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Abstract

Introduction

Chronic gastritis is one of the most common diseases in the population. Several
factors influence its appearance; however, the effect of high altitude has not been
studied thoroughly.

Objective

To determine the association between the altitude of the residential area and
chronic gastritis in outpatients of Peru.

Methods

Observational, analytical, and cross-sectional study. Secondary data analysis was
conducted. The dependent variable was chronic gastritis, obtained from patient
references, and verified in the medical history according to the pathological history
mentioned during medical consultation. The independent variable was the altitude
of the residential areas (categorized into low altitude, intermediate altitude, high
and very high), and the secondary co-variables were age, sex, and time living at
altitude. Generalized linear models were used to estimate prevalence ratios using
Poisson family and city as a cluster.

Results

Of the 4263 patients studied, 63% were female; the median age was 42 years. The
overall prevalence of chronic gastritis was 12,9%. There was an association with
chronic gastritis and altitude of residence at the intermediate and high levels, but
not at the very high; with an adjusted prevalence ratio of 1.52 (95% confidence
interval, 1.03 to 2.23); 2.01 (1.55 to 2.60) and 1.12 (0.84 to 1.48), respectively.

We found a significant association between chronic gastritis and intermediate and high altitude but not at very high, which could be explained by
hypobaric hypoxia in altitude that could lead to gastric wall lesions and other socio-demographic variables.
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Main messages

e  Studies of the determinants of chronic gastritis tend to focus on the role of Helicobacter pylori, lifestyles, and drug use.

However, there are few studies on the effect of altitude.

e  This article reports the findings of a cross-sectional study conducted on the Peruvian population living in different

altitudes.

e The primary outcome was ascertained through medical records.

e The main limitations are information and memory bias. Another limitation is selection bias because of non-probability
sampling method and Berkson's bias, which prevents extrapolating their results.

e  These results should serve to initiate prospective studies designed to evaluate incidence rates and the risk of chronic

gastritis in patients living at different altitudes.

Introduction

Gastritis, in any form, is one of the most prevalent diseases in the
world!. It is estimated that hundreds of millions worldwide suffer
from the disease!?. As a consequence, gastritis and gastric diseases
are two of the leading causes of morbidity in all populations. Their
distribution is variable by various risk factors, such as alcohol con-
sumption, tobacco, non-steroidal anti-inflammatories, some drugs,
gastric irritants, radiation, caustics, Helicobacter pylori infection, and
others!3,

In Peru, as in other countries of the region, chronic gastritis is one
of the leading causes of medical consultation®, Helicobacter pylori in-
fection being one of its principal influencers, the rates of which are
similar according to the health conditions of each reality*?.

The prevalence of Helicobacter pylori infection is higher in the popula-
tion residing at high altitude®S. Furthermore, gastrointestinal prob-
lems are a common condition in populations residing or visiting high
altitudes” . These conditions range from mild alterations—acute
mountain sickness, such as dyspepsia, nausea or vomiting'?, or con-
ditions that decrease the functionality of the gastrointestinal system,
mainly due to acute exposure to hypoxic conditions®!)—to more
serious conditions, such as episodes of gastric ulcers with digestive
bleeding!>!3, malignant lesions of the gastric mucosa’, mesenteric in-
farctions and increased prevalence of acute abdomen due to intesti-
nal volvulus'. The pathogenesis of these disorders, to date, has not
been fully clarified; however, exposure to chronic hypobaric hy-
poxiall13 polycythemials, increased production of hydrochloric acid
by increased vagal stimulation, the Andean megacolon!!4, and oth-
ers!’, are known to be involved.

All of these factors could exacerbate the risk of gastritis for high
altitude residents. However, there ate no comprehensive epidemio-
logical studies in this field!'". In Peru, despite having a large percent-
age of its population living at high altitudes, there are no studies that
associate the prevalence of gastritis at different altitude levels. The
purpose of this study is to determine the association between altitu-
dinal zones of residence and chronic gastritis in outpatients in Peru.
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Methods

Study design and setting

We conducted a cross-sectional study of secondary data analysis
from January to June 2015 in 10 of 24 Peruvian departments: Lima,
Loreto, Lambayeque, Piura, Huanuco, Cajamarca, Huancayo, Cusco,
Puno, Cerro de Pasco. A representative sample was obtained from
each department. Initially designed for another study, we worked
with the variables previously collected in a dataset, the results of
which were published!s.

