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Introduction: High blood pressure is one of the main modifiable risk factors for dementia. However, it remains unclear whether
lowering the blood pressure effectively prevents cognitive impairment. Our objective was to explore the association between the
prevalence, medication adherence and control of hypertension and mild cognitive impairment (MCI) among elderly individuals in
northern China.
Methods: A two-stage clustering sampling method was used, and 9036 participants aged ≥65 years were included in the analysis. The
Mini-Mental State Examination and activities of daily living were used to assess participants’ cognitive function. Demographic
characteristics (gender, age, marital status, education level, occupation), history and duration of hypertension, use of antihypertensive
medications (AHMs) and its control effect were obtained.
Results: The prevalence of MCI in all participants was 18.1%, and the prevalence of MCI was significantly higher in hypertensive
subjects than in normotensive subjects (19.7% vs 16.2%, P<0.01). Furthermore, in hypertensive patients, the prevalence of MCI was
lower in those with good adherence (17.3%) than in those with poor adherence (23.7%, P<0.01) and lower in those controlled (16.5%)
than in those with uncontrolled adherence (20.8%, P<0.01). In univariate analyses, being female gender, increased age, agriculture
occupation, unmarried and widow, less than primary school and middle school were associated with MCI prevalence. The assessment
of the hypertensive patients revealed the adjusted OR (95% CI) of having MCI in those with poor adherence to AHMs was 1.32 (1.14–
1.54) compared with those having good adherence.
Conclusion: There is an association between the prevalence of hypertension, adherence to AHMs and MCI, suggesting that
hypertensives should be screened for MCI to provide improved diagnoses and optimal therapeutics for cognitive decline prevention,
especially in poor AHM adherence.
Keywords: elderly individuals, hypertension, medication adherence, mild cognitive impairment

Introduction
With the expected increase in the elderly population, the prevalence of hypertension is on the rise; this figure may
increase to 1.56 billion by 2025. Therefore, both the treatment and control of hypertension are considered important
public health issues for the prevention of traditional risk factors such as stroke, cardiovascular events, and other
diseases.1,2
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Hypertension and mild cognitive impairment (MCI) are two of the most prevalent and devastating diseases associated
with aging, affecting millions of people worldwide. The increasing life expectancy of older adults in modern societies
poses a major public health problem.3

Accumulating epidemiological and mechanistic evidence has shown that hypertension is a possible risk factor for
dementia, Alzheimer’s disease (AD) and mild cognitive impairment (MCI).4–10 Therefore, an increasing number of
studies have focused on whether antihypertensive medications (AHMs) and blood pressure control can slow cognitive
decline and prevent dementia. Observational studies have shown that individuals with pharmacologically controlled
hypertension decline less than people with uncontrolled or untreated hypertension.11 A beneficial effect of antihyper-
tensive medication on cognitive decline and dementia incidence is suggested by several observational studies with short/
medium-term follow-ups (ie between 412 years).12 Related studies in China showed that the incidence of MCI was
significantly higher in hypertensive patients than in normotensive patients, that there was a correlation between AHMs
and MCI, and that the incidence of MCI was significantly higher in hypertensive patients with poor blood pressure
control (BP) than in those with good BP control.13,14 But a recent meta-analysis failed to demonstrate that antihyper-
tensive treatment is associated with a reduction in cognitive decline.15 Thus, more research is needed to elucidate the
causal link between hypertension and cognition and to better understand the role of medication in the observed
associations.

With an aging population, the prevalence of dementia and MCI has been rapidly increasing over the past few decades
in China.16,17 Currently, in the elderly population, MCI patients are at higher risk of developing dementia; thus, mild
cognitive impairment has become an important public health issue.18,19 Therefore, hypertension, as a major controllable
factor, is critical to investigate the current status of MCI. Hypertension and MCI have changed dramatically in the last
decade, but there are fewer studies on the effects of hypertension and AHMs on MCI. The current study aims to examine
the association between the prevalence, adherence and control of hypertension and the increased risk of mild cognitive
impairment in participants over 65 years of age in rural areas in Tianjin, China.

