ACUTE PHASE PROTEIN INCREASE IN HIGH ALTITUDE
MOUNTAINEERS

AUMENTO DA PROTEINA DE FASE AGUDA EM MONTANHISTAS DE GRANDES ALTITUDES
AUMENTO DE LA PROTEINA DE FASE AGUDA EN MONTANEROS DE GRAN ALTITUD

Tolga Saka'
(Sports Medicine Physician)

Mehmet Karakus?
(Sports Medicine Physician)

1. Bezmialem Vakif University Me-
dical Faculty Department of Sports
Medicine, Istanbul, Turkey.

2. Erciyes University Medical Faculty
Department of Sports Medicine,
Kayseri, Turkey.

Correspondence:

Department of Sports Medicine,
Bezmialem Vakif University Medical
Faculty Hospital, Adnan Menderes
Bulvari, Vatan Caddesi, 34093 Fatih,
Istanbul, Turkey.
tolgasakamd@gmail.com

DOI: http://dx.doi.org/10.1590/1517-869220172306172268

INTRODUCTION

ORIGINAL ARTICLE
ARTIGO ORIGINAL
ARrTicuLo ORIGINAL

ABSTRACT

Introduction: Many middle-aged Turks go hiking in mountains to breathe some fresh air or to maintain
fitness. Objective: This study investigated the effects of regular high altitude mountain climbing on the meta-
bolic and hematological responses of mountaineers. Methods: Hematological and biochemical parameters
were studied, as well as some hormonal values of 21 mountaineers and 16 healthy age-matched sedentary
volunteers. Results: The neutrophil to lymphocyte ratio (NLR) was significantly lower (p<0.04) in mountaineers
compared with the sedentary group. Total protein (p<0.001) and albumin (p<0.001) were lower, while the
levels of ferritin (p<0.04), creatine (p<0.03) and creatine phosphokinase (p<0.01) were higher in mountaineers.
Other hematological and biochemical parameters, i.e, erythrocytes, leukocytes, hemoglobin and hematocrit,
did not change significantly. Conclusion: Our results show that regular exposure to high altitude increased
the serum levels of some acute phase proteins with anti-inflammatory properties.

Keywords: mountaineering; sedentary lifestyle; altitude; altitude sickness; neutrophils; lymphocytes.

RESUMO

Introdugdo: Muitos turcos de meia-idade fazem caminhadas em montanhas para respirar ar puro ou manter a
boa formafisica. Objetivo: Este estudo pesquisou os efeitos da escalada reqular em grandes altitudes sobre as respostas
metabdlicas e hematoldgicas dos montanhistas. Métodos: Foram estudados parametros hematoldgicos e bioquimicos,
assim como alguns valores hormonais de 21 montanhistas e 16 voluntdrios sedentdrios de mesma idade. Resultados:
A razdo entre neutrdfilos e linfécitos (RNL) foi significantemente menor (p<0,04) nos montanhistas, em compara¢do
com o grupo sedentdrio. A proteina total (p<0,001) e a albumina (p<0,001) foram mais baixas, enquanto os niveis
de ferritina (p<0,04), creatina (p<0,03) e creatina fosfoquinase (p<0,01) foram mais altos nos montanhistas. Outros
pardmetros hematoldgicos e bioquimicos, isto é, eritrdcitos, leucdcitos, hemoglobina e hematdcrito ndo tiveram mu-
dancas significantes. Conclusdo: Nossos resultados mostram que a exposicdo reqular a grandes altitudes aumentou
os niveis séricos de algumas proteinas de fase aguda com propriedades anti-inflamatdrias.

Descritores: montanhismo; estilo de vida sedentdrio; altitude; doenca da altitude; neutréfilos; linfécitos.

