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AbstrACt

background: Mild cognitive impairment (MCI) is considered a clinical stage between normal cognitive aging and dementia. the 
clinical course of MCI is heterogeneous, with a significant number of cases progressing to dementia or reverting back to normal. 
Objective: to determine the predictors of conversion from mild cognitive impairment to dementia among Mexican older adults. 
Materials and Methods: a sample of 175 persons underwent clinical and neuropsychological evaluation to establish mild cog-
nitive impairment diagnosis. these patients were followed-up for a mean 3.5 years. results: Mean age was 81.7 (± 6.9) years, 
57% were women, and mean education level was 9.5 (± 6.1) years. Sixty-one percent of mild cognitive impairment participants 
progressed to dementia. Multivariate Cox regression analysis showed that progression to dementia was associated with age 
(HR: 4.95; 95% CI: 1.96-12.46; p = 0.001), low education level (HR: 5.81; 95% CI: 1.90-7.78; p < 0.002), history of stroke (HR: 3.92; 
95% CI: 1.37-11.16; p < 0.012) and cognitive decline (HR: 1.31; 95% CI: 1.18-1.45; p = 0.000). Conclusions: age, poor educa-
tion, cognitive decline, and a history of stroke were predictors of conversion to dementia. the identification and control of 
modifiable risk factors could influence conversion to dementia. (ReV InVeS ClIn. 2017;69:33-9)
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IntrOduCtIOn

Mild cognitive impairment (MCI) is recognized as a tran-
sitional state between healthy cerebral aging and de-
mentia. Since its inception in 19991, the concept of 
MCI has evolved. Core clinical criteria for MCI include 

cognitive impairment in one or more domains compared 
to appropriate normative data, with a suggested def-
icit level of 1.0-1.5 standard deviations (SD) below nor-
mative expectations. the key criteria that distinguish 
MCI from dementia are preservation of independence in 
functional abilities (i.e. activities of daily living [aDl] and 
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instrumental activities of daily living [IaDl]), and lack 
of significant impairment in social or occupational func-
tioning. the MCI sub-types are sometimes defined 
based on the presence or absence of memory difficul-
ties (amnestic vs. non-amnestic MCI) and the number 
of affected cognitive domains2. It is therefore suggested 
that the diagnosis of MCI is supported by memory com-
plaint, a mini-mental state examination (MMSe) score 
between 24 and 30, clinical dementia rating (CDR) of 
0.5, preserved aDl, and the absence of dementia cri-
teria3. the clinical course of MCI is heterogeneous; it 
is a dynamic state where conversion to dementia is the 
most feared outcome.

Dementia is one of the most prevalent chronic diseases 
worldwide, and is considered a public health priority4. 
therefore, identifying the early phases of cognitive de-
cline is relevant to prevent future loss of autonomy as-
sociated with cognitive impairment5. Previous studies 
have evaluated the conversion from MCI to dementia, 
identifying factors associated with its progression, which 
included depression, low educational level, and cardiovas-
cular risk factors (such as hypertension or diabetes)6,7. 
However, more longitudinal epidemiological studies are 
needed to identify other possible factors associated with 
the conversion to dementia in different social and cul-
tural contexts, which could be an important diagnostic 
strategy with the purpose of preventing dementia. thus, 
the main objective of the present study was to iden-
tify the predictors of conversion to dementia among 
Mexican older persons with the diagnosis of MCI.

MAterIAls And MethOds

Participants and study design

this historical prospective study was conducted at the 
memory clinic of a university affiliated third-level hos-
pital in Mexico City; 175 outpatients aged 65 years or 
older with memory complaints were evaluated for MCI 
diagnosis between March 2010 and March 2013. Par-
ticipants underwent a comprehensive clinical assess-
ment including a clinical interview, cognitive tests, and 
cerebral imaging (see below). We excluded patients 
diagnosed with dementia or other concomitant neuro-
logical disorders such as structural lesions, which could 
affect their cognitive functions or functional status 
(e.g. Parkinson’s disease, acute stroke, brain tumor, or 
normal pressure hydrocephalus). 

a diagnosis of MCI was established according to the 
criteria proposed by Petersen, et al.8, which include: 
memory complaints, impaired memory for age and 
education level, preserved general cognitive function 
and functional status (aDl), and absence of dementia 
diagnosis. In addition to a clinical assessment, a brain 
MRI was performed (1.5 tesla SIeMenS, sequences, 
t1, t2, gradient echo, t2* weighted images, t2 FlaIR; 
volumetric measure was not included). after baseline 
assessment, participants were followed up and evaluat-
ed for incident dementia during an average of 3.5 years. 
the institutional Research ethics Committee approved 
the study and all subjects and/or their proxies signed 
an informed consent.

neuropsychological evaluation 

In addition to the Petersen criteria, the diagnosis of MCI 
was supported by the following tests: 

 – Mini-Mental State examination (MMSe) for global 
cognition, with scores between 24 and 309.

