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Abstract 
Objective: The aim of the work is to study the relationship between Red 
blood cell osmotic fragility and level of parathyroid hormone in patients with 
different stages of Chronic Kidney Disease including End Stage Renal Disease. 
Background: Anaemia is one of the common complications associated with 
Chronic Kidney Disease (CKD) responsible for the increase in the morbidity 
and mortality in such patients. Several factors have been attributed to causing 
renal anaemia, amongst which hyperparathyroidism is one of the less recognised 
reasons. The level of PTH in early stages of chronic kidney disease has not been 
much studied. The excess amount of Parathyroid Hormone (PTH) secondary 
to CKD has been suggested to be a causative factor for anaemia. Method: A 
number of chronic kidney disease patients were studied for the relationship 
between Red cell osmotic fragility and level of parathyroid hormone. Results: 
This study was conducted on a number of 111 patients with chronic kidney 
disease classified into three groups. The study revealed a significant fall in Hb%, 
along with a rise in Median Osmotic Fragility (MOF) and PTH in the CKD pa-
tients. iPTH and MOF were significantly lower in group 3 as compared with 
cases in group 1. Also, iPTH and MOF were significantly lower in cases in 
group 2 as compared with cases in group 1. Conclusions: Based on our find-
ings, secondary hyperparathyroidism has considerable effects on erythrocyte 
survival, contributing to increased fragility and anemia. 
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1. Introduction 

Anaemia is a common complication in CKD patients, who have a mortality rate 
20 - 100 times higher than the normal population. Several studies have revealed 
the association of hyperparathyroidism with CKD. Parathyroid hormone (PTH) 
is a major uremic toxin which may be responsible for long term consequences in 
CKD such as renal osteodystrophy, vascular calcification, altered cardiovascular 
function, immune dysfunction and anaemia [1]. One of the lesser known func-
tions of the kidneys is the production of erythropoietin, a signaling molecule 
that stimulates red blood cell production, in response to decreased oxygen levels 
in the blood. Any disruption of this process, e.g., secondary to a functional ab-
normality due to CKD, has the potential to produce anemia, a condition in 
which the number of circulating red blood cells, and therefore the level of he-
moglobin, is lower than normal [2]. 

Secondary hyperparathyroidism is characterized by elevated serum parathy-
roid hormone (PTH) levels. Excess PTH may impair erythropoiesis by exerting a 
direct toxic effect on erythroid progenitor cells and an indirect effect through 
bone marrow fibrosis induction. In addition, low hemoglobin concentration in 
uremic patients may have resulted from an increase in erythrocyte osmotic fra-
gility due to high PTH concentration [3]. In advanced CKD, high PTH levels 
may cause “resistance” to erythropoietin by increasing bone marrow fibrosis, 
increase the osmotic fragility of red blood cells, leading to a shortened lifespan, 
and inhibit the proliferation of erythroid precursors [4]. According to the 
various studies, an increase in serum level of iPTH leads to a decrease in serum 
level of hemoglobin among hemodialysis patients [5]. 

2. Patients and Methods 

This work is aimed to study the relationship between red blood cells osmotic 
fragility and level of parathyroid hormone in patients with different stages of 
chronic kidney disease including end stage renal disease. 

This cross-sectional study was conducted on 111 patients with CKD during 
the period of one year (from March 2019 till February 2020), patients were di-
vided into three groups according to GFR into Group I: ESRD (GFR from <15 
min/ml/1.73 m2) patient on regular hemodialysis more than 3 months. Group 2: 
CKD stage 4 (GFR from 15 - 29 min/ml/1.73 m2). Group 3: CKD stage 3 (GFR 
from 30 - 59 min/ml/1.73 m2). We included patients older than 18 years with 
different stages of chronic kidney disease and we excluded patients with cardi-
ovascular diseases, inflammatory diseases, patients with hemolysis and active 
bleeding. The study followed the ethical standards of Faculty of Medicine, Me-
nofia University and was approved by ethical committee of the faculty. The fol-
lowing data were analyzed for all patients: Age, Gender and routine laboratory 
investigations: CBC, Ca, Phos, Na, K, Iron profile, kidney functions, liver func-
tions, iPTH (Serum intact Parathyroid Hormone (iPTH) was measured using 
chemiluminiscence immuno assay by Beckmann Coulte and by using Serolia tm 
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Human Intact PTH ELISA Kit) and MOF (Red cell osmotic fragility was eva-
luated by incubating 50 μl of the RBC of the patients’ sample with gradually in-
creasing concentrations of NaCl ranging from 0.1% to 0.9%. After one hour, the 
incubated solutions were centrifuged and the absorbance of the supernatant was 
taken at 540 nm. A curve was plotted based on the concentration of NaCl and 
absorbance reading. The concentration of NaCl causing 50% hemolysis is taken 
as the Median Osmotic Fragility (MOF). 

