received a median of 12 [mean (SEM): 13.6
(l.5)] bi-weekly acetate buffer haemodialyses.

Two patients had not been on any oral phosphate binders.
Others were receiving calcium salts: carbonate (22), acetate (4),
and gluconate (1). Three patients had a brief (1-4 weeks) expo-
sure to oral aluminium hydroxide.

Two patients were receiving 0.25 ug/day of active vitamin D
analogue. Twenty patients were receiving cholecalciferol [717
(25.7) IU/day] as part of the proprietary preparation of calcium
salts. Available medical records of the patients were screened and
the patients were evaluated clinically for evidence of overt bone
disease. The patients' dietary calcium intake was determined by
a trained dietician using a three-day dietary .record.

Biochemical evaluation
Blood samples were collected in the morning in the fasting state
just before commencement of dialysis. Serum calcium, phospho-
rus, albumin and total alkaline phosphatase were measured by an
autoanalyser. The serum samples for intact PTH, osteocalcin, 25-
hydroxy vitamin D [25-(OH)D] and 1,25 dihydroxyvitamin D
[1,25-(OH)P] were stored at -70°C until analysed.

Serum intact PTH, and osteocalcin were measured by immuno-
radiometric assays (DSL Inc., USA). Radioimmunoassay (Incstar
Inc., USA) was used for measuring serum 25-(OH)D and for
estimation of serum 1,25-(OH)P after preliminary extraction and
subsequent purification using C180H and silica cartridges.

Hand X-rays
Anteroposterior hand X-rays of 22 patients were available. The
X-ray films were evaluated for the presence of subperiosteal
erosions using a hand-held magnifying lens.

Bone biopsy
Five consenting patients underwent bone biopsy. They were
given oral tetracycline (250 mg thrice daily) for 3 days followed
by an identical repeat course after a gap of 10-11 days to produce
time-separated fluorescent labelling of mineralization fronts in

the biopsy samples. Three to nine days after the last tetracycline
course, a horizontal transiliac bone biopsy was obtained from the
anterior iliac crest under local anaesthesia using a manual trocar.
The samples were preserved in absolute alcohol until analysed for
static and dynamic histomorphometric indices and presence of
aluminium using methods described earlier."

Statistical analysis
All averages were expressed as mean (SEM). Values less than the
limit of detectability of assays for PTH (n=lO), osteocalcin (n=2),
25-(OH)D (n=2) and 1,25-(OH)P (n=2) were taken as equal to
the limit of detectability for statistical purposes. On account of
this approximation and since continuous variables other than
serum calcium and phosphorus were not normally distributed,
non-parametric tests were employed to determine correlations
(Spearman's rank correlation) and difference of means (Wilcoxon
rank-sum test). Chi-square test was used for non-continuous
variables. For all statistical tests, a two-tailed p value of <0.05 was
considered significant.

RESULTS
Clinical and radiological features
Clinical evaluation revealed presence of bone pain in 6 (20.7%),
proximal muscle weakness in 10 (34.5%) and pruritus in 8
(27.6%) out of 29 patients (Table I). No patient had any other
evidence of clinically overt disturbance of bone and mineral
metabolism. Association between bone pain and proximal muscle
weakness was statistically significant. However, the disability
due to pain could have produced the apparent proximal muscular
weakness. The mean total calcium intake (through diet and
calcium salts) was 1658 (136.4) mg/day. Hand X-rays showed
subperiosteal erosions in 8/22 (36.4%) patients.

Biochemical investigations
Serum intactPTH (Table II, Fig. 1) was in the desired target range
of 2-4 times the non-uraemic maximum in 7/29 (24.1 %) patients
and higher in 4 (13.8%). It was within or below the non-uraemic
range in 17/29 (58.6%). Serum osteocalcin (Fig. 2) was within or

TABLE1. Clinical features (n=29)

Feature n (%)

Bone pain
Proximal muscle weakness
Pruritus
Bone pain and proximal muscular weakness
Bone pain and pruritus'
Proximal muscular weakness and pruritus
Bone pain, pruritus and proximal muscular weakness

6 (20.7)
10 (34.5)
8 (27.6)
5 (17.2)*
3 (l0.3)
4 (13.8)
3 (10.3)

*p<O.05 for association between bone pain and proximal muscular weakness

TABLEII. Serum biochemistry

Biochemical test Mean (SEM) Reference range

Calcium (mg/dl)
Phosphorus (mg/dl)
Parathyroid hormone (pg/ml)
Osteocalcin (ng/ml)
Alkaline phosphatase (lU/L)
25-hydroxyvitamin D (ng/ml)
1,25-dihydroxyvitamin D (pg/ml)

9.2 (0.3)
5.6 (0.5)
148 (57.3)

10.2 (1.7)
368.9 (183.2)
22.2 (3.4)
14.3 (1.3)

8.5-10.5
2.5-4.5
10-55
3-13

35-125
8.9-46.7

15.9-55.6
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FIG 1. Scatterplot of serum intact parathyroid hormone levels.

