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Purpose: The study was conducted to investigate metabolic syndrome (MS) incidence
within the normal blood pressure (BP) range in a population over 40 years old in an urban
area of Guiyang, Guizhou Province, China, and to identify a valid BP cutoff value for
predicting MS.

Materials and Methods: Data from this study are based on the Risk Evaluation of cAncers
in Chinese diabeTic Individuals: a IONgitudinal (REACTION) study. In total, 2935 subjects
in the normal BP range and without MS (795 males, 2140 females) aged 40-80 years were
included in this study. Follow-up subjects were classified by baseline BP and grouped by age.
After the 3-year follow-up, the MS incidence and valid BP cutoff value for predicting MS
were calculated for subjects within the normal BP range.

Results: After the 3-year follow-up study, the crude and standardized MS incidences in the
cohort were 19.83% and 16.89% for follow-up subjects, respectively, with incidences of
10.94% and 10.50% for males and 23.13% and 20.66% for females. The incidence of MS in
normotensive subjects (15.53%) was lower than that in subjects with high-normal BP
(29.08%). After adjusting for age, sex, BMI, smoking, and drinking, the risk of having MS
in the high-normal BP group was 1.823-fold [HR 1.823 95% CI (1.538-2.162)] higher than
that in the normotensive group. The ROC curve showed that the BP cutoff values were more
than 117/74 mmHg in males and 112/74 mmHg in females.

Conclusion: When BP was within the normal range, the incidence of MS in participants
was very high. The MS incidence was higher among high-normal BP subjects than among
normotensive subjects, as was the risk of having MS. The valid BP cutoff value for
predicting MS in the population was 117/74 mmHg in males and 112/74 mmHg in females.
Currently, epidemiological investigations are needed to determine whether a lower BP cutoff
value is needed in diagnosing MS.

Keywords: metabolic syndrome, high-normal blood pressure, normotensive, incidence,
cutoff value

Introduction

Metabolic syndrome (MS) is a series of clinical features characterized by central
obesity, dyslipidemia, diabetes, hypertension, and other metabolic diseases." MS
increases the possibility of having type 2 diabetes (T2D) and cardiovascular
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disease.>” Based on the recommendation of the Seventh
Report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood
Pressure (JNC7) [USA] in 2003, the normal blood pres-
sure (BP) range is divided into prehypertension (120—
139/80-89 mmHg) and normotension (<120/80 mmHg).*
In China, BP is also defined using actual data from the
Chinese population. Although the Chinese Guidelines for
the Prevention and Treatment of Hypertension have been
revised many times, the BP classifications have not
changed.”’ These guidelines define BP within the normal
range as <140/90 mmHg; moreover, BP within the normal
range is also divided into two classifications, normotension
(<120/80 mmHg) and high-normal BP (120-139/80-89
mmHg). JNC7’s prehypertension category is equivalent
to The Chinese GUIDELINes for the Management of
Hypertension’s high-normal BP. Hypertension can increase
the possibility of having MS and cardiovascular disease.
Furthermore, these adverse effects even extend to the
normal range of BP.®

A study showed that the risk of cardiovascular disease
started to increase from BP 115/75 mmHg and an increas-
ing trend was also applicable for the risk of MS.” A study
by Onat et al'® showed that the MS incidence in both
males and females with prehypertension was higher than
that in subjects with normotension. Jung et al’s study also
showed that the incidence of MS gradually increased with
the increasing BP level of the subjects.'' However, few
studies have compared the MS incidence of high-normal
BP subjects to normotensive subjects in China. The total
incidence of MS in the normal BP range in the general
population has not been reported in the literature
worldwide.

