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Abstract

Elevated levels of intact parathyroid hormone (iPTH) may play an important role in the
pathogenesis of dyslipidemia in hemodialysis (HD) patients, but the underlying mechanisms
are not clearly defined. Aim: In this cross-sectional study, we examined the effects of iPTH
on dyslipidemia among HD patients. Patients: Forty five patients with chronic renal failure
patients on maintenance hemodialysis classified according to their iPTH into group |
(iPTH<Y:+ pg/microlitre) and group Il (iPTH >Y++ pg/microlitre). Methods: On enrollment,
we measured lipid profile, alkaline phosphatase, calcium, phosphorus and the duration that
they were on HD, and evaluated the correlation of these parameters with iPTH level using
Spearman’s rank analysis. Results: There is significant positive correlation between
parathyroid hormone level and triglycride level in patients of group | and group Il (p = +.+ ¥4,
<.+ 1) respectively. Also there is significant positive correlation between parathyroid
hormone level and total cholesterol level in both groups (p =+.+V ), +.+Y°) respectively. There
is a non significant correlation between HDL and LDL in both groups with iPTH. A
significant positive correlation was found between iPTH and alkaline phosphatase (ALP),
between iPTH and HD duration, whereas there was a significant negative correlation
between: iPTH and Ca, Body Mass Index. Conclusion: Elevated Parathyroid hormone levels
in hemodialysis patients may play a role in pathogenesis and progression of dialysis
dyslipidemia.
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Introduction

Dyslipidemia is a primary risk factor for
cardiovascular disease and a common
complication of progressive kidney disease.
Most patients with chronic kidney disease
have an abnormal lipid panel that increases
their risk for atherogenesis. Dyslipidemia
contributes to cardiovascular mortality.

The most noticeable lipid abnormality in
chronic kidney disease is an elevated tri-
glyceride level, possibly because of
defective clearance”. Patients with chronic
kidney disease also have an elevated ratio
of  low-density  lipoprotein  (LDL)
cholesterol to high-density lipoprotein
(HDL) cholesterol. LDL cholesterols,
including lipoprotein(a), are  pro-
atherogenic, and levels are slightly elevated
in patients with chronic kidney disease.

T4

Levels of oxidized LDL cholesterol also are
elevated; these cholesterols activate pro-
inflammatory pathways, thereby promoting
atherogenesis and endothelial dysfunction.’

Although no large randomized controlled
trials have studied the effects of lipid
reduction on the progression of kidney
disease, animal models suggest that
dyslipidemia worsens kidney function. A
recent meta-analysis of Y small studies
showed that lipid reduction preserves GFR
and reduces proteinuria’.

Progressive kidney dysfunction results in
hyperphosphatemia and calcitriol defici-
ency. These result in hypocalcaemia. These
abnormalities directly increase PTH levels'.
Patients with chronic renal failure display
type IV lipoproteinemia. They have
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elevated serum levels of very-low-density,
intermediate-density, and  low-density
lipoprotein. Serum cholesterol levels are
usually normal and those of high-density
lipoprotein are low . Hypertriglyceridemia
in CRF is due to decreased removal from
the blood secondary to reduced activity of
lipoprotein lipase and hepatic lipase.
Secondary hyperparathyroidism and
elevated blood levels of parathyroid
hormone (PTH) may play an important role
in the pathogenesis of the triglyceridemia of
chronic renal failure . This defect was
apparently due to the rise in calcium
content of the liver mediated by the state of
secondary hyperparathyroidism of CRF. An
increase in calcium content of the liver may
reflect an elevation in cytosolic calcium of
hepatocytes. The elevation in Ca of
hepatocytes in CRF down regulates the
mRNA of hepatic lipase”.

It was suggested that secondary
hyperparathyroidism is involved in the
impaired catabolism of triglyceride-rich
lipoproteins, provided an additional
mechanism by which CKD may raise
plasma triglyceride concentrations’. Excess
PTH suppresses insulin release from
pancreatic islets and the insulin deficiency
results in carbohydrate intolerance. Insulin
deficiency also causes decreased synthesis
of lipoprotein lipase and hence abnormal
lipid metabolism. Thus, the hyperpara-
thyroidism of chronic renal failure may play
a paramount role in the genesis of the
abnormal metabolism of both carbohydrates
and lipids .

