




Relationship Between Systemic Arterial Hypertension and Cognitive Impairment in Older Adults: A Cross-Sectional Study

ABSTRACT 

	[bookmark: _GoBack]Background: Hypertension is one of the most common chronic-degenerative diseases in Mexico. It leads to systemic vascular damage, resulting in complications across various organ systems, including the cardiovascular, ophthalmologic, renal, and neurological systems. Neurological damage secondary to hypertension is mediated by several mechanisms, such as endothelial injury, inflammation, and alterations in the blood–brain barrier, among others. These changes have been shown to accelerate the aging process and are therefore associated with conditions such as mild cognitive impairment (MCI) and dementia. In this context, given the high prevalence of hypertension among older adults, it is of utmost importance to understand its relationship with cognitive alterations in this population.
Objective: The objective of the present study was to determine the relationship hypertension and MCI in adults aged 60 years and older attending the outpatient clinic of the Guanajuato General Hospital.
Study Design: Cross-sectional, observational, analytical, quantitative, and prolective study. Study site and date: The study was conducted in the outpatient clinic of the Guanajuato General Hospital between January and June 2025. Methodology: The study included a sample of 124 participants aged ≥ 60 years. Participants were classified according to the presence or absence of hypertension. The MoCA® test was administered to determine the presence or absence of MCI. Quantitative variables such as age, height, weight, waist circumference, blood pressure, and body mass index were measured, along with categorical variables including sex, marital status, educational level, and comorbidities. The relationship between hypertension and MCI was analyzed. In addition, the scores of the different MoCA® test domains were compared between hypertensive and non-hypertensive participants.
Results: A total of 60.48% of participants presented hypertension. MCI was observed in 79.67% of hypertensive individuals and in 46.94% of non-hypertensive individuals. Logistic regression analysis showed a significant association between hypertension and MCI (OR: 4.17; 95% CI: 1.90–9.16; P = 0.0003). The cognitive domains affected were visuospatial/executive function, attention, language, abstraction, and orientation (P < .05).
Conclusion: Hypertension was significantly associated with MCI, suggesting possible early vascular neurocognitive damage. These findings highlight the importance of timely screening and adequate blood pressure control.
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1. INTRODUCTION 

Hypertension is one of the most common chronic-degenerative diseases in Mexico, with an estimated prevalence of up to 74.80% among adults over 60 years of age (Shamah-Levy et al., National Health and Nutrition Survey 2021 on COVID-19. National Results, 2022). In the state of Guanajuato, this figure is approximately 67.5% in the same age group (Shamah-Levy et al., National Health and Nutrition Survey [Continuous Ensanut 2023] for the State of Guanajuato, 2023). Within this context, it is of great importance to analyze the relationship between hypertension and Mild Cognitive Impairment, given the potential impact that both conditions have on the quality of life of older adults.

Is considered that hypertension is one of the leading causes of morbidity and mortality worldwide due to its chronic complications affecting various target organs. It is characterized by persistent endothelial damage secondary to elevated blood pressure, leading to vascular remodeling, accelerated atherosclerosis, and dysfunction of hemodynamic regulation (Appel et al., 1997). Consequently, hypertension increases the risk of developing cardiovascular, renal, ophthalmologic, and neurological complications.

Among the neurological manifestations associated with hypertension, dementia and progressive cognitive decline stand out, primarily attributable to cerebral microvascular damage. Prolonged exposure to elevated blood pressure levels has been shown to contribute to deficits in executive function and memory in older adults (Iadecola et al., 2016; Oparil et al., 2018). Likewise, hypertension promotes accelerated brain atrophy, alterations in cerebral blood flow, and dysfunction of the blood–brain barrier—mechanisms that collectively may explain the cognitive vulnerability observed in this population (Canavan & O'Donnell, 2022).

MCI is defined as a decline in cognitive performance greater than expected for age and educational level, without significantly affecting activities of daily living (Petersen et al., 2018). The presence of hypertension has been reported to increase the risk of MCI by up to 40% and the risk of dementia by up to 70%, highlighting the importance of early identification of this association (Reitz et al., 2007).