The cutoff value for diagnosing MS in Chinese patients
is 140/90 mmHg, which was proposed by the Chinese
Diabetes Society (CDS) and that for the global population
is 130/85 mmHg, which was proposed by the International
Diabetes Federation (IDF).'>'* The value for Asian
American patients is 130/85 mmHg, which was proposed
by the National Cholesterol Education Program Adult
Treatment Panel III (NCEP-ATP III).'* Although the BP
cutoff value for the diagnosis of MS in China was estab-
lished by the CDS, there are no epidemiological data to
support this BP cutoff value.'> At present, there are few
studies on BP cutoff values for diagnosing MS. To provide
a theoretical basis for the prevention and earlier treatment
of MS in the clinic, Romero-Saldafia et al in Spain

proposed a BP cutoff value for diagnosing MS in the
general population (without excluding hypertension)."
A Taiwanese study noted the BP cutoff value for diagnos-
ing MS when BP was less than 120/80 mmHg without
antihypertensive drug use.'® However, for subjects with
BP less than 140/90 mmHg, there is no relevant literature
at present from China or other countries reporting a valid
BP cutoff value for diagnosing MS.

In this work, a cohort follow-up study was performed
on the incidence of MS in subjects within the normal BP
range, and we found a valid cutoff value of BP for pre-
dicting MS, which was based on the clinical epidemiolo-
gical study of residents over 40 years old in the urban area
of Guiyang, Guizhou Province, China.

Materials and Methods
Study Participants

The present work was one part of the baseline survey from
the REACTION study, which involved 259,657 adults
over 40 years old in 25 communities in mainland China
from 2011 to 2012.'7%°

This study adopted a cluster sampling method. A total
of 10,140 urban residents who had been living in Guiyang
for more than 5 years were identified in the REACTION
study, and follow up was completed from May 2011 to
July 2014. We excluded 137 participants with incomplete
data and 3203 participants with a history of hypertension,
diabetes, hyperlipidemia, or use of related medications.
We excluded 91 subjects with myocardial infarction or
stroke and 1296 participants with BP > 140/90 mmHg or
< 90/60 mmHg. Furthermore, we excluded 1535 partici-
pants whose baseline was MS, 16 subjects who died dur-
ing follow up, and 927 participants who were lost to
follow up. Finally, 2935 participants remained, among
whom 795 were males (age 62.51£7.71 years), and 2140
were females (age 58.69+7.28 years). Then, a cohort fol-
low-up study with 76% follow-up rate was conducted
based on data on these subjects.

According to the Chinese Guidelines for the Prevention
and Treatment of Hypertension, the normal BP range is
defined as <140/90 mmHg and divided into two classifica-
tions: normotension and high-normal BP.>”” The subjects
in the normal BP range were further divided into four age
groups: 4049, 50-59, 6069, and over 70 years. This
study was conducted by stratifying the subjects based on
sex. The flow chart is displayed in Figure 1. Informed
consent had already been given by all participants, and
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Figure | Flow chart of the study subjects.
Abbreviation: BP, blood pressure.

this study was approved by the Ethics Committee of the
Affiliated Hospital of Guizhou Medical University.

Anthropometric Measurements

The health questionnaire was administered by profession-
ally trained medical personnel and included data such as
name, seX, age, medication use, smoking, drinking, med-
ical history. Height, weight, hip circumference (HP), and
waist circumference (WC) were measured with inelastic

