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Abstract 

INTRODUCTION 

It is estimated that major neurocognitive disorders will affect 115.4 million people by 2050, representing 
a significant financial burden for society. Likewise, functional dependence for basic or instrumental 
activities of daily life is usually a consequence of the greater prevalence of disabling pathologies, and of 
the progressive decrease of the physiological reserve due to aging. 
 
OBJECTIVES 
To determine the ratio between the functional test and prediction of deterioration of cognitive function 
in geriatric patients. To determine which factors are associated with decreased cognitive functions in 
elderly patients 
 
METHODS 
This is a retrospective cohort study. We included participants who attended the Geriatrics Outpatient 

Services of the Naval Medical Center of Peru from 2010 to 2014. Two groups were formed, the first 
comprised those who presented physiological loss of cognitive functions, defined as the decrease less 
than 4.1 points in the score of the Mini Mental State Examination during follow-up and a second group 
who had a pathological loss of cognitive functions, defined as a decrease of 4.2 points in average or 
more in the Mini Mental State Examination score during follow-up. Patients were followed for four years, 
performing functional evaluations, as well as collecting data on comorbidities and sociodemographic 
factors. 
 
RESULTS 
We included 368 patients, whose mean age was 75.8 years and 50.91% male. Female gender (53.72%), 
poor education (62.81%), and comorbidities were statistically more frequent in the pathological 
cognitive decline group. Functional assessment variables had a worse disease progress through follow-

up in the group with pathological disease progress of the Mini Mental State Examination score, including 
Timed Up & Go Test 
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CONCLUSIONS 
Score values of Timed Up & Go Test manage to predict the risk of a pathological decrease in Mini Mental 
State Examination regardless of sociodemographic factors, comorbidities, and functional assessment. 
 
   

Introduction 

Major neurocognitive disorders are defined as the 
deterioration of one or more cognitive domains that 
interfere with functional independence in daily activities 

[1]. There are 35.6 million people living with cognitive 
impairment worldwide and it seems this figure will rise to 
65.7 million in 2030 and 115.4 million in 2050 [2]. These 
disorders also represent a significant financial burden on 
society, similar to that caused by cardiovascular disease 
and cancer [3]. 
 
Mini-Mental State Examination is still the most widely used 
cognitive test in the world, known to detect a suspected 
cognitive impairment, determine the impairment severity 
and be useful for follow-up over time. It evaluates different 
cognitive domains such as orientation, registration or 

encoding memory, attention and calculation, recall, 
language and praxis [4]. There are different versions of the 
test, validated in multiple countries and languages, each 
one adapted to the reality of each country and with its own 
cut-off points [5]. 
 
On the other hand, functional impairment for basic or 
instrumental activities of daily life is usually a consequence 
of the higher prevalence of disabling pathologies and of the 
progressive decrease in the physiological reserve due to 
aging [6]. Functional dependency in older adults can be 
measured through different scores (Barthel, Lawton) 

[7],[8], but in recent years, performance-based 
instruments have been developed that assess physical 
performance and predict frailty, mortality, dysmobility and 
disability [9],[10], being an important part of the functional 
assessment.  The most commonly used are the Timed 
Up&Go test [11], the Short physical performance battery 
[12] and gait speed.  
 
There is evidence that tests that include gait speed are able 
to determine an increased risk of neurocognitive disorders 
in the older adults. In relation to this, there are known cut-

off points for gait speed that can guide the clinician who 
evaluates this type of patients. However, Timed Up&Go 
test, which, in addition to gait assessment, evaluates the 
ability of getting up from a chair, does not have enough 
scientific evidence to associate it with a high incidence of 
neurocognitive disorders [13],[14]. Additionally, most 
studies that highlight the association between slow gait 
speed and high risk of neurocognitive disorders, define the 
presence of cognitive impairment with static cutoff points 
from different questionnaires, having found very little 
evidence of variations in the Mini-Mental State Examination 
score as a definition of new cases of neurocognitive 

disorders [15],[16].  
 
Therefore, evaluating altered values in Timed Up&Go test 
and its association with decreased Mini-Mental State  

 
 

Examination score time will contribute to the physical, 

functional and mental evaluation of this population, 
facilitating the stratification of risk of neurocognitive 
disorders and decision making by health personnel. 
 

Methods 

Study design 
This is a retrospective cohort study. 
 
Population: Outpatient participants attended at the 
Geriatrics Service of Peruvian Naval Medical Center from 
2010 to 2014 who accepted to participate in the study [17]. 
 