Population and sample

The population was adult patients who went to different general
medical offices in the cities comprised in this study. The sample was
initially taken from this population, using a convenience non-prob-
ability sampling method. All patients who agreed to answer the ques-
tionnaire voluntarily were included. The questionnaire was validated
in content by expert judgment, in the context of the primary publi-
cation'®. All patients who completed the survey correctly were in-
cluded, and those with incomplete data or who were not part of the
final analysis were excluded. As it is a non-probability sampling, it is
not possible to generalize the data reported here.

The initial population was 4455 patients; however, 168 patients
(3.77%) did not answer the main research questions. The final pop-
ulation of the main study and this ancillary study was 4263 patients.
Patients with complete study variables and whose referred diagnoses
were first ascertained by a doctor during a medical consultation, were
included in the dataset.

The clinical diagnosis of chronic gastritis (not endoscopic or histo-
pathological) was considered as a dependent variable, which was ob-
tained through the affirmative answer in the survey and verified in
the medical history, as carried out by a doctor during a medical con-
sultation.

The main independent variable was the altitude of residence (calcu-
lated according to the meters above mean sea level of the city where
the patient declared having lived for over three months). Low alti-
tude was categorized as less than 1500 meters above sea level, inter-
mediate altitude as 1500 to 2500 meters above sea level, high altitude
as 2500 to 3500 meters above sea level, and very high altitude as 3500
to 5800 meters above sea level. Age, sex, and years of living at said
geographic altitude were also recorded.
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Statistical analysis

For the description of the numerical variables, their normality was
determined by graphical and analytical evaluation (observing skew-
ness and kutrtosis), and the results are expressed in means and stand-
ard deviations. If the assumption of normality is not fulfilled, the
variables are reported as medians with interquartile ranges. Frequen-
cies and percentages were used to describe the categorical variables.
The analysis of the dependent variable between altitude and chronic
gastritis was performed with the chi-square test. Subsequently, a bi-
variate analysis was generated, with the Mann-Whitney U test, to an-
alyze the dependent variable versus age and years living at altitude,
both with non-normal distribution. Furthermore, the chi-square test
was used for the association between sex and the dependent variable.

The crude prevalence ratios and adjusted prevalence ratios were also
determined, with their 95% confidence intervals. Consequently, the
generalized linear models were used with the Poisson family and the
log link function, using 'city' as a cluster. A confidence level of 95%
was considered, and p-values of less than 0.05 were considered sta-
tistically significant. The data was processed in the Stata version 11.1
program (Stata Corp, Texas, USA).

Table 1. General characteristics of outpatients under study.

Ethical aspects

The original investigation had the approval of the Ethics Committee
of San Bartolomé National Hospital and LLambayeque Regional Hos-
pital, which comply with the current regulations of the National In-
stitute of Health of Peru. The original research group authorized the
use of the database, respecting the confidentiality of the data. Only
those patients who gave their consent for data collection were sur-
veyed; the survey was anonymous.

Results

Of the 42063 participants included, the median age was 42 years with
an interquartile range of 27 years. The female sex represented
63.05% (2688). 12.9% of participants were found to have a diagnosis
of chronic gastritis. 26.13% of the patients lived in a low geographic
altitude area, and 26.32% lived at a high altitude (Table 1).

Variable Frequency Percentage
Age* 42 27
Sex

Male 1575 36.95

Female 2688 63.05
Diagnosis of chronic gastritis 553 12.97
Years living at altitude* 19 0.5-35
Altitude

Low altitude (<1500 masl) 1114 26.13

Intermediate altitude (1500 to 2500 masl) 192 4.5

High altitude (2500 to 3500 masl) 1835 43.04

Very high altitude (3500 to 5800 masl) 1122 26.32

*Median and interquartile range.

masl: metres above mean sea level.

