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Abstract
Chronic mountain sickness (CMS) or lack of adaptation to live in high altitudes is related to
environmental hypoxia and excessive erythrocytosis (EE) (Hemoglobin>21 and >19g/dl for men
and women, respectively). Diagnosis of CMS (“Qinghai CMS Score”) is based on seven signs/
symptoms (breathlessness and/or palpitations, sleep disturbance, cyanosis, dilatation of veins,
paresthesia, headache, tinnitus) and the score for EE. The present study was designed to determine
the association between hemoglobin, Qinghai CMS score, CMS clinical score (7 signs/symptoms)
and Health Status using a health survey composed of 20 items.

The rate of CMS (32.6%) was higher than the rate of EE (9.7%; P<0.002). A significant inverse
relationship was observed between CMS clinical score and health status score (r=−0.56 for men,
and r=−0.55 for women, P<0.01). However, CMS clinical score was not different in groups with
different Hb levels.

Health status score was significantly higher in subjects without CMS. In conclusion, elevated
hemoglobin levels were not associated with elevated CMS clinical score.
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1. Introduction
Chronic mountain sickness (CMS) is a condition characterized by a lack of adaptation to
live in high altitudes (Xing et al., 2008). This condition was first described by Carlos Monge
in the Peruvian Andes in 1925 (Monge, 1942) and it is related to lower oxygen availability
(hypoxia) in the environment resulting in lower arterial oxygen saturation or pulse oxygen
saturation (SpO2) (hypoxemia).

Hypoventilation is the major contributor to the hypoxemia resulting in excessive
erythrocytosis (Peñaloza and Arias Stella, 2007). Hypoventilation is accentuated by a severe
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hypoxemia mainly during sleep at high altitude (Spicuzza et al., 2004). However, recently, it
has been suggested the possibility that excessive erythrocytosis itself begets hypoventilation,
which results in greater hypoxemia, further erythropoietic response, and more hemoglobin
levels (Swenson, 2012).

Excessive erythrocytosis was defined as hemoglobin (Hb) value ≥21 g/dL in men or ≥19 g/
dL in women (Kong et al., 2011) based on the fact that distribution of Hb levels in men
shifts to the right in relation to Hb distribution in women. However, there are not clinical
parameters that justify these different cut-off Hb values to define EE in men and women at
high altitudes. This is an important issue since EE is the main parameter in the diagnosis of
chronic mountain sickness. Moreover, limits of normal hemoglobin as a function of altitude
and antiquity of life at high altitudes may vary considerably around the word (Beall et al.,
2002; Wu et al., 2005; Gonzales, 2007; Gonzales, 2013).

CMS is a clinical syndrome that occurs to native or long-life residents above 2500 m., and
characterized by excessive erythrocytosis, severe hypoxemia, and in some cases moderate or
severe pulmonary hypertension, which may evolve to cor pulmonale, leading to right
ventricular failure (Leon-Velarde et al., 2005). The clinical picture of CMS gradually
disappears after descending to low altitude and reappears when returning to high altitude.
The prevalence of CMS increases with altitude and age, and it is more frequent in men
(Peñaloza and Arias Stella, 2007).

The diagnosis of CMS, is based on a test defined by a consensus statement and named “The
Qinghai CMS score” (Leon-Velarde et al., 2005). The test includes assessments of 7 signs or
symptoms of CMS and the score assigned for EE (score=0 if Hb level is below the cut-off
point for EE and score=3 if Hb level is defined as EE). The signs/symptoms included in the
test are breathlessness and/or palpitations, sleep disturbance, cyanosis, dilatation of veins,
paresthesia, headache, tinnitus and excessive erythrocytosis. It is diagnosed as CMS when
score is over 5 (Leon-Velarde et al., 2005).

According to definition of EE, the values of Hb ≥19–21 g/dL are defined as EE in women
but not in men. It is unknown if men and women within this range of Hb values have
differences in the CMS clinical score based on 7 signs/symptoms of CMS.

It is also important to know if this test also reflects a health status at high altitudes. In the
literature, there are different generic health-related quality of life (HRQL) surveys for
assessment of health status. In Peru, we have used and validated in populations at sea level
and at high altitude a shortened version consisting in 20 questions (SF-20) (Gonzales, 2010)
of the Short Form 36 Health Survey (SF-36) (Vilagut et al., 2008; Banegas et al., 2007;
Vilagut et al., 2005) to score health status.

High hemoglobin levels are associated with high systolic and diastolic blood pressure at low
(Kawamoto et al., 2011) and at high altitudes (Gonzales and Tapia, 2013; Jefferson et al.,
2002). However, it is unknown if the Qinghai CMS score correlates with arterial blood
pressure.