tape by professionals. WC measured the horizontal

circumference of the midpoint of the line between the
anterior superior iliac spine and the 12th subcostal margin
at 1 cm above the umbilicus when subjects were in the
standing position with their abdomen relaxed and breath-
ing calmly. HP measured the most prominent horizontal
circumference of the subject’s buttock while standing. The
subjects” WC and HP were measured twice, and the aver-
aged value of two measurements was recorded. Body mass
index (BMI) was calculated by the formula: weight/height*
(kg/m?). BP was measured by professionally trained med-
ical personnel with a correlated OMRON mercury sphyg-
momanometer (Dalian OMRON Company). Before being
measured, the subjects were not allowed to smoke or have
coffee. Participants needed to empty their bladders and sit
quietly for at least 5 minutes. When being measured, the
subjects sat quietly and with exposed arms and placed
their elbows at the same level as the heart. When measur-
ing the BP, the medical personnel exhausted the air of the
sphygmomanometer cuff and wrapped it around the mid-
dle of the right upper arm of the participants. The cuff was
uniformly attached to the skin and wound around the
upper arm of the subjects with its center located on the
surface of the brachial artery with its lower edge 2.5 cm
away from the elbow fossa. The width of the cuff was
selected according to the upper arm circumference of the
subjects, so that at least 80% of the upper arm was cov-
ered. After finding the brachial artery pulsation, the aus-
cultation device was placed in a fluctuating position to
prepare the auscultation. Then medical personnel inflated
the cuff and auscultated the brachial artery pulsation until
the sound disappeared. They continued to inflate the cuff
to a sphygmomanometer value 30 mmHg higher than the
value when sound of auscultation disappeared. They then
deflated the cuff slowly. The Korotkoff 5-staging method
was used here, that is, the first stage of Korotkoff is
systolic blood pressure (SBP), and the fifth stage of
Korotkoff is diastolic blood pressure (DBP). After the
measurement, the subjects were asked to move their arms
slightly, then measured a second time after 1-minute inter-
val, then measured a third time. The mean values of SBP
and DBP were obtained as mmHg.*'

Biochemical Measurements

Subjects fasted after 8:00 p.m. the day before the beginning
of the investigation, and all blood samples were collected at
8:00 a.m. Each subject consumed 75 g anhydrous glucose,
and blood glucose was measured 2 hours later. An
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enzymatic method was used to measure total cholesterol
(TC). The range of TC was 0.17 to 18.26 mmol/L. The
coefficients of variation of intra-assay and inter-assay
were <3%. The glycerol phosphate oxidase method was to
measure triglycerides (TGs). The detection range of TG was
0.08 to 16.05 mmol/L. The coefficients of variation of intra-
assay and interassay were <5%. A direct homogeneous
enzymatic method was used to measure low-density lipo-
protein cholesterol (LDL-C). The detection range of LDL-C
was 0.03-20.69 mmol/L. The coefficients of variation of
intra-assay and inter-assay were <4%. Accelerator selective
detergent was used to measure high-density lipoprotein
cholesterol (HDL-C). The coefficients of variation of intra-
assay and inter-assay were <4%. Fasting plasma glucose
(FPG) and 2-hour plasma glucose in the oral glucose toler-
ance test (OGTT2hPG) were evaluated by using the hexo-
kinase method. The detection range of plasma glucose was
0.28-44.40 mmol/L.

MS Diagnostic Criteria

This study was included in a series of studies that
were conducted based on the 2005 standard of the IDF."?
In patients meeting the central obesity standard (WC: male

22-24

> 90 cm, female > 80 cm), any two of the following four
indexes were combined: 1) TG > 1.7 mmol/l or under-
going current treatment; 2) HDL-C < 1.03 mmol/l (male)
or < 1.29 mmol/l (female) or undergoing current treat-
ment; 3) blood pressure rise: SBP > 130 mmHg or DBP
> 85 mmHg or undergoing current corresponding treat-
ment or having a diagnosis of hypertension; and 4) FPG >
5.6 mmol/l or undergoing current treatment or having
a diagnosis of T2D.

Statistical Analysis

IBM SPSS 19.0 for Windows (IBM, Armonk, NY, USA)
was used for data processing. The normal distribution of
continuous variables was evaluated by the Kolmogorov—
Smirnov test, and homogeneity of variances was evaluated
by using the Levene test. The mean + standard deviation
(x+ s) was used to express continuous variables with
a normal distribution of the data. The variables with
abnormal distribution were log-transformed before analy-
sis; if, after transformation, the variables still did not con-
form to a normal distribution, they were statistically
described with median and quartile intervals M (P,s -
P;s5). Then, in the statistical analysis, when compared
within groups, the Wilcoxon test was used for two groups
and the Kruskal-Wallis H-test for three or more groups.

