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Introduction: Cognitive impairment is an important pathology among elderly people, but
few studies evaluate population living at high altitude. Objectives: to characterize and find
factors associated with cognitive impairment in urban/rural population, living at high altitude.
Methodology: Analytical cross-sectional study. Cognitive impairment was evaluated with
the Pfeiffer´s Test (Cronbach's Alpha: 0.69). Its results were combined and compared with
three socio-educational variables and four comorbidities. Analytical statistics are as follows.
Results: 400 elderly people participated in the study. From these, 26.5% (106) had no
cognitive impairment; 47.5% (190) of them had a mild impairment; 25.5% (102) of them had
a moderate impairment; 0.5% (2) of them had a severe impairment. 60% were women; their
median age was 66 years old (interquartile range: 63-69 years old); 67% of them lived in rural
areas. The multivariate analysis found more moderate/severe cognitive impairment at an
older age (RPa: 1.05; 95% CI: 1.02-1.08; p <0.001), among those who suffered from diabetes
(RPa: 1 23; 95% CI: 1.17-1.29; p <0.001), arterial hypertension (RPa: 1.47; 95% CI: 1.331.61; p <0.001), chronic kidney disease (RPa: 2.21, 95% CI 2.01-2.43, p <0.001) and heart
failure (RPa: 2.25, 95% CI 1.92-2.64, p <0.001). On the other hand, those people who had
a university degree had less cognitive impairment (RPa: 0.89, 95% CI: 0.22-0.65, p <0.001);
adjusted for sex and place of residence. Conclusion: Important associations of cognitive
impairment were found in elderly population, living between 2,500 to 3,900 of altitude. These
results are important, as they are not a highly studied population. Therefore, these data
should be taken into account, for diagnosis and treatment.
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INTRODUCTION

A

ging is part of the evolution. During the
last few years, elderly people population
has increased in many places around the world,
due to life quality improvements(1), thus leading
to increasing prevalence of chronic diseases;

therefore, need for more hospital care(2,3).
On the other hand, increase of the elderly people
has been reported in several regions, even in
those deemed as inhospitable, such as cities at a
high altitude. This situation plus environmental
effects may directly impact on people´s health.
A study made in India (at an altitude higher
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than 4,300 meters above the sea level) proved
the increased prevalence of a slight cognitive
decline in the population who remain for a
longer time, at high altitude, seemingly, due
to high altitude global hypoxia, which could
negatively impact on cognitive performance(4).
It is important to understand underlying
mechanisms and differences in cognitive aging.
Some may have a preserved cognitive capacity,
while others have a decreased one, which may
be detrimental for their welfare, independence
and, mostly, their quality of life(5.6). Main
disturbances reported during this cognitive
loss process are, slowing down, inhibitory
deficit, transmission deficit, impairment of
operative memory/processing of the language
self-regulation(7). In turn, this impairment
onset is associated to brain damage, and as it
becomes more evident it may be translated into
an increased risk to suffer Alzheimer´s disease
or any other neurodegenerative diseases(8). This
is a worrying situation in big cities, such as
Cochabamba, where nearly 300,000 inhabitants
are older than 60 years old(9). That is why, the
objective was to characterize and find factors
associated to cognitive decline in urban/rural
population of a medium geographic altitude.
METHODOLOGY
Design and Population
A cross sectional analytical study was made,
based on secondary data. The information was
retrieved from a record made by one of the
authors, as a part of his Annual Report for the
Geriatric Residence.
Elderly patients who were patients of the
Hospital Clínico Viedma were included. This
Hospital is located at 2,587 meters above the sea
level. These patients had an evaluation of their
cognitive decline and had complex variables.
No patients were excluded, as all of them had
full assessment records.
Sampling was non randomized. In order to
know if it is a good sampling size a calculation
was made on the strength of each of the crossings
comparing moderate/severe cognitive decline
versus the other variables, such as sex (33%),
schooling level (100%), diabetes mellitus
(14%), high blood pressure (70%), chronic
renal disease (100%), heart failure (100%) and
2