3. Results 

The collected data were coded, processed and analyzed using the SPSS (Statistic-
al Package for Social Sciences) version 22 for Windows® (IBM SPSS Inc, Chica-
go, IL, USA). Data were tested for normal distribution using the Shapiro Walk 
test. Qualitative data were represented as frequencies and relative percentages. 
Chi square test (χ2) was used to calculate difference between qualitative variables 
as indicated. Quantitative data were expressed as mean ± SD (Standard devia-
tion). One-way analysis of the variance one-way ANOVA was used to compare 
between three independent groups of normally distributed variables (parametric 
data) while Kruskal wallis test was used for non-normally distributed Data 
(non-parametric data). Significance test results are quoted as two-tailed proba-
bilities. For all the above-mentioned tests, the level of significance was tested, 
expressed as the probability of (p-value) and the results were explained as 
following: 

Non-significant if the p value is >0.05, Significant if the p value is ≤0.05, high-
ly significant if the p value < 0.001. There is a statistically significant negative 
correlation between MOF with HGB, RBCs, MCV, platelets count, calcium and 
GFR (Figure 1). There is a statistically significant difference between the cases 
within the three study groups in Calcium, Phosphorous, Ca*PH, Na, K, TIBC, 
Total saturation, Serum albumin, iPTH and MOF. iPTH and MOF were signifi-
cantly lower in cases with stage 3 as compared with cases in stage 5. Also, iPTH 
and MOF were significantly lower in cases in stage 4 as compared with cases in 
stage 5. (Figure 2) There is a statistically significant positive correlation between 
MOF with Creatinine, Urea, Phosphorous, Ca*phosphorous product, K, KTV 
and PTH. 

4. Discussion 

There are various causes of renal anemia such as decreased production of eryt-
hropoietin (EPO), resistance to EPO, shortened survival of red blood cells 
(RBCs), and bone marrow fibrosis. Secondary hyperparathyroidism (SHPT) is a 
less recognized, but potentially significant cause of renal anemia in CKD pa-
tients.  

Parathyroid hormone (PTH) has been regarded as a uremic toxin that poten-
tially inhibits EPO synthesis, shortens the survival of RBCs, and causes myelofi-
brosis and thereby decreases hematopoiesis [6]. This current study was con-
ducted to study the relationship between red blood cells osmotic fragility and  
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Figure 1. Linear regression analysis of PTH with Hb%. X-Axis-Hb in gm/ml, Y axis MOF 
in %; X axis: Hb level in mg/dl; Y axis:MOF in %. 
 

 
Figure 2. Linear regression analysis of MOF with PTH. X-Axis PTH in pg/ml, Y axis Me-
dian Osmotic Fragility in %; X axis iPTH in pg/ml; Y axis MOF in %; statistically signifi-
cant (r = 0.836, p < 0.001). 
 