For such reason, the present study has been designed to determine the rate of EE and the rate
of CMS in men and women at high altitude. In addition, the study aimed to determine the
association between hemoglobin and both CMS clinical score and Qinghai CMS score, and
the association between both CMS clinical score and Qinghai CMS score with the score for
health status (SF-20). The role of menopausal status on Hb, SpO2, CMS score and Health
status score were also assessed.
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2. Material and Methods
2.1. Study area

A cross-sectional study was performed during 2010 in two districts of the province of Junin
(Carhuamayo and Junin) located at 4100 m (13,450 ft) in the Peruvian central Andes. The
districts were divided into sectors using existing maps and random samples of houses were
selected from each sector. In each house, the subjects aged 35–75 years old were recruited.
A time of residence over 3000 m for more than 30 years was considered as criteria for
inclusion. Subjects were asked to voluntarily participate in the study after carefully
reviewing and signing an informed consent form. This study was approved by the
Institutional Review Board (IRB) of the Universidad Peruana Cayetano Heredia.

2.2. Data collection
The participation of the volunteers included, among other things the filling out of a
questionnaire and a venous blood sample was requested. The questionnaire explored
sociodemographic characteristics, health status, personal and family medical history and
seven signs and symptoms of chronic mountain sickness. During the home visit, the pulse
oxygen saturation (SpO2) and the arterial blood pressure of each recruited subject were
taken in sitting position. After the interview, subjects were asked to get their blood drawn
the next morning in the laboratory of the local medical center in fasting condition. A total of
506 subjects (157 men and 349 women) were recruited for the study.

In the medical center, the body weight, height and waist circumference were obtained. Body
mass index (BMI) was calculated as Kg/m2. A blood sample was drawn by venipuncture
between 08:00 and 11:00 h.

2.3. Hemoglobin measurement
Hemoglobin concentration was measured in situ using the HemoCue system (Anglholm,
Sweden). Hemoglobin values were consistent with hematocrit at maximum. Hematocrit
measurements were done using the microhematocrit method. In this study, the hemoglobin
values were used for analysis. Data were expressed as g/dL. In cases of discordant values,
the hematocrit value was used to calculate the hemoglobin concentration.

2.4. Pulse oxygen saturation (SpO2)
The arterial oxygen saturation was measured in the second left finger using a Nellcor N-20
pulse oximeter (Pleasanton, Ca, USA). This equipment simultaneously gives the heart rate
value.

2.5. Chronic mountain sickness score (CMS score)
All participants completed a test for assessment of signs and symptoms of chronic mountain
sickness. The test included 7 signs/symptoms: 1) breathlessness and/or palpitations; 2) sleep
disturbance; 3) presence of cyanosis, 4) dilatation of veins, 5) paresthesias, 6) headaches,
and 7) tinnitus. A value of 0 was assigned to negative answers and values from 1, 2 and 3 to
positive answers (mild, moderate and severe, respectively) (Table 1).

The score of clinical signs and symptoms was defined according to the sum of points
obtained for each of the 7 signs/symptoms of CMS and named CMS clinical score. For
diagnosis of chronic mountain sickness, a value of 3 was added if hemoglobin value was
≥21 g/dL in men or ≥19 g/dL in women (León Velarde et al., 2005) and the total score is
considered the “Qinghai CMS Score”.
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For the present study the diagnosis of CMS was defined when Qinghai CMS Score was >5
(León Velarde et al., 2005). In summary, when the CMS test included Hb measurement, the
final score was defined as Qinghai chronic mountain sickness score. When we used the 7-
item score, without Hb, the value was defined as Chronic mountain sickness clinical score (7
items without Hb).

2.6. Health status score
A generic health-related quality of life (HRQL) questionnaire was used for assessment of
their health status. An adaptation of this questionnaire has been previously validated in
populations at low and high altitudes (Gonzales, 2010).

The health questionnaire based on 20 questions or items about health (SF-20) included 7
dimensions or domains: Physical functioning scale, Role Physical scale, Bodily pain scale,
general health, Vitality scale, Role emotional scale and mental health scale (Vilagut et al.,
2005). Five items were related to general health, 5 items to physical activities in relation to
current health status, two items related to limitation on work or other regular daily activities
as a result of physical health, two items on bodily pain, one item about vitality and 5 items
on mental health (Table 2).

All items are scored on a scale of 0 to 100, with higher scores indicating better health-related
quality of life. The number of possible responses per item ranges from two to four.

The items in the SF-20 score are not common with items from the CMS score test (Tables 1
and 2). The SF-20 scale scores address the perceived general health status in the daily life,
whereas CMS score is centered on specific signs and symptoms of the disease.

