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Abstract N
Background: The incidence of hypertension in China is high, which seriously affects people’s health, including occupational |
population in mining areas. Cognitive dysfunction has a serious impact on the work and life of patients. Lifestyle intervention can
improve diabetes and cardiovascular diseases. However, there are few studies on the effects of lifestyle interventions on cognitive
function in hypertensive patients. So the aim of this study was to analyze the effect of long-term lifestyle intervention on mild cognitive
impairment in hypertensive occupational population in China.

Methods: In September 2013, a cluster sampling was conducted for the workers in the Shaanxi Jinduicheng (intervention group)
and Hancheng (control group) mining areas. In both groups, according to the blood pressure (BP) level, they were divided into
hypertension stage 1 to 3 subgroups; according to their age, they were divided into between 45 and 59 and under 45 years
subgroups; and according to whether or not taking medicine, they were divided into Lifestyle intervention, Lifestyle intervention plus
medication, Medication, and No lifestyle intervention nor medication subgroups. The intervention group received regular lifestyle
intervention for 2 years, which included diet, smoke, drink, and exercise intervention. Mild cognitive impairment was measured by the
Montreal Cognitive Assessment (MoCA). The arterial stiffness was measured by Omron Automatic Atherosclerosis Tester. We
conducted BP measurement and MoCA questionnaire at baseline, 6, 12, and 24 months.

Results: \We analyzed a total of 510 mine workers, whose average age was 45.6 + 13.4 years old. With the increase of BP level, the
MoCA scores decreased significantly both in control and lifestyle intervention groups (P < .05). There was no obvious difference
between the hypertensive patients whose age was between 45 and 59 to those under 45 in MoCA scores (P> .05). After 2 years, the
BP, total cholesterol, glucose, and brachial-ankle pulse wave velocity of the Lifestyle intervention subgroup and Lifestyle intervention
plus medication subgroup decreased (P <.05), and the MoCA scores and ankle-brachial index increased (P < .05), and the latter
improved more significantly. Compared with the No lifestyle intervention nor medication subgroup, the BP and MoCA scores had no
obvious changes at 6 months (P>.05), but the BP decreased and the MoCA scores increased significantly in the Lifestyle
intervention and Lifestyle intervention plus medication subgroups after 1 and 2 years of lifestyle intervention (P < .05).

Conclusion: Long-term lifestyle intervention can be used as adjunctive therapy to improve the BP and cognitive function of
hypertensive occupational population in China.

Abbreviations: ABI = ankle-brachial index, baPWV = brachial-ankle pulse wave velocity, BP = blood pressure, DBP = diastolic
blood pressure, Glu = blood glucose, MCI = mild cognitive impairment, MoCA = Montreal Cognitive Assessment, SBP = systolic
blood pressure, TC = total cholesterol, WHO = World Health Organization.
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1. Introduction

Hypertension is a major risk factor for cardiovascular and
cerebrovascular diseases, and thus constitutes a serious risk to
human health. The prevalence of hypertension in China has risen
rapidly between 2002 and 2012: in 2002, its prevalence in adults
was 17.6%, but in 2012, it increased to 25.2%. Preventing and
treating hypertension can reduce the morbidity and mortality rates in
the community by reducing the incidence of cardiovascular and
cerebrovascular disease. Several studies show that community-based
strategies to prevent and treat hypertension can be effective.!

The mild cognitive impairment (MCI) is a cognitive state between
the normal aging and dementia. Cognitive impairment is a growing
public health concern.®! Aging, lifestyles, and chronic diseases,
mainly hypertension and type 2 diabetes mellitus, are the most
important contributing factors for the development and progression
toward cognitive impairment./*! The relationship between hyper-
tension and cognitive dysfunction has been a concern, and the
mechanism of hypertension-related cognitive dysfunction remains
unclear.’! Hypertension causes many pathological changes in the
vascular system, and these changes may lead to cognitive
dysfunction. A study found that diastolic blood pressure (DBP)
increased by 10mm Hg, the risk of cognitive decline increased by
7%, and when systolic blood pressure (SBP)>160mm Hg, the
cognitive function was significantly reduced./®! Both high and low
blood pressures (BP) have been linked to cognitive decline. There are
some evidences that antihypertensive drug treatment could play a
role in the prevention of cognitive impairment through BP control.
Hypertension accelerates arteriosclerotic changes in the brain,
predisposing it to atheroma formation in large diameter blood
vessels, and arteriolar tortuosity of small vessels of the cerebral
vasculature. These vascular changes result in a reduced luminal
diameter, increased resistance to flow and a decline in perfusion.!”!