level of parathyroid hormone in patients with different stages of chronic kidney 
disease including end Stage Renal disease. To the best of our knowledge, there is 
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gust one study available in the literature that studies the effect of CKD on the 
osmotic fragility of RBCs. This study included 111 patients with chronic kidney 
disease, stage 3 - 5. There were 37 patients in each stage. In this study, the mean 
age of the cases didn’t reveal a statistically significant difference in the study 
groups (p = 0.586). There was no statistically significant difference in the sex 
distribution between the cases within the three study groups (Males represent 
56.8%, 48.7% and 54.1% in the cases in Stage III, IV and V CKD respectively) 
(Table 1). Similar results were reported by Janmaat et al. who showed that par-
ticipants with CKD stage 5 were younger and more often men than the patients 
with CKD stages 3 to 4 [7]. A gender-different prevalence of CKD was discov-
ered in most related studies. Higher prevalence of CKD in women compared 
with men as reported in many studies [8]. Also, the serum hemoglobin level was 
9.65 ± 1.28 g/dl in cases with stage V CKD, 11.18 ± 1.16 g/dl in cases with stage 
IV CKD and 11.89 ± 1.12 g/dl in cases with stage III with high statistically sig-
nificant difference between the three groups. This agreed with Janmaat et al. 
who showed that the mean serum of hemoglobin level was 134.7  ±  15.2 g/dl, 
129.2  ±  15.7 g/dl, 123.8  ±  15.7 g/dl and 119.1  ±  16.5 g/dl in cases with stage 
3a, 3b, 4 and 5 CKD respectively, with high statistically significant difference 
between the four groups (Table 2, Table 3) [7]. Similar results were shown by 
Finkelstein et al. where the mean Hgb levels were 12.8 in stage 3 patients, 12.0 in 
stage 4 patients, and 11.4 in stage 5 patients (P = 0.023) [9], Anemia in CKD pa-
tients is recognized to be multifactorial. Anemia prevalence in CKD patients in-
creases from 26% to 75% when the renal function decreases from >60 ml/min to 
<15 ml/min most probably because of EPO deficiency [10], EPO deficiency is 
sometimes not only attributed to the kidney disease but also to another conco-
mitant chronic disease [11]. Interestingly also, Mercadal et al. have shown that 
anemia in CKD patients with eGFR > 30 ml/min should be explained by other 
factors than EPO deficiency [12]. Treating patients with ESA while they suffer 
from other causes of anemia will lead to EPO resistance. Therefore, anemia in 
CKD patients when secondary to iron deficiency does not need ESA treatment 
unless it persists after iron replenishing [13]. In the current study, the serum lev-
el of iPTH was 916.49 ± 142.34 ng/L in cass with stage V CKD, 530.27 ± 86.25  
 
Table 1. Demographic data of the cases in the three study groups.  

Items 
Group A 
[ESRD] 
(n = 37) 

Group B 
[CKD stage 4] 

(n = 37) 

Group C 
[CKD stage 3] 

(n = 37) 

Test of  
significance 

Age (years) 51.81 ± 9.25 51.95 ± 6.94 53.62 ± 8.74 
F = 0.538 
P = 0.586 

Sex 

Males 20 (54.1%) 18 (48.7%) 21 (56.8%) χ2 = 1.543 
P = 0.214 Females 17 (45.9%) 19 (51.3%) 16 (43.2%) 

Continuous data expressed as mean ± SD. Categorical data expressed as Number (%); P: intergroup signi-
ficance; F: one-way ANOVA; χ2: Chi square test. 
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Table 2. Clinical data of the cases in the three study groups.  

Items 
Group A 
[ESRD] 
(n = 37) 

Group B 
[CKD stage 4] 

(n = 37) 

Group C 
[CKD stage 3] 

(n = 37) 

Test of  
significance 

Pulse (b/min) 82.95 ± 4.65 81.95 ± 3.70 81.35 ± 3.62 
F = 1.488 
P = 0.230 

HTN 37 (100%) 36 (97.3%) 36 (97.3%) 
χ2 = 0.453 
P = 0.601 

DM 21 (56.8%) 18 (48.6%) 19 (51.4%) 
χ2 = 0.506 
P = 0.396 

Continuous data expressed as mean ± SD. Categorical data expressed as Number (%); F: one way ANOVA; 
χ2: chi square test; P: intergroup significance. 

 
Table 3. Analysis of the laboratory data in the three study groups. 