For qualitative variables, statistical descriptions were
made by rate, and statistical analysis was performed by
the Cochran Armitage Trend test or Chi-square test (x°).
Age and sex were standardized using data from the sixth
national census of China in 2010. Cox regression was
performed to assess the risk of MS after 3 years of follow
up. The area under the curve (AUC) of the diagnosis of
MS with different BPs was drawn and calculated by recei-
ver operator characteristic (ROC) curves. Then, the one
with the largest Jordan index was screened out as the best
diagnostic cutoff value. P-values of less than 0.05 were
indicative of statistical significance.

Results

Comparison Between Basic
Characteristics of Subjects Within the
Normal BP Range with or without MS
After a 3-Year Follow Up

After a 3-year follow-up of the subjects whose BP was in
the normal range, there were 582 new MS patients, an
incidence of 19.83%. After sex standardization according
to data from the 2010 national census in China, the inci-
dence of MS was 16.89%. Among the new MS patients,
87 were male, and the incidence of MS was 10.94%; after
age standardization, the incidence was 10.5%. A total of
495 patients were females, and the incidence of MS was
23.13%; after age standardization, the incidence was
20.66%. The incidence was obviously lower in males
than in females (y* =54.159, P < 0.001). All indexes
were statistically significant in both the MS and non-MS
groups (P < 0.05). Among these subjects, age, BMI, WC,
FPG, OGTT2hPG, SBP, DBP, LDL-C, TC, TG, T2D,
smoking, and drinking were higher in MS group than
that in non-MS group, except for HDL-C (Table 1).

The Incidence of MS Among Subjects
Within the Normal BP Range in Different
Age Groups

Among the different age groups within the normal BP range,
the incidence of MS in subjects age 4049, 50-59, 60—69, and
over 70 years was 13.23%, 18.58%, 22.71%, and 19.69%,
respectively (> = 14.188, P = 0.003). After stratification of
the groups by sex, the incidence of MS in male subjects age
4049, 50-59, 60—69, and over 70 years was 9.09%, 13.66%,
11.08%, and 7.14%, respectively (P > 0.05). Furthermore, the
MS incidence in female subjects age 4049, 50-59, 60—69,
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Table | Comparison of Related Indexes Between the MS and Non-MS Groups in the Follow-Up Population with Baseline Normal BP

Range
MS Groups (n = 582) non-MS Groups (n = 2353) P-value
Age (y) 60 (55, 65) 59 (54, 65) 0.013
BMI (kg/m?) 23.92 (22.37, 25.88) 22.12 (20.41, 23.86) <0.001
WC (cm) 88.75 (84.48, 93.50) 83.00 (78.00, 87.60) <0.001
FPG (mmol/L) 5.70 (5.31, 6.08) 5.27 (4.99, 5.58) <0.001
OGTT2hPG (mmol/L) 7.79 (6.51, 9.38) 6.70 (5.78, 8.00) <0.001
SBP (mmHg) 127 (115, 137) 16 (107, 125) <0.001
DBP (mmHg) 80 (73, 86) 74 (69, 79) <0.001
HDL-C (mmol/L) 3.06 (2.60, 3.58) 321 (2,67, 3.73) 0.001
LDL-C (mmol/L) 1.49 (1.32, 1.70) 1.27 (1.14, 1.47) <0.001
TC (mmol/L) 5.42 (4.87, 6.12) 5.25 (4.67, 5.84) <0.001
TG (mmol/L) 1.92 (1.57, 2.53) 1.25 (0.95, 1.59) <0.001
Type 2 diabetes (n, %) 116 (12.45) 142 (7.09) <0.001
Smokers (n, %) 230 (24.68) 358 (17.87) <0.001
Drinkers (n, %) 260 (28.33) 471 (23.51) <0.001

Note: Data are shown as quartiles or as n (%).

Abbreviations: BMI, body mass index; WC, waist circumference; HC, hip circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglycerides; FPG, fasting plasma glucose; OGTT2hPG, oral glucose tolerance

test 2-hour plasma glucose; MS, metabolic syndrome.

and over 70 years was 14.08%, 19.70%, 28.33%, and 31.33%,
respectively (P < 0.05). There were significant differences in
MS incidence between males and females in the same age
groups (P < 0.05), except for the group in which subjects were
age 4049 years (P > 0.05). The MS incidence in males was
lower than that in females (P <0.05). Comparison of the MS
incidence among subjects of different ages showed that
among females, MS incidence increased significantly with
increasing age (P < 0.05), but it was not significantly different
among males (P > 0.05) (Table 2).