Inclusion criteria: Cognitively healthy patients, who 
presented a score of Mini Mental State Examination of 25 
or more and a Pfeiffer test with three errors or less. 

 
Exclusion criteria: Patients with a diagnosis of 
cerebrovascular disease, Parkinson's disease or other 
neurodegenerative disease (amyotrophic lateral sclerosis, 
Parkinson plus, Huntington), alcoholism, vitamin B12 
deficiency, folic acid deficiency, hypothyroidism, use of 
antidementials and / or antipsychotics or that the patient 
has not agreed to participate in the study.  
 
Sample 
Our study population was that of 1,277 elderly patients of 

the ambulatory care levels of the Geriatrics Service of the 
Naval Medical Center, participants of a cohort study [17]. 
Only 368 participants met the inclusion / exclusion criteria. 
Of these, 21 participants did not have complete follow-up 
data and 17 participants died during the study, so their data 
were excluded. Therefore, the final sample size was of 330 
participants.  
 
Patients, recruited since January 2010, were followed 
annually, measuring functional scores, cognitive and 
sociodemographic variables. We calculated a power of 91% 
to find an average variation of the Mini Mental State 

Examination score of 5 points in both groups [18]. 
 
Variables 
 
Decrease in the Mini Mental State Examination score 
We used the Peruvian version of the Mini Mental State 
Examination [19] (score of 0-30) to define the evolution of 
cognitive problems. Annual variations of the Mini Mental 
State Examination score were followed. Two categories 
were created: 
 

a) Physiological reduction of cognitive functions, defined as 
the decrease of 4.1 points or less in the Mini Mental State 
Examination score during follow-up. 
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b) Pathological decrease in cognitive functions, defined as 
the decrease of 4.2 points on average or more in the Mini 
Mental State Examination score during follow-up [15],[16]. 
 
Functional tests: performed at the day clinic of Geriatrics 
Service of the Naval Medical Center. 

 
Timed Up & Go Test: the participant was asked to take a 
seat in a chair with braces, 45.8 cm high. Later he was 
given the following indications: "Take a seat in the chair, 
with your back on the backrest and your arms on the 
braces. When you hear 'ready', get up and walk to the line 
drawn on the floor at your usual speed, then turn and come 
back to sit on the chair again ". The stopwatch was started 
by saying the word "ready" and stopped when the patient 
sat down. The distance between the chair and the floor line 
was 3 meters. This variable was recorded as numerical, 
without cut-off points [20]. 

 
Short Physical Performance Battery: score of 0-12, three 
tests of 0-4 points each: 
 
a) Balance: the participant was invited to stand with his or 
her feet parallel and in semi-tandem position, if he or she 
kept the balance properly for 10 seconds, a point was 
considered for each position. By inviting the participant to 
maintain balance in tandem position, he was given a point 
if he managed to stay 3-9 seconds and two points if he 
reached 10 seconds; 
b) Gait: the participants were invited to walk four meters 

at a normal speed. A score was assigned according to the 
time obtained by each patient. Four points: <4.82 s, 3 
points: 4.82-6.20 s, 2 points: 6.21-8.7 s, 1 point: > 8.7 s 
and 0 points: participant was unable to complete the test; 
and 
c) Chair test: The participant was invited to get up and sit 
down from a chair without braces five times, with arms 
crossed over the chest (44.3 cm high). A score was 
assigned according to the time the participant took to 
perform the test. Four points: ≤ 11.19 s, 3 points: 11.20-
13.69 s, 2 points: 13.70-16.79 s, 1-point: > 16.70 s and 0 

points: the participant was not able to complete the test. 
The variable was recorded as numerical (0-12), without 
cut-off points [21]. 
 
Barthel index: this is a questionnaire about 10 basic 
activities of daily life (BADL) (feeding, shower, dressing, 
use of the toilet, transfer bed-armchair, mobility, use of 
stairs, toilet, urinary and fecal continence) with a total 
score ranging 0-100. It was analyzed as a numerical 
variable [22]. 
 
Lawton index: this a questionnaire on eight instrumental 

activities of daily life (IADL) (telephone use, shopping, 
preparing food, taking care of the house, means of 
transport, laundry, medication and use of money). Score 
from 0 to 8, analyzed as numerical variable [23]. 
 
Sociodemographic variables: age in years according to 
clinical history, sex of the participant according to 
phenotype and education according to clinical history 
report. 

Comorbidities: a history of depression, arterial 
hypertension, type 2 diabetes, heart failure and chronic 
obstructive pulmonary disease were collected when 
present, from the geriatric clinical histories. 
 