2.7. Blood pressure
Sitting BP was measured in the left arm using an aneroid sphygmomanometer. Systolic
(SBP) and diastolic (DBP) blood pressure were obtained from each subject and results were
expressed in mm Hg.

2.8. Statistical Analyses
Analyses were performed using STATA 10.0 (Stata Corp, College Station, TX). Data are
expressed as mean ± standard deviation (SD). The homogeneity of variances was
determined by applying the Bartlett test. If homogeneous, the analysis of variance
(ANOVA) test or the Students’ “t” test was used to determine differences among groups. If
there were differences, the mean comparisons between each one of the groups were
determined using the Scheffé test.

The variables with no homogenous distribution were analyzed using the Kruskal-Wallis
non-parametric test or they were transformed. The comparisons between pairs of medians
were determined using the Mann-Whitney U test. Chi-square test or Fisher’s exact test were
carried out to determine differences among frequencies or proportions. Bivariate regression
analyses were also performed to assess the association between hemoglobin and each sign or
symptom used in the Chronic Mountain Sickness Score. In the case of women, data were
also assessed according presence or absence of menopause. Correlations between each sign/
symptom of CMS score test and health status score or the domains Physical activity or Role
Physical of the SF-20 were also calculated. Multivariate regression analyses were assessed
to determine the association of different independent variables (i.e. age, body mass index,
pulse oxygen saturation, hemoglobin, smoking, drinking alcohol, and health status score)
with chronic mountain sickness clinical score in men and women. In women, menopause
and use of biofuel for cooking were controlled in the analysis. Health status score was
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calculated as the sum of the SF-20 but also according to each dimension or domain (Physical
functioning scale, Role Physical scale, Bodily pain scale, general health, Vitality scale, Role
emotional scale and mental health scale). For each health dimension was calculated the
mean value.

For comparisons, a P value <0.05 was considered as significant.

3. Results
In Table 3 is observed that men at high altitude have higher age, Hb, SBP, DBP and health
status score than women. Women have higher BMI than men, whereas SpO2, CMS clinical
score (7 items) and “Qinghai CMS Score” (7 items+Hb) were similar between men and
women (P>0.05).

Bivariate analysis showed significant correlations between pulse oxygen saturation and
hemoglobin levels in both sexes (P<0.05). In men, Hb values were related only with sleep
disturbances, cyanosis and dilatation of veins. In women, Hb values were associated with
cyanosis. All other associations between Hb and signs/symptoms of CMS were not
significant (P>0.05). Hb levels were directly related with CMS clinical score (7 items) in
men (r=0.17; P<0.05) but not in women (r=0.1, P>.05). Pulse oxygen saturation values were
inversely related with CMS clinical score (7 items) in men (r= −0.17; P<0.05) but not in
women (r= −0.1, P>.05). Hb was related to arterial blood pressure in women (P<0.05) but
not in men. Finally, hemoglobin levels were not related with health status score in both
sexes (Table 4).

In the population studied, 17.2% of men and 6.3% of women showed excessive
erythrocytosis with differences between gender (P=0.0003). However, there is not a gender
difference in the “Qinghai CMS Score”. In fact, in the same population, a “Qinghai CMS
Score”>5 was observed in 28.6% of men and in 29.5% of women (P>0.05). The rate of
CMS (32.6%) was higher than the rate of EE (9.7%) (chi square=9.97; P<0.002). The rate of
CMS moderate/severe (CMS Qinghai score ≥11)(Leon-Velarde et al., 2005) was observed in
7.9% of the subjects without differences between men (9.5%) and women (5.3%)(Chi square
test: 0.25, P=0.61).

Regressions between chronic mountain sickness clinical scores (7 items) (Figure 1) or
Qinghai CMS score (Figure 2) and health status scores in men and women were observed. A
significant inverse relationship between both scores was observed (r=−0.55 for CMS clinical
score, P<0.001 and r=−0.52 for Qinghai CMS score, P<0.001). In Figures 3–5 are observed
regression only in the group with Qinghai CMS score >5 (r=0.35, P<0.001), >5–<11
(r=0.24, P<0.01) and >10 (r=0.24, P>0.1), respectively. In Table 5, subjects were grouped
according category of Qinghai CMS score: 0–5, >5–10 and >10–22 and data related to
Health Status Score and the 7 domains of the SF-20 survey were compared in these groups.
Total Health Status Score or each domain (Physical function, Role Physical, Role
Emotional, Bodily Pain, Vitality, Mental health and General Health were significantly
reduced as Qinghai CMS score increased. Only vitality score in the group with CMS score
>10–22 was not different with values in the group with CMS score >5–10 (P>0.05).

