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ABSTRACT

Objective: Chronic mountain sickness (CMS) is a clinical syndrome
with symptoms of polycythemia that may interfere with other
nonspecific diseases. The current study aimed to investigate the
symptoms of patients living at high altitudes, who initially present-
ed complaints that seemed to be common orthopedic problems,
and to examine their relationship with chronic mountain sickness.

Materials and Methods: The prospectively collected data of
104 patients were retrospectively evaluated for serum hemo-
globin (Hb) and hematocrit (Hct) levels, oxygen saturation (sO,),
Qinghai CMS questionnaire score, alcohol and tobacco use,
“any history of acute mountain sickness, body mass index (BMI),
blood pressure, heart rate, and duration of high-altitude living.
Patients grouped according to the Qinghai score as healthy,
mild, moderate or severe CMS. The groups were investigated in
terms of parameters and demographic characteristics.

Results: Of the 104 patients, 33 (31.7%) had a mild CMS score >6
(28 patients, 6-10, 5 patients, 11-14 points); remaining patients
had no CMS. The frequency of excessive erythrocytosis was 4.5%
in men and 3.3% in women. There was a significant difference
in Hb, Hct and sO, levels between the healthy and mild CMS
groups (p<0.001). CMS score had a positive correlation with Het
(rho 0.381, p<0.001) and negative correlation between sO, levels
(rho -0.432, p<0.001).

Conclusions: CMS can be observed at lower altitudes than de-
scribed in literature. In individuals living in high altitudes, some
of the CMS symptoms may be confused with real orthopedic
symptoms and orthopedists working in these areas should in-
crease their awareness on this issue. In order to make an ap-
propriate approach, other symptoms related to CMS should be
questioned in patients living at high altitudes.

Keywords: Chronic mountain sickness, orthopedics symptoms,
muscle joint pain, hemoglobin, oxygen saturation

OZET

Amag: Kronik dag hastaligi (KDH), diger spesifik olmayan hasta-
liklarla da karigabilen polisitemi semptomlar olan klinik bir send-
romdur. Bu calismada, yiksek rakimlarda yasayan, baslangicta
sik gérilen ortopedik problemler gibi gériinen sikayetlerle has-
taneye bagvuran hastalarin semptomlarini arastirmayi ve kronik
dag hastalidi ile iliskilerini incelemeyi amacladik.

Gereg ve Yontemler: Prospektif olarak toplanan 104 hastanin
verileri retrospektif olarak incelendi. Hastalarin serum hemoglo-
bin (Hb) ve hematokrit (Hct) seviyeleri, oksijen satlrasyonu (sO.),
Qinghai KDH anket skoru, alkol ve tutin kullanimi, herhangi bir
akut dag hastaligi 6ykuisu, vicut kitle indeksi (BMI), kan basinci,
kalp atig hizi ve ylUksek rakimda yasam suresi kaydedildi. Hastalar;
Qinghai skoruna gére sadlikl, hafif, orta veya siddetli KDH olarak
gruplandirildi. Gruplar parametreler ve demografik ozellikler agi-
sindan incelendi.

Bulgular: Yiz dort hastadan 33'Unin (%31,7) 26 hafif KDH skoru
vardi (28 hasta, 6-10, 5 hasta, 11-14 puan). Diger hastalarda CMS
saptanmadi. Asini eritrositoz sikhgr erkeklerde %4,5, kadinlarda
%3,3 idi. Saglikli ve hafif CMS gruplar arasinda Hb, Hct ve sO,
dlzeyleri agisindan anlamli fark saptandi (p<0,001). KDH skoru-
nun Hct (rho 0,381, p<0,001) ile pozitif, sO, seviyeleri arasinda
negatif korelasyon (rho -0,432, p<0,001) saptandi.