A recent survey in China showed that less than one-third of
adult workers have adequate BP control.’®! And the effect of long-
term standardized group lifestyle intervention on BP and MCI of
the hypertensive occupational workers remains poorly
researched. One of the occupational groups (i.e., at particular
risk of hypertension) is mine workers. This is related to their hard
working environment and work environment-related lifestyle.
However, the effectiveness of comprehensive strategies for
preventing and treating high BP in mine workers has not been
tested. According to the Chinese guidelines on hypertension
treatment, the nonpharmacological treatment of hypertension
(lifestyle intervention) included: reduce sodium intake (World
Health Organization [WHO] recommended <6 g daily), increase
potassium intake, weight control, quit smoking, restrict alcohol
consumption, physical exercise, reduce mental stress, and
maintain a psychological balance.!!

This is the first prospective cohort study to investigate effects of
long-term lifestyle intervention on cognitive function in hyperten-
sive personnel in mining areas of China. In the 2-year-follow-up,
we will measure the effect of long-term standardized group lifestyle
intervention on their BP and cognitive function, and compare the
results with a control group that receive no intervention, to explore
whether lifestyle interventions can effectively improve the cognitive
function of hypertensive workers in mined areas by improving BP.

2. Methods

2.1. Study design

Between September 2013 and December 2015, in the China
Shaanxi Province, 510 participants were recruited by general
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practitioners during a routine health check-up. The study was
approved by the First Affiliated Hospital of Xi’an Jiaotong
University (approval No. KYLLSL2014-135-01, approval date,
August 25, 2014), and signed agreements with the local staff
hospitals, and was conducted according to the tenets of the
Declaration of Helsinki and its revisions. The study was a double-
blind test. All participants gave written informed consent to
participate in the study.['"!

The initial study cohort consisted of professionals working in a
relatively closed mining area: Mine workers were chosen for the
current study because it would have a minimal staff turnover
during the 2-year testing period, and it was subjected to regular
annual medical examinations at the local hospital. These
participants would thus be less likely than other working
populations to withdraw from the study. The 2 mines were 180
km apart, so the nonintervention mining staff were unlikely to hear
about the interventions received by the intervention group.'”!

During the 2-year follow-up, in the intervention group, the
doctors provided health education and behavior counseling
monthly and urged the hypertensive participants to improve their
lifestyle. All participants in the intervention group also received
regular health seminars and free health education materials about
how to prevent and treat hypertension every 3 months
(pamphlets were made available in the reception of the main
mining office building). Moreover, participants received monthly
SMSs and phone calls urging them to improve their lifestyle. In
addition, regular sports events (basketball, badminton, table
tennis, and mountain climbing) were organized and the
participants were invited to join in (sports activities were held
every Thursday afternoon, the time for each physical activity was
from 16:00 to 18:00, and the staff participated in turns, if they
could not attend this time, they could join the next time). The
participation rate of research participants is about 90%. The
information about lifestyle intervention on hypertension was
monthly disseminated. In this study, we recommend the patients
of lifestyle intervention group eat like the DASH diet, which
emphasizes fruits, vegetables, and low-fat dairy foods. It includes
whole grains, poultry, fish, and nuts, and contains smaller
amounts of red meat, sweets, and sugar-containing beverages
than the typical diet in the United States."!! First, reduce sodium
intake, each person should consume no more than 6 g of salt per
day (pickles contain high levels of salt and one should therefore
not eat too many pickles, and one should drink plenty of water
after eating). Increase the vegetables and fruit intake. Each person
should eat 300 to 500 g of vegetables and 200 to 400 g of fruit per
day. Second, weight control, the most effective weight loss
measures include control energy intake and increase physical
activity. Each person should determine their optimal threshold of
daily fat consumption (g) using the following formula: kg of body
weight x 0.45 (we helped them count the specific intake). Fat
consumption (such as fat, egg yolks, cakes, and French fries)
should not exceed this threshold. Third, quit smoking, strongly
recommend and urge patients to quit smoking, and follow up and
supervise the successful smokers to avoid relapse. Fourth, restrict
drinking, daily alcohol intake should not exceed 25g for men,
and women should not exceed 15g. White wine, wine, and beer
were <50, 100, and 300mL. Fifth, physical exercise, it is
recommended that they should take appropriate physical exercise
for about 30 minutes a day and have aerobic exercise more than
once a week, such as walking, jogging, cycling, swimming,
aerobics, dancing, and so on. And sixth reduce mental stress and
maintain a psychological balance,®'2713! therapists are general
practitioners of local hospitals trained by cardiologists.
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All hypertensive participants were followed up for 2 years by
visiting to the local general hospital at 6 months, 1 year, and 2
years after the initiation of the study. At all visits, the BP and
Montreal Cognitive Assessment (MoCA) questionnaire were
measured. The arterial stiffness was measured at the beginning
and end of the study. The intervention group was also followed
up by monthly telephone calls concerning their BP and lifestyle.
Enrollment and the follow-up flow chart are shown in Fig. 1.11!
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2.2. Criteria for eligibility

