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INTRODUCTION
Anemia can manifest early in the early stages of chronic 
kidney disease (CKD) and can become prominent with a 
decline in glomerular filtration rate. Research indicates 
that 15% of Stage 3 CKD patients, 50% of pre-dialysis 
patients, and over 80% of dialysis patients experience 
anemia. Anemia negatively affects the quality of life in 
dialysis patients and leads to increased morbidity and 
mortality (1-3). Relative erythropoietin deficiency, iron 
deficiency, blood loss, reduced red cell lifespan, vitamin 
deficiencies, inflammation, hyperparathyroidism, 
and bone  marrow suppression secondary to uremia 
are common causes of anemia in dialysis patients. 
Erythropoiesis-stimulating agents (ESA) and intravenous 
(IV) iron are the primary treatments for managing 

anemia (4). Before the discovery of ESA, erythrocyte 
transfusion and IV iron were the only available options 
for treating anemia. The introduction of ESA in 
dialysis patients led to a significant decrease in serious 
hemochromatosis cases, viral infections, and the number 
of sensitized patients on waiting lists (5). However, 
despite these advancements, resistant anemia is still a 
common complication of CKD among dialysis patients 
(6). ESA resistance primarily stems from iron deficiency. 
However, some dialysis patients remain resistant 
even after receiving adequate iron supplementation. 
Other contributors to ESA resistance in patients with 
sufficient iron stores include, infection, neoplasia, 
chronic hemolysis, hemoglobinopathies, aluminum 
intoxication, insufficient dialysis, myelosuppressive 
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agents, myelodysplasia, antibody-mediated pure red cell 
aplasia, thyroid dysfunction, and certain medications 
such as renin-angiotensin-aldosterone blockers. While 
increasing ESA and IV iron doses may be appropriate 
in some cases, it’s crucial to carefully assess the risks 
and benefits of such interventions considering potential 
adverse effects such as cardiovascular complications and 
iron overload (7-9).

In this study, we aimed to evaluate anemia and mortality-
related factors in HD patients in Bitlis, Turkey.

METHODS
Patient Evaluation
Ninety-nine patients receiving HD treatment in Bitlis 
City were evaluated retrospectively. Blood samples 
were obtained from these HD patients before dialysis 
in the middle of each month from April 2017 to March 
2018 for testing.

Data Collection
The patients’ gender, age, body mass index (BMI), 
medications, duration of HD, causes of end-stage renal 
disease (ESRD), comorbid diseases, all-cause mortality, 
development of cardiovascular events, hospitalizations, 
and infections were recorded. Additionally, the surface 
area of the dialyzers, Kt/V, urea reduction rate (URR), 
and doses of ESA and IV iron were also recorded.

Data Analysis
The data were analyzed by averaging the 12-month test 
results. Patients who had received dialysis treatment 
for less than three months, were under 18 years of age, 
experienced blood loss beyond the expected range, or 
had irregular dialysis schedules were not included in the 
study.

Dialysis Protocol
Low flux dialyzers were used. ESA preparations, 
specifically epoetin alpha and zeta, were administered 
intravenously. IV iron sucrose was given during 
HD sessions, with the frequency (1, 2, or 4 times per 
month) determined based on individual patients’ serum 
transferrin saturation, ferritin, and hemoglobin levels.

STATISTICAL ANALYSIS
The statistical software R was used in this study. 
Descriptive statistics were utilized to show the 
distribution of the data. Independent Samples T-Tests 
were conducted to determine if there was a statistically 
significant difference between the means of the two 
groups. One-way ANOVA was employed to test whether 
the means of the groups differed when there were more 
than two groups. If differences were found, Tukey’s HSD 
test was used to identify which groups these differences 
arose from. Furthermore, Chi-Square and Fisher’s Exact 
Chi-Square tests were used to examine the relationships 
between categorical variables. In addition, multivariate 

logistic regression was applied if the dependent variable 
was binary.