Source: prepared by the authors based on the results of the study.

The median number of patient-years residing in their city was 20
years for patients with chronic gastritis (interquartile range, 0.5 to 38
years), which differed from the participants without chronic gastritis
whose median was 18 years (interquartile range, 0.4 to 35 years), a
statistically significant difference (p = 0.039).
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In Graph 1, we observe that in a low-altitude zone, 7.7% have
chronic gastritis; in an intermediate-altitude zone, 11.2% have
chronic gastritis; in a zone of high altitude, 14.4% have chronic gas-
tritis; and in a very high altitude zone, 7.9% have chronic gastritis.
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Graph 1. Distribution of the prevalence of chronic gastritis by different altitudinal zones of outpatients under study.
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Source: Prepared by the authors based on the study results.

In Table 2, we can see the crude and adjusted prevalence ratios. A positive association was found solely between high altitude and chronic
gastritis in the simple regression analysis. In the multiple analysis adjusted for age, sex, and year of residence, an association was found with
intermediate and high altitude.

Table 2. Factors associated with chronic gastritis with crude and adjusted analyzes of outpatients in Peru.

Variables Bivariate Multivariate

cPR 95% CI p-value aPR 95% CI p-value
Age 1.02 0.99-1.01 0.373 1.02 0.99-11 0.374
Sex
Male Ref
Female 1.10 0.93-1.30 0.25 1.09 0.92-1.29 0.314
Years living at altitude 1.03 1.01-1.07 0.039 0.99 0.99-1.02 0.312
Altitude
Low altitude ( < 1500 masl) Ref Ref
Intermediate altitude (1500 to 2500 masl) 1.44 0.99-2.09 0.053 1.52 1.03-2.23 0.033
High altitude (2500 to 3500 masl) 1.86 1.49-2.31 < 0.001 2.01 1.55-2.60 < 0.001
Very high altitude (3500 to 5800 masl) 1.03 0.81-1.31 0.812 1.12 0.84-1.48 0.428

P values, crude prevalence ratios (cPR), adjusted prevalence ratios (aPR), and 95% confidence intervals (95% CI) were calculated with generalized linear
models (Poisson family and log link function analyzed by cluster). Ref: reference category. masl: metres above mean sea level.

Source: Prepared by the authors based on the study results.
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Discussion

The study found that the prevalence of chronic gastritis in areas of
intermediate and high altitude was higher than that found at sea level;
this was not the case for the very high altitude area. Two cities lo-
cated at this altitude, Puno and Juliaca, had a prevalence of chronic
gastritis below that found in other cities located in the same altitudi-
nal zone.

Among the reasons that could explain this inconsistency, the method
used for the data collection could be considered since the selection
of participants was not probabilistic and there may be bias for this
reason. Other explanations may include the Helicobacter pylori infec-
tion rate—in which other socioeconomic, sanitary, and healthiness
factors are involved that were not measured in the present study.
Even so, it was observed that there was a higher report of chronic
gastritis among patients in the intermediate and high altitude zones.
This result agrees with what is found in the literature, in which it has
been found that living at a higher altitude is associated with a higher
Helicobacter pylori infection rate, which is the leading risk factor for
chronic gastritis!'*.

Studies indicate that at high altitude, systemic hypoxia can cause a
decrease in blood flow in the gastric mucosa, which could lead to
ischemia and the subsequent destruction of its lining!>?!. A study by
Galvan Meza et al. 22 carried out in Peru, found that at 3280 meters
above sea level, 33% of patients had a duodenal ulcer (33%) or a
gastric ulcer (25%), simultaneously with chronic gastritis.

Other mechanisms in which altitude can injure the gastric mucosa is
polycythemia. In high-altitude Tibetan inhabitants with altitude-in-
duced polycythemia, pathological changes in the gastric mucosa sug-
gestive of apoptosis were found'®. Li et al.>® found that the gastric
mucosa of patients with polycythemia induced by altitude had a
higher frequency of Helicobacter pylori infection.