Methods
Participants
The current study is a cross-sectional, population-based survey conducted across 104 communities, aiming to investi-
gate the association of hypertension status and cognitive impairment in Ji County from April to December 2019. The
participants were chosen from the database of Health Bureau of Ji County. Every investigation randomly selected 70
villages belonging to the five townships of Ji County. The following inclusion criteria were used: subjects were aged
≥65 years, and were legal residents in Ji County for at least 5 years preceding the survey date who accepted to
participate. The detailed data cleaning procedure and quality control is presented in Figure 1. The researchers who
participated in the survey had received at least five years of medical education. Training of investigators was centralized
to ensure the uniformity in and the quality of field activities. The investigations were aided by the medical staff of the
township health center. Prior to conducting this survey, a pilot study surveyed one village to test the epidemiological
methods.

Data Collection and Measurement
All data were collected using face-to-face interviews. A standardized questionnaire was designed and developed by the
research team based on the relevant literature. On the basis of informed consent, a face-to-face survey was conducted in
the home by medical personnel who had received special training and were qualified. The survey contents included the
following aspects. Age was divided into three stages: 65–70 years, 71–74 years, 75–79 years, 80–85 years and equal to or
greater than 75 years. Education levels included less than primary school, primary school and middle school and above.
Marital status was coded as single, married, or widow/divorced; occupational status was coded as agriculture and
nonagriculture.
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Definitions
The blood pressure (BP) values of the individuals were obtained with three measurements taken after resting for at least
5 min. Participants were advised to avoid smoking, caffeinated drinks, alcohol, and exercise for at least 30 min before
measurement. Measurement was taken from the unclothed right arm of the person in a sitting position. Diastolic and
systolic blood pressures were measured twice with a resting interval between the two measurements. The average of the
two readings was calculated to record the blood pressure value for each participant. If the difference between the two
measurements exceeded 10 mm Hg, the participant’s blood pressure was measured a third time, and the average of the
three measurements was calculated as the final measurement. A trained observer calculated the average of the three
recordings as the final measurement.

Hypertension was defined as systolic BP (SBP) ≥140 mmHg and/or diastolic BP (DBP) ≥90 mmHg or the use
of antihypertensive medicine within 2 weeks.20 AHMs adherence was measured using Chinese version of
Morisky, Green and Levine (MGL) medication adherence scale, 22 which was widely used and has been
demonstrated to be valid. It consisted of four “yes” or “no” questions. A positive answer was graded 1, whereas
a negative answer was graded 0. Participants were considered adherent to treatment if they scored 0, and
nonadherent if they scored 1 or above.21 For patients who were under 80 years of age, blood pressure <140/90
mmHg was considered controlled, whereas for patients aged 80 years or above, blood pressure <150/90 mmHg
was considered controlled. Similarly, for the patients with both hypertension and diabetes mellitus, blood pressure
<140/80 mmHg, and for patients with kidney, eye and cerebrovascular damage, blood pressure <130/80 mmHg
was considered controlled.22

Figure 1 Flowchart of subjects recruited into the study.
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Trained neurologists evaluated each participant’s cognitive function using the Mini-Mental State Examination
(MMSE) and the Diagnostic and Statistical Manual of Mental Disorders (IV Edition) criteria.23 MCI was defined as
an MMSE score <17 for illiterate subjects, <20 for subjects with 1–6 years of education and <24 for subjects with ⩾7
years of education, with intact ADL. Impairment and disability were evaluated using the ADL-20. This scale consists of
20 items from four major categories of basic activities of daily living (ADL).24 It has been reported that ADL-20 is useful
as a comprehensive measure of ADL in elderly individuals with a variety of handicaps. To assess the parameter “ADL
deterioration,” the study physician asked the patient about a decline of independence in the prior two weeks regarding
“bathing,” “dressing,” “mobility,” “feeding,” “toilet hygiene,” and “incontinence.” For the parameter “coherence of
history,” the study physicians provided a subjective judgment (yes/no), whether they considered the history given by the
patient as coherent (no discrepancy to other information, such as health records or histories by proxies).

Statistical Analysis
Sociodemographic data of the respondents were analyzed using descriptive statistics. Continuous variables are expressed
as the mean and SD, and categorical variables are expressed as the frequency (%). The t-test and χ2-test were used to
assess differences in the continuous and categorical variables, respectively, unless otherwise specified. Logistic regres-
sion was used to calculate the unadjusted and adjusted odds ratios (ORs) and the 95% confidence intervals (95% CIs) of
the prevalence, adherence and control of hypertension, and the prevalence of MCI. All P values and CIs were estimated
in a 2-tailed fashion. Differences were considered statistically significant at P<0.05. Data were analyzed using SPSS
version 13.0 (SPSS, Inc., Chicago, IL, USA).