Participants were included in the study if they had hypertension,
and had consistently participated in the annual health examina-
tion, and were the mining staff (managers, clerks, and mine
workers). Hypertension was diagnosed according to the 2010
Chinese Hypertension Prevention guidelines, namely, the SBP of
>140 mm Hg or the DBP of >90 mm Hg, or taking

antihypertensive drugs 2 weeks before the start of the study.

Hypertensive occupational population(n =510)

Inclusion criteria:

Hypertension;

Was the mining staff;

Consistently participatedin the annual health
examination.

Exclusion criteria:

Did not provide written informed consent;
Hadincomplete data, and/orifthey refusedto
acceptthelifestyle intervention and follow-up ;
Secondary hypertension;

Diabetes.

I

Workers in Jinduicheng
(intervention group,n =325)

I

\

Workersin Hancheng
(control group,n = 185)

I

Lifestyle intervention Lifestyle intervention plus Medication No Medication
(n=209) medication (n=116) (n=38) (n=147)
No dropout

Blood pressure measured and questionnaire completed
atbaseline, Bmonths, 1 year, and 2 years

No dropout

Data analysis

Figure 1. Enrollment flow chart.
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Eligible subjects were excluded if they did not provide written
informed consent, had incomplete data, and/or if they refused to
accept the lifestyle intervention and follow-up, and they were
secondary hypertension or diabetes. Following this standard
exclusion, after screening, the intervention group comprised 325
subjects and the control group comprised 185 subjects.

2.3. Assessments
2.3.1. Physical examination. BP was measured using a standard

mercury sphygmomanometer. The subjects were asked to rest for
5 minutes in the sitting position, after which the BP in their right
upper limb was measured twice at least 1 minute apart. SBP and
DBP were recorded as phase I and V Korotkoff sounds. If the
difference between the 2 measurements exceeded S mm Hg (1 mm
Hg=0.133 kPa), the BP was measured again. The average BP was
then recorded.!'”!

2.3.2. BaPWV and ABI measurement and evaluation stan-
dard. We used Omron Automatic Atherosclerosis Tester (ST-
203ATII-230V), and the room temperature maintained at
around 25°C. A pressure-sensitive probe was placed at the most
obvious pulsation of the radial artery and radial artery. The
electrode was connected and the arterial pulse waveform was
traced for 5 minutes. The instrument automatically analyzed the
results and output. The ba-PWV was taken as the higher value in
the bilateral limb measurement, and the ankle-brachial index
(ABI) was taken as the lower value in the bilateral. Criterion:
When the brachial-ankle pulse wave velocity (baPWV) <1400
cm/s, the peripheral arterial elasticity is defined as normal; when
baPWV is higher than 1400cm/s, peripheral arteriosclerosis is
considered. ABI <0.90 is the standard cut-off for the diagnosis of
peripheral arterial disease (i.e., there may be occlusion of lower
extremity arteriosclerosis).