place of residence (57%).
Variables and Procedures
The dependent variable was cognitive decline,
which was assessed by means of the Pfeiffer´s
Test. With Cronbach Alpha measurement the
value obtained was 0.69. This test comprises 10
questions, aimed to evaluate the long/short term
memory, orientation, information about daily
facts and skills to perform a serial mathematical
task(10). In other investigations, this test has
been proved to have a sensitivity of 91% and
90% specificity. Additionally, it is a test easy to
apply, no specific material is required to perform
it and it may be applied in elderly people with
a low schooling level(11,12). It is made within a
period of about 5-10 minutes. A result of 3 or
more mistakes (4 or more in case of illiteracy)
suggests cognitive decline(13).
The other variables were sex (masculine
or feminine), age (quantitative considered),
schooling level (college and non college studies,
the latter including primary, secondary and
technical levels), having any of the evaluated
comorbidities (these were retrieved as they
are the most important variables for cognitive
decline(3) and place of residence (urban or rural).
For gathering data, a spreadsheet for recording
the answers was used. Such data was further fed
into an Excel software. These were retrieved
in an external survey of the Hospital Clínico
Viedma.
Data Analysis and Ethics
Data analysis was made with Stata 11.1 statistics
program (the License was purchased by one of
the authors). First, a descriptive statistic was
made, where frequencies and percentages of
categorical variables, medians, and interquartile
ranges of quantitative variables were obtained
(due to having a non-normal behavior). P
values were obtained at this stage, with the chi
square test and the summation of ranges (for
the crossing versus categorical/quantitative
variables; respectively). Later, prevalence
ratios, confidence intervals, at 95% (IC95%)
and p values were obtained. All this was made
by means of generalized linear models (with the
Poisson´s family, the log link function, robust
and adjusted models, according to place of
residence). A p value <0.05 was considered as
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statistically significant.
Regarding Ethics, all participants agreed on
an informed consent. Participants´ data were
protected, so they cannot be identified.
RESULTS
400 elderly people participated in the study.
59.8% (239) of them were women. Median
age was 66 years old (interquartile range: 6369 years old). 66.5% (266) lived in rural areas.
32.0% (128) had diabetes mellitus. 34.8% (139)
had high blood pressure. 5.0% (20) had chronic renal disease. 26.8% (107) had heart failure.
According to the place of residence, there were

no statistically significant differences, according to sex (p=0.054), age (p=0.297), having
diabetes mellitus (p=0.513), high blood pressure (p=0.152), chronic renal disease (p=0.264)
or heart failure (p=0.450); there was a significant difference in Schooling Level (p<0,001).
(Table 1).
26.5% (106) had no cognitive decline; 47.5%
(190) had a mild decline; 25.5% (102) had a
moderate decline; and 0.5%(2) had a severe decline. When the crossing was made, according
to the place of residence there was no statistical
correlation (p=0.503 with the chi square test),
subjects who lived in a rural area had 68%,
69%, 61% and 50% normal parameters, i.e.

Table 1. Characteristics of the population, according to elderly people´s place of residence from Cochabamba-Bolivia.

Variables
Sex
Masculine
Feminine
Age (years)*
Schooling Level
Up to Technical
College
Diabetes Mellitus
No
Yes
High blood pressure
No
Yes
Chronic renal disease
No
Yes
Heart failure
No
Yes

Living in Urban
Area (n=134)
Rural (n=266)

Value p

45 (28.0%)
89 (37.2%)
65 (62-69)

116 (72.0%)
150 (62.8%)
66 (63-69)

0.054

119 (31.3%)
15 (75.0%)

261 (68.7%)
5 (25.0%)

<0.001

94 (34.6%)
40 (31.3%)

178 (65.4%)
88 (68.7%)

0.513

81 (31.0%)
53 (38.1%)

180 (69.0%)
86 (61.9%)

0.152

125 (32.9%)
9 (45.0%)

255 (67.1%)
11 (55.0%)

0.264

95 (32.4%)
39 (36.5%)

198 (67.6%)
68 (63.5%)

0.450

0.297

P values are obtained with the chi square test and the summation of ranges (as per age). *Age was taken quantitatively and values displayed are medians (interquartile ranges).
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mild, moderate and severe cognitive decline;
respectively. Figure #1
When cognitive decline analysis was made,
statistical differences were found, according to
age (those who had moderate or severe cognitive decline were older; p<0.001), whether if

people suffered from chronic renal disease (the
sick people had nearly twice as much cognitive
decline; p=0.047) and suffering from heart failure (sick people had twice as much cognitive
decline; p<0.001). Table 2
The multivariate analysis showed there was

Figure #1. Cognitive decline percentages, if elderly people live in rural/urban areas of Cochabamba-Bolivia.

