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This study aimed to evaluate the prevalence of cognitive impairment and the distribution
of its risk factors among residents aged ≥60 years without cardiovascular and
cerebrovascular diseases in rural areas of northern China screened with the Chinese
version of the Mini-Mental State Examination (MMSE). Between 2012 and 2013, a
questionnaire survey was conducted to collect basic information from participants.
Cognitive function was assessed using the MMSE. In the univariate analysis, risk
factors for cognitive disorders were female sex, low education and central obesity,
while drinking was found to be a protective factor. In the multivariate analysis, risk
factors were old age (odds ratio [OR], 1.888; 95% confidence interval [CI]: 1.256–2.838;
P = 0.002 for the 70-year-old group compared with the 60-year-old group; OR, 3.593;
95% CI, 2.468–5.230; P < 0.001 for the ≥75-year-old group compared with the
60-year-old group), low education (OR, 3.779; 95% CI: 2.218–6.440; P < 0.001 for the
illiterate group compared with the group with ≥9 years of education; OR, 1.667; 95%
CI, 1.001–2.775; P = 0.05 for the group with less than primary school compared with
the group with ≥9 years of education), and higher blood pressure (BP; OR, 1.655; 95%
CI: 1.076–2.544; P = 0.002 for individuals with stage III hypertension compared with
those with normal BP). These findings suggest that it is crucial to manage and control
level of BP, and improve educational attainment in order to reduce the prevalence and
burden of cognitive impairment among low-income residents in rural China.

Keywords: cognitive impairment, prevalence, risk factors, elderly, epidemiology

Abbreviations: BMI, body mass index; BP, blood pressure; CI, confidence intervals; CIND, cognitive impairment not
dementia; CVD, cardiovascular disease; DBP, diastolic blood pressure; FBG, fasting blood glucose; HDL-C, high-density
lipoprotein cholesterol; IMT, intima-media thickness; LDL-C, low-density lipoprotein cholesterol; MMSE, Mini-Mental
State Examination; OR, odd ratios; SBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides.
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INTRODUCTION

According to World Health Organization reports, there are
approximately 47.5 million dementia patients worldwide, with
7.7 million newly diagnosed cases each year. It has been
estimated that the annual global dementia-related healthcare
costs were 604 billion USD (Wimo et al., 2013). The
morbidity and prevalence of dementia, and the investment
in dementia treatment and research, are unevenly distributed
among developed and developing countries (Wimo et al.,
2013). The proportion of dementia in developed countries is
declining (Langa et al., 2017), accompanied by an increase
in developing countries. In 2010, dementia in developing
countries accounted for 58% of all cases worldwide, and it
is predicted to reach 63% in 2030 and 71% in 2050 (Prince
et al., 2013). Dementia has been ranked first among chronic
non-communicable diseases in low-income and middle-income
countries (Yang et al., 2008; Mayosi et al., 2009; Patel et al., 2011;
Schmidt et al., 2011). The prevalence of cognitive impairment
in rural areas is higher than that in urban areas (Tang et al.,
2007; Gavrila et al., 2009; Nunes et al., 2010). There was a range
of 18.9%–22.4% for cognitive impairment in people >60 years
of age (Sherina et al., 2004; Laks et al., 2005; Lopes et al.,
2007). In rural areas of northern China, the prevalence of
dementia and Alzheimer’s disease in residents aged 60 years
and older is 7.7% and 5.4%, respectively (Cristina et al.,
2001), while that of cognitive impairment and dementia is
73.2% among the elderly aged 80 years and older (Ji et al.,
2015). However, studies on the prevalence of and associated
risk factors for non-vascular cognitive impairment are rare,
especially in a population with low educational attainment. Thus,
we aimed to explore the prevalence of and risk factors for
non-vascular cognitive impairment based on the Mini-Mental
State Examination (MMSE) in a low-income population in rural
China.