RESUMEN

Introduccidn: Muchos turcos de mediana edad hacen caminatas en montana para respirar aire puro o mantener
la buena formafisica. Objetivo: Este estudio ha investigado los efectos de la escalada reqular en gran altitud sobre las
respuestas metabdlicas y hematoldgicas de los montafieros. Métodos: Se estudiaron pardmetros hematoldgicos y
bioquimicos, asicomo algunos valores hormonales de 21 montanistas y 16 voluntarios sedentarios de la misma edad.
Resultados: El indice neutrdfilo/linfocito (INL) fue significativamente menor (p<0,04) en los montarieros, en comparacion
conelgrupo sedentario. La proteina total (p<0,001) y la albumina (p<0,001) fueron mds bajas, mientras que los niveles
de ferritina (p<0,04), creatina (p<0,03) y creatina fosfoquinasa (p<0,01) fueron mds altos en los montariistas. Otros
pardmetros hematoldgicos y bioquimicos, es decir, eritrocitos, leucocitos, hemoglobina y hematocrito no cambiaron
significativamente. Conclusion: Nuestros resultados muestran que la exposicion reqular a grandes altitudes aumentd
los niveles séricos de algunas proteinas de fase aguda con propiedades anti-inflamatorias.

Descriptores: montarismo; estilo de vida sedentario; altitud; mal de altura, neutrdfilos; linfocitos.
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obliged to carry dry clothes about 15 kg, and their climbing boots have

‘Erciyes Tigers'are a group of mountaineers who do this sport regu-
larly. They have been climbing Mount Erciyes (3500 m, in Kayseri, Turkey)
once a week at least for ten years. When they climb Erciyes in winter, they
take a snow bath. Walking in mountains covered with snow at a high
altitude in windy and freezing temperatures is stressful. Mountaineers are

Rev Bras Med Esporte —Vol. 23, N2 6 - Nov/Dez, 2017

to weigh at least five kg. Since boots are worn and not carried on the
back, their burden equipment is almost five times their mass. Exposure
to cold causes a reduction in the sense of thirst thus a reduced volun-
tary water intake. This decreased water intake is usually accompanied
by reduced food intake and a negative nitrogen balance’. This study
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investigated the effects of regular mountaineering on the metabolic and
hematological responses of mountaineers (Erciyes Tigers) and sedentary
(age 40-60 yr) men at resting condition in winter.

METHODS

Twenty one athletes that climbed regularly and 16 healthy age-
matched sedentary volunteers participated in the study at resting condition.

Approval from the Ethical Committee of Erciyes University and
informed consents were obtained before the study (2010/69). All the
subjects participated in the study voluntarily and provided written
informed consent. The mountaineers were allowed free intake of their
usual diets during the study period. A medical and training history was
obtained before the study.

The sedentary group comprised participants whose physical activity
had not exceeded two hour per week in the previous two years. None of
the participants had a history of metabolic bone disease and everyone
denied taking corticosteroids, which are known to affect bone and cal-
cium metabolism. Furthermore, none had a history of arthritis, fatigue
fractures or foot pathology in the previous two years. Other exclusion
criteria included smoking, excessive alcohol intake, a body mass index
43 kg/ m?, eating disorders, diabetes mellitus, liver disease and renal
disorders. Height (m) and weight (kg) were measured in exercise cloth-
ing with shoes removed and body mass index (BMI) was calculated.

Blood analysis

Routine hematological and biochemical tests were performed
(Fasting blood glucose, renal and hepatic function tests, full blood
count and urinary analysis). A venous blood sample was taken from
each individual between 07:00 and 08:00 am after fasting for at least
10 hours overnight to determine serum cholesterol and triglycerides
concentrations instantly. Each sample was obtained with the subject
in seated position in the laboratory. Blood analysis was processed using
Coulter Counter ZF6 to determine hemoglobin (Hb), hematocrit (Hct)
and red cell indices as mean cell volume (MCV), mean cell hemoglobin
(MCH), and mean cell hemoglobin concentration (MCHC) and red cell
distribution width (RDW). Plasma glucose, aspartate aminotransferase
(AST), alanine aminotransferase (ALT) and creatine levels were analyzed
using spectrophotometric method with the auto analyzer (Architect
1600, Abbott). Serum iron concentration was measured by ascorbic
acid reduction on a Boehringer Mannheim- Hitachi 917 analyzer. Total
iron binding capacity was calculated from serum transferrin. Ferritin
concentration was analyzed by immunoassay measurement.

