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P
arathyroid hormone (PTH) is a
polypeptide protein released

by the parathyroid gland, and is
essential for calcium and phos-
phate homeostasis and bone
mineralization.1 PTH allows for
tubular calcium reabsorption in
the kidneys, calcium absorption in
the gastrointestinal tract, calcium
mobilization from the bones, and
phosphate excretion by the kid-
neys.1 PTH synthesis and secretion
is mainly influenced by the extra-
cellular free (ionized) calcium, and
contributory effects from inor-
ganic serum phosphate, 1,25-dihy
droxycholecalciferol, fibroblast
growth factor-23 (FGF-23), and
osteoblast-derived phosphaturic
hormone.1

In patients with chronic kidney
disease, there is a dysregulation of
calcium and phosphate homeostasis,
which leads to decreased phosphate
excretion by the renal tubules
causing a rise in serum phosphate,
elevated levels of FGF-23, and
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reduced synthesis of 1,25-
dihydroxycholecalciferol.1,2 These
changes then cause an increased
synthesis and secretion of PTH and
parathyroid hyperplasia, resulting
in the development of a vicious cy-
cle.2 Patients with early stages of
chronic kidney disease often have
no changes in their serum calcium
and phosphate levels, and the PTH
level may be only slightly elevated
than the reference values.2

The elevated calcium and phos-
phate levels associated with sec-
ondary hyperparathyroidism have
been associated with the formation
of vascular calcification that is
strongly associated with increased
morbidity and mortality.2 In
addition, patient age and duration
of dialysis have been linked to an
increased risk of developing
vascular calcification.2

Secondary hyperparathyroidism
is a common complication of chronic
kidney disease, and patients at time
of kidney transplant would often
have hyperphosphatemia, elevated
FGF-23, and low level of 1,25-
dihydroxycholecalciferol.3

Following kidney transplant, the
general functional response is
improvement or reversal of these
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abnormalities, but persistent ab-
normalities in PTH and FGF-23 can
contribute to changes in bone and
mineral homeostasis.3 Studies have
demonstrated that patients will
develop mild to moderate hypo-
phosphatemia, likely because of the
phosphaturic effect of PTHand FGF-
23, within the first 3 months post-
transplant.3,4 Hypophosphatemia
generally improves in most patients
over the first 12 months
posttransplant.3,4

Wolf et al.4 studied the change
in PTH levels following kidney
transplant in the following 2
groups of patients with secondary
hyperparathyroidism at the time of
transplant: patients with a low
PTH (defined as PTH> 65
and < 300 pg/ml), and those with a
high PTH (defined as PTH> 300
pg/ml).4 Within the first 3 months
posttransplant, both groups had a
significant decline in PTH from
baseline levels, and a slower
improvement over the subsequent
months.4 At 12 months posttrans-
plant, PTH was still elevated above
normal values (high PTH group,
146 pg/ml; low PTH group 118 pg/
ml).4 In the same study, within 1
week of transplant, hypercalcemia
developed in 21% of patients with
low PTH and 30% of those with
high PTH.4 The proportion of pa-
tients with hypercalcemia peaked
at 29% for low PTH patients and
48% for high PTH patients by 2
months posttransplant, and then
steadily decreased.4 Within 12
months posttransplant, there were
11% of patients in the low PTH
group and 25% of patients in the
high PTH group who continued to
have hypercalcemia.4

Muirhead et al.5 described that
in their study of long-term follow-
up of 1000 consecutive transplant
recipients, approximately 48% of
patients had an elevated PTH at 12
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months posttransplant, and
approximately 39% continued to
have an elevated PTH at 2 years
posttransplant.5

Pihlstrøm et al.6 evaluated the
association between persistent hy-
perparathyroidism and mortality,
cardiovascular disease, and renal
allograft survival in 1840 stable
kidney transplant recipients aged 30
to 75 years who participated in The
Assessment of LEscol in Renal
Transplantation trial.6 They re-
ported that an elevated PTH was
associated with an increased risk of
all-cause mortality (4%) and allo-
graft loss (5%), but not with major
adverse cardiovascular events.6

Because of the significant
morbidity and mortality associated
with persistent hyperparathyroid-
ism post kidney transplant, the
recommendation is to obtain PTH
measurement that is appropriate to
the graft function, and to normalize
serum levels of calcium, phosphate,
and 1,25-dihydroxycholecalciferol.

In this issue ofKIReports, Prytula
et al.7 examined the relationship
between PTH, serum calcium and
phosphate, and 25-hydroxyvitamin
D and allograft outcome in pediat-
ric kidney transplant recipientswho
were registered in the Cooperative
European Pediatric Renal Trans-
plant Initiative Registry.7 Thiswas a
retrospective, multicenter, longitu-
dinal cohort study over a period of
up to 5 years. Study data were
collected at baseline, months 1, 3, 6,
9, and12posttransplant, and every6
months thereafter up to 5 years.7

Allograft dysfunction, defined as
either graft loss, eGFR # 30 ml/min
per 1.73 m2 or a$50% decline from
baseline eGFR at 1 month post-
transplant, was used a primary
outcome measure.7
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The association between hyper-
parathyroidism and allograft
dysfunction was present in the
conventional Cox model (hazard
ratio 3.13; 95% confidence interval
1.99–4.92; P < 0.001) and in the
marginal structural model (hazard
ratio 2.79; 95% confidence interval
1.80–4.34; P < 0.001).7 The asso-
ciation between hyper-
phosphatemia and allograft
dysfunction was present in the
conventional Cox model (hazard
ratio 1.99; 95% confidence interval
1.36–2.91; P < 0.001) but not in
the marginal structural model
(hazard ratio 1.32; 95% confidence
interval 0.87–2.00; P ¼ 0.193).7

There was no association be-
tween 25-hydroxyvitamin D and
time to allograft dysfunction.7

However, the analysis was partly
limited because of 67% to 88% of
missing values. There was no as-
sociation between early posttrans-
plant hypophosphatemia at 1
month and allograft dysfunction
(P ¼ 0.95).7 When adjusted only
for time-varying eGFR in the mar-
ginal structural model, analyses
demonstrated that hyperparathy-
roidism and hypocalcemia were
associated with a higher risk of
allograft dysfunction.7

In summary, Prytula et al.7

present in this issue of KI Re-
ports that hyperparathyroidism is
an independent risk factor, after
adjustment for covariates that can
affect graft survival such as allo-
graft rejection, for allograft
dysfunction in pediatric kidney
transplant recipients. Further
studies, especially prospective
studies with interventions aimed
at a strict PTH control, would
provide further insight into the
causal relationship between
hyperparathyroidism and allograft
dysfunction.
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