Results
The characteristics of the total participants are shown in Table 1. The study population included 9036 individuals aged 65
years or older. The mean age of the participants was 74.8±7.0 years, with a range from 65 to 98 years. Hypertensive
subjects were significantly older (75.1±7.2 vs 74.4±6.5, P<0.01), compared to non-hypertensive subjects as in Table 1.
Overall, the prevalence of MCI and hypertension were 18.1% and 53.3%, respectively.

As shown in Figure 2, the prevalence of MCI was higher in hypertensive subjects than in normotensive subjects
(19.7% vs 16.2%, P<0.01). In addition, uncontrolled hypertensive subjects had a significantly higher prevalence of MCI
than controlled subjects (20.8% vs 16.5%, P<00.01). Moreover, the prevalence of MCI revealed significant differences
between good adherence to AHMs and poor adherence (17.3% vs 23.7%, P<0.01).

Table 2 shows the univariate analyses of selected demographic variables for MCI. Being female was associated with
a higher prevalence than male (P<0.01). The prevalence of MCI increased markedly with increasing age from 12.2 to
41.4% (P<0.01). Agriculture occupation was associated with a higher prevalence than non- agriculture occupation (P
<0.05). What is more, the prevalence of MCI was higher in patients with unmarried and widow, less than primary school
and middle school and above (P<0.01). No difference was found between different handedness, duration years of
hypertension and MCI.

Table 3 shows the unadjusted and adjusted associations between the prevalence, adherence and control of hyperten-
sion and the prevalence of MCI. Multivariate logistic analyses were used to explore the association of risk factors with
MCI. Overall, For the prevalence of MCI (as a dichotomous variable), after adjusting for gender, age, education level,
marital status, occupational status, the OR (95% CI) of having MCI was 1.39 (1.24–1.56) in those with hypertension
compared with those normotensive individuals. In the hypertensive patients, the adjusted OR (95% CI) of having MCI
in those with poor adherence to AHMs was 1.32 (1.14–1.54) compared with those with good adherence. However, the
difference between the uncontrolled hypertensive patients and those controlled hypertensive patients was not
significant.

Discussions
This is a population-based, cross-sectional study aimed at investigating the relationship between the use of AHMs in
elderly hypertension and the risk of MCI. The main results showed that the prevalence of MCI was significantly higher in
hypertensive subjects than in normotensive subjects and significantly lower in hypertensive subjects with good adherence
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than in those with poor adherence. In addition, adherence to AHMs, being female gender, increased age, agriculture
occupation, unmarried and widow, less than primary school and middle school were associated with MCI prevalence.

Both positive and negative relationships have been reported between hypertension and cognitive decline. However,
more findings of the current study are in accordance with previous authors who have reported a positive relationship
between hypertension and cognitive decline. Budge et al25 reported that blood pressure was negatively related to the
MMSE score in an elderly community. A cross-sectional study by Paran et al26 reported that increasing blood pressure
was related to a reduced risk of cognitive impairment in an elderly population aged 70–85 years.

The negative impact of hypertension on cognitive function is best understood in terms of the brain’s need for
a continuous blood supply. The brain is a highly vascularized organ, and continuous perfusion is essential to meet its high
metabolic demands. Hypertension alters the structural and molecular composition of the cerebral vasculature, disrupting
the homeostatic mechanisms that ensure an adequate blood supply to the brain at all times.27,28 Thus, damage to the
cerebral vascular system affects the delivery of oxygen and glucose to maintain normal neuronal function, as well as the
removal of metabolic waste and toxic proteins. These alterations make the brain more susceptible to ischemic damage,
the development of white matter disorders and neurodegenerative diseases.29,30

A recent national cross-sectional study found the prevalence of dementia and mild cognitive impairment in Chinese
adults aged 60 years and older, with a clear prevalence of 6.04% for dementia and 15.07 million patients and 15.54% for
mild cognitive impairment,17 which is similar to our findings. In the current study, the prevalence of MCI among
individuals ≥65 years of age was significantly higher in hypertensive subjects than in normotensive subjects (19.7% vs
16.2%), which were somewhat higher than that Study in urban China (16.5% vs 13.1%).13 In line with our findings was