Correlation between Health Status Score and items of signs/symptoms of CMS score
showed better correlation with headache (r=−0.43; P<0.0001). Correlations with others signs
and symptoms of CMS were also significant but in a less magnitude. No correlation was
observed between Health status Score and Score of Hb (Data do not shown). At all the best
correlation was observed with CMS clinical score (R=−0.56; P<0.0001) and less with the
Qinghai CMS score (R=−0.53; P<0.0001). When the domain Physical activity was
correlated with items of CMS, it was observed the better correlation with headache (r=
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−0.24; P<0.0001). However, when Role Physical was used to correlate with items of CMS,
it was observed that breathlessness/palpitation correlated better with Role Physical (R=
−0.36; P<0.0001). Once again, the overall CMS clinical score correlated better with Role
Physical domain of the SF.20 survey (r=−0.40; P<0.0001) (Data do not shown).

According to the definition of EE, the Hb range of ≥19–21 g/dl is considered as EE in
women but not in men. In Table 6, subjects were grouped according to this Hb range.
According to the results, to obtain this Hb range (≥19–21 g/dl) women required lower pulse
oxygen saturation than men (86.2% and 88.2%, respectively; p<0.05). However, the CMS
clinical score (7 items) was not different between sexes. Similarly, SBP and DBP were not
significantly different between sexes (P>0.05). Women with Hb >21 g/dl were excluded
from analysis since only two belonged to this Hb category.

Taken into account the study of Reeves and Leon-Velarde (2004) that suggests that optimal
Hb should be 17.5 g/dl at high altitudes, two groups were formed, one with Hb >17.5 g/dl
and the other one with Hb ≤17.5 g/dl. Data related to SpO2, CMS score, and arterial blood
pressure compared among subjects with Hb >15–17.5 and those with Hb ≤15 g/dl were not
different (P>0.05) (Data not shown). For such reason, data in these groups were also joined
in one group (Hb≤17.5 g/dl). Results can be observed in Table 7. Subjects at high altitudes
with Hb ≤17.5 g/dl showed higher SpO2 and lower systolic and diastolic blood pressure than
subjects with Hb >17.5 g/dl (P<0.01). However, CMS score based on 7 items of signs and
symptoms was not different in groups with different Hb levels (P>0.05).

When subjects were grouped according to presence (Score>5) or absence of CMS (Score ≤
5) based in the “Qinghai CMS Score”, it was observed that BMI, SpO2, hemoglobin levels,
SBP and DBP were similar in men or women with CMS score ≤ 5 (Absent CMS) or with
CMS score >5 (P>0.05). However, health status score was significantly higher in men or
women without CMS (CMS score ≤ 5) (Data not shown).

Pulse oxygen saturation (SpO2), and health status score were significantly higher whereas
Hb concentration, the CMS clinical score and the Qinghai CMS score were significantly
lower in premenopausal women than in those with menopause (Table 8). No differences
were observed between CMS clinical score and Qinghai CMS score in any of the studied
groups (menopausal and pre-menopausal women) (P>0.05).

In the multivariate analysis, health status score was the only variable associated with CMS
clinical score in men and women (P<0.000). No associations were observed with age,
hemoglobin levels, BMI, smoking, drinking alcohol in both sexes, and with menopause and
use of biofuel for cooking in women (Tables 9 and 10).

4. Discussion
EE based on the Gaussian distribution of Hb in healthy highlanders who reside in Cerro de
Pasco at 4340 m in Peru was defined as men with Hb value over 21.3 g/dL (Monge et al.,
1992). However, Reeves and Leon-Velarde showed that optimal Hb and SpO2 levels at High
altitude, which allows greater oxygen extraction (a cardiac output sparing effect), were 87%
and 17.5 g/dl respectively (Reeves and Leon-Velarde, 2004). Since, cut-off Hb value to
define EE are different between men and women and both are based on mathematical
criteria, it is necessary to know if these cut-offs to define EE are also related with clinical
signs and symptoms.
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4.1. CMS clinical score and hemoglobin
The present study, which uses assessments of SpO2, Hb levels, CMS score, and health status
score, shows that the CMS clinical score (7 items) was not related with Hb levels. This
means that men and women with EE are not necessarily associated with signs and symptoms
of CMS. Moreover, EE rates (17.2% in men and 6.3% in women) were lower than the CMS
rates according to “The Qinghai CMS score” (28.6% in men and 29.5% in women). This
means that there are men and women with signs and symptoms of CMS but without EE.
This is an interesting finding since CMS was related to EE and it was presumed this elevated
Hb levels as responsible of the signs and symptoms of CMS.