Sonug: Kronik dag hastaligy, literatiirde tarif edilenden daha du-
stk rakimlarda gézlemlenebilir. Yuksek yerlerde yasayan bireyler-
de CMS semptomlarinin bazilarinin gergek ortopedik semptom-
larla karsabileceginden ve bu bélgelerde calisan ortopedistler
bu konudaki farkindaliklarini arttirmalidirlar. Bireysel semptomlar
diger hastaliklarin bulgulari ile kesisebilir ve 6zellikle benzer yay-
gin semptomlari olan hastaliklarda KDH gézden kagabilir. Uygun
bir yaklagimin yapilabilmesiigin yiksek rakimlarda yasayan hasta-
larda KDH ile ilgili diger semptomlarin da sorgulanmasi gerekir.

Anahtar Kelimeler: Kronik dag hastaligi, ortopedik semptomlar,
kas-eklem agrisi, hemoglobin, oksijen satirasyonu
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INTRODUCTION

Chronic mountain sickness (CMS) was first described by
Carlos Monge in 1928 as a disease presenting diverse
symptoms (1, 2). According to the International Consen-
sus on Chronic and Sub-Acute High-Altitude Diseases,
CMS is a clinical syndrome characterized by excessive
erythrocytosis (EE) and severe hypoxemia observed in
people living at high altitudes (>2500 m) (3). Chronic hy-
poxia results in pulmonary hypertension and polycythe-
mia, accompanied by headache, fatigue, dizziness, dys-
pnea, sleep disturbances, and bone and muscle pain (4).

CMS is a weakening and debilitating disease that may
occasionally interfere with other nonspecific diseases (5).
As the population and life at high altitudes increase, the
prevalence of related diseases will also increase. For these
reasons, appropriate methods for diagnosis, treatment,
and care are needed for people at risk of developing CMS
(6). However, similar symptoms with other etiologies ham-
per its clinical recognition. A wide variety of neurological,
cardiological, vestibular, or orthopedic symptoms can be
misleading if incompletely evaluated or underestimated.
Regarding the general complaints that can be met ortho-
pedically, bone and joint pain, muscle aches, and burning
in the hands and feet are the main musculoskeletal sys-
tem problems observed in CMS (6-9).

Since the underlying etiological cause of CMS is differ-
ent, a detailed analysis of its symptoms and application
of the current CMS diagnosis algorithm will increase the
success rate of diagnosis and treatment, especially in
areas where CMS is a possibility. Various end-organ in-
volvement of the symptoms and their relationship with
the disease have been examined in previous publications
(10-12). However, there are no studies in literature about
the incidence of common orthopedic symptoms.

This study aims to investigate individuals who live at high
altitudes with CMS risk and evaluate the role of CMS as
an etiology in patients presenting general orthopedic
complaints.

MATERIALS AND METHODS

This is an institutional review board-approved study, and
informed consent was obtained from all patients includ-
ed in the study. The patient group comprised individuals
living in settlements located at an altitude of 2400-2600
meters in the Sarikamis district of Kars province in Tur-
key. The data of 217 patients, who visited the orthopedic
department between November 2015 and January 2017,
were retrospectively analyzed. Inclusion criteria were
musculoskeletal pain, joint pain, or a burning sensation
of the palms and feet. Symptoms were not associated
with any disease findings based on the physical exam-
ination or laboratory and radiological tests. The exclu-