Items 
Group A 
[ESRD] 
(n = 37) 

Group B 
[CKD stage 4] 

(n = 37) 

Group C 
[CKD stage 3] 

(n = 37) 

Test of  
significance 

HGB (gm/dl) 9.65 ± 1.28 11.18 ± 1.16 a 11.89 ± 1.12 a, b 
F = 34.325 
P < 0.001* 

RBCs (106/mcl) 3.68 ± 0.42 3.96 ± 0.31 a 3.91 ± 0.25 a 
F = 7.374 
P = 0.001* 

MCV 84.57 ± 4 82.89 ± 3.57 84.43 ± 3.23 
F = 2.453 
P = 0.091 

MCH 27.64 ± 1.88 28.15 ± 1.74 29.06 ± 1.55 a 
F = 6.417 
P = 0.002* 

WBCs (103/mcl) 6.57 ± 1.30 6.51 ± 1.26 6.35 ± 1.25 
F = 0.275 
P = 0.774 

Platelets (103/mcl) 235.30 ± 67.85 252.57 ± 61.52 281.19 ± 76.73 a 
F = 4.177 
P = 0.018* 

Serum creatinine (mg/dl) 8.82 ± 1.55 3.31 ± 0.67 a 1.78 ± 0.30 a, b 
F = 518.31 
P < 0.001* 

Serum urea (mg/dl) 129.03 ± 37.64 110.14 ± 21.66 a 46.05 ± 9.72 a, b 
F = 106.02 
P < 0.001* 

GFR (ml/min/1.73m2) 5.68 ± 1.43 19.24 ± 4.12 a 41.08 ± 9.03 a, b 
F = 352.54 
P < 0.001* 

Continuous data expressed as mean ± SD. F: one way ANOVA; P: intergroup significance; a: significance in 
relation to group A; b: significance in relation to group B. 

 
ng/L in cases ith stage IV CKD and 165.30 ± 50.39 ng/L in cases with stage III 
with high statistically signifcant difference between the three groups. This agreed 
with Janmaat et al. who showed that the mean serum level of iPTH was 72.8  ± 
 49.1 pg/ml, 104.0  ±  67.5 pg/ml, 161.1  ±  125.5 pg/ml and 270.2  ±  249.5 pg/ml 
in cases with stage 3a, 3b, 4 and 5 CKD respectively, with high statistically sig-
nificant difference between the four groups [7]. Also, in this study, there is a sta-
tistically significant increase in the MOF with increasing the stage of CKD (0.46 
± 0.04, 0.55 ± 0.03 and 0.61 ± 0.03 in stage III, IV and V CKD respectively). This 
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confirms the shortened survival of RBC with the progression of renal dysfunc-
tion. This came in agrement with Panda et al. who reported a statistically signif-
icant increase in the MOF with increasing the stage of CKD (0.35% ± 0.12%, 
0.48% ± 0.11%, 0.62% ± 0.07% and 0.65% ± 0.66% in stage II, III A, III B and IV 
CKD respectively) [14]. In this study, there was a statistically significant string 
positive correlation between MOF and PTH levels (r = 0.836, P < 0.001*) (Table 
4). These data suggest that PTH is among the factors responsible for the short-
ened RBC survival in renal failure. In this study, the best cutoff point of PTH to 
detect the presence of osmotic fragility was >265 ng/L with sensitivity of 86.6%, 
specificity of 83.2% and total accuracy of 84% (Figure 3). 

In the study conducted by Panda and his colleagues, ROC analysis revealed an 
area under the curve of 0.980 with a sensitivity of 100% and specificity of 87% in 
detecting osmotic fragility at a cut-off value of PTH ≥ 100 pg/ml [14]. There is 
also a statistically significant positive correlation between MOF with Creatinine, 
Urea, Phosphorous, Ca*phosphorous product, K, KTV and PTH (Table 5). 
 
Table 4. Analysis of the laboratory data in the three study groups (Continuation). 