The MS Incidence in Subjects with Different
BP Levels Within the Normal Range
After the 3-year follow up, the MS incidence in subjects

with normotension was 15.53%, and it was 29.08% in
subjects with high-normal BP (> =73.464, P <0.001).

Among males, the incidence of MS was 8.33% with nor-
motension and 14.05% with high-normal BP (> =6.613,
Table 2 Incidence of MS in Males and Females with Baseline
Normal BP Range in Different Age Groups (n, %)
Age Group (y) Males Females P-value
40-49 4 (9.09) 30 (14.08) 0.373
50-59 31 (13.66) 196 (19.70) 0.035
6069 41 (11.08) 217 (28.33) <0.001
Over 70 11 (7.14) 52 (31.33) <0.001
P-value 0.245 <0.001 —

P =0.010). Among females, the incidence of MS was
17.5% with normotension and 38.66% with high-normal
BP (x°=105.183, P <0.001). Above all, the incidence of
MS in subjects with high-normal BP was higher than that
in subjects with normotension (Figure 2).

Cox Regression Analysis of BP Level of
MS Incidence in Subjects in the Normal

BP Range

The risk of MS in subjects with high-normal BP without
adjustment was 1.873-fold [HR 1.873; 95% CI (1.591-
2.204)] higher than that of subjects with normotension.

45
40
35
30
25
20
15
10

54

Normotension

W High-normal BP 38.66*

29.08*

17.50
15.53 14.05*

Incidence of MS (%)

Total subjects Males Females

Gender

Figure 2 The incidence of MS in subjects with different BP levels within the normal
BP range.
Note: *Compared to normotension P<0.05.

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14

2977

Dove!


https://www.dovepress.com
https://www.dovepress.com

Ma et al

Dove

Table 3 Cox Regression Analysis of Baseline BP Group Follow
Up of MS Incidence in Subjects with Baseline Normal BP Range

BP Classification

Normotension | High-Normal BP

MS
Unadjusted, HR (95% ClI) I (Reference) 1.873 (1.591-2.204)°
Adjusted?, HR (95% CI) | (Reference) 1.823 (1.538-2.162)°

Notes: aAdjusted for sex, age, smoking, drinking, BMI. 5p<0.01.
Abbreviations: BP, blood pressure; Cl, confidence interval; HR, hazard ratio.

After the sex, age, BMI, smoking, and drinking were adjusted,
this risk was still higher than that in normotension (P <0.05),
and the risk of having MS among subjects with high-normal
BP was 1.823-fold higher [HR 1.823; 95% CI (1.538-2.162)]
than among subjects with normotension (Table 3).

ROC Curves and the Valid Cutoff Value
of BP for Predicting MS in Subjects in the

Normal BP Range

Figure 3 shows that the AUCs of SBP and DBP were greater
than 0.5 in all subjects (P < 0.05), and when SBP and DBP
were greater than 113 mmHg and 74 mmHg, the

corresponding sensitivities were 61.2% and 58.9%, respec-
tively, and the specificities were 55.6% and 61.4%, respec-
tively, indicating that MS was present. The AUCs of SBP and
DBP were greater than 0.5 in males (P < 0.05), and when SBP
and DBP were greater than 117 mmHg and 74 mmHg, the
corresponding sensitivity was 67.8% and 73.6%, and the
specificity was 50.3% and 47.7%, respectively, indicating
that MS was possibly present. The AUCs of SBP and DBP
were greater than 0.5 in females (P < 0.05), and when SBP and
DBP were over 112 mmHg and 74 mmHg, the corresponding
sensitivities were 61.6% and 56.4%, and the specificities were
60.1% and 67.3%, respectively, indicating that MS may have
been present.