The EE rate found in men in the present study (17.2%) at 4100 m was similar to that
observed in Cerro de Pasco at 4340 m (15.6%) (Monge et al., 1992). This suggests that the
Hb pattern of the population in Junin (4100 m) was not different from that pattern in Cerro
de Pasco (4340 m).

Hb was associated with SpO2 similar to the findings in almost all studies performed at high
altitude (see Peñaloza and Arias-Stella, 2007) suggesting that in Junin at 4100 m the
response to low environmental blood pressure measured in terms of SpO2 and hemoglobin
values were similar to other studies in Cerro de Pasco at 4340 m. However, SpO2 and Hb
levels were not different in men or women with or without CMS diagnosed through “The
Qinghai CMS score”. This raises the question if the items used for the assessment of signs
and symptoms of CMS are unspecific.

4.2. The Qinghai CMS score and Health status score
“The Qinghai CMS score” (Leon-Velarde et al., 2005) actually reflects a health status since
it was correlated with values of health status score using a validated generic health-related
quality of life (HRQL) questionnaire (Gonzales, 2010). In fact, men or women with low
score of CMS clinical score (7 items) have a higher health status score. However, no
differences in the health status score were observed in men or women with different Hb
levels. This finding is interesting since data from CMS score test address specific clinical
signs or symptoms of the chronic mountain sickness, whereas the SF-20 assess perceived
general health status in the daily life.

These data suggest that CMS defined by high Hb levels or excessive erythrocytosis does not
reflect a lower health status at all. This is in accordance with a previous finding, which
establishes that the aerobic exercise capacity of patients with EE is preserved in spite of
severe pulmonary hypertension and relative hypoventilation (Groepenhoff et al., 2012).
Previously, it was demonstrated in Cerro de Pasco, Peru (4340 m) that paresthesia and sleep
disorders, two of the symptoms included in the “Qinghai CMS score”, were not related with
hemoglobin levels (Gonzales et al., 2011).

In another study carried out at the same altitude (4340 m), rates of four of the seven signs/
symptoms included in the CMS score (sleep disorders, venous dilatation, paresthesia and
tinnitus) were not different among men with or without EE (Gonzales et al., 2011a). Only
breathing/palpitations, cyanosis and headache were significantly higher in men with EE
(Gonzales et al., 2011a). The present study showed that sleep disturbances, cyanosis and
dilatation of vein in men were associated with hemoglobin values, whereas in women only
cyanosis was related with Hb values.

It is interesting to note that similar Hb values in men and women at high altitudes are
attained with lower SpO2 in women. This is because women have Hb levels ranged between
19 and 21 g/dl due to the lower SpO2 values and men have the same Hb range due to the
erythropoietic activity of higher androgens levels than women (Shahani et al., 2009).

Gonzales et al. Page 7

Respir Physiol Neurobiol. Author manuscript; available in PMC 2014 August 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Whereas a significant correlation was observed between Qinghai CMS score and Health
Status Score in the SF-20 survey, the correlation was reduced when correlations are
calculated in three different groups of Qinghai CMS score (scores=0–5, >5–10, and >10–
22). The correlation of Pearson was not significant with the score >10–22. This is probably
due to the fact that sample size was lower in this group and that range of CMS values was
small. In fact, 76% of cases had Qinghai CMS score values between 11 and 12.

The finding that slope of the line in the regression analysis of the group with Qinghai CMS
>10 is lower than in the other groups indicates that predicted Health Status Scores are lower
in this group than in the groups with lower CMS score. Moreover, when mean values of
Health Status Score using the SF-20 survey were calculated, the group with moderate/severe
CMS showed the lowest value for Health Status Score. The same was observed when the 7
scales of the SF-20 were assessed in relation to Qinghai CMS score.

The observation that scores on the general score of the SF-20 or scores of the 7 domains of
the SF-20 showed a clear gradient according to the level of clinical severity of CMS is in
accordance with the finding of similar relationship between the SF-36 survey and the level
of clinical severity in patients with chronic obstructive pulmonary disease (Alonso et al.,
1998).

4.3. CMS score and cut-off point for hemoglobin to define excessive erythrocytosis
Another question raised in relation to sex is the criteria used for CMS score. In fact,
different cutoff Hb values were used to define EE in men and women (i.e. 21 and 19 g/dl,
respectively). The cut-off points are based on the Gaussian distribution of Hb in men and
women. This criterion suggests that women but not men with Hb >19–<21 g/dl have more
clinical signs/symptoms of CMS. However, our results showed that the CMS clinical score
based on the 7 signs/symptoms studied and arterial blood pressure was not different between
men and women with these Hb values. We previously found, at high altitudes, that elevated
Hb levels were associated with elevated values of arterial blood pressure (Gonzales and
Tapia, 2013).