Statistical analyses

All statistical analyses were performed using SPSS for Windows Ver-
sion 10.0 (SPSS Inc, Chicago, IL). Data were presented as means + SE.
Unpaired Student’s t-test was used to compare the two groups. A P value
less than 0.05 was considered statistically significant.

RESULTS

Averages of age and body mass index of the groups involved in
the study are shown in Table1. There were no statistically significant
differences between the groups in terms of both age and BMI levels.

When the study results were evaluated for both groups, significant
differences were found between sedentary subjects and mountaineers in
the NLR (p<0.04) (Table 2). There were no significant differences in other
full blood count parameters (RBC, hemoglobin, hematocrit, MCV, MCH,
MCHC, and RDW). There were also no significant differences between
the groups in the white blood cells, platelet, neutrophile, eosinophile,
lymphocyte, basophile, monocyte, and sedimentation values (Table 2).
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Table 1. Descriptive statistical values of groups (mean+ S.E.).

Sedentary Mountaineer p
Age (year) 4883 +20 5040 + 1.69 035 NS
BMI 2741 +137 29.26 +0.93 0.26 NS

Table 2. Comparison of hematologic values of sedentary and mountaineer groups
(mean+ SE.).

Sedentary | Mountaineer t 2
(n=16) (n=21)
RBC (105pl) 524 £ 013 | 514 £0.12 0.51 0.6
Hb (g/dl) 153 +£039 | 149 +164 093 03
Hematocrit, (%) 4582 £1.21 44.89 £0.74 0.68 04
MCV (fl) 8748 £1.51 | 8790+084 036 0.7
MCH (pg) 2941 £044 | 2920 £040 032 0.7
MCHC (g/dl) 3362+ 021 | 3360+036 0.02 09
RDW (%) 1313 £0.19 13.17 £0.14 -0.15 0.8
WBC count, x 10°/L 725 £088 | 665 £030 0.79 04
Platelet count, x 10°/L 281.1+£126 2518+ 11.7 0.12 0.1
White cell distrubition, %
Neutrophile 60.01 £ 2.85 56.5 +133 1.2 0.2
Eosinophile 186 +026 | 214 £022 -0.7 0.6
Lymphocyte 303 £258 3297£1.19 -1.0 0.6
Basophile 053 +009 | 075 £0.10 -13 03
Monocyte 551 +£027 560 +0.25 -0.21 0.5
Sed (mm/hr) 946 +158 | 986 =164 0.1 08
NLR 226 +£030 | 1.80 +0.10% 1.75 <0.04

RBC: Red blood cell, Hb:hemoglobin, MCV: mean cell volume, MCH: mean cell hemoglobin, MCHC:mean cell
hemoglobin concentration, RDW: red cell distribution width, WBC:White blood cells; Sed: Sedimentation; *p<0.05
compared with controls.

Creatine, creatine phosphokinase and ferritin levels were significantly
higher in the mountaineer group when compared with the sedentary group
(respectively, p<0.03,p<0.01, p<0.04). There were no significant differences
in the glucose triglyceride, cholesterol, HDL, BUN, LDL, uric acid, ammonia,
iron, iron-binding, Vitamin B12 levels between the groups (Table 3).

Table 4 shows the biomedical parameters of the groups. Total protein
and albumin were lower in the mountaineer group when compared
with the sedentary group (respectively p<0.000, p<0.001). There were
no significant differences in other parameters (Table 4).

Only the differences in the magnesium levels of the electrolyte
tests were significantly different between the groups. Magnesium levels
were higher in the sedentary group (p<0.03). There were no statistically
significant differences between some hormone levels (Table 5).
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Table 3. Comparison of biochemical parameters of sedentary and mountaineer
groups (mean+ S.E.).