 – Clinical Dementia Rating (CDR) severity scale for 
cognitive impairment = 0.510. 

 – Preserved aDl: Functional status was assessed us-
ing the Katz Index for aDl11, and the lawton-Brody 
Scale for IaDl12. the patient was considered depen-
dent with aDl score < 6 points; independent for IaDl 
with eight points and dependent with ≤ 7 points for 
women and ≤ 5 for men.

 – absence of dementia diagnosis13. 
 – the five-word test (FWt), measuring immediate re-
call, delayed five-minute recall, and total number of 
code words and semantic keys, is a valid test of verbal 
episodic memory. It is useful to discriminate dementia, 
especially aD, from isolated subjective complaints14. 

 – Verbal fluency test; it was considered abnormal if 
the participant was not able to recall a standardized 
number of correct words according to his/her edu-
cational level15. 

 – a Frontal assessment Battery (FaB)16 lower than 
1.5 standard deviations.

 – the clock drawing test (CDt), which has a maxi-
mum score of 10 points and is evaluated by giving 
one point for each qualitative or quantitative error17, 
was used to evaluate executive functions. 

all participants were followed for an average of 3.5 years 
after which a reassessment of cognitive status was 
made. after this evaluation, they were categorized into 
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two final diagnoses: dementia (or progressive MCI) or 
sustained MCI (or stable MCI).

dementia diagnosis

Diagnosis of incident dementia was established by a two-
step procedure: first, a neurologist performed a clinical 
and neurological examination; and second, a trained psy-
chologist applied a battery of neuropsychological tests. 
Progression from MCI to dementia was established by 
a consensus of expert neurologists and geriatricians 
according to the Diagnostic and Statistical Manual of 
Mental Disorders fourth edition (DSM-IV-tR) criteria18 
in those subjects who performed < 2 SD in the follow-
ing neuropsychological battery: immediate list recall, 
the verbal fluency test, FaB total score, and the CDt 
result. the etiology of each case of dementia was clas-
sified according to the current diagnostic guidelines: the 
national Institute of neurological Disorders and Stroke 
and alzheimer’s Disease and Related Disorders associa-
tion (nInDS-aDRDa) criteria for alzheimer’s disease19; 
neary criteria for frontotemporal lobar degeneration 
diagnosis20; the nInDS/association Internationale pour 
la Récherche et l’enseignement en neurosciences crite-
ria for vascular dementia, and the Dementia with lewy 
Bodies Consortium21. We used the nInDS-aIRen crite-
ria for mixed dementia (alzheimer’s disease with cere-
brovascular disease)22.

sociodemographic and clinical variables

age and education level (in years) were divided into 
three categories. Sex, marital status, and occupation 
were taken into account for the study design. Current 
smoking status was considered if participants reported 
having smoked in the last six months. History of alco-
hol consumption was defined as “moderate drinking”, 
which in patients over 65 years consists of one drink 
per day for the last six months (national Institute on 
alcohol abuse and alcoholism, american Psychiatric 
association, and the World Health organization)23.

the presence or absence of the following chronic dis-
eases in the clinical records was registered: history of 
traumatic brain injury (tBI), diabetes, hypertension, 
hyperlipidemia, hypothyroidism, cardiovascular disease, 
atrial fibrillation, history of stroke, and depression. De-
pression symptoms were assessed using the geriatric 
Depression Scale (gDS 15-item version), where a score 
> 5 indicates the presence of depression symptoms24. 

at baseline, the following laboratory determinations 
were performed: total cholesterol, triglycerides, high-
density lipoprotein (HDl), low density lipoprotein (lDl), 
vitamin B12, and folic acid levels. Subjects who at base-
line had decompensated chronic illness or altered labo-
ratory tests were excluded. 

statistical analysis

Variables are described using arithmetic mean and stan-
dard deviations (SD) or frequencies and proportions 
where appropriate. Chi-square test and Student’s t test 
(or Mann-Whitney test) were used where appropriate. 
Multivariate Cox regression analyses were used to iden-
tify the predictors of incident dementia (or progres-
sive MCI). Variables identified from within each domain 
were then considered together in a single Cox regres-
sion analysis, and statistically significant variables, as-
sociated with progressive MCI at p < 0.05 were retained 
in the final model. all statistical tests were performed 
at the 0.05 level and 95% confidence intervals (CI) were 
given. Statistical tests were performed using SaS soft-
ware (SaS Institute Inc., Cary, nC, USa). 

results

From the initial 175 patients, data from 125 were 
included in the final statistical analyses; 50 patients 
were excluded because their follow-up records were 
incomplete. Mean age was 81.7 years (SD: 6.9; range 
65-89 years), 57% were women, and mean education 
years was 9.5 (SD: 6.1). Hypertension (73%) and dia-
betes (38%) were the most frequent chronic diseases. 