MATERIALS AND METHODS

This was a population-based, cross-sectional study conducted
from April 2014 to January 2015. The participants were from
the Tianjin Brain Study, which has been described previously
(Zhao et al., 2016; Ning et al., 2017). In brief, the total
population included 14,251 individuals from 18 administrative
villages. Approximately 95% of the population were low-income
farmers, with a per capita disposable income of <1600 USD
in 2014 (Zhao et al., 2016). In 2011, the average length of
education was 5.26 years (Wang et al., 2015). All residents
aged 60 years and older with normal vision and audition
were recruited to this study. However, those with a registered
previous history of myocardial infarction, stroke, depression,
congenital hypophrenia and psychosis (including schizophrenia,
paranoia schizophrenia) were excluded from the current
study.

This study was carried out in accordance with the
recommendations of the ethics committee of Tianjin Medical
University General Hospital. All subjects gave written informed
consent in accordance with the Declaration of Helsinki. The

protocol was approved by the ethics committee of Tianjin
Medical University General Hospital.

This study was conducted through face-to-face interviews
by trained research staff. A pre-designed questionnaire was
used to collect the following information: demographic
information (including name, sex, date of birth and educational
level), individual medical history (including the presence
or occurrence of hypertension and diabetes mellitus), and
lifestyle factors (including cigarette smoking and alcohol
consumption).

A physical examination was performed to obtain information
on height, weight, and waist circumference with thin clothes.
Body mass index (BMI) was calculated as the individual’s weight
(kg) divided by the square of the individual’s height (m2).
Blood pressure (BP) measurements were performed using an
electronic sphygmomanometer (HEM-741C, Omron, Tokyo,
Japan). Subjects were asked to remain resting in a sitting
position for 15min before testing; BP was measured three
times and the mean was obtained (Zhang et al., 2012).
The levels of fasting blood glucose (FBG), total cholesterol
(TC), triglycerides (TG), high-density lipoprotein cholesterol
(HDL-C) and low-density lipoprotein cholesterol (LDL-C) were
tested in the central laboratory of Tianjin Ji County People’s
Hospital.

Carotid ultrasonography was also performed to evaluate
carotid intima-media thickness (IMT). One trained technician
blinded to participants’ information performed all ultrasound
examinations. The patients were examined while they were in the
supine position using B-mode ultrasonography (Terason 3000;
Burlington, MA, USA) with a 5–12-MHz linear array transducer.
The extracranial carotid artery trees (i.e., the common carotid
artery, the bifurcation, and the internal and external carotid
arteries) on both sides were screened for plaque. Images were
obtained and digitally stored in accordance with a standard
protocol. Both longitudinal and transverse dynamic images of
each plaque were stored.

Owing to their high sensitivity and specificity of screening
for dementia and cognitive impairment (Canadian Task Force
on Preventive Health Care, 2016), we selected the MMSE
and Montreal Cognitive Assessment (MoCA) scales. However,
considering that the content of the MoCA was not suitable
for individuals living in rural areas with low educational levels
in China, we assessed cognitive impairment with the Chinese
version of the MMSE. Furthermore, cognitive function was
measured using the MMSE. All participants completed the
MMSE scale under professional inquiry but by themselves.

We used the following diagnostic criteria for the variables
of interest in our study: cognitive impairment was defined
by an MMSE score of <17 in the illiterate group, <22 in
the primary school group, and <26 in the junior school
and above group. Hypertension was defined by an systolic
blood pressure (SBP) ≥140 mmHg, diastolic blood pressure
(DBP) ≥90 mmHg, the use of antihypertensive drugs, or a
history of hypertension. Stage I hypertension was defined as
140 mmHg ≤ SBP < 160 mmHg, or 90 mmHg ≤ DBP
< 100 mmHg; stage II hypertension was defined as 160 mmHg
SBP < 180 mmHg, or 100 mmHg ≤ DBP < 110 mmHg;
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stage III hypertension was defined as SBP ≥180 mmHg or DBP
≥110 mmHg. Diabetes was defined as a FBG ≥ 7.0 mmol/L,
taking medication for diabetes, or a self-reported history of
diabetes. Obesity was defined as a BMI ≥28.0 kg/m2 and
overweight was defined as 24.0 ≤ BMI < 28.0 kg/m2. Central
obesity was defined as a waist circumference >102 cm for men
and >88 cm for women. High TC was defined as ≥6.22 mmol/L;
high TG was defined as ≥2.26 mmol/L; high LDL-C was
defined as ≥4.14 mmol/L; and low HDL-C was defined as
≤1.04 mmol/L. Because carotid IMT was generally low in the
present study, we classified it according to interquartile ranges;
intimal thickening was defined as a thickness greater than the

value of the 75% interquartile range. Plaques are focal structures
that encroach into the arterial lumen by at least 0.5 mm
or 50% of the surrounding IMT, or demonstrate a thickness
of >1.5 mm, as measured from the intima-lumen interface to
the media-adventitia interface. Smoking was defined as smoking
≥1 cigarette daily for more than 1 year. Drinking was defined as
drinking >50 mL of alcohol at least once per week for more than
6 months.