Sedentary Mountaineer t o
(n=16) (n=21)

Glucose (mg/dL) 99.38 +4.84 9921 +447 0.13 0.9
Triglyceride (mg/dL) | 15242 + 2433 161.08 £ 16.39 0.12 0.7
Cholesterol (mg/dL) | 211.07 £11.29 201.60 £6.32 0.76 04

HDL (mg/dL) 5064 +295 4850 *361 0.32 0.6
LDL (mg/dL) 14511 £ 17.90 12151 £6.12 0.70 0.5
BUN (mg/dL) 14.00 £ 7.32 1508 +361 -1.15 0.3

Creatine (mg/dL) 088 +0.03 098 +0.04* 227 <0.03

Uric acid(mg/dL) 620 +031 584 +022 0.84 03
Ammonia (mcg/dL) 3067 +£3.01 2892 +£296 0.51 0.5

Iron (ug/dL) 10842 £ 12.60 9792 £16.18 0.59 0.5

IBC (pg/dL) 3615+ 2519 360.69 + 15.85 -0.10 0.9
Ferritin (ng/mL) 83.00+12.16 11090 £15.21* 182 | <004
CK (U/L) 11338 £ 945 16493 £ 15.79 2264 | <001
Fibrinogen(mg/dL) | 293.66 + 10.66 2998 +£10.62 -3.03 0.70

HDL: High density lipoproteine, LDL: Low density lipoproteine, BUN: Blood Urea Nitrogen
IBC: Iron binding capacity, CK: Creatine kinase *p<0.05 compared with controls.

Table 4. Comparison of biochemical parameters of sedentary and mountaineer
groups (mean+ S.E)

Sedentary Mountaineer t .
(n=16) (n=21)

Total bilirubin (mg/dL) 0.78 +0.20 0.80 +0.27 -0.17 0.8
D. bilirubin (mg/dL) 020+ 0.03 020+ 0.08 -0.06 09
Amylase (U/L) 69.00 + 829 8295 +5.10 -1.6 0.1
Lipase (U/L) 28.84 £1.93 3460 £ 2.19 -2.15 <0.08
AST (U/L) 26.76 £ 6.66 29.17 £ 241 -048 04
ALT (U/L) 3246 £ 281 3778 £4.64 -0.53 04
ALP (U/L) 8376 £ 641 7669 +3.85 1.05 02
Total protein (g/dL) 7.69 + 0.40 7.19 +0.31%* 4.09 <0.001
Albumin (g/dL) 470 £0.21 4.39 + 0.05** 343 <0.001
UIBC (pg/dL) 26361 +£2526 | 27595+ 1185 | -0.74 0.5

D: Direct, AST: aspartate amingtransferase, ALT: alanine aminotransferase, ALP: Alkaline phosphatase, UIBC: Unsa-
turated iron binding capacity p<0.001 compared with controls.
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Table 5. Comparison of Electrolyte tests and Hormone Levels.

Electrolytes Se(:ir;tsa)ry Mo?nn:;i;;eer t p
Calcium (mg/dL) 960 +0.27 9.57+0.10 0.24 0.8
Phosphorus (mg/dL) 3.12+047 335+0.09 1.29 0.1
Magnesium (mmol/L ) 083+0.17 0.78 £ 0.02 1.65 <0.03
Sodium (mmol/L) 143.15£10.18 14243 £043 1.15 03
Potassium (mmol/L) 446 + 0.85 442 +0.08 042 0.7
Chlorine (mmol/L) 109.07 £ 7.66 102.65 £4.18 1.15 02
fT3 (ng/dL) 322+07 321 +0.06 0.05 09
fT4 (pg/mL) 1.19 £ 0.04 1.22 £ 0.06 -0.67 0.5
TSH (mIU/L) 144 +0.16 1424013 0.08 09

fT3: Free Triiodothyronine fT4: Free Thyroxine TSH: Thyroid-stimulating Hormone
*p<0.05 compared with controls.

DISCUSSION

The benefits of regular physical activity in adults are extensive. As
noted in the adult recommendation, regular physical activity reduces
the risk of cardiovascular disease, thromboembolic stroke, hypertension,
type 2 diabetes mellitus, osteoporosis, obesity, colon cancer, breast
cancer, anxiety, and depression?.

In this study, we investigated the effects of reqular mountaineering
on the metabolic and hematological responses of mountaineer (Erciyes
Tigers) and sedentary men. We found that NLR, total protein and albumin
were lower, while ferritin, creatine and creatine phosphokinase levels
were higher in mountaineers.

