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Abstract: The aim of this study was to investigate the impacts of parathyroidectomy (PTX) towards the renal anemia 
and nutritional status of hemodialysis patients with secondary hyperparathyroidism (SHPT). 32 patients, enrolled 
into the blood purification center of our hospital for the hemodialysis treatment, were collected and divided into the 
PTX group and the non-PTX group, with 16 patients in each group. The changes of relevant indicators such as immu-
noreactive parathyroid hormone (iPTH), anemia and nutrition were observed before, 1-, 3-, 6-month after the treat-
ment. The contents of iPTH, Ca, P and Ca × P of the PTX group decreased rapidly 1 month after the surgery; while 
Hb and Hct increased significantly from the 1st postoperative month; the dosage of EPO was significantly reduced 
3-month after the surgery; the content of Alb gradually increased from the 3rd postoperative month; the content of 
TG decreased significantly from the 6th postoperative month; while the contents of BMI and TSF increased signifi-
cantly from the 6th postoperative month, which exhibited the statistically significant differences when compared with 
the preoperative and the non-PTX group (P < 0.05). PTX could quickly reduce the iPTH level and significantly improve 
the renal anemia and nutritional status; SHPT was the important factor that would affect the renal anemia and 
malnutrition; PTX could reduce the amount of EPO, and reduce the economic burden of patients.
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Introduction

The secondary hyperparathyroidism (SHPT) 
and renal anemia were the most common com-
plications that would affect the life quality of 
chronic kidney disease (CKD) patients [1]. The 
incidence of anemia in Chinese adult CKD 
patients was 40%-60%, and about 98.91% 
patients that were ready for the dialysis had the 
anemia. Since the early 1990s, the application 
of recombinant human erythropoietin (EPO) 
was begun, and though the treatment rate in 
the dialysis patients was up to 97.42%, the 
standard-reaching rate was still low. The new 
version KDIGO guideline [2] pointed out that as 
for the adult chronic renal failure-induced dialy-
sis patients, the EPO treatment should begin 
when Hb was within 90-100 g/l, while it was 
not recommended that the adult CKD patients 
used EPO for the maintenance when Hb was 
over 115 g/l. therefore, the anemia was still the 

problem that bothered the hemodialysis pa- 
tients. After the EPO treatment, some patients 
did not obtain the improved symptoms of ane-
mia, and there were about 5-10% patients exist-
ing the significant resistance towards the EPO 
treatment [3].

In addition, about 40% CKD patients might 
occur the malnutrition after the maintenance 
hemodialysis treatment. Some studies showed 
[4] that the clinical indicators of malnutrition, 
such as low body mass index (BMI) and low 
serum albumin (Alb) content, were associated 
with the high morbidity and mortality of hemodi-
alysis patients. The reason that led to the mal-
nutrition of dialysis patients was the direct 
effect of iPTH towards the protein metabolism, 
or other indirect causes such as lack of appe-
tite, neuropsychiatric disorders, myopathy or 
bone disease was still unclear. The experimen-
tal work on the muscle tissues showed [5] that, 
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PTH could increase the protein catabolism; and 
there was also some other observation [6] that 
SHPT had no interference towards the patients’ 
nutritional status.

The current clinical treatment strategies tow- 
ards the SHPT of end-stage renal disease 
(ESRD) included: 1. limited the phosphorus 
intake; 2. applied the phosphate binder thera-
py; 3, performed the dialysis at least three 
times a week; 4, when the conventional medi-
cal treatment towards SHPT failed, it would 
usually require the performance of PTX. The 
previous studies had shown that, Coen et al [7] 
found that if the ESRD patients could obtain 
the improvements of anemia and nutritional 
status after PTX, their quality of life could be 
significantly improved. Therefore, the aim of 
this study was to observe the changes of iPTH, 
anemia, nutrition and other related factors in 
the uremic hemodialysis patients with SHPT 
after the PTX treatment, and explore the 
impacts of PTX towards anemia and nutritional 
status in the SHPT hemodialysis patients.

Materials and methods

Subjects

32 patients, treated with hemodialysis in the 
blood purification center of Zhongshan affiliat-
ed Hospital, Dalian University, from May 2012 
to May 2013 were collected, among who 16 
cases were performed the parathyroidectomy 
and divided into the PTX group, while the other 
16 patients were not performed the parathy-
roidectomy, thus divided into the non-PTX 
group.

