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Abstract 
Objective: This study compares hemoglobin and erythropoietin levels in pa-
tients with polycythemia vera and secondary polycythemia. Study Design: A 
retrospective cross-sectional study evaluating the serum erythropoietin and 
hemoglobin levels in patients with polycythemia vera and secondary polycy-
themia. This study was performed simultaneously in Texas state of the U.S. 
and Fars Province in Iran. Methods: Hemoglobin, hematocrit and erythro-
poietin test results were collected from patients aged 19 to 75 years who were 
diagnosed with polycythemia vera and secondary polycythemia. Patients rec-
ords with history of thrombocythemia, congestive heart failure, dyspnea, 
anemia and pregnant woman were excluded from study. Patients in each 
decade of life were examined in separate groups, so that changes in hemoglo-
bin related to aging did not affect the research results. Results: 75% of the pa-
tients were men, and 25% were women. A total of 1580 patients were ana-
lyzed in this study. 57.3% of patients in UTMB and 38.8 patients in Iran have 
hemoglobin level above 17 mg/dl. 74% of patients in UTMB and 88% of pa-
tients in Iran have erythropoietin below 10 IU/mL. Polycythemia in UTMB 
was more common in people over 50 and in Iran in patients under 50 years 
old. The serum hemoglobin and erythropoietin levels in patients with poly-
cythemia vera were not significantly different in compare to secondary poly-
cythemia patients. Data showed that there were 84 polycythemia patients per 
100,000 people. The results of this study in UTMB and Iran showed that 4.5% 
and 7%, respectively, of patients with polycythemia had a positive JAK2 test. 
Conclusion: Low erythropoietin levels may not be helpful in differentiating 
polycythemia vera from secondary polycythemia.  
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1. Introduction 

Polycythemia is an excessive increase in the number of red blood cells that in-
creases the viscosity of blood in arteries [1]. There are two types of polycythe-
mia, polycythemia vera or primary polycythemia, and second types of polycy-
themia occur in response to hypoxia or increasing erythropoietin levels [1]. Pol-
ycythemia vera has similar clinical symptoms to secondary polycythemia [1]. 

The diagnosis and treatment of Polycythemia vera via molecular genetic test 
and detection of a mutation in Janus kinase 2 (JAK2) has made progress over the 
last two decades [2]. Patients with secondary polycythemia have high hemoglo-
bin levels, but no mutations in JAK2 genes are detected in these patients [3]. 
According to the World Health Organization (WHO), the diagnosis of 
myeloproliferative neoplasm (MPN) is based on cell count, peripheral blood 
smear, bone marrow examination, and molecular genetic tests [4]. 

JAK2 is a protein with tyrosine kinase properties and belongs to the intracel-
lular Janus kinase family. Somatic mutations in this protein were observed in 
different types of myeloproliferative neoplasms [5]. Erythropoietin (EPO) is a 
hormone produced primarily by the kidneys. Erythropoietin plays a key role in 
the production of red blood cells, which are produced and released into the 
blood in response to hypoxemia [6]. In polycythemia vera, the level of erythro-
poietin in the blood decreases. So the body uses a dynamic feedback system to 
help maintain sufficient oxygen levels and a relatively stable number of RBCs in 
the blood [6]. 

The purpose of this study was to evaluate the serum erythropoietin level and 
hemoglobin level in polycythemia vera and secondary polycythemia to evalu-
ate the ability of these two tests to differentiate these two diseases. In patients 
with JAK2-negative test results, no invasive tests are needed if routine labora-
tory tests such as hemoglobin and serum erythropoietin can predict polycy-
themia vera. 

Polycythemia vera is usually asymptomatic, progresses very slowly and usually 
occurs over the years. For this reason, many patients are diagnosed via routine 
laboratory tests before the patient becomes symptomatic, including itchy skin or 
dizziness [7]. In addition to all the nonspecific symptoms in some patients, itch-
ing of the skin after bathing can help in diagnosis. 

According to the 2016 edition of the WHO guidelines for the diagnosis of 
polycythemia vera [8], diagnosis requires the presence of one of three major cri-
teria or the first two major criteria and the minor criterion, as shown in (Table 
1). 
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Table 1. WHO guidelines for the diagnosis of polycythemia vera. 