Dialysis vintage was defined as the time elapsed from an 
individual’s first dialysis session until their death or the 
end of March 2018. Cox Regression Analysis was also 
applied, with hazard ratios and p-values calculated. The 
level of statistical significance was set at 0.05.

Written informed consent was obtained from each patient. 
The study received approval from the Ethics Committee 
of Van Bölge Education and Research Hospital. It was 
conducted in accordance with the principles of the 
Declaration of Helsinki.

RESULTS
The demographic and clinical data of the patients are 
shown in Table 1. The mean age of the patients was 
58.2±14.69 years, and 52.5% were male. The mean 
dialysis vintage was 4.89±4.06 years. The number 
of patients with arteriovenous fistula and dialysis 
catheters was 89 and 10, respectively. Diabetic 
nephropathy was the cause of ESRD in approximately 
half of the patients (49.5%). The numbers of patients 
with hypertensive nephropathy, glomerulonephritis, 
nephrolithiasis, polycystic kidney disease, and others 
(familial Mediterranean fever n= 1, hemolytic uremic 
syndrome n= 1, chronic pyelonephritis n= 1, systemic 

Parameters Results

Age (year, mean ± SD) 58.2 ± 14.69

Gender (male, %) 52.5

Dialysis duration (year, mean ± SD) 4.89 ± 4.06

Diabetic nephropathy (%) 49.50

Hemoglobin (g/dl, mean ± SD) 11.33 ± 1.21

Serum iron (µmol/l, mean ± SD) 74.03 ± 22.13

Transferrin saturation (mean ± SD) 0.29 ± 0.08

Ferritin (ug/l, mean ± SD) 567.16 ± 138.12

B12 (pg/ml, mean ± SD) 493.55 ± 269.71

Kt/V  1.2 (%) 97

Kt/V (mean ± SD) 1.56 ± 0.49

TSH (IU/ml, mean ± SD) 2.24 ± 4.12
Treatment
Weekly ESA dose (IU, mean ± SD)
Monthly iron dose (mg, mean ± SD)

5030.73 ± 3046.56
274.74 ± 177.25

Hospitalization (%) 20

Infection (%) 14

Mortality (%) 10
SD; standard deviation, BMI; body mass index, ESA; 
erythropoiesis stimulating agents, TSH; thyroid-
stimulating hormone

Table 1. Demographic and clinical characteristics of 
patients
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lupus erythematosus n: 1, vesicoureteral reflux n= 2, and 
unknown n= 8) were 18, 10, 4, 4, and 14, respectively.

The comparison of patients based on hemoglobin levels 
is detailed in Table 2. Patients with higher hemoglobin 
levels exhibited several notable differences compared 
to those with lower hemoglobin levels. Specifically, 
they had a significantly higher proportion of individuals 
undergoing HD for more than 5 years (p= 0.01), utilized 
dialyzers with larger surface areas (p= 0.03), received 
lower doses of ESA (p= 0.001), and demonstrated 
lower levels of C-reactive protein (CRP) (p= 0.00), 
parathormone (PTH) (p= 0.00), and ferritin (p= 0.04).

Concurrently, patients with hemoglobin levels below 10 
g/dl were compared with those having hemoglobin levels 
of 10 g/dl or higher (these results are not provided in the 
tables). Glucose (p= 0.001), triglyceride (p= 0.010), and 
total cholesterol levels (p= 0.010) showed significant 
elevation among patients with hemoglobin levels of 10 

g/dl or higher compared to those with hemoglobin levels 
below 10 g/dl. The dose of ESA used was significantly 
(p= 0.001) lower, and the number of patients with 
dialysis vintage >5 years (p= 0.010) was significantly 
higher among patients with higher hemoglobin levels.

When conducting multivariate logistic regression 
analysis with the dependent variable being hemoglobin 
levels (≥10 g/dl or not) and independent variables 
including cholesterol, triglyceride, dialysis vintage 
(>5 years or not), ferritin, PTH, CRP, ESA dose, and 
glucose, a significant association was observed between 
hemoglobin levels below 10 g/dl and both ESA dose 
(p=0.030) and PTH (p= 0.030). The number of patients 
with hemoglobin concentration below 9 g/dl was 3, and 
no patients had hemoglobin concentration below 8 g/dl.