Ethical aspects 

The present work has the approval of the Ethics Committee 
of the Naval Medical Center. We preserved the integrity and 
fundamental rights of patients subject to research, in 
accordance with the guidelines of good clinical practice and 
ethics in biomedical research.  
 
Statistical analysis: The bivariate analysis was performed 
comparing 2 groups, according to the variable outcome: 
decrease of the score of Mini Mental State Examination 
(physiological vs. pathological). Student´s t test was used 
for the numerical variables and chi2 for the categorical 
variables. Subsequently, a Cox regression model was 

developed, including follow-up time, annual functional and 
cognitive evaluations, adjusting the final model for 
sociodemographic variables, comorbidities and functional 
assessment to predict deterioration of cognitive functions 
according to the Mini Mental State Examination. 
 

Results 

We found a mean age of 75.8 years, a greater presence of 
male participants (50.91%) and participants with complete 
school studies (60.30%). At the start of follow-up, arterial 
hypertension was present in 26.67% of patients, type 2 
diabetes in 15.45%, chronic obstructive pulmonary disease 
in 10.90%, heart failure in 8.79% and depression in 30%. 
Likewise, we obtained an average of Barthel Index’s score 
of 89.81, of Lawton Index of 5.34, of the Short Physical 

Performance Battery of 8.63, of the Timed Up & Go Test of 
12.73 seconds and an average of the score of the Mini 
Mental State Examination of 27.73 points. In the bivariate 
analysis we only included the initial comparison vs. after 
four years of following for the numerical variables, since the 
prevalence of sociodemographic variables and pathological 
backgrounds varied very little and were not the main 
objective of our study (Table 1). 
 
Table 1 also shows the bivariate analysis regarding the 
groups with pathological and physiological decrease of the 

Mini Mental State Examination score. When comparing the 
mean age and its variation after four years in both study 
groups, no significant differences were found. 
 
Regarding gender, there is a higher frequency of females in 
the group with pathological decrease of Mini Mental State 
Examination score, with statistically significant differences. 
Similarly results were observed with education, where we 
see a clear association between poor education and 
pathological progression of neurocognitive disorders. 
 
Regarding comorbidities, we see a statistically significant 

association of our response variable with arterial 
hypertension, type 2 diabetes, heart failure and depression. 
There is a higher prevalence of these comorbidities in the 
group with pathological decrease of the Mini Mental State 
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Examination score, except for chronic obstructive 
pulmonary disease. 
 
Additionally, the averages of the functional scales 
demonstrate an inadequate physical performance in the 
group with pathological evolution of the Mini Mental State 

Examination score, in addition to a marked deterioration 
after four years of follow-up. Differences were statistically 
significant for all variables. 
 
 

 
 

 
 
Table 1. Bivariate analysis based on decreased cognitive functions after 4 years of follow-up (n = 330)  

 
 

After developing a Cox regression model estimate, the 
hazard ratios (HR) were calculated to compare the risks of 

suffering a pathological decrease in the Mini Mental State 
Examination score. As in the bivariate analysis, no 
differences were found with respect to age, but significant 
differences were found for sex and educational level, where 
being female and having low schooling were statistically 
associated with our outcome variable. In the crude 
analysis, statistical significance was found for all the 
variables except for age and chronic obstructive pulmonary 
disease. Despite this, it was decided to include the variable 

age in the final model, since it was considered a known 
confounder. In the multivariate model, with adjusted 

hazard ratios, we found statistical significance in relation to 
all covariates except for age, finding that the hazard ratio 
of having a pathological decrease vs a physiological one in 
the Mini-Mental State Examination score is 1.73 (95% CI: 
1.41 to 1.96), in relation to the Timed Up & Go test 
expressed in seconds. Additionally, multicollinearity was 
discarded between the Barthel index, Lawton index, Short 
Physical Performance Battery and Timed Up & Go test, 
using the variance inflation factor. 
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Table 2. Cox Regression for Prediction of Pathological Decrease in Mini Mental State Examination Score (n = 
330)  

 
 

Discussion 

The main objective of the study was to determine the 
relationship between Timed Up & Go test and the 
progression of neurocognitive disorders. We found that 
Timed Up & Go test was significantly associated with a 
pathological decrease in the Mini-Mental State Examination 
score, taking into account functional assessments, 
comorbidities and sociodemographic factors in the analysis. 
We found a significantly higher Timed Up & Go test average 
score (meaning a poorer physical performance) in the 
group with pathological decrease in Mini-Mental State 

Examination score than in the group with physiological 
decrease after 4 years of follow-up. 
 