Despite the growing evidence on the relationship between systemic arterial hypertension and cognitive decline, this topic has been scarcely studied in the Mexican population, which presents unique conditions that may influence the results obtained in other populations.

Therefore, the present study aimed to evaluate the association between systemic arterial hypertension and mild cognitive impairment in older adults attending primary care units in the state of Guanajuato.

2. material and methods

2.1 Design and Participants

The study design was cross-sectional, observational, analytical, quantitative, and prolective, involving a total of 124 participants who received care at the Guanajuato General Hospital (HGG), Mexico. Data were collected between January and April 2025.

2.2 Selection Criteria

2.2.1 Inclusion Criteria

Adults aged ≥ 60 years, male or female, who received care at the HGG, with or without a diagnosis of hypertension, and who also agreed to participate in the study by signing informed consent.

2.2.2 Exclusion Criteria

Adults with psychomotor developmental delay and/or mental disability, adults with a previous diagnosis of dementia, and adults with a history of cerebrovascular event.

2.2.3 Eliminated

Participants who decided to withdraw from the study and those with incomplete records.

2.3 Variables

2.3.1 Sociodemographic Variables

Age, marital status, sex, educational level, comorbidities, weight (kg), height (m), body mass index (BMI) (kg/m²), and waist circumference (WC) (cm) were included.

2.3.2 Independent Variables

· Hypertension: This is a dichotomous categorical variable. It is defined as the pressure exerted by blood against the arterial walls and is classified according to the Clinical Practice Guideline “Promotion, Prevention, Diagnosis, and Treatment of Arterial Hypertension in Primary Health Care.” Hypertension is diagnosed when systolic blood pressure (SBP) ≥ 140 mm Hg or diastolic blood pressure (DBP) ≥ 90 mm Hg (CENETEC, 2021). It is measured as present or absent and presented as frequencies and percentages.
· Duration of Hypertension: This is a continuous quantitative variable. It represents the time elapsed from the diagnosis of hypertension to the moment of inclusion in the study. It is measured in years and presented as mean and standard deviation.
· Blood Pressure: This is a continuous quantitative variable. It refers to the pressure exerted by blood against the arterial walls. It is further classified into SBP and ABP pressure. It is measured in mmHg and presented as mean and standard deviation.

2.3.2 Dependent Variables

· Mild Cognitive Impairment: This is a dichotomous categorical variable in which cognitive impairment may be present or absent. It is a clinical syndrome representing an intermediate stage between normal cognition and dementia. It was defined based on neurocognitive evaluation using the Montreal Cognitive Assessment® (MoCA®) test; a score ≥ 26 indicates normal cognition, while a score ≤ 25 indicates MCI. For participants with ≤ 12 years of education, one point was added to the total score obtained (Nasreddine et al., 2005). It is measured as present or absent and presented as frequencies and percentages.
· Visuospatial/Executive: This is a continuous quantitative variable. It represents the ability to integrate visual and spatial information in order to plan, organize, and execute complex tasks. It is measured according to the MoCA® test, ranging from 0 to 5 points (Nasreddine et al., 2005). It is presented as mean and standard deviation.
· Naming: This is a continuous quantitative variable. It represents the ability to recognize and name previously learned objects or stimuli. It is measured according to the MoCA® test, ranging from 0 to 3 points (Nasreddine et al., 2005). It is presented as mean and standard deviation.
· Attention: This is a continuous quantitative variable. It represents the ability to maintain concentration and direct cognitive resources toward a specific stimulus or task over a given period. It is measured according to the MoCA® test, ranging from 0 to 6 points (Nasreddine et al., 2005). It is presented as mean and standard deviation.
· Language: This is a continuous quantitative variable. It encompasses a set of skills that enable comprehension, expression, and organization of thought through spoken or written words. It is measured according to the MoCA® test, ranging from 0 to 3 points (Nasreddine et al., 2005). It is presented as mean and standard deviation.
· Abstraction: This is a continuous quantitative variable. It represents the ability to identify conceptual relationships among objects, ideas, or situations, and to think symbolically or abstractly. It is measured according to the MoCA® test, ranging from 0 to 2 points (Nasreddine et al., 2005). It is presented as mean and standard deviation.
· Delayed Recall: This is a continuous quantitative variable. It represents the ability to retrieve learned information after a period of time without external cues. It is measured according to the MoCA® test, ranging from 0 to 5 points (Nasreddine et al., 2005). It is presented as mean and standard deviation.
· Orientation: This is a continuous quantitative variable. It represents the ability to recognize one’s own orientation in time, space, and person. It is measured according to the MoCA® test, ranging from 0 to 6 points (Nasreddine et al., 2005). It is presented as mean and standard deviation.