The PTX group had 9 males and 7 females. The 
mean age was (48.81±14.57) years old, with 
the mean duration of dialysis as (103.25±53.67) 
months. The primary diseases’ situations: 6 
cases were chronic glomerulonephritis, 5 cases 
were hypertensive renal damage, 3 cases were 
polycystic kidney disease, 1 case was diabetic 
nephropathy and 1 case was nephrotic syn-
drome. the non-PTX group had 8 males and 8 
females. The mean age was (50.62±11.28) 
years old, with the mean duration of dialysis as 
(111.73±42.54) months. The primary diseases 
were: 6 cases were chronic glomerulonephritis, 
5 cases were hypertensive renal damage, 4 
cases were diabetic nephropathy, and 1 case 
was polycystic kidney disease. The average 
dialysis times of the two groups were (The 

hemodialysis patients of the 2 groups were 
treated with AK95S dialysis instrument 
(Gambro, Sweden), with the polysulfone mem-
brane dialyzer (area as 1.4 m2 - 1.6 m2) and the 
standard bicarbonate dialysate.) three times 
per week, and 4 hours each time. The blood 
flow was 180-240 ml/min, the dialysate flow 
was 500 ml/min. and the patients in the two 
groups all exhibited various degrees of pruritus, 
bone pain, muscle weakness, muscle pain, 
multi-site metastatic calcification, while the 
situations in the PTX group were relatively 
heavy.

Inclusion criteria

1) Aged 35 to 75 years old; 2) the stable dialy-
sis duration was > 6 months; 3) the iPTH levels 
were > 800 pg/ml, except for the primary and 
other secondary hyperparathyroidism, the pa- 
tients were all performed the regular impact 
therapy of phosphorus-reduction and active 
vitamin D3, and the PTX group exhibited no 
effect towards the medication or had the con-
traindication, thus the patients were treated 
with the PTX treatment; 4) All patients were 
performed the regular EPO, iron and folic acid 
treatment for more than 3-6 months, the levels 
of Hb and Hct were stable; 5) the dialysis was 
adequate, with the urea clearance (Kt/V) ≥ 1.2.

Exclusion criteria

The patients exhibited no history of bleeding or 
blood transfusion, history of malignancy, seri-
ous infections, iron strengthening, lack of folic 
acid and vitamin B12, severe heart failure or 
active systemic disease 3 months prior to the 
observation and during the follow-up.

Surgical indications [8]

1) iPTH lasted greater than 800 pg/mL (the 
normal value 16-62 pg/mL); 2) imaging exami-
nation: at least one parathyroid gland dilated (d 
> 1.0 cm3) and had the rich blood; 3) existed 
the following conditions simultaneously: hyper-
calcemia, uncontrollable hyperphosphatemia, 
histologic progressive bone disease, the effi-
cacy of EPO towards the anemia was reduced.

Main observation indicators

The levels of P iPTH, Ca, P, Ca × P, Hb, Hct, Alb, 
TC, TG, SI, SF and CRP, etc. of the PTX group 
and the non-PTX group were detected before 
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the treatment, as well as 1, 3 and 6 months 
after the treatment, all the indicators were 
detected by the Monitoring and Inspection 
Center of our hospital. (the detection of the fol-
lowing elements used the corresponding meth-
ods: Ca: the Arsenazo method; P: phosphomo-
lybdate method; Alb: bromocresol green meth-
od; TC: enzyme method; TG: phosphoric acid 
oxidase method, which were all detected by 
SIEMENS ADVIA2400 analyzer (Japan); SI: fer-
rous triazine colorimetry; SF and CRP: scatter-
ing turbidimetric method, and detected by 
SIEMENS BN II analyzer (Japan); All reagents 
were provided by SIEMENS medical diagnosis 
Co. Ltd (Japan); Hb and Hct: cell counting meth-
od, measured by Sysmex XE-2100 automated 
hematology analyzer (Japan), with the reagents 
provided by Shandong Lanqiao Medical Co., 
Ltd. (China); iPTH: electrochemiluminescence 
method, and detected by JYPYi2000 automatic 
analyzer (USA), with the reagents provided by 
the Abbott Trade Co. Ltd (USA). The dialysis 
adequacy (Kt/V, URR%) was calculated, mean-
while, the EPO amount of the same period was 
recorded, and the anthropometric indicators 
were measured: TSF, MAC, height, weight, 
MAMC and BMI were calculated.