sion criteria included age <18 years and >65 years old,
chronic interstitial lung disease, chronic heart disease,
pregnancy, menopause, history of lung surgery, history of
nose surgery, and living in high-altitude areas for less than
two months. CMS is a clinical syndrome characterized
by excessive erythrocytosis (EE) and severe hypoxemia
and is seen in people living at high altitudes (>2500 m).
It is diagnosed using the Qinghai score in the absence
of any condition that may cause hypoxemia and EE (5).
The variables analyzed included serum hemoglobin (Hb)
and hematocrit (Hct) levels, the Qinghai CMS question-
naire score, oxygen saturation (sO,), alcohol and tobacco
use, any history of acute mountain sickness, body mass
index (BMI), blood pressure, heart rate, and the duration
of living at high altitudes. CMS was diagnosed based
on the Qinghai CMS score that includes Hb levels and
seven signs and symptoms (breathlessness/palpitations,
sleep disturbances, cyanosis, vein dilatation, paresthe-
sia, headache, and tinnitus) (Table 1). EE was diagnosed
using the parameters of the Qinghai score (both EE
symptoms and Hb concentration level). The high cut-off
value for serum Hb was 21 g/dL in men and 19 g/dL in
women (3). If the Hb level was equal to or higher than
the cut-off value, the Hb score was scored as 3 points; if
the level was below the cut-off value, it was scored as 0
points. Each sign or symptom was scored between 0 and
3 points according to its severity. Arterial blood pressure
was measured with a left-sided digital blood pressure
monitor after the patient had rested for 30 minutes (13).
Heart rate and oxygen saturation were measured with
a digital pulse oximeter (Contec med CMS50D digital
pulse oximeter, China) placed on the right middle finger
(14). Patients who smoked more than 100 cigarettes in
the past 30 days were categorized as smokers (15), and
those who consumed >20 g/day of pure alcohol were cat-
egorized as drinkers (16). Patients were grouped accord-
ing to the Qinghai score. Individuals with a Qinghai CMS
score of 0-5 points were considered healthy regarding
CMS. In patients with Hb levels > the cut-off value, a Qin-
ghai score of 6-10 points was defined as mild CMS, 11-14
points as moderate CMS, and >15 points as severe CMS
(17). The groups were investigated regarding the param-
eters and demographic characteristics, and these param-
eters were correlated with disease severity (Figure 1).

Statistical methods

The distribution of variables was measured using the
Kolmogorov-Smirnov test. The Mann-Whitney U test was
used to analyze independent quantitative data. The Chi-
square test was used to analyze independent qualitative
data, and Fischer's exact test was used when Chi-square
test conditions were not met. The Spearman correlation
analysis was used for correlation analysis. SPSS software
(version 22.0, IBM Corp. Released 2013. Armonk, NY,
USA) was used for the analyses. A p-value of <0.05 was
considered significant.
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Table 1: The Qinghai Score for CMS

Signs or symptoms Score

Breathlessness
and/or
palpitations

Sleep disturbance

Cyanosis

Dilatation of veins

Paresthesia

Headache

Tinnitus

Hemoglobin
concentration

0 No breathlessness/palpitations

1 Mild breathlessness/
palpitations

2 Moderate breathlessness/
palpitations

3 Severe breathlessness/
palpitations

0 Slept as well as usual
1 Did not sleep as well as usual

2 Woke up many times, poor
night's sleep

3 Could not sleep at all

0 No cyanosis

1 Mild cyanosis

2 Moderate cyanosis

3 Severe cyanosis

0 No dilatation of veins

1 Mild dilatation of veins

2 Moderate dilatation of veins
3 Severe dilatation of veins
0 No paresthesia

1 Mild paresthesia

2 Moderate paresthesia

3 Severe paresthesia

0 No headache

1 Mild headache symptoms
2 Moderate headache

3 Severe headache,
incapacitating

0 No tinnitus

1 Mild tinnitus

2 Moderate tinnitus

3 Severe tinnitus

Men:

<21 g/dL; score =0
>21 g/dL; score = 3
Women:

<19 g/dL; score =0
>19 g/dL; score = 3

Assessment of CMS Severity with Total Qinghai Score

Total score
0-5

6-10

11-14

>15

CMS
Absent
Mild
Moderate

Severe

217 patients who

visited orthopaedic

department Excluded N: 113

Age <18 years, >65 years old,
chronic interstitial lung disease,
chronic heart disease,

pr Y, history
of lung surgery, history of nose
surgery, and history of living in
v high altitude areas for less than 2

months.
Included N = 104
Patients for evaluation

Performing Qinghai score for
CMS diagnosis

—

v

71 (68.3%) patients with Qinghai
score 0-5 had no CMS

33 (31.7%) had CMS scores 2 6
(Score 6-10 (N:28); score 11-14
(N:5)

Figure 1: Flow chart of the study

RESULTS

One hundred and four patients met the inclusion criteria.
Sixty were females (57.7%), and 44 were males (42.3%).
The mean age of the cohort was 42.4+12.9 years old.
The mean duration in the high-altitude was 38.1+17.2
months between 3 and 65 months. The mean CMS score
was 4.6£2.9 (range, 1-14). The demographics, laboratory
results, evaluated cardiac and respiratory findings, and
Qinghai scores of the patients in the study group are giv-
en in Table 2.