2.4 Procedures

Once approved by the Research Ethics Committee, the HGG was visited, and adults aged 60 years and older were identified. After identification, eligible candidates were invited to participate. The study objectives were explained in detail, an information sheet was provided, and any questions were addressed. Subsequently, the informed consent form was given, and those who agreed to participate signed it after reading.

Participants were weighed and measured using a DETECTO scale, model 2491, following the manufacturer’s specifications. Waist circumference was measured with a measuring tape, ensuring that the measurement was taken at the level of the navel and at the end of a normal exhalation. Blood pressure was measured using a Welch Allyn® 767 Tycos® Aneroid sphygmomanometer with a mobile stand, ensuring that the measurement was taken after a 5-minute rest period, with the participant seated, back supported, legs straight, and both feet flat on the floor. The blood pressure was taken over the cubital fossa of the left arm.

The MoCA® test was administered to assess the participants’ global neurocognitive function and cognitive domains.

2.5 Instruments

For neurocognitive assessment, the MoCA® test was used. This test evaluates eight different cognitive abilities: visuospatial/executive function, identification, memory, attention, language, abstraction, delayed recall, and orientation (Nasreddine et al., 2005).

The MoCA has been validated in the Mexican population, demonstrating adequate validity and reliability. Aguilar-Navarro et al. (2018) reported a Cronbach’s alpha coefficient of α = 0.891 and an intraclass correlation coefficient of 0.955 (95% CI: 0.918–0.975; ≥ 0.001).

2.5 Sample Size Calculation

Assuming that 30% of hypertensive individuals (Qin et al., 2021) and 7% of non-hypertensive individuals (Garcia, Gonzalez, Herrera Olvera, Guerrero-Gonzalez, & Muñoz, 2023) present cognitive impairment, the minimum sample size required is 52 hypertensive and 52 non-hypertensive participants, with 95% precision and 80% power (EPI INFO 7.2.6.0, 2023, CDC, Atlanta, GA, USA).

2.6 Statistical Analysis

Descriptive statistics were used for sociodemographic variables. Categorical variables were expressed as frequencies and percentages, while continuous variables were presented as means and standard deviations

To assess the association between mild cognitive impairment and systemic arterial hypertension, the chi-square test and p-value were calculated. A multivariable analysis was performed using logistic regression, including sociodemographic variables such as age, gender, marital status, educational level, waist circumference, disease duration, body mass index, and comorbidities.

For the cognitive impairment questionnaire dimensions, the mean and standard deviation of the scores were obtained for hypertensive and non-hypertensive participants. Student’s t-test for independent means was calculated, along with degrees of freedom and P value.

In all cases, the alpha value was set at 0.05. Statistical analyses were performed using STATA software version 13.0 (StataCorp, College Station, TX, USA).

3. results and discussion

The sample of 124 participants consisted mainly of women (75.81%). The most frequent educational level was none (34.68%), and the most common marital status was married (52.42%). Most participants presented hypertension (60.48%), MCI was more frequent (66.13%), and the most prevalent comorbidity was type 2 diabetes (T2D) (29.03%) (Table 1).

In the total sample, the mean age was 68.82 ± 5.91 years, the mean duration of hypertension was 8.46 ± 11.87 years, the mean weight was 68.46 ± 11.87 kg, the mean height was 1.54 ± 0.08 meters, the mean BMI was 28.64 ± 5 kg/m², the mean SBP was 122.38 ± 18.48 mmHg, the mean DBP was 73.61 ± 10.54 mmHg, and the mean WC was 99.08 ± 11.9 cm (Table 2).