Patients and Methods

A cross sectional study was carried out at
Minia university hospital dialysis unit in the
period between June Y)Y to November
Y«V¢, Forty five patients of ESRD on
maintenance hemodialysis treatment were
studied. They were Y% males and Y1
females. Their mean duration of hemo-
dialysis treatment was £.£00+Y 10 years
with frequency of three times per week, and
each session for hemodialysis treatment
lasting for four hours. Additionally V-
healthy individuals had no history of
chronic illness were included as a control.
Exclusion criteria: HCV positive patients,
Diabetic patients, Patients known to have
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dyslipidemia, Patients on lipid lowering
drugs, patients on CCB, Patients with
chronic liver disease. After they were
informed about the study, written consent
was obtained. Approval of the medical
Ethical committee, Faculty of Medicine -
Minia university was taken.

All patients of the study were subjected
to the following:

Full history taking, clinical examination
and laboratory investigations in form of:
Complete blood count (CBC) determined
by automated cell counter Sysmex KX-YIN
(TAO Medical Incorporation, Japan). Renal
function tests (blood wurea, serum
creatinine), Liver function tests (ALT, AST,
serum albumin and total protein) were
assayed using fully automated clinical
chemistry auto-analyzer system Konelab
Yoi (ThermoElectron Incorporation,
Finland). Calcium by Colorimetric Assay
Kit from Biovision, phosphorous by
column chromatography method and
Parathyroid hormone (PTH) by Enzyme
Immune Assay. Serum levels of triglyceride
(enzymatic  Gop-PAP  method), total
cholesterol (enzymatic calorimetric CHOP-
PAP method), high-density lipoprotein

cholesterol (HDLC; direct enzymatic
method) and low-density lipoprotein
cholesterol  (LDLC; calculated with

Freidwald equation). All these biochemical
assays were done using diagnostic Kits
made by Bioactiva Diagnostica (Hamburg,
Germany).

Statistical methodology: Analysis of data
was done by IBM computer using SPSS
v\ 1. Description of quantitative variables as
mean, SD. Description of qualitative
variables as number and percentage.
Independent sample t-test was used to
compare  quantitative  variables  in
parametric data (SD<¢:Z mean). Chi-
square test was used to compare two groups
as regard qualitative variables. Analysis of
variance test (ANOVA) was used to
compare multinominal parameter as regard
guantitative  data. Multivariate linear
regression analysis was done. P value >+.+©
insignificant - P<-.+¢ significant - P<:.+)
highly significant .

Results

In our study, ¢° patients on dialysis and )+
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healthy individual were included. They
were classified into ¥ groups: Group I:
Includes Yo patients on dialysis their
parathyroid hormone level less than Y-

pg/microlitre. Group Il: Includes Y-
patients on dialysis their parathyroid

hormone level more than Y+ « pg/microlitre.
Group 111 Includes Y+ healthy individuals
of age and sex matched, as a control group.
Patient's demographic characteristics is
shown in Table (). There was highly
significant statistical difference as regard
duration of dialysis, between patients of
group | and group Il (p<:.*+)Y). The three
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groups were compared as regard bone
mineral parameters: PTH level, alkaline
phosphatase level, serum calcium and
phosphorus levels as shown in Table Y with
a highly significant statistical difference
between  them  (p<:.:+)). Alkaline
phosphatase level was highest in group I
(Y1e.40 + YY 24) with a highly significant
statistical difference between the three
groups (p<-:.»+)). Serum calcium level was
lowest in group Il (V.49 = ..¢2) with a
highly significant statistical difference
between the three groups (p<-.++V) (table

Y).

Table Y: Demographic characteristics of patients on dialysis with PTH < ¥++ (Group 1),

patients on dialysis with PTH > ¥+ (Group Il) and control group (Group I11).

Group Il Group | Group Il
Control PTH< Y. PTH>Y.. P value
N=1\-. N=Y¢ N=1Y.
Age (years) : - Y41
Tvstl | TvsHI| 1lvs
(range) GED (Y+-1v) g\"v\;) 11
M+ 5D £0AETNE | £0E VA \;Hi LYY | oYY | Lgve
Sex: ARG
Male V() 4 (r) V(547 LvsIl | Tvslll I:I\;s
Female £ (1) 1 (1¢7) V(o) [oxan | even | v

Table Y: Comparative study of bone mineral parameters between patients and control.