Mean follow-up was 3.5 (SD: 2.5) years and 76/125 
(61%) participants progressed to dementia. the types 
of dementia were as follows: mixed dementia (59.7%), 
alzheimer’s disease (19.9%), and vascular dementia 
(19.5%).

table 1 shows the comparative analyses between pro-
gressive and non-progressive MCI. In comparison with 
the non-progressive subgroup, those who progressed 
were older (p < 0.001) and had lower educational 
levels (p = 0.016). also, they performed lower in the 
immediate and delayed recall test (p < 0.001) as well 
as in verbal fluency (p = 0.012), semantic fluency test 
(p < 0.001), and MMSe score (p < 0.001), compared 
with the non-progressive MCI subgroup.
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the univariate Cox regression analysis showed that 
diabetes (p = 0.047) and stroke (p = 0.014) were as-
sociated with progression from MCI to dementia. age 
(p < 0.001), years of education (p = 0.044), and cog-
nitive decline (MMSe) (p < 0.001) were associated 
with the odds of incident dementia (table 2).

Finally, multivariate Cox regression analysis did not 
change the direction of associations. older age increased 
the risk of conversion to dementia (HR: 4.95; 95% CI: 
1.96-12.46; p < 0.001). Six years or less of education 
(HR: 5.81; 95% CI: 1.90-7.78; p = 0.002), a history of 
stroke (HR: 3.92; 95% CI: 1.37-11.16; p = 0.010), 
and cognitive decline (HR: 1.31; 95% CI: 1.18-1.45; 
p < 0.000) remained statistically significantly associ-
ated with progression to dementia (table 3, Fig. 1).

the Kaplan-Meier curve with the following covariates: 
age, education, history of stroke, and cognitive decline. 
For the model, Cox regression coefficients were esti-
mated using progression to dementia. Patients were 
classified into two groups according to their risk scores 
(predicted values derived from multivariate Cox regres-
sions), with cutoff points at the median risk score in 
each model. We could predict the median conversion to 
dementia and the 3.5-year survival probabilities for pa-
tients with progressive or stable MCI.

dIsCussIOn

In this study, 125 individuals with a baseline diagnosis of 
MCI were evaluated by clinical and neuropsychological 

table 1. Comparison between stable and progressive mild cognitive impairment according to sociodemographic variables, car-
diovascular risk factors, and cognitive evaluation

Variable All
(n = 125)

stable MCI
(n = 49)

Progressive MCI
(n = 76)

p value

age, n (%)
 65-74 years
 75-84 years
 ≥ 85 years

18 (14.6)
55 (44.7)
50 (40.6)

12 (66.7)
28 (50.9)

9 (18.0)

6 (33.3)
27 (49.1)
41 (82.0)