If we used a cutoff Hb value of 17.5 g/dL suggested as optimal at high altitude (Reeves and
Leon-Velarde, 2004), it was observed that subjects with Hb>17.5 g/dl had lower SpO2, and
higher values of systolic and diastolic blood pressure than those with Hb ≤17.5 g/dl.
However, the CMS score based on 7 signs and symptoms was not different among groups.
Higher blood pressure has been observed in men with EE in Cerro de Pasco (4340 m) and
this was associated with increased uric acid levels, which appears to be caused by increased
urate generation secondary to systemic hypoxia (Jefferson et al., 2002). The association
between high hemoglobin levels and higher arterial blood pressure has also been observed in
populations living at low altitudes (Kawamoto et al., 2011).

These data also suggest that Hb cut-off to define excessive erythrocytosis should be assessed
using clinical marker and that signs and symptoms of CMS should be re-assessed.

According to the items included in the Qinghai CMS score, all of these are associated with
CMS. For instance, sleep related hypoxemia is associated with EE and with CMS (Spicuzza
et al., 2004). For such reason sleep disturbances is considered as an item of assessment in
the Qinghai CMS score. Headache and acral paresthesias are also associated with CMS
(Appenzeller et al., 2004; 2005). These symptoms seem to be associated with low ATPase
activity (Appenzeller et al., 2002) and low ATP1A1 subunit of the ATPase gene mRNA
expression (Appenzeller et al., 2005). Low ATPase activity has been related with oxidative
stress (Gokulakrishnan and Alim 2010). Oxidative stress is increased in subjects with
chronic residence at high altitude (Jefferson et al., 2004).

Gonzales et al. Page 8

Respir Physiol Neurobiol. Author manuscript; available in PMC 2014 August 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



It is suggested that susceptibility to headache at high altitude might depend in part of gene
expression (Appenzeller et al., 2004). For such reason, as observed in the present study, no
relationship between hemoglobin levels and headache at high altitudes was observed.

It is clear that CMS is associated with different health problems. In fact, men with CMS in
Cerro de Pasco (4340 m) showed elevated mean pulmonary pressure and right ventricular
dilation but did not display impaired systolic ventricular function (Maignan et al., 2009).

4.4. Menopause and CMS
As previously demonstrated, menopause is a risk factor for CMS and EE (Gonzales and
Villena, 2000; Gonzales, 2004). The present study confirms that post menopausal women
reduces SpO2 and increase Hb levels and this was associated with high CMS clinical score
and Qinghai CMS score but lower health status score. In addition, SpO2 in premenopausal
women (89.51%) was higher than in men (87.97%, P<0.01).

This is in accordance with the finding that at high altitude, nocturnal periodic breathing
affects males more than females (Lombardi et al, 2013). We have previously demonstrated
that low pulse oxygen saturation in post-menopausal women at high altitude is related to
high serum testosterone/estradiol ratio (Gonzales and Villena, 2000).

4.5. Limitation of the study
A limitation of the study is the paucity of subjects with more clinically relevant and severe
CMS.

4.6. Perspectives and conclusions
In conclusion, the present study showed that elevated Hb levels were not associated with
elevated scores of signs and symptoms of CMS whereas CMS score was associated with
Health Status Score. The fact that Qinghai CMS score was not different with CMS clinical
score in men and women suggests that subjects with high CMS score has not necessarily
associated elevated hemoglobin levels. Data suggest the need to reassessment of the items to
be included in the diagnosis of CMS.
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Highlights

• Chronic mountain sickness score was related with health status score but not
with hemoglobin levels at high altitudes.

• A significant inverse relationship was observed between chronic mountain
sickness clinical score and health status score.

• The rate of chronic mountain sickness was higher than the rate of excessive
erythrocytosis.
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Figure 1.
Association between CMS Clinical Score (7 signs and symptoms) and Health Status Score
in men and women from Junin, Peru (4100 m) (n=502; r=−0.55; P<0.001).