Group | Group Il Group 11
PTH< Y. PTH> ¥+ . Control P value

N= Yo N= Y. N=1\.
PTH (pg/ml) SV
(range) (VYV-YV) (T EYY) (Y1-£%) lvs Il lvs I 1 vs I
M+ SD YATYT £ Y AY | oYY ) £ Y4) Y YEAE T oV E [ g VR | < vy
ALP (u/l): <e)*
(rang) (AY-VEA) (VYA-Y4A) (°0-A%) lvsll Tvs Il | 11vslll
M £ SD YYY o £ VoY | Y1090 £ Y700 | TAX 2 AVA | <o vad* | c v v Vx| < vy
Car+ (mg/dl) < v e *
(range) (AY-AT) (Y-A) (.Y V) lvsll lvs Il sl
M +SD AYY + VY Y. 44 + .« o0 994+ .Yy < vk < v vaVE N1
Ph. (mg/dl): RN
range
§\A+gSIZ)) (°-1.A) (>-1.A) (¢.)-0.9) lvs I Lvs Il | Ilvs Il

* oY + . 8¢ oY + . 01 oYt + . 00 Cave . Lov Y,

Lipid profile parameters: were compared

£
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control group and revealed that there is
highly significant difference between
triglycride and cholesterol level of both
groups (p<-.r+V), while comparison of
LDL level between control group and
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patient on dialysis showed no significant
statistical difference (p=:.YY¢), and no
significant statistical difference between
HDL level of both groups (p=-.211) ( table

).

Table ¥: Comparative study of Lipid Profile Parameters between Patients on Dialysis as

a whole and control Group.

Control Patients on dialysis P val
Nzt N= £ o value
TG (mg/dl) :
(range) (VYY-IYY) (V) +-¥V0) < E
M+ SD YYY.Y 4+ VY YVY. Y4 + 01 ¢4
TC (mg/dl):
(range) (VVY-1A%) (14¥-Y40) < avE
Mz SD VWYV £ aY YYYTY 4 YV A4
LDL (mg/dl) :
(range) (£Y-1%) (30-1Ve) LYY
M+ SD AETEYYY AT ¢Y £ 000
HDL (mg/dl):
(range) (10-A+) GED VoVt
M £ SD §904+ Y .Y ov YV £ Y Y

Comparison of lipid profile parameters
between group | and group Il showed that
the mean value of triglyceride level was
VoY A+£Y o1 for group I and YA YoxoV )
for group Il with a highly significant
statistical difference between both groups
(p = +.+*Y), and the mean value of total

cholesterol was YYo.v¢

+ Y4 ¥.

for

patients of group | and YYA 4o £ YY) for
patients of group Il with significant
statistical difference between both groups
(p =+.+Y?°) (table ), (Figure ), while no
significant statistical difference was found
between LDL (p=:.YY)) and HDL levels
(p=".Y"Y) of both groups.

Table ¢: Comparative Study Of Lipid Profile Parameters Between Patients On Dialysis
With PTH < ¥+ (Group 1), Patients On Dialysis With PTH > ¥+« (Group I1) .

Group | Group Il
PTH< ¥+ PTH> ¥+ P value

N= Yo N= Y.
TG (mg/dl) :

YIA-YYO
(range) \o(m+zv)c1 (V) +-¥Vo) AL
M = SD T YeA Yo + 0V ¢
TC (mg/dl):
(range) (Va¥-Yo) (V4A-Y40) N
M+ SD YYOYE 4£14Ys YYA40 £ Y7 )
LDL (mg/dl) :
(range) (Ve-40) (A+-40) LYY
M+ SD AS TA 4+ 1 41 AV Yo 4+ ¢ AY
HDL (mg/dl):
(range) (£0-00) (£0-01) AN
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ov Ao+ Y YY |

In_patients of group | There was
significant positive correlation between
parathyroid hormone level and triglyceride
level, total cholesterol, duration of Dialysis,

alkaline phosphatase

(p

S YA Y Y g respectively
(table ¢), (figure 1,Y), while there was a
non significant  correlation  between
parathyroid hormone level and LDL &
HDL (table %).

Table ¢: Correlation between Parathyriod Hormone Level and Lipid profile, Alkaline
Phosphatase Level, Serum Calcium Level, Body Mass Index and duration Of Dialysis in

(Group I).
PTH with: Group |
PTH< Y.
N= Yo
R P
TG EVA EEE:
TC ~.iﬁ\/ LI \ \*
ALP '.99" ~-~~ﬁ*
Ca" T LYV
BMI AR Y
Dialysis duration Vet P
- r=0.438
o p=0029
!EWSDD'
@80 ‘ o
125.00 m@fno

100.00

o ao

T
10000

T
150.00

T
200.00

T T
250.00 30000

PTH (pg/ml)

Figure (Y):Correlation between parathyroid hormone level and triglycride level in
patients of group I.
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Figure (¥): Correlation between parathyroid hormone level and total
cholesterol level in patients of group I.