Normal

Slight

Moderate
Urban

more moderate cognitive decline/severe at
an older age (RPa: 1.05; IC95%: 1.02-1.08;
p<0,001), among those who had diabetes
(RPa: 1.23; IC95%: 1.17-1.29; p<0.001), high
blood pressure (RPa: 1.47; IC95%: 1.33-1.61;
p<0.001), chronic renal disease (RPa: 2.21;
IC95%: 2.01-2.43; p<0.001) and heart failure (RPa: 2.25; IC95%: 1.92-2.64; p<0.001);
however, those who had a college degree had
lower cognitive decline (RPa: 0.89; IC95%:
0.22-0.65; p<0.001); adjusted by sex and place
of residence. Table 3
DISCUSSION
One of four elderly people had moderate cognitive decline. Less than 1% had severe cognitive
decline, unlike a study made at some Hospitals
in Spain, where only 39% had a cognitive decline, Additionally, patients studied were elderly
4

Severe

Rural

patients (average age 77.9 ± 9.8 years old)(14).
At an older age there was a higher moderate
or severe cognitive decline, just as reported in
the study made in Chile, where the main factors associated to suspicion of cognitive decline
were age, low schooling level and masculine
sex(15.16); which involves higher risks in hospital
management(17,18).
Those with college studies had a lower moderate/severe cognitive decline, which matches
the studies made in Italy, where the highest
mortality rates were reported for Primary Education or lower schooling(19).
Those who had one of the four comorbidities evaluated had a higher moderate or severe cognitive decline. In Chile, the association
is reported to be higher in diabetic people and/
or people with family background of diabetes
mellitus(20), this is important as reported in the
follow-up study made in Japan, where mortali-
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Table 2. Characteristics of the population, according to elderly people´s place of residence, in Cochabamba-Bolivia.

Variables
Sex
Masculine
Feminine
Age (years)*
Schooling Level
Up to Technical
College
Diabetes Mellitus
No
Yes
High blood pressure
No
Yes
Chronic renal disease
No
Yes
Heart failure
No
Yes
Place of residence
Urban
Rural

Cognitive decline
No or mild
Moderate or severe

Value p

114 (70.8%)
182 (76.2%)
65 (63-68)

47 (29.2%)
57 (23.8%)
69 (64-72)

0.232

278 (73.2%)
18 (90.0%)

102 (26.8%)
2 (10.0%)

0.094

199 (73.2%)
97 (75.8%)

73 (26.8%)
31 (24.2%)

0.577

200 (76.6%)
96 (69.1%)

61 (23.4%)
43 (30.9%)

0.101

285 (75.0%)
11 (55.0%)

95 (25.0%)
9 (45.0%)

0.047

235 (80.2%)
61 (57.0%)

58 (19.8%)
46 (43.0%)

<0.001

93 (69.4%)
203 (76.3%)

41 (30.6%)
63 (23.7%)

0.137

<0.001

P values are obtained with the chi square test and the summation of ranges (as per age). *Age was taken quantitatively and values displayed are medians (interquartile ranges).

Table 3. Bivariate/multivariate analysis of factors associated to cognitive decline in elderly people living in
Cochabamba-Bolivia.

Variables
Feminine sex
Age (years)
College
Diabetes mellitus
High blood pressure
Chronic renal disease
Heart failure

Bivariate analysis
0.82 (0.80-0.83) <0.001
1.07 (1.02-1.12) 0.004
0.37 (0.18-0.76) 0.006
0.90 (0.82-0.99) 0.026
1.32 (0.86-2.03) 0.197
1.80 (1.39-2.33) <0.001
2.17 (1.34-3.52) 0.002

Multivariate analysis
0.90 (0.72-1.14) 0.383
1.05 (1.02-1.08) <0.001
0.38 (0.22-0.65) <0.001
1.23 (1.17-1.29) <0.001
1.47 (1.33-1.61) <0.001
2.21 (2.01-2.43) <0.001
2.25 (1.92-2.64) <0.001