Assessment of dialysis adequacy

Based on the formula of Daugirdas urea single 
room model Kt/V = -ln (R-0.008t) + (4-3.5R) × 
(UF/W), in which ln was the natural logarithm, t 
was the dialysis Time (h); R was the concentra-
tion ratio of urea nitrogen (BUN) after and 
before the dialysis; UF was the ultrafiltration 
volume (L); W was the post-dialysis weight (kg). 
Urea reduction rate (URR) = (1-R) × 100%.

Measurement of anthropometric indicators

Used a soft tape to measure the perimeter 
from the right arm shoulder peak to the center 
of ulnar olecranon process (MAC); 2 cm above 
this center, the skin and fat were separated, 
then used the vernier caliper to measure 3 
times for the average (TSF), MAMC (cm) = MAC 
(cm) -3.14 × TSF (cm). BMI = post-dialysis dry 
weight (kg) / height 2 (m2).

Treatment of anemia

According to the latest KDIGO guidelines [9], 
the EPO dosage: 1) initial subcutaneous dos-
age: 100-120 IU/(Kg • w), 2-3 times a week; 

intravenous dosage 120-150 IU/(Kg • w), three 
times a week. As for the patients with such 
basic diseases as high blood pressure, severe 
cardiovascular disease and diabetes, EPO 
should be applied from the dose as small as 
possible. 2) during the EPO treatment period, 
the Hb level should be detected once every 1-2 
months; then the EPO dosage was adjusted 
according to the patient’s Hb growth rate; the 
initial treatment Hb growth rate should be con-
trolled within 10-20 g/l per month, while with 
the steady improvement, and reached the Hb 
target value in the 4th month; if the monthly Hb 
concentration changes were ≥ 10 g/l during the 
maintenance treatment period, the EPO dose 
should be increased or decreased by 25% 
appropriately towards the original basis, and 
the medication frequency was once-twice a 
week.

During the EPO treatment, the enough iron 
should be supplemented to maintain the iron 
status. As for the dialysis patients: serum ferri-
tin (SF) > 200 ug/l and the transferrin satura-
tion (TSAT) > 20%. If the patient’s SF was < 100 
ug/l, 100-125 mg iron should be intravenously 
administrated weekly, for continuous 8-10 
weeks; if SF ≥ 00 ug/l, 25-125 mg iron should 
be intravenously administrated once per week; 
if SF > 500 ug/l, the intravenous iron would not 
be recommended the routine use. Meanwhile, 
10mg folic acid should also be orally adminis-
trated, 3 times/d.

Nutrition guidance

The patients’ water and sodium intake should 
be controlled, the high-quality protein diet was 
chosen and supplemented the essential amino 
acids, carbohydrates, vitamins and fats, limited 
the diet with high potassium and phosphorus, 
controlled the blood glucose, and supplement-
ed the calcium and so on. According to the lat-
est KDIGO guidelines [9], it was suggested that 
the adults diabetes or non-diabetes, and GFR < 
30 ml/min/1.73 m2, should reduce the protein 
intake to 0.8 g/kg/d, together with the suitable 
announcement.

Surgical treatment

There were three main kinds of surgical proce-
dures: subtotal parathyroidectomy (sPTX); 
parathyroidectomy + autologous transplanta-
tion (PTX + AT); total parathyroidectomy (TPTX). 
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After the surgery, 10% calcium gluconate was 
continuously intravenous infused and the 
serum calcium should be strictly monitored, 
meanwhile, 2.0 mmol/L high-calcium dialysate 
was sued for the dialysis, then according to 
serum calcium levels, the amount of calcium 
should be gradually reduced, which was main-
tained by the oral administration of calcium 
carbonate or calcium acetate and active vita-
min D3.

Statistical processing

All data were processed with spss19.0 statisti-
cal software. The measurement data were 
expressed as mean ± standard deviation (x±s), 
the intergroup data were compared with inde-
pendent sample t test, the intragroup pair com-
parison used the t-test, with P < 0.05 consid-
ered as the statistically significant difference.

Results

Improvements of clinical symptoms and signs

The patients of the PTX group exhibited the 
postoperative conscious skin-itching and bone 
pain symptoms, while the diet, sleep and blood 
pressure were significantly improved. 2 patients 
exhibited the dramatic improvement on the 
postoperative 2nd day, and be able to move on 
their own.