Discussion

In recent years, health problems in middle-aged and senior
people have attracted worldwide attention. MS is one of
these important public health concerns. Moreover, MS can
lead to the rise of the risk of cardiovascular disease and
T2D.? There is an obvious correlation between MS and
mortality in cardiovascular disease, and early prevention
and treatment of MS is an effective way to prevent cardi-
ovascular disease.”® This study was conducted to study the

1.0 - All subjects 1.0 - Men 1.0 Women
0.8 1 0.8 1 0.8
> > >
S 0.6+ S 0.6 S 0.61
3 3 3
T 0.4 G 0.4 G 0.4
n (%] »n
2] — SBP 24 — SBP 2] — SBP
0 — DBP 0.2 — DBP 0.2 — DBP
0 Reference line 0 Reference line 0 Reference line
0 02 04 06 08 1.0 0 02 04 06 08 1.0 0 02 04 06 08 1.0
1-Specificity 1-Specificity 1-Specificity
Area under the curve Curve axis
Variable AUC Standard P 95% CI Youden Cutoff Sensitivity Specificity
index
All subjects SBP 0.607 0.013 <0.001 0.581-0.632 0.168 113 0.612 0.556
DBP 0.619 0.013 <0.001 0.594-0.645 0.203 74 0.589 0.614
Males SBP 0.589 0.031 0.007 0.527-0.650 0.181 117 0.678 0.503
DBP 0.615 0.030 <0.001 0.555-0.674 0.213 74 0.736 0.477
Females SBP 0.644 0.014 <0.001 0.616-0.672 0.217 112 0.616 0.601
DBP 0.645 0.014 <0.001 0.617-0.674 0.237 74 0.564 0.673

Figure 3 ROC curves and the valid cutoff value of BP for predicting MS in subjects with baseline normal BP range.
Abbreviations: BP, blood pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure; ROC curve, receiver operator characteristic curve; AUC, area under curve;

Cl, confidence interval.
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MS incidence in subjects in the normal BP range among
residents over 40 years old in the urban area of Guiyang,
Guizhou Province, China and to find valid BP cutoff
values for predicting MS.

A previous study conducted by our group on subjects
over 40 years old in Guiyang showed that the MS inci-
dence was 23.57% and that the incidence after standardi-
zation was 23.23%.%* Based on that study and excluding
subjects with BP > 140/90 mmHg or < 90/60 mmHg, this
study showed that the MS incidence was 19.83% and that
the incidence after standardization was 16.89% for sub-
jects within the normal BP range. The total incidence of
MS in subjects in Guiyang®* was 23.57%, which was
higher than the 12.7% reported in a S-year follow-up
study (1999-2004, 25-64 years old, NCEP-ATP III'*) in
Beijing?’ and the 9% reported in a 10-year follow-up study
(2001-2010, 4070 years old, NCEP-ATP III'*) in South
Korea.”® Furthermore, when considering the incidence of
MS in subjects within a normal BP range in the urban area
of Guiyang for comparison, the incidence was still higher
in Beijing”’ and South Korea.”® There might be two rea-
sons for this disparity. First, Guiyang is located in south-
western China, its economy is underdeveloped, and people
may lack an understanding of the importance of exercise.
People in Guiyang like to eat pickled food and food that is
high in fat and calories. A study has shown that there are
insulin receptors in the liver, skeletal muscle, and adipose
tissue, and exercise increases the number of insulin
receptors.”’ As a result, exercise could increase the num-
ber of insulin receptors so that the sensitivity of these
tissues to insulin and the affinity to insulin receptors will
increase and reduce insulin resistance (IR).>’ In addition,
physical activity prevents fat accumulation. Therefore,
a lack of exercise might lead to MS. Furthermore, mari-
nated foods contain more sodium. With an increase in
sodium intake, BP levels gradually increase, resulting in
abnormal BP in the general population.®® A high-calorie,
high-fat diet could easily lead to obesity; moreover, it can
produce more fat cells and release a number of fat-related
factors. Fat-related factors can then release a number of
inflammatory substances, leptin, resistin, and other sub-
stances, leading to abnormal lipid metabolism and result-
ing in MS.*'* Second, MS may be related to the time of
follow up, age composition, diagnostic criteria, climatic
factors and so on. Therefore, for residents over 40 years of
age, even if BP is within the normal range, it is still
necessary to guard against the occurrence of MS.