Prevalence ratios (confidence intervals, at 95%). P values were obtained with generalized linear models (Poisson´s family, link function log, robust and adjusted models, according to place of residence). Age variable age
is quantitative.
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ty rate increased with the additional number of
risk factors, being cognitive decline a mortality
predictor(21).
It is important to highlight that elderly people have various comorbidities, as reported in
the national study made in USA within the population aged 62 to 90 years old. The average
number was 2.7 pathologies for this group(22).
No enough studies have been made about cognitive decline in locations with medium geographic altitude. In China, at an altitude of
2,275 meters above the sea level, 24% of studied patients had cognitive decline(23). Unlike
our study as, at a higher altitude (2,500-3,900
meters above the sea level) 73.5% of younger
patients were found to have a certain degree of
cognitive decline.
The study was limited, in terms of selection
bias, as the sampling did not allow to extrapolate the data to all the elderly population in
Cochabamba. Neither could we do with other
of similar altitude; however, because of the
significance of the sample and the correlations
found, we may take this Report as an important
precedent. Health Agencies should lead studies
including a higher amount of population and locations. However, because of the strength of the
variables crossing, analytic results can be used;
therefore, this may help in future investigations
and Agencies located at a high geographic altitude aiming to evaluate factors associated to
cognitive decline.
Because of the aforementioned, the conclusion is that 25% of elderly people, who live at
an intermediate geographic altitude have a moderate cognitive decline; 0.5% of them had a
severe cognitive decline. At an older age there
was a higher moderate or severe cognitive decline, as well as those who had a comorbidity.
Those who had college studies had a lower moderate or severe cognitive decline.
REFERENCES
1. Parkar SR. Elderly Mental Health: Needs.
Mens Sana Monogr. 2015;13(1):91-9.
2. Rebagliati Tirado C. Caracterización clínica, epidemiológica y social de la población
geriátrica hospitalizada en el Centro Geriátrico Naval. Enero 2010 - noviembre 2011.
[Internet] [Tesis de Grado]. [Perú]: Univer6

sidad Cientifica del Sur; 2012 [citado 25 de
mayo de 2020]. Disponible en: https://repositorio.cientifica.edu.pe/handle/UCS/175
3. Chandía Reyes VA, Luengo Martínez C,
Chandía Reyes VA, Luengo Martínez C.
Relación entre hipertensión arterial y diabetes mellitus tipo 2 con deterioro cognitivo en adultos mayores. Gerokomos.
2019;30(4):172-5.
4. Hota SK, Sharma VK, Hota K, Das S, Dhar
P, Mahapatra BB, et al. Multi-domain cognitive screening test for neuropsychological
assessment for cognitive decline in acclimatized lowlanders staying at high altitude.
Indian J Med Res. 2012;136(3):411-20.
5. Evans IEM, Llewellyn DJ, Matthews FE,
Woods RT, Brayne C, Clare L. Social
isolation, cognitive reserve, and cognition in healthy older people. PLoS One.
2018;13(8):e0201008.
6. Malinauskiene V, Leisyte P, Romualdas M,
Kirtiklyte K. Associations between self-rated health and psychosocial conditions, lifestyle factors and health resources among
hospital nurses in Lithuania. Journal of advanced nursing. 2011;67(11):2383–2393.
7. Véliz M. Efectos del Envejecimiento en los
procesos de comprensión y producción de
Lenguaje. Paideia. 2020;1(54):11-32.
8. Blasco CB, Ribes JV. Neurofisiología y
envejecimiento. Concepto y bases fisiopatológicas del deterioro cognitivo. Revista Española de Geriatría y Gerontología.
2016;51(1):3-6.
9. Instituto Nacional de Estadistica de Bolivia. Has buscado demografia [Internet].
INE. [citado 25 de mayo de 2020]. Disponible en: https://www.ine.gob.bo/index.php/
search/demografia/
10. De la Iglesia JM, Dueñas Herrero R, Onís
Vilches MC, Aguado Taberné C, Albert
Colomer C, Luque Luque R. Adaptación
y validación al castellano del cuestionario
de Pfeiffer (SPMSQ) para detectar la existencia de deterioro cognitivo en personas
mayores de 65 años. Medicina Clínica.
2001;117(4):129-34.
11. Pfeiffer E. A Short Portable Mental Status
Questionnaire for the Assessment of Organic Brain Deficit in Elderly Patients†.
Journal of the American Geriatrics Society.

www.journalofneuropsychiatry.cl

Christian Mejia. Et. Al.