In addition, other instruments of functionality in older 
adults were evaluated, finding an unfavorable evolution for 
basic activities (Barthel index) and instrumental activities 
(Lawton index) more pronounced in the pathological 
decrease group of the Mini-Mental State Examination score. 
Something similar occurred when evaluating the Short 
Physical Performance Battery where there was a decrease 
in the average score in both groups, but more evident in 
the group with a pathological decrease of the Mini-Mental 

State Examination score. 
 
A validation study of Timed Up & Go test for predicting falls 
mentions a close relationship between this test and 
cognitive problems [11]. However, in studies regarding  

 

 

minimal cognitive impairment, poor performance in Timed 
Up & Go test was not statistically significant [24]. However, 
intervention studies with rehabilitation programs show 
improvements in Timed Up & Go test in patients with 
cognitive impairment [11], demonstrating that it is a useful 
tool in monitoring the evolution of this group of patients 
[18]. 
 
In relation to the valuation of activities of daily living, there 
is evidence that a loss of independence for basic and 
instrumental activities is associated with cognitive 

impairment, especially measured by Lawton's score [7]. In 
this regard, a systematic review concludes that dependence 
for instrumental activities predicts cognitive impairment, 
but dependence on basic activities do not [25]. In general, 
in patients with cognitive impairment, the use of scales to 
measure basic and instrumental dependencies of daily life 
is usually recommended, since both help in the evaluation 
of this category of patients [26], and is also part of the 
criteria recommended by DSMV (Diagnostic and Statistical 
Manual of Mental Disorders) [27]. In relation to Short 
Physical Performance Battery, the consulted literature 

reveals that there is a worse physical and muscular 
performance in patients with neurocognitive disorders, 
mainly in terms of gait evaluation [8],[26],[28]. These 
findings are consistent with what we found in our analysis. 
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In our study, we found an association between high blood 
pressure, type-2 diabetes mellitus, heart failure and 
depression with a pathological decrease in the Mini-Mental 
State Examination score. Our results resemble similar 
publications, where the cited co-morbidities are associated 
with increased presence, increased risk or greater severity 

of neurocognitive disorders [1],[29],[30],[31],[32],[33]. 
In the literature we consulted, we found that most studies 
determine an association between chronic obstructive 
pulmonary disease and neurocognitive disorders [34]. 
However, there is evidence that the association between 
chronic obstructive pulmonary disease and cognitive 
impairment may be influenced by inflammatory factors, 
hypoxemia and depression, as well as co-morbidities, so 
this association is controversial. On the other hand, a 
recent study of risk factors for neurocognitive disorders 
identifies smoking as the most important risk factor and not 
chronic obstructive pulmonary disease [34]. 

 
Additionally, we explored the association with 
sociodemographic factors and observed an increased risk of 
neurocognitive disorders in women with a low level of 
education [35]. In the literature we consulted, age is often 
a risk factor for cognitive impairment [15], but our results 
do not match those findings, although there is evidence 
that in retired military personnel exposed to different 
lifestyles, the effect of age at risk for cognitive impairment 
would be controversial [36]. 
 
The particularity of the participants included in this study, 

retired military patients and their families, raises the 
possibility that our results may not be extrapolated to the 
general population; in relation to this, we found evidence 
that retired military personnel, because they have a lifetime 
financial compensation, have a better quality of life. 
However, there are articles with similar populations with 
potentially comparable results with older adult populations 
in our environment [37]. After an extensive review of the 
literature, we found that some variables should have been 
added to the analysis, such as smoking, obesity, 
dyslipidemia, sleep disorders and physical activity. 

However, the variables chronic obstructive pulmonary 
disease and the Short Physical Performance Battery scores 
were included in the analysis, so there may be an indirect 
statistical adjustment in relation to tobacco use and 
physical activity. 
 
Finally, we realize that the average age of our participants 
is lower than that of similar cognitive impairment studies; 
this could be due to the fact that our sampling was based 
on the role of the Peruvian Naval Medical Center and not on 
a randomization. 
 

Although there are few publications that support Timed Up 
& Go test [24] role as a predictor of poor evolution of the 
Mini Mental State Examination score, we have found 
literature that indicates that a correct intervention in 
physical matters in patients with cognitive impairment 
could achieve improvements in Timed Up & Go test [12] 
 
 
 

Conclusions 

Our results support the hypothesis that Timed Up & Go test 
values predict the risk of pathological decrease in Mini-
Mental State Examination score, regardless of socio-
demographic factors, comorbidities, and functional 
valuation. We recommend studies of intervention in 
physical activity, sarcopenia, and functionality to reduce 
the risk of neurocognitive disorders in older adults. 
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