Changes of serum iPTH, Ca, P, Ca × P

The serum iPTH, Ca, P and Ca × P levels of the 
2 groups were high in the early stage of follow 
up, and those of the PTX group were higher 
than the non-PTX group, with the statistically 
significant difference (Table 1, P < 0.05). from 

the postoperative 1st month, the levels of serum 
iPTH, Ca, P and Ca × P of the PTX group were 
significantly decreased, and maintained at the 
relatively stable levels in the postoperative 1st, 
3rd and 6th month, which were significantly lower 
than the preoperative, and the differences 
were significant statistically significant (Table 
1, P < 0.01), when compared with the non-PTX 
group, the differences were statistically signifi-
cant (Table 1, P < 0.05). While the levels of 
serum iPTH, Ca, P and Ca × P of the non-PTX 
group had no significant changes before and 
after the treatment, remaining at the high lev-
els, and the differences were not statistically 
significant (Table 1, P > 0.05).

Comparisons of anemia indicators and EPO 
dosage

The situation of anemia of two groups were 
severe in the early follow-up, and the EPO usage 
was relatively large. While from the postopera-
tive 1st month, the Hb and Hct levels of the PTX 
group were gradually increased, both with the 
statistical significance (Table 2, P < 0.01) when 
compared with those of the preoperative, and 
those of the postoperative 6th month exhibited 
the statistical difference than the non-PTX 
group (Table 2, P < 0.05). the amount of EPO 
usage gradually reduced after the surgery, and 
exhibited the statistical difference on the post-
operative 3rd month than those of the preopera-
tive (Table 2, P < 0.05), and those of the post-
operative 6th month were statistically signifi-
cant with the preoperative and the non-PTX 
group (Table 2, P < 0.01). While the levels of Hb 
and Hct, as well as the amount of EPO usage of 
the non-PTX group had no significant difference 
before and after the treatment (Table 2, P > 
0.05).

Table 1. Changes of serum iPTH, Ca, P, Ca × P of the two groups before and after the surgery
Group Before 1-month after 3-month after 6-month after

iPTH (pg/ml) PTX 2273.97±273.96 390.96±693.722,4) 464.17±752.052,4) 380.19±683.772,4)

Non-PTX 1335.94±556.922) 1335.27±532.19 1292.90±543.64 1330.62±520.19
Ca (mmol/l) PTX 2.49±0.25 1.88±0.322,4) 1.90±0.282,3,4) 1.95±0.252,4)

Non-PTX 2.13±0.422) 2.23±0.32 2.34±0.43 2.32±0.27
P (mmol/l) PTX 2.55±0.73 1.30±0.482,3) 1.42±0.512,3) 1.41±0.572,3)

Non-PTX 2.05±0.541) 1.93±0.63 1.87±0.61 2.18±0.43
Ca × P PTX 6.37±1.98 2.45±1.012,4) 2.48±0.992,4) 2.65±1.212,4)

Non-PTX 4.51±2.091) 4.42±2.02 4.39±1.69 5.11±1.36
1)P < 0.05; 2)P < 0.01 vs before the surgery; 3)P < 0.05; 4)P < 0.01 vs the non-PTX group.
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Changes of nutrition indicators, lipid metabo-
lism and anthropometric indicators

The nutrition and fat metabolism of the two 
groups were poor in the early follow-up, but 
there was no statistically significant difference 
between the groups (Table 3, P > 0.05). the 
indicators of the PTX group gradually increased 
from the postoperative 3rd month, and exhibit-
ed the statistical significance than the preop-
erative (Table 3, P < 0.05); the Alb level incr- 
eased significantly since the postoperative 6th 
month, and exhibited the statistical signifi-
cance than the preoperative (P < 0.01), and the 
nutritional status of the PTX group was relative-
ly improved than the non-PTX group, with the 
statistically significant difference (Table 3, P < 
0.05).

The indicators of the PTX group were signifi-
cantly decreased since the postoperative 6th 
month, and the differences were statistically 
significant than the preoperative (Table 3, P < 
0.05).

The anthropometric indexes of the two groups 
were close in the early follow up, and there was 
not statistically significant difference between 
the two groups (Table 3, P > 0.05). The BMI and 
TSF levels were significantly increased since 
the postoperative 6th month, and exhibited the 
statistically significant difference than the pre-
operative (Table 3, P < 0.01). While the Alb, TC, 
BMI and TSF levels of the non-PTX group exhib-
ited no statistically significant changes before 
and after the treatment (Table 3, P > 0.05).

