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ABSTRACT

Aim: The susceptibility to gastrointestinal bleeding is observed with an increase in altitude. There is no recommendation
regarding altitude in terms of drug selection and dose to be used in diseases requiring antiaggregant and anticoagulant use. In
this study, we aimed to determine whether there is a difference between gastrointestinal bleeding requiring hospitalization due
to the use of antiaggregant and/or anticoagulant therapy between two populations living at different altitudes.

Material and Method: This retrospective study was performed in two secondary care hospitals. Patients from Group B living
in villages with an altitude of 9842 ft and above and Group F patients living in an area with an altitude of 30 ft were included.
Patient’s demographic data, co-morbid diseases, antiaggregant and anticoagulant use, hemoglobin, hematocrit, MCV values
and platelet count were noted.

Results: The study included a total of 118 patients with gastrointestinal bleeding. There was no statistically significant difference
between the groups in terms of the drugs used by the patients, the types and numbers of drugs.

Conclusion: We found that there was no significant difference between the groups with different altitudes in terms of drugs

used by patients with gastrointestinal bleeding, drug types and numbers.
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INTRODUCTION

With increasing life expectancy, the prevalence
of coronary artery disease, atrial fibrillation and
cerebrovascular disease and accordingly the frequency
of single or multiple antiaggregant and anticoagulant
treatment has been increasing (1-3). While recommending
antiaggregant or anticoagulant therapy for these diseases,
the guidelines recommend that we choose drugs according
to the patient's angiographic presence, weight, GFR, age,
and other co-morbidities criteria (4,5). However, there
are no recommendations in the guidelines regarding the
altitude at which patients live.

In studies conducted on people who need to work at high
altitudes such as workers, mountaineers and soldiers, it
has been observed that acute mountain sickness (AMS),
high altitude pulmonary edema (HAPE) and high altitude
cerebraledema (HACE) develop more frequentlyasaltitude
increases (6-9). It is known that gastrointestinal symptoms
are common findings in AMS that occurs after hypoxia
and hypobaric environment (10,11). It was observed that
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gastrointestinal symptoms and gastrointestinal bleeding
(GIB) increased with increasing altitude (12,13).

As the altitude increases, the increase in hemoglobin
value and the amount of platelet increases to adapt to
the developing hypoxia due to elevation (14,15). Earlier
studies have shown that polycythemia, which is seen
as high altitude, is a risk of gastrointestinal bleeding
(7,16,17).

In this study, we investigated whether there was a
difference between gastrointestinal bleeding that lived
at two different altitudes and requiring hospitalization
and gastrointestinal bleeding due to antiaggregant and/
or anticoagulant treatment.

MATERIAL AND METHOD

The study was carried out with the permission of
Mugla Sitki1 Kogman University Health Sciences Ethics
Committee (Date: 19.10.2020, Decision No: 15). The
study was carried out in accordance with the principles
of the Declaration of Helsinki and the ethical rules.
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Study Design and Settings

The study was planned as a retrospective. Group B is a
center with 3050 ft. The patients included in this center
were from the villages with an altitude of 9842 ft and
above. Group F has at 30 ft altitude. Data of patients were
examined from both state hospitals between 30 June
2015 and 30 June 2020.

Selection of the Participants

Patients aged 18 years and older who were hospitalized
with the diagnosis of gastrointestinal bleeding
were included in the study. Hematemesis, melena,
hematochezia, and presence of the fecal occult blood
were accepted as gastrointestinal bleeding symptoms.

The patients with known cancer, hepatic diseases, and
whose INR above the therapeutic value ( INR>3,5) were
excluded from the study. The patients who have not
enough data also have been excluded. In accordance with
the power analysis, each group included 59 patients.

Measurements and Outcomes

The demographic data, chronic diseases, and the drugs
were examined in each group.

Statistical Analysis

Descriptive statistics were given as meantstandard
deviation and median with minimum-maximum values
for continuous variables depending on their distribution.
Numbers and percentages were used for categorical
variables. The normal distribution of the numerical
variables was analyzed by the Shapiro-Wilk, Kolmogorov-
Smirnov, and Anderson-Darling tests.