The healthy group comprised 71 individuals, 35 were fe-
males (49.3%), and 36 were males (50.7%), and their Qing-
hai CMS scores were between 0 and 5 points. The mean Hb
and Hctwere 16.4+12.6 mg/dl and 44.4+5.2% in the healthy
group, respectively. The mean sO, was 95.3+2.1, and the
median CMS score was 3+1.3. The mean Hct was 47% in
male patients, and 41.4% in female patients (p=0.873).

The remaining 33 (31.7%) patients in the cohort had
CMS scores of 26. Twenty-eight patients’ scores were be-
tween 6 and 10 and were diagnosed as mild CMS, and
five patients’ scores were between 11 and 14 and were
diagnosed as moderate CMS. Among them, 25 were fe-
males (75.8%), and eight were males. The mean Hb and
Hct were 16.9+2.2 mg/dl and 49.7+6.1% in the mild CMS
group. The mean sO, was 93.1+2, and the median CMS
score was 8.1«2. In the mild CMS group, mean Hb and
Hct were 16.7 mg/dl and 46.7% in female, 19.5 mg/dl and
53.7% in male patients, respectively (p=0.218).

The Hb levels of only two male and two female patients
were above the cut-off value for the diagnosis of EE. The

100
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Table 2: The demographics, laboratory results, evaluated cardiac and respiratory findings, and Qinghai scores of the cohort

n % Min-Max Median Mean+S.D

Age 18-65 45 42.4+129
Gender

Female 60 57.7

Male 44 42.3
BMI 19.1-36.3 24.8 25.4+3.9

Alcohol 1 1

Tobacco 20 19.2
Time at high altitude® 3-65 41 38.1+£17.2
Hemoglobin® 10.8-21.3 15.2 16.5£10.4
Hematocrit 31.1-60 45 46.1+6
Systolic blood pressure 90-170 130 126.4+18.4
Diastolic blood pressure? 50-100 70 74+12
Oxygen saturation® 88-99 95 94.6+2.4
Heart Rate® 56-124 72 76+12.3
Qinghai CMS score 1-14 4 4.6+2.9

a month, ®: mg/dl, & %, ¢ mmHg, ©: beat per minute

BMI: Body Mass Index, SD: standard deviation

frequency of EE was 4.5% in male and 3.3% in female pa-

tients (p=0.285).

The distribution of genders within groups was statistical-
ly different (p=0.011). The mean Hb, Hct, and sO, levels
were significantly higher in the group with mild CMS than

in the healthy group (p<0.01). There was no statistical-
ly significant difference between the groups with CMS
scores of <5 and 26 regarding BMI, alcohol and tobacco
use, the duration of living at high altitudes, systolic and
diastolic blood pressure, and heart rate. The comparison
of the groups is provided in Table 3.

Table 3: Statistical analysis of parameters between healthy and mild Chronic Mountain Sickness (CMS) groups

CMS score <5

Mean=SD (min-max) n %

41.1+14 (18-65)

CMS score >6

Parameters
n %
Age
Gender
Female 35 493
Male 36 507
BMI

Time at high altitude®
Hemoglobin®
Hematocrit

Systolic blood pressure?
Diastolic blood pressure?
Oxygen saturation®
Heart Rate®

Qinghai CMS score

25.3+3.9 (19.1-36.3)
36.9+18.4 (18-65)
16.4+12.6 (11-21)
44.4+5.2 (31-60)
125+20 (90-170)

73.9+12.5(38-100)
95.3+£2.1 (88-99)

76.6+12.4 (60-124)

3+1.3

p value
Mean=SD (min-max)