Broken lines show the reference range in non-uraemic subjects
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FIG 2. Scatterplot of serum osteocalcin levels. Broken lines show
the reference range in non-uraemic subjects

TABLEIII. Comparison of serum intact PTH, osteocalcin and alkaline phosphatase between subsets of patients

Patient subset n Intact PTH (pg/ml) Osteocalcin (ng/ml) Alkaline phosphatase (lUlL)

Undialysed/peritoneally dialysed 4 622 (343.2)* 15.9 (7.9) 1549.3 (1305.1)*
Haemodialysed 25 72.1 (18.9) 9.2 (1.5) 180.1 (24)
Diabetics 5 39 (29)* 11.3 (6.9) 236.6 (104.2)
Non-diabetics 24 170.7 (68.4) 9.9 (1.5) 396.5 (220.9)
Haemodialysed diabetics 5 39 (29) 11.3 (6.9) 236.6 (104.2)
Haemodialysed non-diabetics 20 80.4 (22.4) 8.7 (1.0) 166 (16.9)
With subperiosteal erosions 8 149.6 (53.2) 10.7 (1.9) 204.5 (38.6)
Without subperiosteal erosions 14 196.9 (114.5) 8.9 (2.5) 519.5 (380.2)

PTH parathyroid hormone * p<O.OS

below the normal non-uraemic range in 65.5% patients and higher
in 20.7%. Serum 2S-(OH)D was low (<10 ng/ml) in 7 (24%)
patients while serum 1,2S-(OH)P [14.3 0.3) pg/ml] was below
the reference range in 20 (69%) patients.

Serum intact PTH showed statistically significant positive
correlation (r=0.6) with serum osteocalcin. Serum alkaline phos-
phatase had a significant correlation with osteocalcin (r=O.4) but
not with intact PTH. The other biochemical tests [serum calcium,
phosphorus, 2S-(OH)D, and 1,2S-(OH>zD] did not have any
correlation with intact PTH and osteocalcin.

Age did not show any significant correlation with intact PTH
or other biochemical tests. Patients with bone pain had a signifi-
cantly higher serum alkaline phosphatase than those without bone
pain [1139.8 (867.6) v. 167.8 (18.S) lUlL, p<O.OS]. However,
serum intact PTH and osteocalcin were not different in these sub-
groups. Serum intact PTH, osteocalcin and alkaline phosphatase
were not different between groups of patients with proximal

TABLEIV. Results of patients who had bone biopsy

muscular weakness, pruritus or subperiosteal erosions and those
lacking these characteristics.

Patients who had been haemodialysed showed lower serum
intact PTH than those who had not been dialysed or had received
1-2 peritoneal dialyses (p<O.OS; Table III). Serum alkaline phos-
phatase was also lower in the group on haemodialysis (p<O.OS).

Patients with diabetes (n=S) had a lower serum intact PTH than
non-diabetic patients (n=24) [39 (29) v. 170.7 (68.4) pg/ml,
p<O.OS]. When only the haemodialysed patients were considered,
PTH levels were not different between diabetics (n=S) and non-
diabetics (n=20), [39 (29) v. 80.4 (22.4) pg/ml, pens].

Bone histomorphometry
No patient developed any complication due to bone biopsy. Only
4 of the S samples could be analysed as one specimen was inade-
quate (Table IV). Static parameters were studied in all four but
dynamic parameters could be assessed in only two as in the other

Bone histology
1,25-(OH),D

Serum biochemistry

PTH
(ng/ml)

Alkaline phosphatase
(ng/ml)

Turnover Histology Aluminium
(pg/ml)

Osteocalcin
(lUlL)

25-(OH)D
(pg/ml)

Normal
Low
Low
High

Absent
Absent
Absent
Absent

74
<10
115
1598

Normal
Osteomalacia
Osteomalacia

Osteitis fibrosa

2.4
4.9
18
38

32
12

7.26
16.5

88
80
116
199

21
39
11
30

PTH parathyroid hormone 2S-(OH)D 2S-hydroxyvitamin 0 1,2S-(OH),D 1,2S-dihydroxyvitamin 0
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FIG3. Fluorescent photomicrograph (magnification 200x)
showing double-labelled bone surface with high bone turnover

FIG4. Light photomicrograph (magnification 200x) showing
resorption surface with osteoclasts in trabecular bone with high
turnover

two samples, the tetracycline label was not adequately visible.
One patient with osteitis fibrosa showed high bone turnover (Figs.
3 and 4), one showed normal histology while the other two
showed low turnover osteomalacia (Figs. 5 and 6). In none of the
samples was stainable aluminium present.