Table 1. Distribution of Categorical Variables of the Participants (n=124)
	Variable
	n=124
	%

	Sex
	
	

	  Female
	94
	75.81%

	  Male
	30
	24.19%

	Education level
	
	

	  None
	43
	34.68%

	  Primary
	30
	24.19%

	  Secondary
	14
	11.29%

	  High school
	22
	17.74%

	  Bachelor’s degree
	11
	8.87%

	  Postgraduate
	4
	3.23%

	Marital status
	
	

	  Married
	65
	52.42%

	  Single
	22
	17.74%

	  Divorced
	10
	8.06%

	  Widowed
	22
	17.74%

	  Common-law union
	5
	4.03%

	Hypertension
	
	

	  Yes
	75
	60.48%

	  No
	49
	39.52%

	MCI 
	
	

	  Si
	82
	66.13

	  No
	42
	33.87

	Comorbidities
	
	

	  None
	32
	25.81%

	  T2D
	36
	29.03%

	  Hypothyroidism
	9
	7.26%

	  COPD
	2
	1.61%

	  Gonarthrosis
	16
	12.90%

	  BPH
	3
	2.42%

	  CKD
	5
	4.03%

	  Others
	21
	16.94%


T2D: Type 2 Diabetes; COPD: Chronic Obstructive Pulmonary Disease; BPH:Benign Prostatic Hyperplasia; CKD: Chronic Kidney Disease
Source: Author’s design

Table 2. Distribution of Quantitative Variables of the Participants (n=124)
	Variable
	Range
	Mean ± Standard Deviation

	 Age (years)
	60 a 84
	68.62 ±5.91

	 Duration of hypertension (years)
	0 a 50
	8.46 ± 11.87

	 Weight (kg)
	38.6 a 137
	68.32 ± 14.53

	 Height (m)
	1.34 a 1.72
	1.54 ± 0.08

	 BMI (kg/m²)
	17.2 a 47.4
	28.64 ± 5.43

	 SBP (mmHg)
	90 a 175
	122.38 ± 18.48

	 DBP (mmHg)
	50 a 105
	73.61 ± 10.54

	 WC (cm)
	64 a 140
	99.08 ± 11.9


BMI: Body Mass Index; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; WC: Waist Circumference
Source: Author’s design

Table 3 shows the relationship between hypertension and MCI (P = 0.0001).

Table 3. Association between hypertension and MCI
	
	MCI (MoCA ≥ 26)
	No MCI (MoCA ≤ 25)
	χ2
	df
	P Value
	OR
	CI (95%)

	
	n
	%
	n
	%
	
	
	
	
	

	Hypertension
	 
	 
	 
	 
	13.32
	1
	0.0001
	4.17
	1.90 - 9.16

	 Yes
	59
	78.67
	16
	21.33
	
	
	
	
	

	 No
	23
	46.94
	26
	53.06
	 
	 
	 
	 
	 


 MCI: Mild Cognitive Impairment; df: degree of freedom; OR: odds ratio; CI: Confidence Interval.
Source: Author’s design

Logistic regression analyses were performed to evaluate the association between hypertension and various factors in the presence of MCI.
Table 4 describes the relationship between hypertension and MCI, with an OR of 4.17 (95% CI: 1.90–9.16; P = 0.0003). In addition, the associations with other confounding variables are also shown (Table 4).

Table 4. Logistic regression models with confounding variables
	 
	Hypertension MCI
	Hypertension MCI Sex
	Hypertension MCI MS
	Hypertension MCI EL
	Hypertension MCI Age
	Hypertension MCI WC
	Hypertension MCI BMI
	Hypertension DCL DH
	Hypertension MCI CC

	OR
	4.17
	4.17
	3.83
	4.05
	4.01
	4.32
	4.56
	3.58
	4.20

	CI 95%
	1.90 - 9.16
	1.90 - 9.16
	1.71 - 8.62
	1.73 - 9.47
	1.82 - 8.86
	1.81 - 10.28
	2.00 - 10.40
	1.33 - 9.68
	1.89 – 9.35