Major Criteria 

1. Hb > 16.5 g/dL or HCT > 49% in men 
Hb > 16 or HCT > 48% in women 

2. B. M biopsy showing hypercellularity 

3. JAK2 exon 14 V617F or exon 12 mutation 

Minor Criterion 

Subnormal Serum Erythropoietin level 

Note: Diagnosis of PV requires meeting either all 3 major criteria or the first 2 major cri-
teria and minor criteria. 
 

Patients with high hemoglobin and low erythropoietin levels should have ei-
ther a JAK2 mutation or a bone marrow examination to be able to be diagnosed 
with polycythemia vera. Therefore, in patients with JAK2 mutation-negative test 
results, the only way to diagnose the disease is to perform a bone marrow exam-
ination. JAK2 V617F is the most common mutation in polycythemia vera. 
Therefore, in some cases, diagnosing these two diseases without consideration of 
bone marrow morphology is difficult [9]. 

2. Methods 

A retrospective cross-sectional study. Test results from the last 3 years were col-
lected from three laboratories in Fars Province, Iran, which were licensed in the 
field of molecular genetics. These results were collected from patients who were 
referred to the laboratory for the JAK2 test. These results included JAK2, CBC 
and erythropoietin test results. The results of the same tests were also collected 
from the laboratories of UTMB-affiliated hospitals in Galveston City, Texas 
State, of the U.S. The sample size in this study was determined to be 360, so that 
each group of laboratories had a sample size of 180. The power analysis was cal-
culated with a confidence level of 95% and a desired power of 0.80. 

The Iranian laboratories were limited to Fars Province, which is in the south-
ern part of the country. The data collected from Texas was limited to the Uni-
versity of Texas Medical Branch Afflation Hospital using the TriNetX health re-
search network website. Using online system, records from patients who had  
been diagnosed with polycythemia vera early in the past 3 years were collected. 
Clinical data and test results for these patients were extracted from the TriNetX 
system. The variables used in this study included age and sex and the results of 
hemoglobin, hematocrit, erythropoietin and JAK2 tests. In the analysis of the 
results, patients in each decade of life were examined in separate groups, so that 
changes in hemoglobin related to aging did not affect the research results. 

Exclusion criteria 
Patients with high platelet count were excluded from the study due to the pos-

sibility of developing essential thrombocythemia. Patients under 19 and over 75 
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years of age were excluded from study because their reference ranges of hemo-
globin and erythropoietin are different. Patients with history of congestive heart 
failure and Dyspnea were excluded from the study because of abnormal hemo-
globin levels. Also, data from pregnant women and patients with low Ferritin 
levels were excluded from study because of decrease in hemoglobin levels.  

3. Results 

Analysis of Data Collected from Texas 
The data were extracted using TriNetX from University of Texas Medical 

Branch affiliation hospitals. 1600 patients were diagnosed with polycythemia. Of 
these, 1590 patients were older than 19 years. A total of 1290 patients aged be-
tween 19 and 75 years were included. The target population of the study includ-
ed 750 patients in the last 3 years, 590 patients in the last 2 years and 390 pa-
tients in the last 12 months. 

Statistical population of polycythemia patients in the UTMB cohort 
A total of 75% (967) of the patients were men, and 25% (323) were women. A 

total of 1580 patients were analyzed in this study. The mean age of the patients 
was 57 years. On average, 86% of patients with polycythemia are between 19 and 
75 years of age each year. 

It can be concluded that 31% of patients are under 50 years old, the highest 
prevalence of polycythemia was in the age range of 61 to 70 years, and the risk of 
polycythemia disease increases with age (Table 2). The risk of developing poly-
cythemia in the third and fourth decades of life is less than 10%. 
 
Table 2. Percentages of patients in different age groups in the UTMB. 

Date Age groups 

From To 19 - 30 31 - 40 41 - 50 51 - 60 61 - 70 71 - 75 

Jan. 1 2016 Jun. 1 2021 6.4% 9.1% 16.1% 24.7% 30.1% 13.4% 

 
Analysis of Hemoglobin, Erythropoietin and JAK2 levels in UTMB patients 
The mean hemoglobin and hematocrit concentrations in male patients were 

17.3 mg/dl and 51.5%, respectively. The mean hemoglobin and hematocrit 
concentrations in female patients were 16.1 mg/dl and 50.2%, respectively 
(Table 3). 
 
Table 3. Number of hemoglobin tests based on test results in different ranges. 