< 0.001

Women, n (%) 71 (56.8) 30 (61.2) 41 (53.9) 0.423
education level, years, mean (SD) 9.5 (6.1) 10.5 (6.1) 8.0 (5.7) 0.016
BMI, kg/m2 mean (SD) 25.1 (3.9) 24.8 (3.7) 25.3 (4.0) 0.508
Family history of Dementia, n (%) 10 (8.0) 5 (10.2) 5 (6.6) 0.466
Smoking, n (%) 41 (32.8) 16 (32.7) 25 (32.9) 0.978
History of alcohol, n (%) 24 (19.2) 8 (16.3) 16 (21.1) 0.513
Hypertension, n (%) 90 (72.6) 36 (73.5) 54 (72) 0.858
Diabetes, n (%) 47 (37.6) 12 (24.5) 35 (46.1) 0.015
Background head injury, n (%) 13 (10.4) 5 (10.2) 8 (10.5) 0.954
History of Stroke, n (%) 25 (20.0) 4 (8.2) 21 (27.6) 0.008
Dyslipidemia, n (%) 80 (64.0) 29 (59.2) 51 (67.1) 0.368
Hypothyroidism, n (%) 37 (29.6) 16 (32.7) 21 (27.6) 0.548
Cardiovascular disease, n (%) 24 (19.4) 6 (12.5) 18 (23.7) 0.125
atrial fibrillation, n (%) 11 (8.8) 3 (6.1) 8 (10.5) 0.396
Depression, n (%) 49 (39.2) 18 (36.7) 31 (40.8) 0.650
Cholesterol, mg/dl mean (SD) 179.1 (38.6) 184.6 (37.2) 175.5 (39.2) 0.211
triglycerides, mg/dl mean (SD) 133.1 (54.0) 136.1 (57.5) 131.2 (51.9) 0.623
MMSe, score mean (SD) 23.8 (4.7) 26.7 (3.07) 21.91 (4.6) < 0.001
Clock test score, mean (SD) 3.7 (2.7) 2.9 (2.4) 4.2 (2.8) 0.014
Instant recall, # words, mean (SD) 4.0 (0.9) 4.4 (0.7) 3.8 (1.0) 0.002
Memory deferred # words, mean (SD) 3.0 (1.7) 3.8 (1.3) 2.5 (1.8) 0.002
Fluent phonological abnormal, # words, mean (SD) 8.8 (4.7) 9.7 (4.4) 7.7 (4.9) 0.195
Semantic fluency abnormal, # words, mean (SD) 12.9 (6.4) 16.1 (6.6) 9.1 (3.6) 0.005
FaB total score, mean (SD) 11.8 (3.8) 12.4 (3.9) 11.3 (3.6) 0.189

Significance was set at 0.05.
FaB: Frontal assessment Battery; MCI: mild cognitive impairment; MMSe: Mini-Mental State examination; SD: Standard Deviation.
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procedures after an average follow-up time of 3.5 years; 
76/125 (61%) progressed to dementia. As expected, 
advanced age, low education level, cognitive decline, and 
a history of stroke were independent predictors of de-
mentia risk. Previous reports describe an annual conver-
sion rate ranging from 8.3 to 33.6%, and a reversion rate 
that varies from 2.0 to 53.0%25,26. The Italian Longi-
tudinal Study on Aging found a progression rate of 
3.8 (95% CI: 2.3-6.2) per 100 person-years among 
139 individuals (65-84 years old) with baseline MCI, 
after 3.5-year follow-up27. Our study was carried out 
in a referral hospital, which could explain the particular 
characteristics of the studied subjects such as the bur-
den of disease and the high proportion of progression 

to dementia. Only a few Mexican studies have included 
clinical and neuropsychological evaluations to identify 
different cognitive profiles in early stages of dementia. 
In Mexico, MCI has been poorly studied and its preva-
lence and incidence is varied, even in epidemiological 
reports28. A cross-sectional epidemiological study, called 
10/66 Dementia Research Group, that included a large 
sample of middle- and low-income subjects, was carried 
out in Cuba, Dominican Republic, Mexico, Peru, Puerto 
Rico, Venezuela, China, and India with 15,376 Individuals 
aged 65+ without dementia. The study investigated the 
prevalence of MCI, according to Mayo Clinic criteria, and 
its association with sociodemographic conditions. They 
show a large variability in the prevalence of MCI (from 

Table 2. Hazard ratios from the Cox model for conversion to dementia

Covariate Coefficient (bi) HR (95% CI) p value

Age, n (%)
 65-74 years
 75-84 years
 ≥ 85 years

 –
 3.12
 4.60

1.00
3.308
7.933

–
(1.559-7.019)
(3.280-19.188)

–
  0.002
< 0.001

Education
 None
 ≤ 6 years
 > 6 years

 –
 0.38
 2.01

1.00
1.211
0.545

–
(0.456-3.214)
(0.301-0.985)

–
  0.044
  0.070

Diabetes  1.99 1.937 (1.009-3.719)   0.047
History of stroke  2.45 3.610 (1.294-10.07)   0.014
MMSE, score  4.70 1.242 (1.135-1.359) < 0.001
Clock drawing test, score –2.04 0.872 (0.765-0.994)   0.041
Instant recall, # words  2.62 1.598 (1.125-2.271)   0.009
Memory deferred # words  3.00 1.351 (1.109-1.645)   0.003
Semantic fluency abnormal, # words  2.60 1.085 (1.020-1.154)   0.009

Mild cognitive impairment diagnosis (yes is reference)
Age (65-74 years is the reference)
Education (no. years is the reference)
Diabetes and history of stroke presence is the reference
HR: hazard rate; CI: confidence interval; p value < 0.05. MMSE = Mini-Mental State Examination.