	LR T
	13.27
	0.27
	0.65
	15.83
	0.78
	0.04
	1.00
	0.23
	0.01

	P-value
	0.0003
	0.60
	0.42
	0.0001
	0.38
	0.85
	0.32
	0.63
	0.92

	OR: Odds Ratio; CI: Confidence Interval; LRT: Likelihood Ratio Test; MCI: Mild Cognitive Impairment; MS: Marital Status; EL; Education level; WC: Waist Circumference, BMI: Body Mass Index; DH: Duration of hypertension; CC: Comorbidities. 
Source: Author’s design



Table 5 shows the differences in means and standard deviations of the scores for the different dimensions (visuospatial, identification, attention, language, abstraction, delayed recall, and orientation) measured by the MoCA test in participants with and without hypertension. Student’s t-test was used to compare means, with P-values indicating statistical significance and degrees of freedom.

Table 5. Differences in cognitive domain scores between participants with and without hypertension
	
	Hypertension
	Student’s t test
	df
	P-value

	 
	Yes
	No
	 
	 
	 

	Visuospatial
	
	-3.38
	122
	0.001

	  Range
	0 a 5
	1 a 5
	
	
	

	  Mean ± SD
	2.91 ± 1.52
	3.76 ± 1.09
	 
	 
	 

	Identification
	
	-1.67
	122
	0.1

	  Range
	0 a 3
	0 a 3
	
	
	

	  Mean ± SD
	2.57 ± 0.76
	2.78 ± 0.55
	 
	 
	 

	Attention
	
	
	-2.91
	122
	0.004

	  Range
	0 a 6
	1 a 6
	
	
	

	  Mean ± SD
	3.67 ± 1.73
	4.53 ± 1.40
	 
	 
	 

	Language
	
	
	-2.23
	122
	0.03

	  Range
	0 a 3
	0 a 3
	
	
	

	  Mean ± SD
	1.57 ± 1.04
	2.0 ± 1.06
	 
	 
	 

	Abstraction
	
	
	-2.71
	122
	0.008

	  Range
	0 a 2
	1 a 2
	
	
	

	  Mean ± SD
	1.51 ± 0.67
	1.80 ± 0.41
	 
	 
	 

	Delayed Recall
	
	
	-1.53
	122
	0.13

	  Range
	0 a 5
	0 a 5
	
	
	

	  Mean ± SD
	1.83 ± 1.85
	2.31 ± 1.45
	 
	 
	 

	Orientation
	
	
	-2.22
	122
	0.03

	  Range
	2 a 6
	5 a 6
	
	
	

	  Mean ± SD
	5.72 ± 0.81
	5.98 ± 0.14
	 
	 
	 

	df: degrees of freedom; SD: Standard Deviation 
Source: Author’s design



The main objective of this study was to establish the relationship between hypertension and MCI. The results indicate that participants diagnosed with hypertension presented a higher frequency of cognitive impairment compared to those without it.

In the present study, 78.67% of participants with hypertension presented MCI, compared to 46.94% of those without hypertension, with a chi-square value of 13.32, 1 degree of freedom, p = 0.0001, and an OR of 4.17 (95% CI: 1.90–9.16). In their study, Suleman, Padwal, Hamilton, Senthilselvan, and Alagiakrishnan (2017) reported a prevalence of MCI of 52% among individuals with hypertension, in a sample with sociodemographic characteristics similar to those of the present study. For instance, the mean age was 70 ± 12 years compared to 68.62 ± 5.91 years, the BMI was 29 ± 6 kg/m² compared to 28.64 ± 5.43 kg/m², and the prevalence of T2D was 38% compared to 29.03% in the present study. However, in our study, the prevalence of MCI among participants with hypertension was considerably higher (78.67%).

Similarly, Cisneros-Zuñiga and Razo-Mendoza (2024), in a sample of 382 participants, reported a prevalence of MCI of 66.06%, which was also lower than that observed in the present study. Likewise, Moreno-Briones (2019) evaluated a population comparable to that of Cisneros-Zuñiga, finding a prevalence of MCI of 60.9% among participants with hypertension.