 
Hemoglobin concentration 

Hb < 15 15 - 15.9 16 - 16.9 17 - 17.9 18 - 18.9 19 - 19.9 Hb > 20 

Number of 
patients 

105 96 115 211 115 67 38 

Percent 14% 12.8% 15.3% 28.1% 15.3% 8.9% 5.0% 
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Comparing hemoglobin level of patients with polycythemia vera and second-
ary polycythemia, the f-ratio was 2.55, and the p-value was 0.11. thus, the result 
was not significant at p < 0.05. Moreover, there was no significant difference in 
the hemoglobin level between polycythemia vera and secondary polycythemia in 
UTMB patients. There were only 15 polycythemia vera patients at UTMB over 
the past 3 years (aged between 19 and 75 years) (Table 4). 
 
Table 4. Number of polycythemia patients based on different ranges of erythropoietin 
test results at the UTMB. 

 
EPO level 

EPO < 5 6 < EPO < 10 11 < EPO < 20 EPO > 21 

Number of patients 25 35 15 5 

Percent 31% 43% 18% 6% 

 
Comparing the erythropoietin levels of patients with polycythemia vera and 

secondary polycythemia, The F-ratio was 3.350, and the p-value was 0.07; thus, 
the result was not significant at p < 0.05. There was no significant difference in 
erythropoietin levels between polycythemia vera and secondary polycythemia in 
UTMB patients. 

Analysis of Data Collected from Iran 
Population of polycythemia vera in Iran 
Of the 370 patient records collected from Iranian laboratories, 356 were in the 

age range of 19 to 75 years and were analyzed in this study. A total of 242 males 
(68.2%) and 114 females (31.8%) were included (Table 5). The data in this table 
show that the highest incidence of polycythemia occurred in the third and fourth 
decades of life. Table 5 shows that the incidence of polycythemia was greater in 
the third decade of life and decreases with increasing age. 
 
Table 5. Percentage of polycythemia patients in different age groups in Iran. 

Date Age groups 

From To 19 - 30 31 - 40 41 - 50 51 - 60 61 - 70 71 - 75 

Jan. 1 2018 Jun. 1 2021 32.8% 25.2% 21.3% 12.0% 9.2% 3.6% 

 
Analysis of Hemoglobin, Erythropoietin, and JAK2 Levels in Iran 
This information showed that hemoglobin 16 to 16.9 was more common 

among polycythemia patients. A total of 242 male patients were included in this 
study. The mean hemoglobin level in male patients was 16.9 mg/dl, and the 
mean hematocrit in male patients was 50.8% (Table 6). A total of 114 female poly-
cythemia patients ranging in age from 19 to 75 years were included; the mean he-
moglobin level was 15.1 mg/dl, and the mean hematocrit level was 46.0%. 
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Table 6. Number of hemoglobin tests based on test results in different ranges (males and 
females). 

 
Hemoglobin level 

Hb < 15 15 - 15.9 16 - 16.9 17 - 17.9 18 - 18.9 19 - 19.9 Hb > 20 

Number of 
patients 

43 66 78 52 43 31 8 

Percent 17% 20.3% 23.5% 15.4% 12.1% 8.9% 2.4% 

 
Comparing the hemoglobin levels of patients with polycythemia vera and 

secondary polycythemia, the f-ratio was 1.05, and the p-value was 0.30; thus, the 
result was not significant at p < 0.05. There was no significant difference in he-
moglobin levels between Iranian male patients with polycythemia vera in com-
pare to secondary polycythemia patients. A total of 305 JAK2 test results were 
collected from patients with polycythemia; 14 tests were positive, and 291 were 
negative. A total of 4.5% of patients had a positive JAK2 test result. There were 
20 polycythemia vera-diagnosed patients aged 19 to 75 years in records collected 
from Iran. 

Comparing the erythropoietin levels of patients with polycythemia vera and 
secondary polycythemia (Table 7). The F-ratio was 0.50, and the p-value was 
0.48; thus, the result was not significant at p < 0.05. There was no significant dif-
ference in erythropoietin levels between polycythemia vera patients and second-
ary polycythemia patients in Iran. 
 
Table 7. Number of patients with different erythropoietin test results in Iran. 