The screening criteria for cognitive impairment were
made based on an adjusted MMSE score. Cut-off points
for cognitive impairment were set at 1 standard deviation
below the mean of the MMSE according to educational

FIGURE 1 | Flow chart of participants.
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TABLE 1 | The demographic characteristics of the study population.

Characteristics Male Female Total

Numbers, n (%) 535 (45.7) 636 (54.3) 1171
Age, years, means (SD) 67.31 (6.69) 66.64 (6.83) 66.95 (6.78)
Age group, n (%):

60 years 224 (41.9) 304 (47.8) 528 (45.1)
65 years 138 (25.8) 157 (24.7) 295 (25.2)
70 years 83 (15.5) 72 (11.3) 140 (13.2)
≥75 years 90 (16.8) 103 (16.2) 181 (16.5)

Education level, years (SD) 5.45 (2.74) 2.69 (3.00) 3.95 (3.19)
Education level, n (%):

0 years 50 (9.3) 275 (43.2) 325 (27.8)
1 years 165 (30.8) 216 (34.0) 381 (32.5)
6 years 232 (43.4) 109 (17.1) 341 (29.1)
≥9 years 88 (16.4) 36 (5.7) 124 (10.6)

Current smoking, n (%) 391 (73.1) 351 (55.2) 742 (63.4)
Current drinking, n (%) 258 (48.2) 100 (15.7) 358 (30.6)
Hypertension, n (%) 423 (79.1) 507 (79.7) 930 (79.4)
Diabetes, n (%) 72 (13.5) 120 (18.9) 192 (16.4)
Central obesity, n (%) 169 (31.6) 128 (20.1) 297 (25.4)
Obesity, n (%) 323 (60.4) 323 (50.8) 646 (55.2)
Bp group, n (%):

Normal BP 135 (25.2) 162 (25.5) 297 (25.4)
Stage I HBP 192 (35.9) 215 (33.8) 407 (34.8)
Stage II HBP 125 (23.4) 166 (26.1) 291 (24.9)
Stage III HBP 83 (15.5) 93 (14.6) 176 (15.0)

BMI, Kg/m2, means (SD) 24.68 (3.33) 25.32 (3.61) 25.03 (3.50)
WC, cm, means (SD) 88.81 (9.27) 89.39 (8.71) 89.13 (8.97)
SBP, mmHg, means (SD) 153.25 (23.01) 154.44 (23.03) 153.90 (23.02)
DBP, mmHg, means (SD) 87.26 (11.51) 85.60 (11.94) 86.36 (11.77)
FBG, mmol/L, means (SD) 5.84 (1.16) 6.16 (1.89) 6.01 (1.61)
TC, mmol/L, means (SD) 4.57 (0.96) 5.17 (1.06) 4.89 (1.06)
TG, mmol/L, means (SD) 1.43 (0.85) 1.83 (1.29) 1.65 (1.13)
HDL, mmol/L, means (SD) 1.42 (0.44) 1.52 (0.49) 1.47 (0.47)
LDL, mmol/L, means (SD) 2.50 (0.80) 2.84 (0.89) 2.68 (0.87)
IMT, cm, means (SD) 0.60 (0.10) 0.58 (0.08) 0.59 (0.09)

level. The following were deemed positive for possible
cognitive impairment: MMSE score <17 points in the
illiterate group, <22 points in the primary school group,
and <26 points in the secondary and above group (Nunes et al.,
2010).