45+9.7 (20-61) 0.148*

0.011¥
25 758
8 24.2

2574 (19.5-34.1) 0.701*

40.9+14.3 (1-61) 0.287*

16.9+2.2 (13-21) 0.000*

49.7+6.1 (38-60) 0.000*

129.2+13 (100-150) 0.310*

74.4+11.1 (60-100) 0.975*

93.1+2.3 (88-97) 0.000*

74.8+12.2 (56-107) 0.545*

8.1£2

¥: Chi-square test, *: Mann-Whitney U test, > month, b: mg/dl, < %, ¢: mmHg, ©: beat per minute
BMI: Body Mass Index, SD: standard deviation
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The correlation was found to be weakly positive between
Hct and CMS scores (rho 0.381, p<0.001) and weakly neg-
ative between sO, values and CMS scores (rho —0.432,
p<0.001). There was no significant correlation between
the CMS score and the mean Hb level (rho -0.012,
p=0.907).

DISCUSSION

The current study is the first to evaluate CMS in pa-
tients with common orthopedic complaints who live in
a high-altitude province. Based on Qinghai CMS scores
and laboratory findings, in residents living at around
2500 m altitude, 33 of 104 patients (32%) with common
orthopedic symptoms had mild CMS. In addition to the
disease being prevalent in women, a weak correlation
was found between hematocrit, oxygen saturation, and
disease severity.

Symptoms observed in CMS are headache, difficulty
breathing, sleep disturbances, fatigue, palpitations, local-
ized cyanosis, especially of the hands and lips, a burning
sensation in the palms and feet, muscle and joint pain,
loss of appetite, dizziness, attention deficit, and mental
fatigue (18). Similar to the other symptoms mentioned,
orthopedic symptoms are common complaints. Muscle
and joint pain and burning in the hands and feet are
common symptoms in orthopedic clinics and can be as-
sociated with different pathologies. Extremity problems
and joint symptoms related to polycythemia and burning
feet with erythromelalgia have been reported previously
in different diseases (19, 20). In polycythemia, joint prob-
lems are generally caused by hyperuricemia and the de-
velopment of synovitis in the joints with crystal deposition
over time, while drug-induced peripheral neuropathy or
hypoxia due to hyperviscosity is the reason for hand-foot
burning (19-21). Orthopedic symptoms can be seen in
CMS based on similar pathophysiology. However, when
the disease is not known exactly, they can be unnoted. Its
clinical findings and associated symptoms can be used to
distinguish CMS from other etiologies. Most prominent-
ly, some or all of these symptoms should be present in
patients at high altitudes. The clinical picture becomes
less severe at lower altitudes and sometimes disappears,
only to reappear at higher altitudes (6). In humans with
better adaptation to chronic hypoxia, lower hemoglobin
(Hb) values lead to a lower incidence of erythrocytosis
and CMS. In contrast, EE and elevated Hb levels lead to
pronounced clinical symptoms (17).

The definition and diagnostic criteria of CMS are de-
batable. One essential point that is not agreed upon in
CMS is the Hb threshold value. The increase in Hb level
is an adaptive mechanism following prolonged exposure
to chronic hypoxia and is dependent on the severity of
hypoxia and the altitude. For this reason, different Hb
thresholds have been used according to the different al-

titude levels in studies related to CMS. The cut-off value
of Hb was determined to be 21 g/dL for men and 19 g/dL
for women by the World Congress on Mountain Medicine
and High-Altitude Physiology (3). In past publications, the
cut-off value of Hb was reported to be 2, 3, or 4 standard
deviations above the mean level in the affected area (22).
Jiang and colleagues reported that an Hb cut-off value
of 20 g/dL, rather than 21 g/dL, was more appropriate
for all altitudes. Because of these controversial points,
some researchers suggest that the use of laboratory pa-
rameters, such as sO,, carbon dioxide retention, and the
Hb level, may be more appropriate for CMS scoring (23).
We found the mean Hb value of 17.4 g/dL in the group
with CMS and a significant correlation between mean Hct
levels and CMS scores. In general, the low Hb and Hct
compared with similar studies may be due to ethnic dif-
ferences or lower altitudes.