Gonzales et al. Page 13

Respir Physiol Neurobiol. Author manuscript; available in PMC 2014 August 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Association between Qinghai CMS Score and Health Status Score in men and women from
Junin, Peru (4100 m) (n=502; r=−0.52; P<0.001).
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Figure 3.
Association between Qinghai CMS Score and Health Status Score in men and women from
Junin, Peru (4100 m) with Qinghai CMS Score >5 (n=164; r=−0.35; P<0.001).
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Figure 4.
Association between Qinghai CMS Score and Health Status Score in men and women from
Junin, Peru (4100 m) with Qinghai CMS Score >5–10 (n=123; r=−0.24; P<0.01).
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Figure 5.
Association between Qinghai CMS Score and Health Status Score in men and women from
Junin, Peru (4100 m) with Qinghai CMS Score >10–22 (n=41; r=−0.24; P<0.1).
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Table 1

List of the 20 items of the SF-20 Health Survey

Item Survey Answers

1 In general, would you say your health is: Poor, fair, good, excellent

2 Compared to one year ago, how would you rate your health in general now: Worse, about the same, better

3 In a typical day. Does your health now limit you in vigorous activities? If so,
how much?

Limited a lot, limited a little, not limited at all

4 In a typical day. Does your health now limit you in moderate activities? If so,
how much?

Limited a lot, limited a little, not limited at all

5 In a typical day. Does your health now limit you in lifting or carrying groceries?
If so, how much?

Limited a lot, limited a little, not limited at all

6 In a typical day. Does your health now limit you in climbing stairs? If so, how
much?

Limited a lot, limited a little, not limited at all

7 In a typical day. Does your health now limit you in bending, kneeling, stooping,
bathing or dressing? If so, how much?

Limited a lot, limited a little, not limited at all

8 During the past 4 weeks, have you had to reduce the time you spent on work or
other activities as a result of your physical health?

Yes, Not

9 During the past 4 weeks, have you had to reduce the time you spent on work or
other activities as a result of any emotional problem (such as feeling depressed
and anxious)?

Yes, Not

10 Have you had bodily pain during the past 4 weeks? Yes, Not

11 During the past 4 weeks, how much did pain interfere with your normal work
(including both work outside the home and homework?

Extremely, moderately. Not at all.

12 During the past 4 weeks, did you have a lot of energy? None of the time, some of the time, most of the
time, all of the time.

13 During the past 4 weeks, did you have very nervous? All of the time. Most of the time, some of the
time, none of the time.

14 During the past 4 weeks, have you felt downhearted and blue? All of the time. Most of the time, some of the
time, none of the time.

15 During the past 4 weeks, have you felt calm and peaceful? None of the time, some of the time, most of the
time, all of the time.

16 During the past 4 weeks, did you feel worn out and tired? All of the time. Most of the time, some of the
time, none of the time.

17 During the past 4 weeks, have you been a happy person? None of the time, some of the time, most of the
time, all of the time.

18 I seem to get sick a little easier than other people Yes, No

19 I am as healthy as anybody I know No, yes

20 I expect my health to get worse Yes, No

Respir Physiol Neurobiol. Author manuscript; available in PMC 2014 August 15.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Gonzales et al. Page 19

Table 2

List of signs and symptoms of chronic mountain sickness

Item Signs or symptoms Score

1 Breathlessness and/or palpitations 0=no
1= mild
2=moderate
3=severe

2 Sleep disturbance 0= Slept as well as usual
1= Did not sleep as well as usual
2= Woke many times, poor night’s sleep
3= Could not sleep at all

3 Cyanosis 0=no
1= mild
2=moderate
3=severe

4 Dilatation of veins 0=no
1= mild
2=moderate
3=severe

5 Paresthesia 0=no
1= mild
2=moderate
3=severe

6 Headache 0=no
1= mild
2=moderate
3=severe

7 Tinnitus 0=no
1= mild
2=moderate
3=severe

8 Hemoglobin (Hb) No EE=0
EE=3

EE=excessive erythrocytosis in men Hb≥21 g/dl and in females Hb≥19 g/dl
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Table 3

Physiological parameters in men and women from Junin (4100 m)

Variable Males (n=157) Females (n=349) P

Age (years) 55.18±11.78 50.29±11.02 <0.01

SpO2 (%) 87.97±3.76 88.04±3.74 >0.05

Hemoglobin (g/dl) 19.37±2.00 16.37±1.68 <0.001

BMI (Kg/m2) 25.93±3.00 27.32±4.48 <0.01

Heart rate/min 68.23±10.27 69.94±8.97 >0.05

SBP (mm Hg) 117.4±12.02 114.20±12.14 <0.05

DBP (mm Hg) 74.7±11.03 72.38±10.83 <0.05

Health Status score 1358.5±347.1 1224.9±396.76 <0.05

CMS score (7 items) 4.23±3.51 4.21±3.17 >0.05

CMS score (7 items+Hb) 4.77±3.88* 4.40±3.36* >0.05

Data are mean±standard deviation.

*
P>0.05 with respect to CMS score (7 items).