In patients of group Il : There was highly
significant positive correlation between
parathyroid hormone level and triglyceride
level (r = +¥¥4, p < «.++Y), significant
positive correlation between parathyroid
hormone level and total cholesterol level (r
< EVY [ p < +.+Y0) (table %), (figureY),
highly significant positive correlation
between parathyroid hormone level and
duration of dialysis (r= +.1¥e ,p < «.+)),
and between parathyroid hormone and
alkaline phosphatase level (r= +.YAY ' p<

+.++V). There was a significant negative
correlation between parathyroid hormone
level and serum calcium level (r = - «.o77 |
p < +.++%), and between parathyroid
hormone level and BMI (r = - +.YY) | p<
+.++1), while there was a non significant
correlation between parathyroid hormone
level and LDL (r= +.Y°% | p<+.2+Y) also a
non significant correlation was found
between parathyroid hormone level and
HDL(r=+.Y+V, p<:.iey),

Table %: Correlation between Parathyriod Hormone Level and lipid profile, Alkaline
phosphatase Level, Serum Calcium Level, Body Mass Index and duration of Dialysis in

(Group II).
PTH with: Group 11

PTH> Y.

N=¥Y.

r P
TG Ve P
TC CEVY Cvo
ALP CYAY PR
ca" BNPLE LA
BMI X < v aNE
Dialysis duration < 1ve R

Group Il

300.00-]

260.00-]

260.00-]

240.007]

TC (mgl/dl)

220.00

200.00— o o

160.00-]

T T
200.00 400.00

patients of group I1.

Discussion
Lipid abnormalities have been postulated to
contribute  torenal insufficiency by a

mechanism that is analogous to athero-

123

T
600.00

T T T
800.00 1000.00 120000

PTH (pg/mlI)

Figure (¥): Correlation between parathyroid hormone level and total cholesterol level in

genesis. The majority of patients treated for
chronic renal failure die of cardiovascular
complications. Lipid abnormalities in this
group are thought to contribute to this high
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mortality. Proving a causal association
between  dyslipidemiaand accelerated
atherosclerosis in end-stage renal disease
population has been confounded by the
presence of other pro-atherogenic condi-
tions in this population .

We designed this study to assess the
relation  between PTH abnormalities
(secondary  hyperparathyroidism)  and
dyslipidemia in haemodialysis patients and
to investigate the role of PTH in
development of uremic dyslipidemia. We
exclude secondary causes of dyslipidemia
as diabetic patients, as diabetes has other
effects on the lipid parameters and this is in
ggreement with the study of Zanos et al.,

The classification of the patients into group
I and group Il based on the level Y+« pg/ml
of PTH was in agreement with Ahmadi et
al,'" who studied ©) patients on
hemodialysis and classified them according
to the level Y+ pg/ml into Y groups and
also in agreement of Zanos et al.,”". Also
the level Y.+ pg/ml was suitable in our
study as it provide Y comparable groups of
nearly equal numbers of patients.

There was high positive significant
correlation between parathyroid hormone
level and duration of dialysis in group I and
Il (p <+.++V). This is in agreement with
Rezende et al.,'* who stated that PTH level
positively correlated with the duration of
dialysis (r=+.°Y, p<+.+°).

AS regards Alkaline phosphatase level it
was (WV_~£ + Yv.oey Yiledo + YY o4,
1Y £ AVA) for groups I, I, llI
respectively with a highly significant
statistical difference with p<-.++) for all,
and there was significant positive
correlation between parathyroid hormone
level and alkaline phosphatase level in
patients groups (p = .rcE o))
respectively. This in accord-ance with the
study of Ahmadi et al., '™ & Rahimian et
al.,’" who reported a significant positive
correlation between PTH level and alkaline
phosphatase level in hemodialysis patients.
This correlation could be explained by the
fact that in CKD, high bone turnover
condition occurs due to excess PTH which
binds to its receptors on osteoblasts and
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osteocytes stimulating their proliferation
and production of several non collagenous
proteins as osteocalcin and alkaline
phosphatase .

As regards serum calcium level it was (A.¥Y
+ VY, VA4 4+ 00 48 + 4. YY) for groups
I, I, I respectively with a highly
significant statistical difference between the
three groups (p<:.:+)). Also there was
signi-ficant negative correlation between
PTH level and serum calcium level. This is
in accordance with Ahmadi et al.,'". This
could be explained the fact that phosphate
retention, as a result of reductions in GFR,
would cause transient decreases in the
levels of ionized calcium, which would, in
turn, trigger an increase in PTH secretion
and a new steady state would be achieved .