Continuous variables were presented as means and standard
deviations, and the Student t-test was used to compare the
differences between the two groups. Categorical variables were
presented as numbers with frequencies, and the chi-squared
test was performed to compare the differences between the
two groups. All participants were categorized into four age
groups (60–64, 65–69, 70–74 and ≥75 years), four education
groups (0, 1–5, 6–8 and ≥9 years), and four blood pressure (BP)
groups (normal, stage I hypertension, stage II hypertension,
and stage III hypertension). The risk factors for cognitive
impairment were assessed using logistic regression analyses,
with cognitive impairment (yes or no) as the dependent
variable and demographical features, previous histories of
diseases, and risk factors as independent variables. Results
of the univariate analysis were presented as unadjusted odds
ratios (ORs) and 95% confidence intervals (CIs); results of
the multivariate analysis were presented as adjusted ORs
and 95% CIs after adjustment for covariates. P < 0.05 was
considered statistically significant. SPSS for Windows

(version 15.0; SPSS Inc., Chicago, IL, USA) was used for
analyses.

RESULTS

In this population, there were 2562 residents who were aged
60 years and older. Of these, 839 residents did not meet the
inclusion criterion for this study. Thus, there were 1723 residents
who were eligible to participate in this study. There were
1249 residents who participated in this study, for a response
rate of 72.5%. Finally, 1171 elderly were assessed after excluding
46 residents who refused to participate in this investigation
and 32 residents who did not complete the entire assessment
(Figure 1).

Of the 1171 participants, men accounted for 45.7% and
women accounted for 54.3%, with an average age of 66.84 years.
The average educational achievement was 3.95 years overall,
with an illiteracy rate of 27.8%. The general prevalence of
risk factors was 79.4% for hypertension, 16.4% for diabetes,
20.3% for obesity, 34.4% for central obesity, 63.4% for
smoking, and 30.6% for drinking, respectively. Moreover, there
were 34.8% residents with stage I hypertension, 24.9% with
stage II hypertension, and 15.0% with stage III hypertension
(Table 1).
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TABLE 2 | Distribution of risk factors by cognitive function.

Characteristics Abnormal MMSE X2 P

Gender, n (%): 20.551 <0.001
Male 137 (25.6)
Female 242 (38.1)

Age group, n (%): 72.287 <0.001
60 years 126 (23.9)
65 years 83 (28.1)
70 years 58 (37.4)
≥75 years 112 (58.0)

Education level, n (%): 96.213 <0.001
0 year 175 (53.8)
1 years 121 (31.8)
6 years 58 (17.0)
≥9 years 25 (20.2)

Hypertension, n (%): 4.679 0.031
No 64 (26.6)
Yes 315 (33.9)

Diabetes, n (%): 0.672 0.412
No 312 (31.9)
Yes 67 (34.9)

Current smoking, n (%): 3.858 0.058
No 154 (35.9)
Yes 225 (30.3)

Current drinking, n (%): 6.543 0.011
No 282 (34.7)
Yes 97 (27.1)

Central obesity, n (%): 5.958 0.015
No 230 (29.9)
Yes 149 (37.0)

Obesity, n (%): 0.221 0.638
No 305 (32.7)
Yes 74 (31.1)

IMT thickening, n (%): 0.201 0.654
No 286 (32.7)
Yes 93 (31.3)

Plaque presence, n (%): 3.056 0.080
No 156 (29.7)
Yes 223 (34.5)

Bp group, n (%): 17.230 <0.001
Normal BP 82 (27.6)
Stage I HBP 114 (28.0)
Stage II HBP 105 (36.1)
Stage III HBP 78 (44.3)

The raw prevalence of cognitive impairment was 32.4%
overall, 25.6% in men and 38.1% in women. In the univariate
analysis, the prevalence of cognitive impairment increased as
age and BP increase but decreased as education level increased.
Individuals with cognitive impairment were more likely to have
hypertension and central obesity, but were less likely to smoke

TABLE 4 | Determinants of cognitive impairment using multivariate logistic
regression analysis.