2.3.3. Montreal Cognitive Assessment. The MoCA is a rapid
screening instrument to identify MCL 5! It assesses attention and
concentration, executive functions, memory, language, visuo-
constructional skills, conceptual thinking, calculations, and
orientation. The total possible scores are 30 points, and a score
of >26 is considered normal. To counterbalance the effect of
lower education, 1 point was added to the final score of those
individuals with <12 years of education. A previous validation
study in China suggested 26 points as the ideal cutoff for MCI
identification. Under the recommended cut-off score of 26, the
MoCA demonstrated an excellent sensitivity of 90.4% and a fair
specificity of 31.3%.1'®! These indicate that with optimal cutoffs,
the MoCA is valid to screen for cognitive impairment.

Outcomes in the intervention and control groups were assessed
in terms of mean improvement in BP and MoCA at 6 months,
1 year, and 2 years compared with baseline. All hypertensive
patients from both groups were asked to do the MoCA
questionnaire."® They were divided into hypertension stage
1 to 3 subgroups according to the BP level. According to the
United Nations WHO proposed the new age segment, under 44
years old are young people and 45 to 59 years old are middle-
aged people. Therefore, according to their age, they were divided
into under 45 and 45 to 60 subgroups, each subgroup was
assessed for changes in MoCA scores. Some hypertensive patients
were not taking medications for economic or other reasons. To
rule out the effect of drugs on BP and cognitive function,
hypertensive patients in the 2 groups were divided into 2
subgroups: medication and no medication. We then analyzed
changes in BP, total cholesterol (TC), blood glucose (Glu), and
MoCA scores in the 4 subgroups.
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2.4. Statistical analyses

Data were entered in a double-entry fashion using Epidata 3.1
software, which is a data entry software, and double-entry
fashion can improve the accuracy of input. Continuous variables
were expressed as the mean+standard deviation. Categorical
data were expressed as number (%). Repeated measures ANOVA
was used to assess BP and MoCA scores, including the factors
“group” (intervention/control), “time period” (at baseline, 6
months, 1 year, and 2 years). Between-group comparison of
continuous variables was made using 1-way analysis of variance
followed by the Student-Newman—Keuls method. Between-
group comparisons of categorical variables were made using
the chi-squared test. The 2010 national 6th census data were used
to standardize the data according to age. All data were analyzed
using SPSS 19.0 software. P values on 2-sided tests that exceeded
.05 were considered to be statistically significant.™"’

3. Results

3.1. Baseline characteristics of the whole cohort

As shown in Table 1, a total of 510 hypertensive patients were
included in the study, males accounted for 74.9% and women
accounted for 25.1%, and the average age was 45.6 +13.4 years
old. The average SBP was 153.4+12.5 mm Hg, and the average
DBP was 98.3 +11.6 mm Hg. There was no significant difference
in gender, age, educational level, occupation, SBP, DBP, body
mass index, or Glu, TC, the percentage of smoking and the use of
drugs at baseline between intervention group and control group
(P>.05).

Baseline characteristics of the whole cohort and patients with
hypertension in the intervention and control groups.

Hypertensive
Hypertensive intervention
Total control group group

Variables (n=510) (n=185) (n=325) P
Sex (male), n (%) 382 (74.9) 139 (75.2) 243 (74.8) 138
Age (mean+SD), y 456+134  448+142 452+13.8 .067
BMI (mean+SD), kg/m?>  23.4+1.9  231+1.4 236+1.4 .053
Education (mean+SD),y  10.6+1.8 111+14 10.8+1.5 284
SBP (mean+SD), mm Hg 153.4+125 1536+11.7  1532+11.6 515
DBP (mean+SD), mm Hg 98.3+11.6  98.4+125 99.3+104 691
Blood glucose, mmol/L 46+1.1 48+1.2 45+1.1 .386
Total cholesterol, mmol/L ~ 4.2+1.3 41412 4317 403
Smoking, n (%) 267 (52.4) 99 (53.5) 168 (51.7) 269
MCI (%) 107 (21.0) 38 (20.5) 69 (21.2) 462
Antihypertensive drugs

ARB, n (%) 33 (6.5) 11 (5.9 22 (6.8) 318

ACEL n (%) 30 (6.9 10 (5.4) 20 (6.2) .094

Diuretics, n (%) 36 (7.1) 12 (6.5) 24 (7.4 136

CCB, n (%) 50 (9.8) 17 9.2) 33 (10.2) .065

BB, n (%) 25 (4.9) 8 (4.3) 17 (5.2) 273

All data are given as the mean + standard deviation or n (%), as appropriate.
ACEI=angiotensin-converting enzyme inhibitors, ARB=angiotensin Il receptor blockers, BB =beta
blockers, BMI=body mass index, CCB = calcium-channel blockers, DBP =diastolic blood pressure,
MCI=mild cognitive impairment, SBP = systolic blood pressure, SD = standard deviation.