In Table 3, patients with ferritin levels ≤500 µg/l 
exhibited significantly higher hemoglobin levels 
(p= 0.04), and uric acid levels (p= 0.01), and utilized 

Table 2. Comparison of patients regarding hemoglobin levels

1; One-Way ANOVA, 2; Chi-Square Test of Independence, *:statistically significant at 0.05, †,⨁; statistically significant Tukey HSD differences 
at 0.05, SD; standard deviation, BMI: body mass index, Hb; hemoglobin, CRP; c-reactive protein, URR; urea reduction rate, ESA; erythropoiesis 
stimulating agents

Parameters Ferritin ≤500 ug/l (n=19) Ferritin >500 ug/l (n=80) p-value
Age (year, mean ± SD) 54.42 ± 15.31 59.12 ± 14.49 0.231

Gender (male, %) 28.85 71.15 0.022,*

Dialysis vintage (mean ± SD, year) 4.22 ± 4.02 5.05 ± 4.08 0.421

Dialysis vintage >5 years (n) 6 25 0.002,*

Hemoglobin (g/dl, mean ± SD) 11.92 ± 1.45 11.18 ± 1.11 0.041,*

WBC (/l , mean ± SD) 6.97 ± 1.54 7.02 ± 2.25 0.931

Platelet /l, (mean ± SD) 204.24 ± 40.18 209.01 ± 51.29 0.661

Urate (mg/dg, mean ± SD) 7.07 ± 1.08 6.35 ± 1.04 0.011,*

Parathormone (pg/ml, mean ± SD) 378.73 ± 268.94 490.93 ± 372.44 0.141

CRP (mg/l, mean ± SD) 11.61 ± 6.93 16.97 ± 19.47 0.041,*

Kt/V (mean ± SD) 1.44 ± 0.16 1.59 ± 0.53 0.031,*

URR (mean ± SD) 69.77 ± 3.53 72.47 ± 4.5 0.011,*

Dialyzer surface area (, mean ± SD) 1.91 ± 0.14 1.78 ± 0.22 0.011,*

Weekly iron dose (mg, mean ± SD) 288.48 ± 261.17 261.17 ± 186.33 0.771

Weekly ESA dose (IU, mean ± SD) 4717.91 ± 4587.98 4790.60 ± 2765.88 0.95
Infection (yes, %) 28.57 71.43 0.463

Hospitalization (yes, %) 25 75 0.733

Table 3. Comparison of patients regarding serum ferritin levels

1; One-Way ANOVA, 2; Chi-Square Test of Independence, *:statistically significant at 0.05, †,⨁; statistically significant Tukey HSD differences at 0.05, SD; 
standard deviation, BMI: body mass index, Hb; hemoglobin, CRP; c-reactive protein, URR; urea reduction rate, ESA; erythropoiesis stimulating agents
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dialyzers with larger surface areas (p= 0.01) compared 
to those with ferritin levels >500 µg/l. Additionally, 
patients with ferritin levels ≤500 µg/l showed statistically 
lower values for Kt/V (p= 0.030), URR (p= 0.010), and 
CRP levels (p= 0.040), as well as a lower proportion 
of patients undergoing HD for more than five years 
(p= 0.00). The number of patients with serum ferritin 
levels below 200 µg/l and above 500 µg/l was 5 and 
80, respectively, with no patients having ferritin levels 
exceeding 800 µg/l. Additionally, there were 3 patients 
with transferrin saturation levels below 20% and ferritin 
levels below 200 µg/l. Functional iron deficiency was 
defined as transferrin saturation <20% and ferritin >200 
µg/l, and the number of patients with functional iron 
deficiency was 7.