NLR reflects the balance between the neutrophil and lympho-
cyte levelsin the body and is an indicator of systemic inflammation®,
It has been recently reported that NLR is an indicator of overall systemic
inflammatory status in the Asian population. The NLR was evaluated
in numerous studies on cardiovascular or other diseases. It was
also associated with an increased risk of long-term mortality>®. It
has been also suggested that the NLR can provide a good measure of
exercise stress and subsequent recovery since in the hours following
recovery from exercise the blood neutrophil count continues to increase
and the blood lymphocyte count decreases’. NLR has been reported to
increase significantly following exercise stress test with subjects who
had coronary artery disease, whereas in subjects with a positive exercise
test outcome this increase has been even more significant®,

The NLR usually returns to normal within six to nine hours after
exercise, but where the exercise has been particularly prolonged and
stressful, the NLR may still be elevated at 24 hours post-exercise®.

In the present study, we observed that the NLR was lower in moun-
taineers. NLR measurements were realized under resting conditions.
So, this measurement showed us that prolonged moderate exercise
might decrease the risk of long-term mortality. Makras et al.' found
that military physical training was followed by a significant decrease
in the NLR, which was estimated approximately at 30% of pre-training
values. The noradrenaline/adrenaline ratio appeared first in studies
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concerning race horses'!, while the neutrophil/lymphocyte ratio was
suggested by Nieman et al.'? as a useful indication of exercise stress
in runners because of its three hour recovery correlation with reco-
very cortisol concentrations. They hypothesized that changes in the
secretion of catecholamines in favor of noradrenaline might affect
the mobilization of neutrophils and consequently their depletion in
such areas as the lungs, spleen or other areas of tissue damage. In
the present study, we were unable to confirm the aforementioned
cortisol-related leukocyte alterations. But we think that acute exercise
may affect cortisol-related leukocyte alterations. Our mountaineers
have been doing this sport for at least 10 years.

Acute phase proteins

The acute phase response (APR) is a prominent systemic reaction
of the organism to local or systemic disturbances in its homeostasis
caused by infection, tissue injury, trauma or surgery, neoplastic
growth or immunological disorders'3.

The decrease of serum zing, iron and albumin, a decrease of
transferrin, cortisol-binding globulin, transthyretin (TTR) and re-
tinol-binding protein (retinol=vitamin A) have been described as
negative acute phase proteins'4.

Positive acute phase proteins (APPs) can generally be listed in three
major groups: (1) with an increase of about 50%: ceruloplasmin and
complement factor-3 (C3), (2) with an increase of two-three fold: hap-
toglobin, fibrinogen, ferritin, a-globulins with antiprotease-activity and
lipopolysaccharide binding protein, and (3) with a rapid increase of up to
five-fold to 1000-fold: creatine phosphokinase (CK) and serum amyloid A,

In our study, we didn't examine the acute effects of high altitude
and physical exercise. But, our mountaineers have been doing this
sport once every week and at least for 10 years in a regular way.
So, total protein and albumin levels were lower as a result of negative
acute phase reaction. Fibrinogen level was not different between
the groups, while ferritin, creatine and creatine phosphokinase levels
were higher in the mountaineers.

We found decreased total protein and albumin levels in the moun-
taineers. This may indicate that rather than the role of protein absorp-
tion in the digestive tract, muscle protein functions as a major storage
for the amino acids required for APP synthesis. Since the amino acid
composition of the APPs differs from that of muscle protein, the de-
mands for phenylalanine, tryptophan and tyrosine together necessitate
the mobilization of an amount of muscle protein that is considerably
exceeding (thrice) the quantity of the APP synthesized'®.

There have been few previous studies of albumin and fibrinogen
turnover at high altitude. Imoberdorf et al.'"” examined the acute ef-
fects of active and passive ascent to high altitude on plasma volume
(PV) and rates of synthesis of albumin and fibrinogen. They found that
increases in plasma protein synthesis at high altitude result mainly
from the physical exercise associated with climbing'”. Surks'® studied
albumin turnover in five men at the summit of Pikes Peak, Colorado
(4.300 m), by means of 131I-labeled albumin and reported an increased
degradation rate.

Serum ferritin concentration increased compared with the healthy
subjects. This is similar to the study of Seiler et al.'®, who found an
increase during the first three days, followed by a slight decrease
without reaching initial values during a 1000 km run.