Changes of anemia and nutritional indicators

The dialysis adequacy (Kt / V, URR%), iron meta- 
bolism (SI, SF) and inflammation (CRP), etc., 
had no statistically significant changes between 
the two groups (Table 4, P > 0.05).

Discussion

The hemodialysis patients with chronic kidney 
diseases existed a series of complications, and 
the most common ones were the renal anemia 

Table 2. Comparisons of anemia indicators and EPO dosage of the 2 groups before and after the 
treatment

Group Before 1-month after 3-month after 6-month after
Hb (g/l) PTX 88.43±9.16 96.06±12.262) 100.81±14.652) 114.18±14.062,3)

Non-PTX 96.75±15.47 98.37±20.59 97.00±19.54 94.93±13.33
Hct (%) PTX 27.07±2.91 30.48±3.762) 32.06±5.122) 35.54±4.082,3)

Non-PTX 29.91±4.75 30.37±6.44 29.49±5.75 28.69±3.95
EPO dosage (U/kg.W) PTX 160.81±13.53 159.09±16.99 150.85±24.301) 124.96±26.412,3)

Non-PTX 165.65±15.90 161.76±23.65 163.32±27.34 168.41±26.80
1)P < 0.05; 2)P < 0.01 vs before the surgery; 3)P < 0.05; 4)P < 0.01 vs the non-PTX group.

Table 3. Changes of nutrition indicators, lipid metabolism and anthropometric indicators of the 2 
groups before and after the treatment

Group Before 1-month after 3-month after 6-month after
Alb (g/l) PTX 40.32±4.03 40.00±4.06 41.13±3.521) 43.50±2.792,3)

Non-PTX 40.08±4.62 40.78±4.67 40.41±5.42 40.09±5.20
TC (mmol/l) PTX 4.43±0.90 4.31±1.06 4.36±1.08 4.41±0.95

Non-PTX 4.79±1.38 4.59±1.09 4.22±0.78 4.46±1.22
TG (mmol/l) PTX 2.20±1.06 2.18±1.08 2.09±0.89 1.89±0.782)

Non-PTX 2.42±1.42 2.34±1.21 2.34±1.31 2.42±1.37
BMI (kg/m2) PTX 21.63±2.69 21.62±2.69 21.63±2.68 21.67±2.672)

Non-PTX 21.85±3.60 21.86±3.61 21.85±3.61 21.84±3.60
TSF (mm) PTX 12.56±3.45 12.56±3.45 12.59±3.47 12.62±3.472)

Non-PTX 12.98±3.53 12.99±3.54 12.98±3.54 12.97±3.54
MAMC (cm) PTX 17.36±1.21 17.36±1.21 17.35±1.20 17.36±1.21

Non-PTX 17.55±1.12 17.54±1.12 17.55±1.12 17.56±1.12
1)P< 0.05; 2)P < 0.01 vs the preoperative; 3)P < 0.05 vs non-PTX group.
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and SHPT, and they were also the problems 
that led to the significantly decreased life qual-
ity of hemodialysis patients. The animal and in 
vitro studies had shown that, SHPT interfered 
the generation and survival of red blood cells, 
and iPTH might be a potential factor.

The studies had shown that [5, 10], iPTH was 
closely associated with the Hb level. This study 
showed that the high levels of iPTH of the PTX 
group and the non-PTX group could aggravate 
the situations of renal anemia, while the symp-
toms of anemia were gradually improved after 
PTX, the Hb and Hct levels were increased 
gradually since the postoperative 1st month, 
and the average Hb level on the postoperative 
6th month reached 114.18 g/l, making the Hb 
and Hct levels of these patients recover to the 
guideline-required levels, and fluctuate within 
the controllable ranges; correspondingly, the 
EPO dosage could be gradually reduced, which 
greatly reduced the financial burden of patients. 
the possible mechanism of action was ana-
lyzed: high iPTH inhibited the Na +-K +-ATP 
activity, interfered the energy metabolism, thus 
resulting in the significantly shortened lifespan 
of red blood cells [11]; higher iPTH enhanced 
the osteoclast activity, induced the bone mar-
row fibrosis, causing the severe fibrocystic oste-
itis, and undermining the bone marrow micro-
environments [12]; higher iPTH suppressed the 
calcitriol receptor activity on the red cell sur-
face, resulting in the deficiency of active vita-
min D, leading to the reduced releasing of 
endogenous erythropoietin, reducing the sensi-
tivity of peripheral tissue towards EPO, thus 
resulting in the EPO resistance [13] and eryth-
ropoiesis inhibition. But this was not consistent 
with Trunzo et al [14] study that observed the 

