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Abstract
The diagnosis of polycythemia, particularly the secondary 
forms, can be challenging. The distinction between primary 
and secondary polycythemia is relevant and has manage-
ment implications. A systematic diagnostic workup algo-
rithm and a good anamnesis are of paramount relevance. 
More than one cause may be involved in the development 
of polycythemia, identifying all of them will be the key to 
better understanding and eventually solving the polycythe-
mia. We describe a case of a 53-year-old Swiss woman with 
polycythemia and a high level of carboxyhemoglobin. Her 
medical story included obesity and obstructive sleep apnea. 
The anamnesis ruled out the habit of smoking cigarettes; 
however, the patient reported that she was on a trip to Egypt 
10 years before and bought herself a shisha; since then, she 
used to smoke shisha daily, at home, alone. After drastically 
reducing and then stopping the shisha smoking, 7 months 
later her blood count and carboxyhemoglobin completely 
normalized. © 2022 The Author(s).

Published by S. Karger AG, Basel

Introduction

According to the World Health Organization (WHO), 
polycythemia is defined as increased hemoglobin above 
165 g/L in men and 160 g/L in women, or as increased 
hematocrit above 49% in men and 48% in women [1]. 
When confronting a patient with polycythemia, second-
ary causes are an important differential diagnosis to pri-
mary polycythemia. Several parameters contribute to the 
characterization of the underlying pathophysiological 
mechanisms involved in the development of secondary 
polycythemia. Thus, secondary polycythemia is some-
times related to high erythropoietin (EPO) levels; this 
may be due to tumor secreting EPO (such as renal cell 
carcinoma, hepatocellular carcinoma, cerebellar heman-
gioblastoma), medications (such as anabolic steroids), or 
hypoxia [2]. Hypoxia-induced polycythemia is related to 
cardiopulmonary pathologies, such as chronic obstruc-
tive pulmonary disease, living at high altitudes, and smok-
ing [2]. Within this, polycythemia secondary to smoking 
represents one of the most common secondary causes. 
The smoking of carbon monoxide (CO) enters the blood 
through the lungs, binds hemoglobin with an affinity 
200–250 times greater than that of oxygen, and forms car-
boxyhemoglobin (COHb), shifting leftward the oxyhe-
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moglobin dissociation curve [3, 4]. As a result of the tissue 
hypoxia, patients with a high level of COHb may present 
secondary polycythemia [5].

Shisha (also known as narghilè, water pipe, hookah 
pipe, and hubbly bubbly) is a smoking device, used to 
smoke jurak, which is a mixture of tobacco and fruit [6]. 
It used to be a habit on the decline for most part of the 
20th century, but starting from the 1990s became popular 
again among Middle Eastern men [7]. Since then, it 
spread globally, especially among the young generations. 
Among 1,454 Jordan university students, 21% of the 
males were smoking only shisha, 42% of the males were 
smoking cigarettes and shisha, 63% of the females were 
smoking only shisha, and 14% cigarettes and shisha [8]. 
Among students from 152 US universities, 30.5% report-
ed ever smoked shisha and 8.4% reported current use; the 
smokers were mainly of male gender and younger age [9].

Case Report

We report the case of a 53-year-old Swiss woman, referred to 
our center by her general doctor because of polycythemia of un-
known origin. The patient presented with facial plethora and was 
suffering from fatigue but had no hyperviscosity symptoms. She 
had a history of metabolic syndrome (obesity, arterial hyperten-
sion, dyslipidemia, and diabetes mellitus type 2), obstructive sleep 
apnea treated with the use of continuous positive airway pressure 
during the night, depression, attention deficit disorder, and bilat-

eral gonarthrosis. No thrombosis was reported. She was on treat-
ment with aripiprazole, clotiapine, lamotrigine, quetiapine, loraz-
epam, trazodone, moclobemide, candesartan, chondritinsulfat, 
gliclazide, cholestyramine, rosuvastatin, vitamin D, and vitamin 
B12. The last checkup for her metabolic syndrome was performed 
by her general practitioner and showed a HbA1c of 6%, triglycer-
ides of 1.17 mmol/L, HDL cholesterol of 1.06 mmol/L, and LDL 
cholesterol of 1.56 mmol/L.

She used to drink alcohol occasionally on weekends and she 
was not a cigarette smoker. Insisting on the anamnesis, she report-
ed smoking shisha daily, 3 times per day, for around 10 years.

The patient was in good clinical condition and she has a body 
mass index of 32.5 kg/m2. The laboratory performed at the consul-
tation of her general practitioner showed high hemoglobin and 
hematocrit which were 186 g/L and 56.2%, respectively; otherwise, 
values were within the normal range. The previous complete blood 
count was 4 years before and it was normal. Initially, polycythemia 
vera was suspected and phlebotomy was performed. In the mean-
while, a molecular diagnostic was performed, where no JAK2-
V617F mutations were found.

In our outpatient clinic 14 days after the first phlebotomy, the 
hemoglobin was 168 g/L and the hematocrit 50%. In the venous 
blood gas analysis, the COHb was 22.7%, the oxyhemoglobin was 
52%, the pO2 29 mm Hg, and the p50 was 21 mm Hg; the results 
showed indeed an impressively high COHb (Table 1).

The high concentration of COHb and the habit of daily shisha 
smoking seemed to play a relevant role in this case and this was 
suspected as the main cause of the polycythemia. The diagnosis 
was discussed with the patient and she reduced immediately her 
shisha usage from 3 times/day to 3 times/week.