In comparing two independent groups, the Independent
Samples t-test was used where numerical variables had
a normal distribution. For variables without normal
distribution, the Mann-Whitney U test was applied. The
Pearson Chi-Square and Fisher's Exact tests were used in
2x2 tables to compare categorical variables.

For statistical analysis, "Jamovi project (2020), Jamovi
(Version 1.6.22.0) [Computer Software] and JASP
(Version 0.14.1) were used. The significance level
(p-value) was set at 0.05 in all statistical analyses.

RESULTS

In this study, each group included 59 patients.
Demographic and clinical characteristics of the patients
in Group B and Group F are summarized in Table 1. The
mean age and sex distribution of the patients were similar
in both groups (p>0.05). Group B and Group F had at
least one co-existing disease (62.7% vs 69,5%)(p=0.437).
Hypertension was the most common co-morbid disease
seen in both groups. There were 35(59.3%) patients with
hypertension in group B and 37(62.7%) patients in group

E Distribution of the co-existing diseases was similar
between two groups except for coronary artery disease.
There were significantly more patients with coronary
heart disease in Group B than Group F (n=15, 40.7% vs.
n=9, 25.4%, p=0.013) (Table 1).

Table 1. Demographic and clinical characteristics of the patients

Group B Group F
(n=59) (n=59) p

Age (year) 1, % 0.855**

66.1£17.9 66.1£19.1

70.0 [31.0-93.0] 72.0 [26.0-91.0]

Sex § 0.999%
Female 26 (44.1) 27 (45.8)
Male 33 (55.9) 32 (54.2)
Coexisting diseases, yes § 37 (62.7) 41 (69.5) 0.437*
Coronary artery disease 24 (64.9) 15 (36.6) 0.013*
Heart failure 11 (29.7) 8 (19.5) 0.294*
Diabetes mellitus 14 (37.8) 17 (41.5) 0.744*
Hypertension 35 (94.6) 37(90.2) 0.678*
Cerebrovascular accident 6 (16.2) 5(12.2) 0.610*
Dysrhythmia 10 (27) 12 (29.3) 0.826*
Peripheral artery disease 2 (5.4) 0 (0) 0.222*
Medications, yes § 31 (52.5) 27 (45.8) 0.461*
Anti-aggregant drugs
Acetylsalicylic acid 22 (71) 13 (48.1) 0.076*
Clopidogrel 10 (32.3) 9(33.3) 0.931*
Ticagrelor 0(0) 0 (0) -
Prasugrel 0 (0) 0 (0) -
Anti-coagulant drugs §
Warfarin 5 (16.1) 7(259)  0.358*
Rivaroxaban 3(9.7) 2(7.4) 0.999*
Dabigatran 0 (0) 1(3.7) 0.466*
Apixaban 2 (6.5) 1(3.7) 0.999%
Edoxaban 0(0) 1(3.7) 0.466*
Enoxaparin 1(3.2) 0 (0) 0.999*
Number of drugs 1.0 [1.0-3.0] 1.0 [1.0-2.0] 0.510**
Number of patients using § 0.646*
No medication 28 (47.5) 32 (54.2)
One drug 21 (35.6) 20 (33.9)
Two drugs 8 (13.6) 7 (11.9)
Three drugs 2(34) 0(0)
+: mean+standard deviation, : median [min-max], §: n (%), *. Pearson Chi-Square,
Fisher's Exact, or Fisher Freeman Halton tests. **. Mann-Whitney U test, ***.
Independent Samples T-Test

The groups had similar rates in terms of the drugs used
by the patients, types and numbers of drugs (p>0.05)
(Table 1). Acetylsalicylic acid and clopidogrel were the
most frequently used antiaggregant drugs in both groups
(Table 1). As anticoagulant, warfarin and rivaroxaban
were common drugs in both groups.

Table 2 presents the laboratory findings. Although the
mean hemoglobin value was lower in Group F than
Group B, the difference between the groups was not
statistically significant (p=0.085). The median platelet
count was significantly lower in Group B than Group F
(205.0 vs. 263.0, p=0.002).
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Table 2. Laboratory findings of the patients.