Fallon et al. studied the serum of participants before, after four
and 11 days in a 1600 kilometers ultra-marathon running. Ferritin
increment was found only on Day four. Serum ferritin concentration
is often used as a single variable for the diagnosis of deficient iron
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stores in athletes?. An increment in ferritin is consistent with an acute
phase response. The acute phase response of this protein should be
recalled in this situation, and therefore determination of serum ferritin
should be performed at a time remote from strenuous exercise of long
duration. In a recent study, mitochondrial ferritinin found abundantly
in the heart cells has been reported to have a cardioprotective effect
against oxidative stress and to prevent muscle cell apoptosis®'. The
same study emphasized that mitochondrial ferritin expression mark-
edly increased with exhaustive exercise.

There were significant differences between sedentary controls
and mountaineers in terms of the creatine values in our study. We
found that the level of serum creatine was higher in mountaineers.

Indeed, similar results have been obtained in many studies of dif-
ferent exercise duration and intensity; significant increases in the levels
of creatine after exercise have been reported in these studies. Accord-
ing to Celenk??, there were significant differences between sedentary
controls and branches; the creatine levels of sedentary individuals are
low, but there are no differences among branches.

Although there are findings on the rapid improvement of creatine
excretion with exercise, some studies??4 also indicate that improvement
has not been full even after 48 h of exercise.

There are no comprehensive studies investigating the clinical fac-
tors associated with differences in CK?.

A practical index of muscle damage in athletes performing heavy
training is elevation of muscle proteins (e.g. myoglobin, creatine kinase
or lactate dehydrogenase) in the blood plasma. However, well-trained
athletes who perform eccentric muscle actions do not usually show
large increases in plasma creatine kinase activity, though they still
experience soreness, perhaps as a result of damage and inflammation
of connective tissue structures in muscle?,

Assessment of plasma creatine kinase activity is therefore poten-
tially useful, not as a marker of impending overtraining, but as a means
of identifying a state of recent muscle damage or temporary over-
reaching®. We hypothesize that creatine kinase activity in mountaineers
increases as a result of positive acute phase reaction.

High altitude is a multi-stress environment constituting, apart
from hypoxia, several other stressors, such as extreme cold, ionizing
radiations, physical exertion, and mental stress®’.

These stress factors may have an effect on APPs. Yildirim et al.?
showed that high-altitude exposure was altering serum levels of some
acute phase proteins in mountaineers. Their study was realized at the
end of day seven at high altitude. They found higher al-antitrypsine
and ceruloplasmin and lower lipoprotein and prealbumin levels in
serum samples on day seven when compared to those of day one.
C-reactive protein levels were higher in the serum on day seven than
onset values, but this increase was not significant. Transferrin levels
have not shown a statistically significant difference between the groups.
Mountaineers have a more active lifestyle on a day-to-day basis than
sedentary subjects which could have accounted for significantly higher
mean CK in our study. Although CK values were found higher than
in sedentary subjects they were within the mean baseline range for
Caucasians®?°. AST and ALT are also expected to increase when CKis
higher than normal®®. In our study AST and ALT of mountaineers and
controls were normal which confirms that CKincrease was within the
normal range. On the other hand, CK levels are impacted by many
clinical factors. Decreases in muscle mass with age may explain lower
CK'in elderly patients?.

Our study had a few limitations. Firstly, we were unable to confirm
the aforementioned cortisol-related leukocyte alterations. Secondly,
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urinary tests were not performed to determine whether or not albu-
minuria causes the serum albumin reduction.

Future studies are needed to elucidate the correlation and reliability
of non-invasive serum NLR and acute phase protein levels and invasive
MDCT or angiography used to assess cardiovascular stroke risk. Serum
NLR and acute phase protein levels could be personalized and used for
non-invasive cardiovascular stroke risk and general health assessment.

CONCLUSION

Our results show that long term high-altitude exposure is altering
serum levels of some acute phase proteins in mountaineers as an adaptive

mechanism. Compared to a sedentary lifestyle an active physical lifestyle
has an anti-inflammatory effect on the body.
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