The histomorphometric diagnosis was compatible with the
serum intact PTH levels. Statistical correlation between his to-
morphometric parameters and serum intact PTH, osteocalcin and
alkaline phosphatase was not evaluated because of the small
number of biopsy samples.

DISCUSSION
Serum intact PTH is the single most useful non-invasive para-
meter for monitoring bone turnover and predicting the nature of
bone disease in uraemia.I,9,14,25Since there is a state of resistance
to PTH action3,4,6,9,16,25.27-29in uraemia, serum intact PTH level
higher than the non-uraemic normal range is required for main-
tenance of normal bone turnover in these patients,2,3,6,9,'3,'6,28with
recommendations varying from 1_1.5,9.17,25,28to 2-43,7,9,13,25,28times
the non-uraemic maximum. The majority (58.6%) of patients in
our study had serum intact PTH within or below the non-uraemic
normal range. Such PTH levels have a high sensitivity and
specificity for low turnover ROD,1·9,'3-'5,'7,25,3o(adynamic bone

FIG5. Fluorescent photomicrograph (magnification 200x)
showing absence of labelling on trabecular bone surface with
low turnover

FIG6. Light photomicrograph (magnification 200x) showing
absence of active resorption or bone formation on trabecular
bone surface with low turnover

disease or osteomalacia). Serum intact PTH more than 4 times the
non-uraemic maximum level, indicating high turnover bone dis-
ease 9.13-16.28(osteitis fibrosa or mixed osteopathy), was seen in
only 13.8% patients.

Serum levels of the bone formation marker osteocalcin also
had a similar profile. In renal insufficiency, serum osteocalcin
tends to rise above the non-uraemic normal range largely because
of retention of the molecule and its fragments." The elevated
serum osteocalcin, however, retains its proportional relationship
with bone formation rate.I.19.21,25In the majority of our patients,
serum osteocalcin was within or below the non-uraemic normal
range, indicating a low bone formation rate. Serum osteocalcin
had significant positive correlation with the other bone formation
marker, alkaline phosphatase, in addition to intact PTH.

Thus, the high prevalence of inappropriately low levels of
serum intact PTH and osteocalcin emphasizes the preponderance
of a low bone turnover state in our ESRD patients. Bone biopsy
results, albeit limited in number, showed that this biochemical
profile correctly reflected the skeletal histological status.

In the light of these findings, we assessed the presence of
important risk factors for low bone turnover ROD in our patients,
namely, older age,1·14,18diabetes/,7,'8,31,32aluminium toxicity.P:"
use of calcium salts,3,4.'8,25,28,31PTH suppressive calicitriol
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therapy,3.4,7.25.28,33and high calcium influx during dialysis (espe-
cially in continuous ambulatory peritoneal dialysis),3-5.7,18,28)1
Most of these factors provided an unlikely explanation for the low
bone turnover status of our patients, There was no correlation
between age and biochemical parameters, The diabetic patients,
all of whom were on haemodialysis, did not have significantly
different serum PTH, osteocalcin or alkaline phosphatase from
that of their non-diabetic counterparts on haemodialysis. There
was a lack of significant oral aluminium exposure and absence of
stainable aluminium in bone biopsies, including in those showing
osteomalacia, The mean total calcium intake of only a little over
1,S g per day in the face of diminished efficiency of intestinal
calcium absorption in uraemia practically rules out PTH suppres-
sion due to high interdialytic calcium influx,

Calcitriol therapy for control of renal hyperparathyroidism can
oversuppress PTH and result in adynamic bone disease." How-
ever, none of our patients were on pharmacological doses of
active vitamin D and the serum calcitriol was generally low/low
normaL Low serum calcitriol seen in renal failure, can also not be
held responsible for low turnover bone disease because the serum
levels of this hormone are depressed in both high and low turnover
ROD,3 Decreased serum 2S-(OH)D as a cause of osteomalacia in
renal failure is controversial.v" Though low levels 34have been
reported in ESRD, they were subnormal (<10 ng/ml) in only 24%
of our patients, possibly because 20/29 (69%) patients were
receiving vitamin D supplement. Thus, altered vitamin D metabo-
lism does not explain the biochemically overt low bone turnover
in our patients,