Table 1 Characteristics of Study Subjects

Characteristics Total (%) Normotensives Hypertensives P value

Participants 9036 4217 4819 –
Age, mean (SD), years 74.8 (7.0) 74.4 (6.5) 75.1 (7.2) <0.01

Gender (n, %) <0.01

Male 3934 (43.5) 1925 (45.7) 2009 (41.6)
Female 5102 (56.5) 2292 (54.3) 2810 (58.4)

Handedness (n, %) 0.41

Right 8336 (92.3) 3901 (92.5) 4435 (92.0)
Left 700 (7.7) 316 (7.5) 384 (8.0)

Age, years (n, %) <0.01
65–69 2365 (26.1) 1132 (26.8) 1233 (25.5)

70–74 2771 (30.6) 1253 (29.7) 1518 (31.5)

75–79 1696 (18.7) 725 (17.1) 971 (20.1)
80–84 1271 (14.0) 626 (14.8) 645 (13.3)

≥85 933 (10.3) 481 (11.4) 452 (9.3)

Education (n, %) 0.31
Less than primary school 1836 (20.3) 881 (20.8) 955 (19.8)

Primary school 3789 (41.9) 1774 (42.1) 2015 (41.8)

Middle school and above 3411 (35.8) 1562 (37.1) 1849 (38.4)
Occupational status (n, %) 0.75

Agriculture 4863 (53.8) 2277 (53.9) 2586 (53.6)

Nonagriculture 4173 (46.2) 1940 (46.0) 2233 (46.4)
Marital status (n, %) <0.01

Unmarried 94 (1.0) 54 (1.2) 40 (0.8)

Married 6774 (74.9) 3115 (73.9) 3659 (75.9)
Divorced 138 (1.5) 78 (1.8) 60 (1.2)

Widow 2030 (22.5) 971 (23.1) 1060 (21.9)

MCI 1640 (18.1) 687 (16.2) 953 (19.7) <0.01

Note: The P value represents a statistical comparison between the hypertensive and normotensives groups.
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that adherence to AHMs was a critical factor in managing MCI. In addition, we failed to observe differences in the
prevalence of MCI between controlled and uncontrolled hypertensives, which is inconsistent with the results of the study
conducted in Beijing.

Many factors may clearly influence MCI prevalence in hypertensive patients, such as treatment. Among hypertensive
patients in the present study, ORs for the prevalence of MCI in poor adherence hypertensive patients compared with all
good adherence hypertensive patients was 1.32. However, the difference between patients with uncontrolled hypertension
and those with controlled hypertension was not significant. Taken together, the results suggested that hypertension
treatment by itself appears to have a protective effect against mild cognitive impairment. More studies on the protective
effect of antihypertensive therapy against cognitive impairment have been reported. In agreement with these data,
observational studies31 showed that AHMs may be beneficial in preventing cognitive decline and dementia. Haring32

found that hypertension or antihypertensive adherence was associated with an increased risk of developing cognitive
decline. A 4-year follow-up study by Tzourio et al33 found that cognitive decline occurred in a relatively short time
period and that the risk was highest in untreated hypertensive patients in individuals with high blood pressure. Then,
Tzourio et al34 confirmed the association between active treatment and the reduced risk of both dementia and cognitive
decline, and the treatment group showed a 19% reduction in the risk of cognitive decline. Adherence to AHMs was
a critical factor in managing blood pressure and preventing related complications. However, onset of overt dementia is
typically associated with spontaneous lowering of blood pressure,35 with a potential risk of overtreatment if drug therapy
is not adequately modified. It has been hypothesized that, owing to brain hypoperfusion, hypotension due to over-
treatment may adversely affect cognitive outcome in dementia.36

We also found an increase in the prevalence of MCI with age. Ageing is accompanied by changes in the brain,
including general atrophy particularly in the hippocampus, an imbalance of amyloid-β production and degradation,
activation of inflammation, and frailty of neurons in areas related to memory,37 which was also consistent with the reports
of Li et al.38 In other study, significant gender differences were found showing a higher prevalence in women than men.39

Increased prevalence in women might be due to a reduction of oestrogen and related hormones after menopause, as well
as a difference in brain structure.40 In addition, marital status was also associated with dementia; unmarried or loss of
a spouse might result in loneliness and less communication or mutual assistance, which are factors that impair cognition