The prevalence of CMS varies mainly according to the
altitude with other affecting parameters like age, sex,
altitude, the duration spent at high altitudes, smoking
and alcohol use, chronic diseases, population, and ethnic
characteristics (22). The most populated area at high-al-
titude is the Tibetan plateau. In a study, the prevalence
of CMS in the Tibetan plateau was 17.8%, which is higher
than that of previous studies (18). Spielvogel et al. found
a prevalence of 5.2% in the La Paz area (3600 m) (24). De
Ferrari and colleagues reported a prevalence of 6% in the
Puno area (3800 m) (25). Monge and colleagues observed
a prevalence of 15.4% in men aged 30-39 years in Cerro
de Pasco (4380 m) (26). Although the prevalence of CMS
varies in the range of 5% to 10% above 2500 m (5), the ac-
tual prevalence below 3000 m is unknown. In a study with
a limited number of participants, the prevalence below
3000 m was 0%. However, there was a serious method-
ological limitation because Hb and blood values were not
examined in the study (27). In addition, there is a physio-
logical change at altitudes above 2500 m. At an altitude
of 2500 to 3000 meters, the prevalence of acute mountain
disease is from 8% to 25% (28-30). In our study, patients
who applied to the hospital at an altitude of 2500 meters
were included. The high rate of mild CMS (32%) found in
our study was beyond the prevalence of the disease at
that altitude. It showed the disease incidence in patients
presenting with similar orthopedic complaints. The true
prevalence can be determined by screening the asymp-
tomatic population and symptomatic patients.

Chronic hypoxia and the resulting polycythemia play es-
sential roles in the pathophysiology of CMS (31). Thus,
CMS can be divided into two groups: primary CMS and
secondary CMS. Primary CMS is caused by aggravated
hypoxemia and increased erythrocyte concentration
without an underlying cause. Secondary CMS occurs due
to hypoxia caused by lung or heart disease (10). There-
fore, in our study, to rule out secondary CMS, patients
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with known heart or lung problems or associated illness-
es were not included. Living at high altitudes for a long
time and older age are also other important risk factors
for the disease. Residing at high altitudes for longer than
60 months increases the CMS risk (5). In our study, CMS
and healthy groups had a mean duration of 45 months
and 37 months at high altitudes, respectively. The dura-
tion of the two groups reduced the risk-creating effect of
time. Also, with the exclusion of patients over 65 years of
age, attempts were made to minimize the effects of age.

CMS is a pathology seen at high altitudes and contains
nonspecific symptoms. So, patients may refer to different
outpatient clinics, and the diagnosis may be overlooked.
Our study aims to draw attention to this rare pathology.
Following the diagnosis, we referred our patients diag-
nosed with CMS to the department of internal medicine
for their treatment.

Although we attempted to exclude secondary CMS in
this study, it is difficult to achieve this completely. On the
other hand, since the symptoms are similar whether CMS
is primary or secondary, the complaints of individuals with
chronic lung problems and heavy smokers living at high
altitudes, which always seem orthopedic, may be related
to CMS.

There are some limitations of our study. Since the serious-
ness of orthopedic complaints is not questioned within
the Qinghai scoring system, the severity and duration of
orthopedic symptoms were unknown. However, patients
who were not associated with any disease findings based
on their physical examination, laboratory and radiological
tests were included in the study, and attempts were made
to show the relationship of the disease to the patients. In
diagnosing the disease, the subjective evaluation findings
included in the scoring system create another limitation,
despite the accompanying measurable evaluations. Since
there was no aim to find the incidence of the disease, a
scoring system was used by adding measurable values,
such as oxygen saturation and blood pressure, to guide
the etiology. However, further studies with larger patient
cohorts and more detailed analyses are needed to inves-
tigate patient groups with similar complaints.

CONCLUSION

Many parameters play active roles in the development
of CMS. When the symptoms are assessed individually,
they may intersect with those of other diseases. Thus, the
diagnosis of CMS may be missed. This study showed that
CMS could occur at lower altitudes than those described
in literature. Therefore, in the orthopedic clinic, this dis-
ease should be kept in mind, and patients should be
questioned regarding the possibility of CMS to resolve
the complaints of patients, which can be related to differ-
ent etiopathogenesis.
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