Characteristics Reference OR (95%CI) P

Gender: Female
Male 1.03 (0.72, 1.48) 0.855

Age group: 60–64 years
65–69 years 1.36 (0.97, 1.91) 0.079
70–74 years 1.89 (1.26, 2.84) 0.002
≥75 years 3.59 (2.47, 5.23) <0.001

Education level: ≥9 years
0 year 3.78 (2.22, 6.44) <0.001
1–5 years 1.67 (1.00, 2.78) 0.050
6–8 years 0.79 (0.46, 1.35) 0.384

Current drinking Never
Yes 0.89 (0.65, 1.22) 0.474

Central obesity No
Yes 1.14 (0.83, 1.58) 0.422

BP group: Normal BP
Stage I HBP 0.97 (0.67, 1.39) 0.853
Stage II HBP 1.45 (0.99, 2.12) 0.056
Stage III HBP 1.66 (1.08, 2.54) 0.022

and drink alcohol (Table 2). Moreover, there was a higher age
and SBP in the cognitive impairment group than in the normal
group (Table 3).

Table 4 shows that age, education level, and higher BP were
associated with cognitive impairment. The corresponding
ORs (95% CIs) were 1.89 (1.26–2.84; P = 0.002) for
70-year-old individuals and 3.59 (2.47–5.23; P < 0.001)
for individuals ≥75 years old compared with 60-year-old
individuals; 3.78 (2.22–6.44; P < 0.001) for the illiterate
group and 1.67 (1.00–2.78; P = 0.050) for those with
1–5 years education level compared with those with
≥9 years of education; and 1.66 (1.08–2.54; P = 0.002) for
those with stage III hypertension compared to those with
normal BP.

DISCUSSION

This is the first study to examine the prevalence of and relevant
risk factors for cognitive impairment among a low-income
elderly population without cardiovascular and cerebrovascular
diseases in rural China. The prevalence of cognitive impairment
was 32.37% among individuals aged 60 years and older, 25.6%
in men and 38.1% in women. Age, education level and BP
levels were significantly associated with cognitive impairment.
Compared to individuals aged 60 years and older, the prevalence

TABLE 3 | Differences in physical examination items by cognitive function groups.

Items Normal MMSE Abnormal MMSE t P

SBP, mmHg (SD) 152.05 (21.98) 157.77 (24.64) 4.001 <0.001
DBP, mmHg (SD) 86.33 (11.22) 86.42 (12.87) 0.120 0.905
FBG, mmol/L (SD) 5.99 (1.63) 6.06 (1.55) 0.648 0.517
TC, mmol/L (SD) 4.86 (1.06) 4.96 (1.06) 1.591 0.112
TG, mmol/L (SD) 1.65 (1.18) 1.65 (1.00) 0.083 0.934
HDL, mmol/L (SD) 1.46 (0.46) 1.51 (0.50) 1.600 0.110
LDL, mmol/L (SD) 2.67 (0.87) 2.71 (0.86) 0.585 0.558
Average IMT, mm (SD) 0.59 (0.09) 0.59 (0.08) 0.218 0.827
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of non-vascular cognitive impairment increased remarkably
among those aged 70 years and older; a similar trend was
found in those with education levels of <6 years, compared to
individuals with education levels of 9 years or more. Moreover,
there was a greater prevalence of cognitive impairment among
patients with stage III hypertension than among those with
normal BP.

The prevalence of dementia and cognitive impairment has
been inconsistent in different regions and subjects, with a range
of 13.1% to 25.7% (Cristina et al., 2001; Sherina et al., 2004; Lopes
et al., 2007; Shi et al., 2013; Ji et al., 2015; Langa et al., 2017).
However, few studies have reported the prevalence of cognitive
impairment among a low-income elderly population without
cardiovascular and cerebrovascular diseases. In this study, the
prevalence of cognitive impairment was surprisingly high, up to
32.4%. The low level of education and income in this population
may partially explain this finding.

The sex disparity in cognition impairment has been
established. Population studies from Malaysia reported that
women had worse cognitive function than men did (Sherina
et al., 2004). Neuropsychological screening results from northern
Italy showed that the prevalence of cognitive impairment was
higher in women, even after accounting for age (Cristina et al.,
2001). Population studies from rural northern China indicated
that women were more likely to experience cognitive impairment
thanmenwere (Shi et al., 2013; Ji et al., 2015). In previous studies,
the prevalence of cognitive impairment was 2.3-fold higher in
women than in men among people aged 60 years old and older
(Ji et al., 2015) and 1.8-fold higher in women than in men among
people aged 80 years old and older (Shi et al., 2013). The loss
of estrogen in menopause may contribute the high prevalence of
cognitive impairment in women (Sherina et al., 2004). However,
several studies have shown that cognition was not related to
sex (Lobo et al., 2005; Zhang et al., 2012; Bai et al., 2016). In
the present study, cognition was worse in women than in men
in the univariate analysis, but the sex difference disappeared
in the multivariate analysis. Low educational attainment may
account for the poor cognitive function in women in this
population.