Table 3. Hazard ratios for predictor of dementia

Predictors β HR (95% CI) p value

Age, n (%)
 65-74 years
 75-84 years
 ≥ 85 years

 –
 1.51
 3.40

1.00
1.80
4.95

–
(0.83-3.90)

 (1.96-12.46)

–
0.131
0.001

Education
 None
 ≤ 6 years
 > 6 years

 –
 3.09
–3.35

1.00
5.81
0.34

–
(1.90-7.78)
(1.18-0.64)

–
0.002
0.001

History of Stroke  5.35 1.31 (1.181-1.452) < 0.000

HR: hazard ratio; CI: confidence interval; p value < 0.05.
MMSE: Mini-Mental State Examination.
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0.8% in China to 4.3% in India). But when latin american 
countries were compared, the results were more homog-
enous. In Mexico, the prevalence of MCI was 2.8%, with 
a modest association with male sex and less physical 
activity, but not with age or poor education29. 

on the other hand, previous community-based studies 
also reported predictors of MCI progression: older age, 
less years of schooling, depression, history of diabetes 
or stroke, african american and Hispanic ethnicity, and 
lower baseline MMSe score30. Recently, the community-
based Shanghai aging Study investigated the progression 
of cognitive decline in Chinese elderly31. they found that 
the conversion rate to dementia was 6.0 per 100 person-
years, while the reversion rate to cognitive normality was 
7.8 per 100 person-years. Multiple-domain amnestic MCI 
represented the highest risk for dementia (conversion 
rate: 14.2 per 100 person-years). older age (HR: 1.09), 
apolipoprotein e (APOE ε4; HR: 2.15), and low MMSe 
score (HR: 1.18) were predictors for dementia. In that 
study, age was considered the main risk factor for de-
veloping dementia. evidence from autopsy, epidemio-
logical, and cohort studies show that advanced age is the 
strongest risk factor for the development of alzheimer’s 

disease related to pathophysiological abnormalities and 
the ultimate development of symptomatic alzheimer’s 
disease31. even so, there is a significant heterogeneity 
between individuals in the age-specific prevalence of 
alzheimer’s-related pathology: some individuals appear 
relatively spared from developing the pathognomonic 
alzheimer’s brain lesions even in old age32. 

Recognizing potentially modifiable factors has always 
been a challenge in dementia care. In early forms of 
cognitive impairment such as MCI, this could represent 
an opportunity to prevent or delay progression to de-
mentia. Recently, an observational study in 638 subjects 
reported that vascular factors, such as hypertension, 
hypercholesterolemia, diabetes, and cerebrovascular dis-
ease, increased the risk of incident alzheimer’s dementia 
after adjusting for potential confounding factors (oR: 
2.03; 95% CI: 1.33-3.14)33. It has been proven that 
stroke (clinical and subclinical) is associated with pro-
gressive dementia, with a previous study showing that 
20% of 653 patients with cerebrovascular disease de-
veloped dementia34. Moreover, it has been demonstrat-
ed that 21% of subjects with stroke developed de-
mentia35. the association between stroke and cognitive 

Figure 1. Cumulative hazards according to the status of stable MCI and progressive MCI (p < 0.000; log-rank test). these data 
are further supported by the Cox regression analysis presented in table of univariate and multivariate analysis of prognostic 
variables by Cox regression analysis. MCI: mild cognitive impairment.
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impairment depends on several factors, such as lesion 
size and location, extent of damage to the white matter, 
and the region involved35. our study showed that, of all 
the vascular risk factors related to progression, a history 
of stroke was the most strongly associated. 

this study contributes to a better understanding of 
cognitive characteristics of a small sample of subjects 
in a memory clinic and, through monitoring, the un-
derstanding of factors that have been associated with 
conversion to dementia. We were able to achieve these 
results through a selection and exhaustive character-
ization of a sample, with properly documented risk 
factors to ensure their representative association. giv-
en the nature of the study, the main limitation was 
the design and the fact that 50 subjects (28.7%) were 
excluded from the follow-up, which could have affected 
the interpretation of our results. Furthermore, the in-
formation was obtained from clinical records, which 
could limit the identification of potential factors as-
sociated with the progression to dementia.

More longitudinal studies are needed in Mexico, where 
not yet clearly known psychosocial, medical, genetic, or 
biological factors may contribute to the development of 
MCI. the importance of the diagnosis of early forms 
of cognitive impairment should not be minimized. the 
course of MCI should be closely monitored and inter-
vened in an attempt to prevent progression to dementia.
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