Items 
Group A 
[ESRD] 
(n = 37) 

Group B 
[CKD stage 4] 

(n = 37) 

Group C 
[CKD stage 3] 

(n = 37) 

Test of  
significance 

Calcium (mg/dl) 7.78 ± 0.89 8.15 ± 0.50 a 8.16 ± 0.38 a 
F = 4.521 
P = 0.013* 

Phosphorous (mg/dl) 5.25 ± 1.42 4.83 ± 0.93 4.35 ± 0.69 a 
F = 6.701 
P = 0.002* 

Ca*PH 40.37 ± 10.77 38.72 ± 6.67 35.47 ± 4.89 a 
F = 3.774 
P = 0.027* 

Na (mmol/l) 136.11 ± 3.08 132.05 ± 3.16 a 134.51 ± 3.72 b 
F = 13.905 
P < 0.001* 

K (mmol/l) 4.72 ± 0.64 4.57 ± 0.54 4.37 ± 0.45 a 
F = 3.783 
P = 0.026* 

Iron level (mcg/dl) 59.32 ± 14.38 62.70 ± 13.87 63.32 ± 12.64 
F = 0.921 
P = 0.401 

TIBC 201.84 ± 48.62 225.81 ± 43.10 193.32 ± 46.18 b 
F = 4.957 
P = 0.009* 

Total saturation (%) 29.51 ± 3.59 28.08 ± 4.27 33.19 ± 4.97 a, b 
F = 13.805 
P < 0.001* 

AST (U/L) 16.08 ± 5.31 14.97 ± 5.61 17.22 ± 5.72 
F = 1.512 
P = 0.225 

ALT (U/L) 9.84 ± 3.66 10.11 ± 4.09 10.68 ± 4.17 
F = 0.427 
P = 0.654 

Serum albumin (g/dl) 3.88 ± 0.40 3.49 ± 0.49 a 3.65 ± 0.37 a 
F = 7.947 
P = 0.001* 

PT (b/min) 0.15 ± 0.02 0.14 ± 0.03 0.15 ± 0.03 
F = 0.242 
P = 0.785 

PTT (b/min) 0.35 ± 0.03 0.35 ± 0.03 0.36 ± 0.04 
F = 0.793 
P = 0.455 
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Continued 

INR (b/min) 1.22 ± 0.20 1.23 ± 0.17 1.26 ± 0.21 
F = 0.424 
P = 0.656 

iPTH (ng/L) 916.49 ± 142.34 530.27 ± 86.25 a 165.30 ± 50.39 a, b 
F = 517.99 
P < 0.001* 

MOF (%) 0.61 ± 0.03 0.55 ± 0.03 a 0.46 ± 0.04 a, b 
F = 192.96 
P < 0.001* 

Continuous data expressed as mean ± SD. F: one way ANOVA; P: intergroup significance; a: significance in 
relation to group A; b: significance in relation to group B. 

 
Table 5. Correlation between MOF and other parameters in the study. 

 MOF 

variable r p 

Age −0.118 0.218 

HGB −0.725 <0.001* 

RBCs −0.415 <0.001* 

MCV −0.063 0.509 

MCH −0.353 <0.001* 

WBCs 0.105 0.272 

Platelets −0.241 0.011* 

Creatinine 0.782 <0.001* 

Urea 0.736 <0.001* 

RBS −0.057 0.533 

Calcium −0.232 0.014* 

Phosphorous 0.286 0.002* 

Ca*phosphorous product 0.215 0.023* 

Na 0.131 0.178 

K 0.223 0.019* 

Iron −0.089 0.354 

TIBC 0.142 0.136 

Saturation −0.372 <0.001* 

AST −0.008 0.936 

ALT −0.006 0.953 

Albumin 0.082 0.393 

PT −0.019 0.846 

PTT −0.020 0.842 

INR −0.085 0.376 

KTV 0.734 <0.001* 

PTH 0.836 <0.001* 

GFR −0.857 <0.001* 

R: Pearson’s correlation; P: probability; *: statistically significant (P < 0.001). 
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Figure 3. ROC of PTH as diagnostic of osmotic fragility.  

5. Conclusion 

Based on our findings, secondary hyperparathyroidism has considerable effects 
on erythrocyte survival, contributing to increased fragility and anemia. Empha-
sis should be laid on the early detection of serum PTH and the concomitant fall 
in hemoglobin levels should be treated, which in turn will help in slowing the 
progression of CKD and other associated comorbidities.  
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