Age and education level were risk factors for cognitive
impairment (Friedland, 1993; Elias et al., 1997; Ganguli et al.,
2000; Lobo et al., 2005; Ngandu et al., 2007; Zhang et al., 2012;
Shi et al., 2013; Bai et al., 2016). Consistent with previous studies,
the prevalence of cognitive impairment in this elderly population
increased remarkably among those aged 70 years and older
compared to that in individuals aged 60–70 years; a similar trend
was found in those with education levels of<6 years compared to
that in individuals with education levels of 9 years or more, with
a 3.8-fold increase in the illiterate group and a 1.7-fold increase
in those with 1–5 years of education.

Most studies have shown a negative correlation between BP
and cognition (Kivipelto et al., 2001; Whitmer et al., 2005;
Peters et al., 2008; Gao et al., 2009; Oveisgharan and Hachinski,
2010; Higuchi et al., 2015), although some studies have shown
that they were not related (Rönnemaa et al., 2011; Yang
et al., 2011). Midlife arterial hypertension (SBP ≥160 mmHg)
significantly increased the late-life risk of Alzheimer’s disease

(Kivipelto et al., 2001; Whitmer et al., 2005; Higuchi et al.,
2015). Hypertension has also been shown to predict progression
to dementia in older people (Oveisgharan and Hachinski,
2010). The risk of dementia in the untreated hypertension
group was higher than that in the treated group (Peters et al.,
2008; Gao et al., 2009). In the present study, we divided BP
into four grades: normal BP, stage I hypertension, stage II
hypertension, and stage III hypertension. Stage III hypertension
had a significant negative association with cognition. Because
of the lower frequency of medication use in this study (Wang
et al., 2014), there was a stronger negative correlation between
hypertension and MMSE score. However, the exact mechanism
for this relationship is not clear and needs to be studied
further.

Associations between conventional risk factors and cognition
has not been conclusive (Knopman et al., 2001; Musen
et al., 2008; Solomon et al., 2009). There were no significant
associations between FBG, blood lipids, and cognition in this
study. Several studies have demonstrated that carotid intima-
medial thickness (IMT) and carotid plaques were negatively
correlated with cognitive function (van Oijen et al., 2007;
Wendell et al., 2009; Sander et al., 2010; Zhong et al., 2011,
2012). Inconsistent with these findings, there was no relationship
between carotid atherosclerosis and cognitive function in this
study. A thin carotid IMT (0.60 mm for men and 0.58 mm for
women) in our study compared with that in another study from
China and the high frequency of carotid plaques (47.1% for men
and 35.4% for women) may explain this disparity (Su et al., 2012;
Zhan et al., 2016).

The following are limitations of this study. First, the study
comprised a low-income, low-education rural population in
northern China. Thus, its representation and generalizability
are poor. Second, the present study only screened for cognitive
impairment with MMSE scores and did not use other
instruments to replace the MMSE for the evaluation of cognitive
function; therefore, further exploratory research of the validity
of this instrument of cognitive function is needed. However, this
study was not designed to investigate the prevalence of and risk
factors for dementia and different dementia types. Third, subjects
with a history of depression and mental illness were excluded,
rather than being screened with the Hamilton Depression Scale.
Lastly, we only evaluated the above risk factors for cognition
and did not consider the effects of medication history, family
history, exercise, or social interaction on cognitive function.
Finally, this was a cross-section study and so causation could not
be identified.

In conclusion, the prevalence of cognitive impairment
decreased with increasing education level, while it increased
in older people and in those with hypertension. Subjects with
stage III hypertension had a higher risk of cognitive impairment
than did those with normal BP. The lower average educational
level generally and the lower frequency of using antihypertensive
drugs in this study population may have contributed to these
results. These findings suggest that it is crucial to manage and
control level of BP, and improve educational attainment among
low-income populations in order to reduce the prevalence and
burden of cognitive impairment in China.
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