Figure 2 Prevalence of mild cognitive impairment in total hypertensive subjects and those with high and low adherence and controlled blood pressure. *p<0.05; **p<0.01
comparison of MCI prevalence.
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in older adults.41 Dartigues et al42 suggested that occupational status should be taken into consideration when studying
brain aging. Consistent with previous studies, our study found that people with physical labour were more likely to have
MCI.43 However, control did not seem to serve as a protective factor in this situation. A U-shaped relation was reported
from the Kungsholmen project and the East Boston study, in which low SBP was defined as below 130 mm Hg.44,45

Duke population studies of elderly people could replicate this finding only among Caucasians.46 One reason for these

Table 2 Basic Characteristics of Hypertensive Patients Among MCI and Cognitively Normal

Characteristics MCI (n=953) Cognitively Normal (n=3866) P value

Age, mean (SD), years 77.7 (7.8) 73.9 (6.3) <0.01
Gender (n, %)
Male 368 (18.3) 1641 (81.7)

<0.05

Female 595 (20.7) 2275 (79.3)
Handedness (n, %)
Right 871 (19.6) 3564 (80.4)

0.42

Left 82 (21.4) 302 (88.6)
Age, years (n, %)
65–69 150 (12.2) 1083 (87.8)

<0.01

70–74 230 (15.2) 1288 (84.8)

75–79 196 (20.2) 775 (79.8)

80–84 190 (29.5) 455 (70.5)
85– 187 (41.4) 265 (58.6)

Education (n, %)
Less than primary school 293 (30.7) 662 (69.3)

<0.01

Primary school 319 (15.8) 1696 (84.2)

Middle school and above 1351 (47.3) 1508 (52.7)

Occupational status (n, %)
Agriculture 541 (20.9) 2045 (79.1)

<0.05

Nonagriculture 412 (18.5) 1821 (81.5)

Marital status (n, %)
Unmarried 11 (27.5) 29 (72.5)

<0.01

Married 638 (17.4) 3021 (82.6)

Divorced 10 (16.7) 50 (83.3)
Widow 294 (27.7) 766 (72.3)

Duration, years (n, %)
<5 437 (19.4) 1815 (80.6)

0.11

6–10 66 (16.4) 336 (83.6)

>10 450 (20.8) 1715 (79.2)

Note: The P value represents a statistical comparison between the MCI and cognitively normal groups.

Table 3 Association Between the Prevalence, Adherence and Control of Hypertension and the Prevalence of MCI in
Participant

Prevalence of MCI Unadjusted OR (95% CI), p Adjusteda OR (95% CI), p

Normotensives Ref

Hypertensives 1.27 (1.14–1.41), <0.01 1.39 (1.24–1.56), <0.01
Good adherence hypertensives Ref

Poor adherence hypertensives 1.48 (1.28–1.71), <0.01 1.32 (1.14–1.54), <0.01

Controlled hypertensives among hypertensives Ref
Uncontrolled hypertensives among hypertensives 1.33 (1.12–1.58), <0.01 1.08 (0.89–1.31) 0.415

Note: aAdjusted for gender, age, education level, marital status, occupational status.
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inconsistent findings may be the systolic and diastolic blood pressure to analyze the MCI. However, we have not
quantified the total number of BPs, which is necessary in future studies.

Limitations
The current study was a population-based cross-sectional study representing a large sample from northern China. In
general, there was an excellent response rate and a low percentage of missing data. Notwithstanding, the current study
has some limitations. Limitations of the study include the properties of the cross-sectional study and recall bias of the
self-report questionnaire. Additionally, detailed information on the type of antihypertensive medication used should have
been collected, as this may be an important covariate for the study analysis. We also were not able to collect all risk
factors for participants in the survey, and the list of risk factors in MCI survivors did not include many important risk
factors (eg, diet, physical activity). The advantages of our study include: (1) very large sample size ensuring sufficient
number of rural study participants; (2) an excellent response rate and a low percentage of missing data.

Conclusion
In conclusion, the present study showed a positive relationship between the prevalence of hypertension, poor adherence
to AHMs and an increased risk of MCI in rural northern China. Besides, MCI is associated with gender, age, education
level and status, and we hoped to have the opportunity to conduct another further in-depth investigation and research
about it.
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