In Table 4, the comparison of patients based on IV iron 
dose is presented. Patients who received ≤ 200 mg/month 
of IV iron exhibited significantly lower levels of CRP 
(p= 0.00) and glucose (p= 0.04), as well as a reduced 
number of patients with diabetic nephropathy (p= 0.03). 
Conversely, they demonstrated significantly higher 
levels of creatinine (p= 0.01), transferrin saturation (p= 
0.00), PTH (p= 0.04), and lymphocyte counts (p= 0.04) 
compared to patients who received >200 mg/month of 
IV iron. Notably, only three patients did not require IV 
iron during the study period.

The patients were also compared for weekly ESA doses 
given (not shown in Table). The patients receiving <25 
units/kg/week ESA had significantly higher levels of 
hemoglobin (p= 0.001), total cholesterol (p= 0.001), 
and LDL cholesterol (p= 0.030), but significantly lower 

ferritin levels (p= 0.030) compared to those receiving 
ESA ≥25 units/kg/week. The sizes of the dialyzers used 
were also higher in the patients receiving <25 units/kg/
week ESA (p= 0.040).

Table 5 presents factors associated with mortality. 
Mortality rates were found to increase significantly with 
hemoglobin levels <9 g/dl (p= 0.020). Additionally, 
mortality was observed to rise with increases in total IV 
iron dose (p= 0.020) and iron dose per kg (p= 0.020). 
However, no significant relationship was found between 

Table 4. Comparison of patients regarding iron treatment
Parameters IV Iron <200 mg (n=40) IV Iron >200 mg (n=59) p-value

Age (year, mean ± SD) 56.05 ± 16.76 59.69 ± 13.04 0.251

Gender (male, %) 42.31 57.69 0.842

Diabetic nephropathy (yes, %) 29.09 70.91 0.032,*

Dialysis vintage (mean ± SD, year) 5.36 ± 3.68 4.58 ± 4.30 0.331

Serum iron (µmol/l, mean ± SD) 73.64 ± 19.53 74.26 ± 23.89 0.891

Transferrin saturation (mean ± SD) 0.34 ± 0.08 0.26 ± 0.06 0.001,*

IV iron (mg, mean ± SD) 104.19 ± 19.53 376.40 ± 23.89 0.001
Glucose (mg/dl, mean ± SD) 140.24 ± 77.56 170.90 ± 73.10 0.041,*

Creatinine (mg/dl, mean ± SD) 7.90 ± 3.08 6.53 ± 1.48 0.011,*

Hemoglobin (g/dl, mean ± SD) 11.40 ± 1.29 11.28 ± 1.15 0.631

Lymphocyte (/l, mean ± SD) 1.69 ± 0.47 1.48 ± 0.51 0.041,*

Albumin (g/dl, mean ± SD) 3.76 ± 0.28 3.66 ± 0.34 0.111

Parathormone (pg/ml, mean ± SD) 562.90 ± 455.39 406.01 ± 255.25 0.041,*

Ferritin (ug/l, mean ± SD) 586.24 ± 149.38 554.22 ± 129.65 0.271

CRP (mg/l, mean ± SS) 10.19 ± 8.58 19.84± 21.23 0.001,*

Weekly ESA dose (IU, mean ± SD) 4312.09 ± 2835.44 5091.61± 3361.28 0.221

Hospitalization (yes, %) 25 75 0.062

Infection (yes, %) 28.57 71.43 0.482

1; Independent Sample T-Test, 2; Chi-Square Test of Independence, 3; Fisher’s Exact Test, *; statistically significant at 0.05, SD; 
standard deviation, IV;  intravenous, CRP; c-reactive protein,  ESA; erythropoiesis stimulating agents