SpO2: Pulse oxygen saturation; BMI: Body mass index; SBP: Systolic blood pressure; DBP: diastolic blood pressure. CM: Chronic mountain
sickness.
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Table 4

Bivariate regression analysis between hemoglobin, pulse oxygen saturation, CMS score, blood pressure and
health status score in men and women from Junin, Peru (4100 m).

X,Y Males (n=157) Coefficient of Correlation (r) Females (n=349) Coefficient of Correlation (r)

SpO2, Hb r=−0.32** r=−0.20**

Hb, Breathlessness r=0.09 r=0.05

Hb, Sleep disturbance r=0.16** r=0.10

Hb, cyanosis r=0.16** r=0.13**

Hb, dilatation of veins r=0.21* r=0.03

Hb, paresthesias r=−0.04 r=−0.03

Hb, headaches r=0.11 r=0.09

Hb, tinnitus r=0.10 r=0.08

Hb, CMS (7 items) r=0.18** r=0.11

SpO2, CMS (7 items) r=−0.17** r=−0.1

Hb, SBP r=0.1 r=0.17**

Hb, DBP r=0.05 r=0.12**

Hb, Health Status r=−0.1 r=−0.05

*
P<0.01;

**
P<0.05
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Table 5

Health Status Score of SF-20 survey and score of the seven domains of the SF-20 survey according to
different Qinghai CMS Score in subjects from Junin at 4100 m.

Qinghai CMS score 0–5 (338) >5–10 (123) >10–22 (41)

Health Status Score 1376±18 1102±34* 846±57*,a

Physical Function 78.6±1.4 63.4±2.9* 51.5±5.1*,c

Role Physical 75.3±1.9 54.7±3.8* 37.6±6.5*,c

Role Emotional 75.9±1.9 57.9±3.8* 39.3±6.7*,c

Bodily Pain 70.1±1.7 46.7±2.6* 29.9±4.1*,a

Vitality 62.7±1.1 50.1±1.7* 43.6±3.2*

Mental Health 66.8±0.9 56.8±1.6* 49.3±2.1*,b

General Health 63.5±1.3 55.1±2.3** 37.6±4.1*,a

Data are mean ± standard error of the mean (SEM). Between parentheses are number of subjects.

*
P<0.0001;

**
P=0.0016 with respect to the group with Qinghai CMS score =0–5.

a
P<0.001;

b
P<0.005;

c
P<0.05 with respect to the group with Qinghai CMS score >5–10.
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Table 8

Pulse oxygen saturation, hemoglobin, health status score, CMS clinical score and Qinghai CMS score in pre-
menopausal and post-menopausal women from Junin (4100 m).

Variable Pre-menopausal (n=151) Post-menopausal (n=198) P

Pulse oxygen saturation (%) 89.51±3.24 86.93±3.74 <0.01

Hemoglobin (g/dl) 15.74±1.76 16.86±1.74 <0.01

Health status score 1310±365 1160±405 <0.01

CMS clinical score 3.63±3.03* 4.66±3.30* <0.01

Ginghai CMS score 3.69±3.12 4.95±3.44 <0.01

Data are mean ±standard deviation (SD). P= Statistical significance. CMS= Chronic mountain sickness.

*
P<0.05 between CMS clinical score and Qinghai CMS score.
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Table 9

Multiple regression analyses to determine the association of CMS clinical scores (7 item) with age,
hemoglobin levels, body mass index, smoking, drinking alcohol, menopause, used of biofuel for cooking and
score of health status in women living at 4100 m in Junin.

Model Coefficient β Standard Error P

 Constant 7.217 2.065 .001

 Age (years) .008 .021 .683

 Hemoglobin (g/dl) .076 .084 .366

 Body mass index (Kg/m2) .036 .032 .260

 Smoke .017 .921 .985

 Drinking alcohol −.232 .457 .613

 Menopause .119 .449 .791

 Use of biofuel for cooking −.083 .261 .750

 Health status score −.004 .000 .000

Menopause: 0=Not, 1=Yes; Fuel for cooking: 1=biofuel; 2=gas.
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Table 10

Multiple regression analysis to determine the association of CMS clinical scores (7 item) with age,
hemoglobin levels, body mass index, smoking, drinking alcohol, and score of health status in men living at
4100 m in Junin.

Model Coefficient β Standard Error P

 Constant 6.047 3.773 .111

 Age (years) .013 .021 .541

 Hemoglobin (g/dl) .228 .122 .063

 Body mass index (Kg/m2) −.013 .078 .870

 Smoke .583 .693 .402

 Drinking alcohol .372 .492 .451

 Health status score −.006 .001 .000
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