statistical significance of Hb and Hct only ap- 
peared on the postoperative 12th month than 
the preoperative, (which was no consistent with 
Trunzo et al [14], who reported that the results 
of Hb and Hct on the postoperative 12th month 
were significantly different from those before 
the surgery) and the reasons [15] might be: in 
this study, some patients of the PTX group and 
the non-PTX group had the diabetic nephropa-
thy, which was much more commonly associat-
ed with the insulin resistance, after PTX, the 
insulin resistance might be reduced, thereby 
the renal anemia could be corrected; in this 
study, 16 patients of the PTX group were per-
formed the different surgical procedures, and 
most patients were performed PTX, so that the 
postoperative resulting renal anemia correc-
tion exhibited the significant effects, this infer-
ence still required the further exploration. In 
this study, the iPTH levels of the non-PTX group 
remained at a high level consistently, and the 
drug treatment was difficult to correct that, the 
occurrence of renal anemia progressively 
increased, and the EPO demand was also cor-
respondingly increased. Therefore, the present 
study confirmed the high iPTH might inhibit the 
process of erythropoiesis. The uremic hemodi-
alysis patients with SHPT restored the hemato-
crit after PTX, which might because the elevat-
ed serum EPO concentration restored the bone 
marrow space.

Currently, there was still lack of specific study 
towards the impacts of iPTH on the nutritional 
status of hemodialysis patients domestically 
and internationally. The albumin was an impor-
tant indicator of nutrition within the dialysis 
patients, and the level changes of Alb within 
the dialysis patients’ bodies could reflect the 

Table 4. Changes of anemia and nutritional indicators of the two groups

Group Before 1-month after 3-month after 6-month after
SI (umol/l) PTX 12.15±3.87 12.04±4.00 11.88±3.61 12.18±3.33

Non-PTX 14.39±5.91 14.53±5.85 14.55±5.90 14.23±5.50
SF (ng/ml) PTX 241.83±94.92 250.08±92.59 241.76±83.38 241.62±78.85

Non-PTX 230.16±81.78 221.87±83.57 236.30±90.56 242.14±81.86
CRP (mg/l) PTX 3.07±1.65 3.05±2.00 3.02±1.74 3.49±2.20

Non-PTX 3.47±1.54 3.52±1.52 3.45±1.97 3.47±1.44
KT/V PTX 1.35±0.07 1.36±0.09 1.37±0.11 1.39±0.08

Non-PTX 1.39±0.12 1.37±0.13 1.35±0.09 1.37±0.09
URR PTX 0.67±0.01 0.67±0.02 0.67±0.03 0.68±0.02

Non-PTX 0.68±0.03 0.67±0.02 0.66±0.05 0.68±0.02
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body’s nutritional status in most cases. How- 
ever, it was still controversial about the impacts 
of iPTH level on Alb, because a reported showed 
that [16] the iPTH and Alb levels in the dialysis 
patients were correlated, while another study 
[17] showed that after the injection of PTH into 
the muscle of normal rats, there was no rele-
vance found in the levels of iPTH and Alb.

The results of this study showed that there 
existed various degrees of malnutrition of the 2 
groups before the surgery, and it was consid-
ered to because of the uremic toxin accumula-
tion-caused digestive gland atrophy within the 
patients, the secretion of digestive enzymes 
decreased, protein and calorie intake were 
lack, and the appearance of a variety of meta-
bolic processes in vivo, SHPT and other disor-
ders thus resulted in the digestive dysfunction 
and anorexia. The studies had shown that [18, 
19] the severe hypoalbuminemia was related to 
the impaired erythropoiesis, the bone marrow 
mesenchymal stem cells tended to differenti-
ate to the fat cells, which would directly result 
in the dysplasia of bone marrow microenviron-
ment, as well as the negative effects towards 
the hematopoietic stem cells. After PTX, the 
protein synthesis was increased, the nutritional 
status was improved, and the anemia was also 
gradually corrected. In this study, the PTX group 
exhibited the gradually improved nutritional 
status since the postoperative 3rd month, which 
was especially significant in the postoperative 
6th month. the possible mechanism of action 
might be: high iPTH could increase the break-
down rate of muscle proteins, increased the 
production and release of alanine, glutamic 
acid and urea nitrogen [6], which was basically 
consistent with Yasunaga et al [20]. While the 
Alb level of the non-PTX group exhibited no sig-
nificant change before and after the treatment. 
Thus, it could be seen that after PTX, the ure-
mic hemodialysis patients with SHPT exhibited 
the reduced proteolysis and increased protein 
synthesis, thus the nutritional status could be 
improved. But the Alb level generally decreased 
mildly in the postoperative 1st month, and he 
possible cause could be considered as the 
intraoperative loss of nutrients.