1975;23(10):433-41.
12. Fillenbaum G, Heyman A, Williams K,
Prosnitz B, Burchett B. Sensitivity and
specificity of standardized screens of cognitive impairment and dementia among
elderly black and white community residents. Journal of Clinical Epidemiology.
1990;43(7):651-60.
13. Moreno-Gaviño L, Ruiz-Cantero A, Bernabeu-Wittel M, Tejera-Concepción A,
Romero-Jiménez M, Soria MÁ, et al. Impact of Cognitive Impairment in a Multicentric Cohort of Polypathological Patients. International Journal of Gerontology.
2012;6(2):84-9.
14. Bernabeu-Wittel M, Nieto Martín D, Moreno-Gaviño L, Ollero-Baturone M. Valor
diagnóstico de un cuestionario de Pfeiffer
simplificado en pacientes pluripatológicos.
Rev Clin Esp. 2017;217(6):320-4.
15. Martínez-Sanguinetti MA, Leiva AM, Petermann-Rocha F, Troncoso-Pantoja C, Villagrán M, Lanuza-Rilling F, et al. Factores
asociados al deterioro cognitivo en personas mayores en Chile. Revista médica de
Chile. 2019;147(8):1013-23.
16. Cancino M, Rehbein-Felmer L, Ortiz MS,
Cancino M, Rehbein-Felmer L, Ortiz MS.
Funcionamiento cognitivo en adultos mayores: rol de la reserva cognitiva, apoyo social y depresión. Revista médica de Chile.
2018;146(3):315-22.
17. Linares-Nolasco F, Mille-Loera JE, Sosa-Jaime NA. Anestesia general y alteraciones cognitivas en el paciente geriátrico. Rev
Mex Anest. 2019;42(S1):40-1.
18. Shami A, Brennan M, Marie PS, Lindenauer PK, Stefan MS. The association of
cognitive impairment as screened by the
Mini-Cog with long term post-hospitalization outcomes. Arch Gerontol Geriatr.
2019;85(1):103916.
19. Zwieten A van, Wong G, Ruospo M, Palmer
SC, Teixeira-Pinto A, Barulli MR, et al. Associations of Cognitive Function and Education Level With All-Cause Mortality in
Adults on Hemodialysis: Findings From the
COGNITIVE-HD Study. American Journal
of Kidney Diseases. 2019;74(4):452-62.
20. Petermann F, Troncoso-Pantoja C, Martínez
MA, Leiva AM, Ramírez-Campillo R, Po-

blete-Valderrama F, et al. [Risk of cognitive
impairment among older people with diabetes or family history of the disease]. Rev
Med Chil. 2018;146(8):872-81.
21. Igari R, Davy P, Sato H, Takahashi Y, Iseki
C, Kato H, et al. Cognitive impairment, brain ischemia and shorter telomeres are predictors of mortality in the Japanese elderly:
A 13-year prospective community-based
study. J Neurol Sci. 2019;397(1):129-34.
22. Kotwal AA, Kim J, Waite L, Dale W. Social Function and Cognitive Status: Results from a US Nationally Representative
Survey of Older Adults. J Gen Intern Med.
2016;31(8):854-62.
23. Mei L, Wu S, Wang D, Li H, Zhang H,
Wang M. Epidemiology of Dementia in Elderly Chronic Obstructive Pulmonary Disease Patients Living in China’s Northwestern High-Elevation Area. Med Sci Monit.
2018;24(1):7742-9.

Correspondence to:
Christian R. Mejia
Las Palmeras Avenue 5713, Los Olivos,
Lima, Peru. CP: 15304
Telephone: (+511) 997643516
Email: christian.mejia.md@gmail.com

www.journalofneuropsychiatry.cl

7