“The control and intervention groups did not differ significantly in terms of the listed characteristics (all
P>.05), as determined by 1-way analysis of variance followed by the Student—Newman-Keuls
method or the chi-squared test.



Li et al. Medicine (2018) 97:34

3.2. Cognitive function according to BP level at baseline

As shown in Table 2, the higher the BP, the lower the MoCA
scores (P<.05). There was no significant difference between 2
groups at the 3 stages (P>.05).

3.3. Cognitive performance according to age at baseline

To exclude the influence of age on cognitive function, we
compared the hypertensive patients whose age was between
45 and 59 to those under 45, and we found that there was no
obvious difference between 2 subgroups in both control and
intervention groups (P>.05). Results are presented in Table 3.

3.4. Effect of long-term lifestyle intervention on BP, TC,
Glu, and cognitive function of patients with hypertension

One hundred sixteen hypertensive patients of the intervention
group received antihypertensive drugs and 209 hypertensive
patients did not take medication. Thirty-eight hypertensive
patients of the control group took antihypertensive drugs. After 2
years, the BP, TC, Glu, and baPWYV of the Lifestyle intervention
subgroup and Lifestyle intervention plus medication subgroup
decreased, and the MoCA scores and ABI increased (P <.035).
However, in the No lifestyle intervention nor medication
subgroup, the BP and baPWYV increased and the MoCA scores
decreased (P<.05). Compared with the Lifestyle intervention
subgroup, the BP, TC, Glu, and baPWV of Lifestyle intervention
plus medication subgroup were lower, and the MoCA scores and
ABI were higher, although there is no statistical difference.
Compared with the No lifestyle intervention nor medication
subgroup, the BP, TC, Glu, and baPWV of the Lifestyle
intervention subgroup were lower and the MoCA scores and
ABI were higher (P <.05). Results are presented in Table 4.
The BP and MoCA scores at baseline, 6 months, 1 year, and
2 years were analyzed in patients with hypertension in the
intervention and control groups. There was no significant
between-group difference in BP or MoCA at baseline or at
6 months (P>.05). Compared with baseline, in the Lifestyle
intervention subgroup, Medication subgroup, and Lifestyle
intervention plus medication subgroup, the BP decreased and
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MoCA scores increased significantly (P<.05) after 1 year of
intervention. At 2 years, this difference was even more significant
(P<.05). However, the BP and MoCA scores of No lifestyle
intervention nor medication subgroup had no obvious change
(P>.05). The results are presented in Fig. 2.

4. Discussion

As people’s living standards improve and lifestyle changes, the
incidence of hypertension increases year by year. Workers in
mining areas is a special occupational group, they are less
concerned about their BP. Previous studies have shown that the
incidence of hypertension among mineral professionals is
significantly higher than the general population."”'®! There
was no significant difference in baseline between the 2 groups of
participants. It is suggested that the 2 groups of patients are
comparable, so we can conduct the next study.

Excessive salt intake, smoking, obesity, and lack of exercises
are well-known risk factors of hypertension. The influence of
lifestyle on hypertension is unclear. Many studies show that
hypertension is related to MCL!™! In our study, we divide BP into
3 levels. We found that with the increase of BP level, the MoCA
scores decreased significantly, and there was no obvious
difference between 2 groups at the 3 stages. This is consistent
with previous studies and shows that elevated BP may affect
cognitive function through arterial stiffness, which affects
cerebrovascular perfusion.?*2?! We suggest that hypertension
increases the occurrence of cognitive dysfunction. Therefore, our
results indicate that attention should be paid to the relationship
between hypertension and cognitive function. And we should
take active intervention to reduce the incidence of hypertension in
occupational groups.