In the control after almost 7 months, her complete blood count 
completely normalized, and the results of the venous blood gas 
analysis improved. The patient was queried about her current 

Table 1. Laboratory at the diagnosis and follow-up

Day 0* Day 14 Day 25 Day 205

Hemoglobin (121–134 g/L) 186↑

Phlebotomy

168↑ 157↑

Shisha smoking reduction 
until stop

132
Hematocrit (36–44%) 56.2↑ 50↑ 47↑ 38
Erythrocytes (3.90–5.00 T/L) 6.34↑ 5.94↑ 5.58↑ 4.73
MCV (80–98 pg) 88.6 84 85 81
MCH (27–33 pg) 29.3 28 28 28
Platelets (150–450 G/L) 247 318 224 267
Leucocytes (3.00–10.5 G/L) 7.8 7.41 5.72 6.50
EPO (4.20–19.0 mU/mL) – 24.5↑ – –
pH venous (7.35–7.45) – 7.413 – 7.401
pCO2 (32–43 mm Hg) – 42 – 40
pO2 venous (71–104 mm Hg) – 29↓ – 63↓
P50 venous (24–28 mm Hg) – 21↓ – 28
O2 saturation (93–98%) – 69↓ – 91↓
COHb – 22.7 – 2.6
Metha-hemoglobin – 1.5 – 0.8
O2-hemoglobin – 52 88

MCV, means corpuscular volume; MCH, mean corpuscular hemoglobin; pH, potential of hydrogen; pCO2, partial pressure of carbon 
dioxide; pO2, partial pressure of oxygen; COHb, carboxyhemoglobin; O2-hemoglobin, oxyhemoglobin.
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smoking habit and she mentioned that she was on holiday for 6 
weeks before coming to the consultation and she did not smoke at 
all during this time. Furthermore, she reported a clear improve-
ment in her fatigue.

Discussion/Conclusion

The diagnosis of polycythemia, particularly the sec-
ondary forms, can be challenging. The diagnosis has ther-
apeutic implications since the management will not be 
the same if the patient has myeloproliferative neoplasms, 
such as polycythemia vera, or if the diagnosis is a second-
ary form, where polycythemia may be basically a com-
pensatory process due to different causes and does not 
necessarily need therapeutic interventions such as phle-
botomy. Furthermore, some patients will have many pos-
sible causes for polycythemia; identifying one cause does 
not necessarily imply stopping the diagnostic process un-
til all the possible causes have been investigated. To diag-
nose primary polycythemia (or polycythemia vera), 3 of 
the major criteria (polycythemia, trilinear bone marrow 
myeloproliferation, and mutation in the JAK2 gene) or 2 
of the major criteria and the minor criteria (low EPO lev-
el) are needed according to the WHO 2016 classification 
[1]. In this case, the hypothesis of polycythemia vera was 
ruled out from day 14 because of the high EPO level and 
the negativity of the JAK2V617F mutation.

In parallel, we focused on the secondary causes. Our pa-
tient was taking a discrete number of different medications, 
but none of them is associated with secondary polycythe-
mia. She was suffering from sleep apnea, which could cause 
secondary polycythemia, but she was under continuous 
positive airway pressure treatment; compliance with treat-
ment was assessed and appeared to be correct, suggesting 
that other causes might be more likely playing a role.

When asked explicitly about the smoking habit, she de-
nied smoking cigarettes, but she referred to smoking shisha 
on a regular base. She was on a trip to Egypt and bought 
herself a shisha. Since then, she used to smoke daily, at 
home, alone, except when she was traveling. It was remark-
able the impressively high level of COHb in this patient. 
Shisha smoking is generally seen as harmless in comparison 
with cigarette smoking, but actually, the levels of COHb are 
mostly higher in shisha smokers in comparison with ciga-
rette smokers: nonsmokers have in mean 1.7% COHb, cig-
arette smokers 6.6%, and shisha smokers 8.8% [10]. In the 
Netherlands was observed a level of COHb of 21% in a re-
ported patient with shisha addiction and a facial plethora 
[11]. Another case of polycythemia in a shisha smoker de-
scribed almost 10 years ago was presented with irritability, 

dizziness, impaired concentration, reduced physical per-
formance, and a COHb of 6% [12]. The COHb concentra-
tion associated with shisha smoking is variable and the 
symptoms do not directly depend on the concentration, as 
pointed out by a German group [13]. It is important to re-
mark that the COHb in shisha smokers can be high and the 
patient can still be asymptomatic [14].

Although this patient had several causes that could ex-
plain the polycythemia, the assiduous habit of smoking 
shisha, even repeatedly during the day, was undoubtedly 
striking. The proof of our hypothesis that the polycythe-
mia was secondarily provoked by the regular consump-
tion of shisha was confirmed after a drastic reduction of 
this habit, allowing a complete normalization of the 
COHb and hemoglobin/hematocrit.

In investigating causes in a patient with polycythemia, 
enough time should be invested in collecting a detailed 
anamnesis. Aspects related to hobbies, amenities, and 
habits could provide additional relevant information. 
Furthermore, we should not be stopped from common 
stereotypes since nowadays people do travel or have easy 
access to discover habits that are far away from the origi-
nal culture and they can be even included in everyday life. 
Perhaps one of the greatest challenges is that in those pa-
tients with obvious possible causes (such as obesity or al-
ready carrying the diagnosis of sleep apnea as it was in this 
patient), there is a need to further investigate all poten-
tially secondary causes. In fact, even in medicine, some-
times what is important is not obvious.
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