 
EPO level 

EPO < 5 6 < EPO < 10 11 < EPO < 20 EPO > 21 

Number of patients 206 91 33 9 

Percent 61% 27% 10% 1% 

4. Discussion 

Polycythemia vera is a disorder of hematopoietic stem cells that causes an ab-
normal increase in red blood cell counts and an increase in red blood cell mass 
[10]. However, the detection of JAK2 mutations accelerates the diagnostic pro-
cess in many patients. However, the diagnosis of these patients is still controver-
sial. The results of this study in UTMB and Iran showed that 4.5% and 7%, re-
spectively, of patients with polycythemia had a positive JAK2 test. 

This study showed that the incidence of polycythemia vera in UTMB patients 
was between 50 and 70 years, which was also reported in other studies [11]. An 
epidemiological study of myeloproliferative disorders reported that 44 to 57 pa-
tients per 100,000 people in the U.S. had polycythemia vera [12]. However, the 
data from this study showed that the prevalence of polycythemia in patients with 
UTMB is slightly greater. The results extracted from the TriNetX data showed 
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that there were 84 polycythemia patients per 100,000 people. The statistical pop-
ulation collected in Iran showed that the incidence of this disease was greater in 
young patients in Iran, so the highest incidence of polycythemia vera in Iran was 
in the third and fourth decades of life, and most of the statistical population col-
lected from Iran was under the age of 50. 

A comparison of hemoglobin levels among patients with polycythemia vera 
revealed that there was no significant difference in hemoglobin levels between 
patients with JAK2-positive mutations and patients with JAK2-negative muta-
tions. That was understood that polycythemia vera patients with a negative JAK2 
test result have as high hemoglobin as patients with a positive JAK2 test result. 
The mean hemoglobin levels of male patients in the Iranian and UTMB cohorts 
were 16.9 and 17.3, respectively. The mean hemoglobin levels of female patients 
in the Iranian and UTMB cohorts were 15.1 and 16.1, respectively. 

Serum erythropoietin levels have been tested in 36% of patients with polycy-
themia in the UTMB. Subnormal erythropoietin levels was a minor criteria in 
the diagnosis of polycythemia vera. This study showed that, in the UTMB, only 
31% of patients had erythropoietin concentrations less than 5 IU/mL, and 43% 
of patients had erythropoietin concentrations between 5 and 10. Results ob-
tained from Iran showed that 61% of patients had an erythropoietin level less 
than 5, and 27% of patients had an erythropoietin level between 5 and 10 IU/mL. 
The mean erythropoietin levels for polycythemia vera patients in Iranian and 
UTMB patients were 6.5 and 8.4, respectively. These findings indicate that most 
patients with polycythemia vera have an erythropoietin concentration of less 
than 10 IU/mL. A comparison of erythropoietin levels among patients with pol-
ycythemia vera revealed no significant difference in erythropoietin levels be-
tween patients with JAK2-positive mutations and patients with JAK2-negative 
mutations. Analysis of the erythropoietin concentration in UTMB patients with 
a negative JAK2 test revealed that the erythropoietin concentration was lower 
than patients with a positive JAK2 test. The results obtained from Iran and the 
UTMB were analyzed separately, but these findings held true for both groups. 

According to the guidelines of the World Health Organization for the diagno-
sis of polycythemia vera, the measurement of erythropoietin was considered a 
minor criterion. According to the same instructions, bone marrow examination 
was considered a major criterion. 

5. Conclusion 

The erythropoietin test cannot play a role in diagnosing patients with polycy-
themia vera. The results of the analysis of UTMB and Iran data showed that 
erythropoietin test can be used in combination with the JAK2 test for the diag-
nosis of polycythemia vera. The use of erythropoietin tests, which are inexpen-
sive and have shorter turnaround times, can play a role in reducing the cost of 
diagnosing polycythemia patients. In patients with JAK2 mutation-negative re-
sults, a bone marrow examination should be performed to make a definitive di-
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agnosis. This study showed that high hemoglobin and low serum erythropoietin 
levels in patients without perfotming JAK2 mutations cannot be used to diag-
nose polycythemia vera.  Erythropoietin is measured in laboratories with differ-
ent techniques such as ELISA, ELFI and chemiluminescence. Differences in the 
accuracy and precision of laboratory methods can make the results of different 
techniques not comparable. Erythropoietin measurement is not included in the 
daily schedule in most laboratories, so erythropoietin testing is done one or two 
days a week. The quality of storage of patient samples before testing can affect 
the quality of the results. Polycythemia in most patients were without clinical 
symptoms or the person has had these symptoms for a long time and were used 
to it. Because of that, many patients are still undiagnosed.  
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