As regards Lipid profile parameters when
compared between patients on dialysis as a
whole and control group revealed that there
is highly significant statistical difference
between triglycride levels of both groups.
This is in agreement with the study of
Vasilis et al.,” which reported hypertrigly-
cridemia in Y)Z of patients on hemo-
dialysis and with the experimental study of
Kyubok etal.,'"" in which the CRF rats had
significantly higher TG level compared to
control group. This significant difference is
explained by the fact that LPL activity is
reduced and several studies have
demonstrated a marked reduction in plasma
postheparin lipolytic activity in ESRD
patients’""'. CRF results in marked downer-
gulation of hepatic lipase expression and
activity . Also VLDL receptor mRNA and
protein abundance in adipose tissue,
skeletal muscle, and myocardium are
severely reduced in CRF animals'".

As regard total cholesterol level, it was
YY).YY £ YY) A4 for patients on dialysis and
YVYY.v + £4Y for control group with a
highly significant statistical difference
between both groups (p<-:.:+)), this is in
agreement with Vasilis et al,”" who
reported hyper-cholesterolemia in Y47 of
patients on hemodialysis, and with kyubok
et al,'" who reported high significant
difference in total cholesterol level between
CRF rats and control group (p<-.:*)), but
against Maheshwari et al.,”” who reported
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that there was no significant statistical
difference between cholesterol level in
hemodialysis patients and control group and
this could be explained as that CRF
increase both HMG-coA reductase activity
which is the rate limiting step in cholesterol
synthesis and cholesterol VY-hydroxylase
activity which is the rate limiting step in
cholesterol catabolism'. Also, there is
significant positive correlation between
PTH level and total cholesterol level in
group | and group Il. This is against what
was reported by Ahmadi et al., Y+)Y'" who
did not find significant correlation between
PTH level and total cholesterol level.

As regards HDL and LDL there was no
significant difference when comparing
control group and patients on dialysis as a
whole and this is in agreement with
Maheshwari et al.,”” who reported no
significant  difference between control
group and hemodialysis patients.

As regards  Triglycerides, it was
significantly elevated in group Il than group
I (p< +.++)) and a positive significant
correlation was present between PTH and
TG level ingroup I and group I (p = +.+ Y%,
p<-.++)) respectively and this is in
agreement with Mitwalli et al.,”" who
reported that the patients with hyperpara-
thyroidism had significantly higher mean
serum triglyceride levels compared to non-
hyperparathyroid patients. Also in accord-
ance with the study of Zanos et al.,"” which
showed that increased levels of PTH cause
elevation of intracellular calcium predis-
posing to lipid metabolism abnormalities.
Lacour et al.,”" showed that secondary
hyperparathyroidism in rats produced either
by feeding them low calcium diet or by
administration of parathyroid extracts was
associated with hypertriglyceridemia. This
could be explained by excess PTH in CRF
lead to downregulation of mMRNA of hepatic
lipase so decrease its production and
activity' ", alteration of hepatic lipase
kinetics™", chronic exposure to high PTH
level result in sustained elevation in the
basal level of cytosolic calcium of
hepatocytes, the abnormal intracellular
calcium homeostasis is believed to be the
basis of organ dysfunction as increased
cytosolic calcium lead to inhibition of

1
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mitochondrial ~ oxidation and  ATP
production™. In contrast, Ahmadi et al.,'”
did not find significant correlation between
PTH level and serum TG level (p=-.YYY).
Also Navarro et al,” in a study on Y¢
hemodialysis patients found no correlation
between serum lipids and PTH levels and
Lipid profile did not change in patients with
severe secondary hyperparathyroidism after
parathyroidectomy.

Because of the lack of evidence in treating
lipid abnormalities in this specific patient
populatio, future studies should focus on
the pathophysiological mechanisms and
treatment of dyslipidemia in these
patients’ .

Conclusion and recommendation:
Elevated Parathyroid levels in hemodialysis
patients may play a role in pathogenesis and
progression of dialysis dyslipidemia.
Pathogenesis of dialysis dyslipidemia and
the role of hyperparathyroidism remains a
subject of debate. Further studies on larger
number of patients and long term follow up
for evaluation of the effect of secondary
hyperparathyroidism on dialysis
dyslipidemia.
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