Haemodialysis with supraphysiological calcium concentra-
tion suppresses PTH transiently." However, repeated haemo-
dialysis with high-calcium dialysate may possibly reduce PTH
levels.v-" Since the duration of haemodialysis in our study was
short, a high concentration of calcium in the haemodialysate [10,2
(0.4) mg/dl] does not by itself explain the lower serum intact PTH
and alkaline phosphatase in patients on haemodialysis, Some
other occult factors, e.g. aluminium contamination of the dialy-
sate, or production of an adverse cytokine/cytokine antagonist!
growth factor milieu 3,39could also probably have been respon-
sible for the low PTH in the haemodialysis group, However, as the
number of patients in the haemodialysed and non-haemodialysed
groups were very different, haemodialysis-mediated PTH sup-
pression needs to be confirmed by a longitudinal pre- and post-
dialysis study of patients entering a haemodialysis programme,

With increasing duration of renal failure, there is worsening
hyperplasia and an increasing risk of monoclonal expansion of the
parathyroid cells,2,4,40,41However, ESRD patients in India are, in
general, not on prolonged maintenance dialysis, Subjects of the
present study had also been on dialysis for a short duration «4
months), It is known that diets low in protein and phosphorus
reduce PTH levels in renal failure.v " It is possible that low
dietary protein and phosphorus in combination with a short
duration of dialysis may have contributed to low PTH levels in our
patients, There is a report of linkage between different alleles of
vitamin D receptor (VDR) and the severity, as well as therapeutic
response of secondary hyperparathyroidism in haemodialysed
patients." Whether VDR polymorphism plays a role in determin-
ing the spectrum of ROD in Indian patients needs to be deter-
mined.

Rao et al.47from Vellore in south India studied clinical, radio-
logical, biochemical (serum calcium, phosphorus, total alkaline
phosphatase and mid-molecule PTH) and bone histology
of SOESRD patients. This was an important study despite the fact

THENATIONALMEDICALJOURNALOFINDIA YOL,12,NO,S, 1999

that it lacked the definitive information provided by serum intact
PTH, osteocalcin vitamin D levels and quantitative histomorpho-
metry. They observed a high prevalence (64%) of mineralization
defect-20% osteomalacia and 44% mixed osteodystrophy-
even though aluminium staining was seen in only 8% of biopsies.
A striking feature was the absence ofpredominanthyperparathyroid
bone disease. Additionally, since the bone formation rate was not
measured, the possibility that some of the patients with apparently
normal histology actually had low turnover disease cannot be
ruled out. Thus, it is notable that in both the north and south Indian
ESRD patient population, hyperparathyroid bone disease is not
the predominant form of ROD,

Thus, empirical administration of high doses of active vitamin
D analogues and calcium to ESRD patients is injudicious and may
be unsafe. In fact, the amount of calcium containing phosphate
binder, dialysate calcium concentration and use of active vitamin
D analogues should be individualized using serum intact PTH,
calcium and phosphorus as a guide."
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Cryptosporidiosis in a tertiary care hospital

S, SETHI, R. SEHGAL, N. MALLA, R. C. MAHAJAN

ABSTRACT
Background. Cryptosporidium, an important cause of diarr-

hoea, has been reported worldwide both in immunocompetent
and Immunocompromlsed individuals and has emerged as a
serious public health problem. This study was undertaken to assess
the present status of cryptosporidiosis in children and adults with
diarrhoea who attended the Nehru Hospital, Chandigarh which
is a tertiary care hospital.

Methods. Routine stool examination was done using saline
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and iodine stained preparations for various parasites. Modified
Ziehl-Neelsen and rapid safran in-methylene blue techniques
were used to detect Cryptosporidium in 2000 stool samples
(1645 adults, 355 children) from March to November 1998.

Results. Of the 2000 samples, 205 (10.2%) were positive
for various parasites. Five (1.4%) children were positive for
Cryptosporidium and one child was positive for human immuno-
deficiency virus. In adults, Cryptosporidiumwas found in only one
patient (0.06%). Giardia/amb/ia was the commonest parasite
detected both in adults (4%) and children (15.2%).

Conclusion. The present study highlights the importance of
Cryptosporidium as a cause of diarrhoea, especially in children.
Thus, there is a need for specific staining techniques to detect
Cryptosporidium in routine diagnostic laboratories.
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