These differences in the prevalence of MCI could be attributed to methodological variations. For instance, Suleman et al. (2017) used the criteria of the European Consortium, which may have influenced their results. Moreover, both Cisneros-Zuñiga and Moreno-Briones employed the MMSE as a screening tool, which has lower sensitivity compared to the MoCA for detecting MCI, potentially explaining the discrepancies observed.

The overall statistical analysis confirmed a significant association between hypertension and MCI, with an OR of 4.17 (95% CI: 1.90–9.16), a likelihood ratio test (LRT) value of 13.27, and a P-value of 0.0001 (Table 3). This indicates that individuals with hypertension are approximately four times more likely to present MCI compared to those without the condition. These findings are consistent with those reported by Tzourio, Dufouil, Ducimetiere, and Alperovitch (1999), who, in a longitudinal study, documented an overall OR of 2.8, with notable differences depending on antihypertensive treatment: an OR of 4.3 among untreated participants and 1.9 among those under treatment. Furthermore, after two years of follow-up, they observed an increase in the OR to 6.0 in the untreated group, while in the treated group it decreased to 1.3.

These findings reinforce the hypothesis that hypertension contributes to cognitive decline through mechanisms such as cerebrovascular dysfunction, chronic inflammation, and oxidative stress —all of which are associated with accelerated brain aging. In this regard, early detection and timely management of hypertension could represent a relevant strategy for the prevention of MCI.

Regarding other variables such as sex, marital status, age, BMI, waist circumference, and the presence of comorbidities, none showed a statistically significant association with MCI (Table 4). However, educational level acted as a confounding factor in the relationship between hypertension and MCI, reducing the OR to 4.05. Education is an essential component of cognitive reserve, and lower educational attainment has been associated with increased vulnerability to cognitive decline (Stern, 2012). This could explain, at least in part, the modulation of the observed effect.

The analysis by cognitive domains showed that individuals with hypertension exhibited poorer performance in the visuospatial, attention, language, abstraction, and orientation areas (p < 0.05) compared to those without hypertension (Table 5). However, no significant differences were observed in the identification or delayed recall domains. These results suggest that hypertension may selectively affect certain cognitive domains, particularly those related to executive function and sustained attention.

Taken together, these findings underscore the importance of strict blood pressure control as a potential strategy for preventing cognitive decline in older adults. Future longitudinal studies could help clarify the causal direction of this relationship and assess the impact of antihypertensive interventions on cognitive outcomes.

Based on the results obtained—78.67% of participants with hypertension presented MCI, compared to 46.94% of those without hypertension—the minimum sample size was estimated at 36 participants with hypertension and 36 without hypertension, with 95% precision and 80% power (EPIDAT 4.2, 2016, Pan American Health Organization, Xunta de Galicia, WHO, University of Santiago de Compostela).

3.1 Limitations

This study has limitations inherent to its cross-sectional design. First, the simultaneous measurement of hypertension and MCI prevents the establishment of a temporal or causal relationship. Second, although adjustments were made for variables such as age and diabetes, residual confounding factors may have influenced the results. Additionally, the sample derived from a hospital outpatient setting may limit the generalizability of the findings to other populations.

4. Conclusion

The findings of this study demonstrated a significant association between hypertension and MCI in older adults. The high prevalence of MCI observed among hypertensive individuals, compared to those without a diagnosis of hypertension, suggests that chronic vascular impairment may accelerate the aging process while simultaneously affecting cognition. Individuals with hypertension showed a greater likelihood of presenting MCI, as well as poorer performance across several cognitive domains, particularly in attention, orientation, abstraction, language, and visuospatial abilities. This study provides evidence supporting the need to implement preventive and follow-up strategies in hypertensive patients to prevent the development and/or progression of MCI.


Consent

All authors declare that written informed consent was obtained and signed by the participating subjects

Ethical approval

The protocol was approved by the Research Ethics Committee of the Hospital General de Salamanca, with registration number CONBIOETICA-11CEI-002-20210302 and registry number CEI-HGS007-2024 also was approved by Research Committee in Health Sciences of the Quetzalcoatl University in Irapuato, with registration number UQIMED-10042025/162. All authors declare that the research was approved by the corresponding committee and, therefore, was conducted by the ethical standards of the Declaration of Helsinki.
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