Parameters HR 95% CI p-value

Age ≥ 65 years 4.42 (1.14, 17.18) 0.03*

Diabetes mellitus 10.6 (1.27, 88.79) 0.02*

Body mass index ≥ 30 (kg/) 4.16 (1.15, 14.99) 0.02*

Hemoglobin<9 g/dl 0.22 (0.05, 0.85) 0.02*

Total IV iron dose (mg) 1.01 (1.001, 1.008) 0.02*

ESA dose (mg) 0.99 (0.99, 1.00) 0.25

IV iron per kg (mg) 1.30 (1.04, 1.62) 0.02*

Ferritin (ug/l) 1.006 (0.99, 1.015) 0.16

Transferrin saturation 0.001 (0.00, 4.81) 0.11

CRP (mg/l) 1.03 (1.02, 1,05) 0.00*

Albumin (g/dl) 0.07 (0.01, 0.41) 0.00*

Table 5. Mortality related factors

 *; statistically significant Cox Regression result at level 0.05, IV; intravenous, 
CRP; c-reactive protein, ESA; erythropoiesis stimulating agents; HR; hazard 
ratio, CI; confidence interval
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mortality and ESA dose (p= 0.150), serum ferritin (p= 
0.160), or transferrin saturation (p= 0.200). Moreover, 
mortality was significantly associated with age ≥65 
years (p= 0.030), presence of diabetes (p= 0.020), BMI 
≥30 kg/m² (p= 0.020), low serum albumin (p= 0.010), 
and high serum CRP levels (p= 0.001).

DISCUSSION
The relationship between dialysis adequacy and anemia 
is well-known, with evidence suggesting that anemia can 
be more effectively treated with increasing Kt/V doses 
(10). In our study, there was no statistically significant 
difference between the groups in terms of URR and Kt/V 
when comparing patients based on hemoglobin levels 
and ESA doses. Notably, nearly all of our patients had 
dialysis adequacy.

Hyperparathyroidism leads to bone marrow fibrosis, 
ultimately resulting in lower hemoglobin levels (11). 
Tanaka et al. highlighted the correlation between anemia 
and hyperparathyroidism, suggesting that anemia could 
be ameliorated through hyperparathyroidism treatment 
(12). Another study by Mpio et al. demonstrated that 
treatment of secondary hyperparathyroidism with 
calcimimetics improves hemoglobin levels in HD 
patients (13). Kalantar-Zadeh et al. also observed that 
patients with high PTH levels exhibit resistance to 
ESA (14). In this study, we also observe an obvious 
relationship between hyperparathyroidism and anemia.

Inflammation triggers elevated hepcidin levels, leading 
to reduced iron absorption from the gastrointestinal tract, 
disruption of iron transport from bone marrow stores, 
and ultimately leading to anemia (15,16). In our study, 
where the relationship between low hemoglobin levels 
and high CRP levels was observed, it can be stated that 
inflammation causes anemia.

We observed that patients with higher hemoglobin levels 
exhibited significantly elevated levels of glucose, total 
cholesterol, and LDL cholesterol compared to those with 
lower hemoglobin levels. Additionally, we found that 
patients with higher hemoglobin levels had statistically 
longer dialysis vintage, with a higher proportion of 
patients having a dialysis vintage longer than five 
years. Among patients with high hemoglobin levels, 
total cholesterol and LDL cholesterol levels were also 
higher in those who received lower doses of ESA. These 
findings are in line with the study conducted by Nafar 
et al., where it was found that patients with hemoglobin 
levels ≥10 g/dl had significantly lower CRP levels, lower 
ESA doses, longer dialysis vintage, and higher ferritin 
levels compared to those with hemoglobin levels <10 g/
dl. Moreover, Nafar et al. defined malnutrition criteria in 
their study as triglyceride < 150 mg/dl, total cholesterol 
<150 mg/dl, creatinine < 8 mg/dl, and serum albumin <4 
mg/dl and reported that malnutrition was significantly 
more prevalent in patients with hemoglobin levels <10 

g/dl.

In our study, no significant difference was found in terms 
of ESA or IV iron doses, serum iron, and transferrin 
saturation when the patients were compared regarding 
their ferritin levels. CRP levels were significantly higher 
in patients with higher serum ferritin levels. Since 
ferritin is a positive acute-phase reactant, the elevation of 
ferritin in these patients can be due to inflammation (17). 
Additionally, the number of patients who had a dialysis 
vintage longer than five years was also significantly 
higher in the group with higher ferritin levels. The high 
level of ferritin in these patients could be due to the 
accumulation of iron that has developed over the years. 
In our study, hemoglobin level was significantly lower 
in patients with higher ferritin levels than in patients 
with lower ferritin levels. Low levels of hemoglobin 
in patients with high ferritin levels could be due to 
inflammation, which leads to functional iron deficiency, 
resulting in anemia (15).