It has been described that, in patients living at high altitudes in the
Andes, there is a higher production of hydrochloric acid due to vagal
stimulus caused by chronic hypoxia®%. All these factors may be re-
sponsible for a higher reported prevalence of chronic gastritis in the
intermediate and elevated altitudinal zones, as seen in other studies?.

No association was found between chronic gastritis and age, similar
to another study carried out in Latin America that found a high prev-
alence of Helicobacter pylori infection in Latinos, though not associated
with age groups*. Helicobacter pylori infection is acquired mainly during
childhood and is closely related to health and socioeconomic condi-
tions®, especially in developing countries where the main route of
infection is fecal-oral. Younger generations have the same preva-
lence of Helicobacter pylori infection when they live in the same condi-
tions of poor sanitation, as opposed to reports from developed
countries, where better sanitation conditions result in younger pa-
tients with significantly less Helicobacter pylori infection than elderly
patients?’-?8, Because young people lived in improved sanitary con-
ditions and were less exposed to infection by this bacteria, a decrease
in the prevalence of this infection is seen in younger age groups.

These findings are consistent with the teported study in China® and
Germany?’ were the prevalence of chronic gastritis was not associ-
ated with sex. Another study conducted in Peru found that the rates
of Helicobacter pylori infection in men was 10% higher than that found
in women, but this difference was not statistically significant!’.
Chronic gastritis affects both sexes equally and is more related to
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eating habits, drug consumption, environmental and genetic condi-
tions.

The prevalence of chronic gastritis found in the different altitudinal
zones was different from other studies. For example, in a study con-
ducted in China®, an overall prevalence of 26% of chronic gastritis
was diagnosed through endoscopy. Another study from Germany?’
found a prevalence of 9% of chronic gastritis diagnosed through
pepsinogen dosing in blood in a population older than 70 years. This
inconsistency could we due to an underestimation of the prevalence
of chronic gastritis in our population, whose values are closer to the
study found in Germany—despite the difference in the risk factors
present in each country—which is because many cases of chronic
gastritis are not symptomatic?. Moreover, upper digestive endoscopy
is done when a gastrointestinal illness is suspected, so many patients
who said they had not been diagnosed with chronic gastritis are, in
some cases, likely to have it but not been diagnosed because they did
not present symptoms that make them seek medical care.

The study has limitations, mainly information bias, because the real
frequency of this disease may be underestimated due to the absence
of an endoscopy report. The primary variable was ascertained based
on the report and confirmation of the diagnosis of chronic gastritis
by the medical history, as long as a physician made the diagnosis
during the consultation, which may lead to recall bias. However, var-
ious studies show that these measurement methods can be quite re-
liable in estimating the prevalence of chronic diseases. The study by
Oksanen et al., for example, found that the self-report detection of
a disease diagnosed by a doctor has a sensitivity and specificity
greater than 78 and 93%, respectively, to detect the prevalence of
chronic diseases®. Also, Haapanen et al. found an adequate kappa
concordance index between the gold standard and the self-report of
known chronic diseases®’. Another limitation was selection bias be-
cause of non-probability sampling and Berkson's bias, which pre-
vents extrapolating these results to the general population.

These results should serve to initiate prospective investigations de-
signed to evaluate incidence rates and the risk of chronic gastritis in
patients living at different altitudes. Therefore, they can serve as a
baseline, so that future investigations can carry out case-control or
cohort studies that can control these limitations, as ours was a tetro-
spective study of secondary individual data.

Conclusion

For all the above, we found an association between the diagnosis of
chronic gastritis and the patients' residential altitude, especially for
intermediate and high altitude. No association was found among
chronic gastritis, sex, or the age of patients.

Many other characteristics must be evaluated in further research.
Populations will always have intrinsic differences by residential alti-
tude due to their adaptation to decreased environmental oxygen, low
level of overcrowding (at least compared to the large cities on the
coast), diet, access to health care services, genetics and evolution
(which also generates changes in the digestive system), among oth-
ers.
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