Group B Group F
(n=59) (n=59) p

Laboratory findings
Hemoglobin (g/dL) f 10.3£2.9 9.4+2.6 0.085%**
Hematocrit (%) T 31.4+8.6 29.2+7.5 0.136%*%*

87.0 88.3 e
MCV (fL) # (59.0-102.0] [66.0-103.8] 617

205.0 263.0 -
Platelet count (103/uL) ¥ [80.0-664.0] [48.0-496.0] 0.002
+: meantstandard deviation, $: median [min-max], §: n (%), MCV: mean corpuscular
volume.

DISCUSSION

In our study, we examined the epidemiology of patients
with gastrointestinal bleeding at different altitudes; we
did not find a significant difference between altitude
and the number of drugs that cause bleeding, and the
type of drug. The most common chronic disease was
hypertension in both groups. A statistical difference was
observed in high altitude in terms of coronary artery
disease distribution in patients. Hemoglobin values
were lower in the low altitude region, but there was no
statistically significant difference. Platelet count was
lower in the high-altitude region.

In both groups, GI bleeding was observed in almost half
of the patients, despite the fact that no medication was
used. We hypothesize that this is due to the relatively
advanced age of the patient population in the study.
Because we know that the incidence of GIB increases
with age and patients particularly over 60 year of age are
prone to bleeding (18,19).

According to the studies on high altitude related
gastrointestinal bleeding, there prevelance of bleeding
were more common in males (7,20). However, in our
study, no difference was found between males and
females in terms of bleeding in both groups. This may be
due to the relatively small number of the population in
the study or that the studies on high altitude are related
to workers dominated by male workers.

It is known that an increase in the number of erythrocytes
occurs as a result of erythropoietin release and
polycythemia occurs to increase the oxygen-carrying
capacity of the blood in terms of adaptation to hypoxia
at high altitudes (9,21). There are many studies showing
that the hemoglobin value increases after stimulation of
erythropiesis, which occurs as a result of erythropoietin
release in people at high altitudes (6,8,14,22-24). In our
study, the hemoglobin value of the patients was higher
in the high altitude region; but no statistically significant
difference. The reason may be that the patients included
in the study were patients who had blood loss due to
active gastrointestinal bleeding.
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The frequency of gastrointestinal bleeding is higher,
especially in the first 3 weeks, in those who travel
temporarily to these areas rather than living in high-
altitude areas (25,26). The main reason why there was
no difference in the rates of GI bleeding due to altitude
difference in the patients in this study is that they live in
those regions constantly.

Peptic ulcer disease, alcohol consumption and non-
steroidal antiinflamatory drug use are main predisposing
factors for gastrointestinal bleeding (12,27,28).
Additionally, the use of antiaggregant and anticoagulant
increases the frequency of GIB (29,30). In our study, it was
observed that the most frequently used antiaggregants
were acetylsalicylic acid and clopidogrel among the drug
users, but there was no statistical difference. The reason
why the use of prasugrel and ticagrelor as antiaggregants
was not detected in patients with GIB may be the
administration of clopidogrel together with fibrinolytic
therapy to acute myocardial infarctions, and afterwards
continue, since there was no angiography unit in both
center.

There are several reasons why there is no difference in
gastrointestinal bleeding between people living at both
altitudes. First, hematological changes required for
gastrointestinal bleeding to occur generally begin after
3500 meters. In an investigation, Wu et al. (7) showed that
GIB rarely found below 3500 meters. In our study, patients
living at an altitude of 9842 ft (3000 meters) and above
were taken as the high altitude group. Second, the rate of
coronary artery disease is high in the population living
at high altitudes, and proton pump inhibitors, which are
frequently used while using antiaggregants, may have
affected the bleeding rate in that group. Third, since the
awareness of drug use is relatively weak in populations
living in rural areas, and due to the irregular use of drugs,
bleeding rates may have been relatively lower.

The limitation of this study is relatively small size of
patient population. Another limitation is patients
with high risk potential for bleeding ( cancer, hepatic
disease, high INR) were not included in the study due
to the exclusions criters that would increase bleeding
susceptibility.

CONCLUSION

Altitude has an effect on the frequency and risk of GI
bleeding. However, this effect is closely related to the
degree of altitude, whether there is an acute exposure
to altitude difference, the drugs used and age. Since
these criteria were not completely present in our study,
no significant difference was found. Larger studies are
needed to obtain more accurate information on this
subject.
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