Another common complication of uremic hemo-
dialysis patients with SHPT was lipid metabo-
lism disorder. This study observed that the 
hypertriglyceridemia was also involved into the 

malnutrition, the results showed that the PTX 
group exhibited the significant TG decreasing 
since the postoperative 6th month, although not 
reached the normal range, it exhibited a signifi-
cant statistical significance than the preopera-
tive (P < 0.01), consistent with the domestic 
report [21]. (similar with Farahnak et al [21]). 
While the TG levels of the non-PTX group main-
tained at a high level continuously, suggesting 
that PTX could improve the lipid metabolism in 
the dialysis patients, and the possible mecha-
nism [22] might be: accompanied with the 
decreasing of iPTH, the Ca2+ concentration 
inside the liver cells decreased, resulting in syn-
thesis of triglycerides enzymes and lipid prote-
ase, thus improving the lipid metabolism and 
nutritional status.

The anthropometric indicator BMI was an indi-
cator that was internationally used to measure 
the body fat and health degrees, TSF was a 
reflector of body fat reservation amount, MAMC 
could reflect the amount of skeletal muscles, 
thus reflected the overall nutritional status of 
human body. Through the in vivo experiment, 
Smoqorzewski et al [23] found that after resect-
ed the parathyroid of renal failure rat, the oxida-
tion of iPTH-inhibiting long-chain fatty acids 
could be corrected. One [24] study showed that 
iPTH was negatively correlated with BMI, TSF 
and MAMC, and the mechanism [25] might be 
that iPTH could impact the muscle energy syn-
thesis by increasing the muscle proteolysis; 
inhibit the oxidation of fatty acids (vital energy 
of skeletal muscle), thus inducing the skeletal 
muscle metabolism disorder and causing the 
reduction of skeletal muscles.

The results of this study showed that after the 
PTX surgery, the appetite and general condi-
tions of the PTX group were improved, the dry 
weight was also increased, BMI and TSF were 
increased significantly 6 months after the sur-
gery, while the BMI and TSF levels of the non-
PTX group showed the slight decreasing. Thus, 
it could be presumed that the clearance of 
excessive iPTH could increase the muscle pro-
tein synthesis, thus helped to improve the nutri-
tional status.

In order to exclude the interference of iron defi-
ciency, infection, inflammation and insufficient 
dialysis towards the results, the patients of the 
two groups were actively corrected the iron 
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deficiency and infection, and paid more atten-
tion towards the dialysis adequacy before and 
after the treatment. And it could be seen from 
the results of this study that there was no sig-
nificant change in the iron metabolism, inflam-
mation and dialysis adequacy between the two 
groups before and after the treatment, main-
taining at a relatively stable state, and the dif-
ference was not statistically significant.

The results of this study suggested that towards 
the SHPT maintaining-hemodialysis patients, 
who exhibited no effects after the drug therapy, 
the early surgery would a good way to solve this 
problem, which could quickly reduce the iPTH 
level, significantly improve renal anemia and 
nutritional status, thus the corresponding dos-
ages of active vitamin D and EPO could be sig-
nificantly reduced, saving the expense of 
patients, reducing their financial burdens, and 
it also further suggested that SHPT was the 
important factor that would affect the renal 
anemia and malnutrition.

This experiment was a clinical observational 
study, aiming to perform a preliminary study 
towards the impacts of PTX towards the renal 
anemia and nutritional status of SHPT main-
taining-hemodialysis patients, the follow-up 
work would increase the sample size, extende 
te follow-up period, and further explore the 
mutual relationships and mechanisms.

Conclusions

1. PTX treatment could rapidly reduce the iPTH 
levels and significantly improved renal anemia 
and nutritional status.

2. SHPT was an important factor that affected 
the renal anemia and malnutrition.

3. PTX could reduce the EPO dosage, and 
reduce the patients’ financial burden.
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