The definition of the intermediate stage of cognitive dysfunc-
tion is difficult, and MCI is currently a recognized transitional
stage between degenerative cognitive impairment and dementia,
and plays an important role in the discovery of cognitive function
changes.*>2¢ The MoCA is a brief cognitive screening tool with
high sensitivity and specificity for detecting MCL!"*! This is the
first study to evaluate the cognitive function of hypertensive
patients through MoCA in mining areas of China.

Cognitive performance according to blood pressure level.

Control group

Intervention group

HTN-1 (n=67) HTN-2 (n=86) HTN-3 (n=32) HTN-1 (n=87) HTN-2 (n=179) HTN-3 (n=59)
MoCA 28.16+1.54 26.93i2.83* 25.36+3.60" 27.91+£1.73 26.8412.61* 25.25+217"
ANOVA = analysis of variance, HTN = hypertension, MoCA =Montreal Cognitive Assessment.
/jll data are given as the mean + standard deviation.
“The significance of change in MoCA scores at HTN-2 relative to HTN-1 was assessed using 1-way ANOVA.
The significance of change in MoCA scores at HTN-3 relative to HTN-2 was assessed using 1-way ANOVA.
Table 3
Cognitive performance according to age.
Age, y Control group Intervention group

<45 (n=89) 45-59 (n=96) <45 (n=169) 45-59 (n=156) P

MoCA 28.16+1.54 27.84+1.47 27.69+1.64 27.25+1.34 A7

All data are given as the mean +standard deviation.
ANOVA = analysis of variance, MoCA =Montreal Cognitive Assessment.

“The significance of change in MoCA scores at <45 years old relative to 45 to 59 years old was assessed using 1-way ANOVAS.
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Figure 2. Effects of long-term lifestyle intervention on blood pressure and MoCA scores of patients with hypertension. *Significant change (P <.05) in blood
pressure and MoCA scores at the indicated time point relative to baseline, as assessed by the Student-Newman-Keuls method. MoCA = Montreal Cognitive

Assessment.

hypertension and MCL®?! However, this is the first study to
investigate the effects of lifestyle intervention on cognitive
function in hypertensive occupational patients in China. The
results show that lifestyle intervention can significantly improve
the cognitive function of patients with hypertension. Lifestyle
intervention may become one nondrug therapy that can stable BP
and reduce adverse health effects, ultimately improving the
cognitive function of patients.

This study has several limitations. First, MCI is a cognitive
state between the normal aging and dementia, this study mainly

based on MoCA scores to evaluate the cognitive function of
hypertensive patients. Second, the effects of drugs cannot be
completely ruled out. Due to economic or other reasons, not all
hypertensive patients take medications. Despite the separate
analysis of drug factors (Table 4 and Fig. 2), we still cannot rule
out the impact of drugs on BP. Third, cognitive function is related
to age, and the participants were 45.6 +13.4 years old; therefore,
the findings may not apply to older individuals.

The highlights and significance of this study: First, the
research object is middle-aged mining staff with special working
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environment, and we have the control group who had a similar
geographical location and similar living and working conditions
with the intervention group. Second, previous studies have just
compared the baseline and postintervention differences, and have
not compared the long- and short-term interventions. We found
that the effect of long-term standardized group lifestyle
intervention on BP and cognitive function of hypertensive
occupational population is better. Third, we suggest that long-
term lifestyle intervention may improve the cognitive function
through improving the BP, blood lipids, and Glu.

In this cohort study of 510 adults with hypertension, we
examined BP, TC, Glu, and MoCA questionnaire over a period of
2 years. Our results show that long-term lifestyle intervention can
improve the cognitive function of patients with hypertension.
Lifestyle intervention alone can effectively improve BP, TC, Glu,
and cognitive function, when implemented in conjunction with
drug treatment for hypertension, greater improvements were seen
in BP and MoCA scores.

In conclusion, we suggest that lifestyle intervention may
improve the cognitive function through reducing the BP, Glu, and
blood lipids. The long-term standardized group lifestyle
intervention can be used as adjunctive therapy to improve the
BP and cognitive function of hypertensive occupational popula-
tion in China.
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