High ferritin levels and low transferrin saturation are 
frequently detected in inflammation (15,16). In our 
study, although there was no significant difference 
between hemoglobin and ferritin levels in both patients 
receiving IV iron >200 mg/month and ≤200 mg/month, 
transferrin saturation was significantly lower and CRP 
levels were significantly higher in the group receiving 
>200 mg/month IV iron. Additionally, we found that 
diabetic nephropathy was significantly higher, glucose 
levels were higher, and PTH and creatinine levels were 
lower in patients who received >200 mg/month IV iron. 
Kalantar-Zadeh et al. showed that patients who received 
IV iron at baseline had significantly lower levels of 
creatinine and transferrin saturation and a significantly 
higher number of diabetic patients than those who did 
not (14). Feldman et al. also found that the group who 
were given more IV iron had a significantly higher 
number of diabetic patients and a significantly lower 
transferrin saturation than the group who were given less 
IV iron (18).

The relation between mortality and iron is perhaps 
due to the elevated risk of infections, oxidative stress, 
endothelial dysfunction, and cardiovascular disease 
with iron treatment (19). Kalantar-Zadeh et al. showed 
increased mortality in patients who received >400 mg/
month IV iron (8). Feldman et al. reported that compared 
with none, billing for more than 1000 mg IV iron over 
a 6-month period was associated with an increased 
risk of hospitalization and mortality (20). Bailie et al. 
found that as both monthly total iron and IV iron per 
kg increased, mortality also increased (21). However, 
Feldman et al. could not demonstrate a statistically 
significant association between cumulative iron dose 
and mortality. In their study, the baseline model found a 
statistically significant association between mortality and 
IV iron dose, though this disappeared after using time-
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dependent models (19). Finally, Hougen et al. reported 
in their meta-analysis that a higher dose of IV iron does 
not seem to be associated with a higher risk of mortality, 
infection, cardiovascular events, or hospitalizations in 
adult patients on dialysis (22). In our study, we found 
associations between both total IV iron and IV iron per 
kg and mortality. Furthermore, elevated mortality rates 
were observed in patients with hemoglobin levels <9 g/
dl, consistent with findings from prior studies (1,3).

Limitations of the Study

Two major limitations of our study are its retrospective 
design and the small number of participants. The 
retrospective nature of the study means that we 
were limited to analyzing pre-existing data, which 
could introduce bias and affect the reliability of our 
findings. Additionally, the small sample size limits the 
generalizability of our results and reduces the statistical 
power to detect significant differences. Furthermore, 
the study’s observational design prevents us from 
establishing causality between the variables studied. 
Another limitation is the single-center setting, which 
may not reflect the practices and patient characteristics of 
other dialysis centers. Finally, the study period of twelve 
months may not be sufficient to capture long-term trends 
and outcomes related to anemia and mortality in dialysis 
patients.

CONCLUSION
Our study highlights the association between dialysis 
adequacy, anemia, inflammation, and iron management 
in hemodialysis patients. Despite the limitations of 
a retrospective design and a small sample size, our 
findings underscore the importance of addressing 
hyperparathyroidism and inflammation to improve 
anemia management. The association between higher 
ferritin levels, inflammation, and lower hemoglobin 
levels emphasizes the need for careful monitoring and 
individualized treatment strategies. Furthermore, the 
observed correlations between IV iron dosing, diabetic 
nephropathy, and mortality risk call for a cautious 
approach to iron supplementation. Future prospective 
studies with larger, multi-center cohorts are essential 
to validate these findings and develop comprehensive 
guidelines for anemia management in dialysis patients..
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