This study stratified males and females into different
age groups and found that when BP was in the normal
range, the incidence of MS in females increased with age,
although there was no significant difference in males. The
results were consistent with a 5-year follow-up study of
762 Korean subjects with an average age of 58 years (332
males, 430 females) in South Korea.*® In addition, this
study also compared the MS incidence between males and
females in the same age groups, and except for the group
aged 40 to 49 years, the difference in the MS incidence in
the other age groups was significant, with females having
a higher incidence than males. The reason might be the
average menopausal age of women was approximately 50
years old.*®*” Postmenopausal women are affected by
levels of estrogen, androgen, and other hormones, result-
ing in increased body fat, abdominal fat accumulation, and
ultimately, MS.*>® As a result, we should focus on the
health problems of postmenopausal women in Guiyang
and regularly screen for and manage MS.

According to this study, the incidence of MS in nor-
motension and high-normal BP was 8.33% and 14.05% in
males and 17.5% and 38.66% in females, respectively.
A study conducted by Turkish researchers showed that
the incidence of MS was 21.2% for normotensive men,
27.7% for men with high-normal BP, 16.5% for normo-
tensive women, and 26.4% for women with high-normal
BP.'° This indicates that the MS incidence in high-normal
BP was higher than that in normotensive individuals
among both males and females, which was consistent
with the outcomes of our study. The reason is that increas-
ing BP levels lead to a decline in islet B-cell function and
IR,*® vascular endothelial dysfunction, abnormal arterial
elasticity, and multiple metabolic disorders, resulting in
MS.* Thus, this study and the Turkish study'® show that
there is a high risk of MS in subjects when the BP is over
120/80 mmHg. Therefore, the prevention and treatment of
chronic diseases should be a public health priority.
Reasonable changes to lifestyle such as in eating habits
and more sports activity could be used to control BP under
120/80 mmHg in subjects aged over 40. Moreover, the
public health sector should establish relevant health insti-
tutions to educate and screen for chronic diseases (includ-
ing MS and T2D) in people over 40 years old with BP >
120/80 mmHg. The goal is to diagnose and prevent MS
earlier, lower the incidence of T2D and cardiovascular and
cerebrovascular diseases, and lower the economic burden
of T2D and cardiovascular disease prevention and treat-
ment for the public health sector.
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This study showed that the risk of MS in subjects with
high-normal BP was higher than that in normotensive
subjects after a 3-year follow-up study in residents over
40 years in Guiyang city. The results were consistent with
a study in Turkey.'® In summary, after 3 years of follow
up, the risk of MS in subjects was quite high. Therefore,
when BP > 120/80 mmHg, the risk of MS increases in
residents over 40 years of age in Guiyang city, and inter-
vention and screening measures should be carried out at
this time. However, when BP was < 120/80 mmHg, BP
levels were also associated with the risk of MS. Taiwanese
researchers have studied normotension (< 120/80 mmHg)
in older men and menopausal women and suggested that
MS risk also increases with increasing BP levels.*'"*?
However, these studies did not indicate the specific BP
values. Therefore, to study the relationship between nor-
motension and MS, we will need to study subjects with BP
< 120/80 mmHg.

The criteria commonly used to diagnose MS are those
of the CDS, IDF, and NCEP-ATPIII, and the defined BP
cutoff values are 140/90, 130/85, and 130/85 mmHg,
respectively. Among these diagnostic criteria, those of
the CDS are more suitable for Chinese people, but there
are no epidemiological data. There are few studies on BP
cutoff values for diagnosing MS. This study was a 3-year
cohort follow-up study; therefore, when subjects were in
the normal BP range, the cutoff values of BP for all
subjects were 117/74 mmHg for males and 112/74
mmHg for females, which was of diagnostic significance
in MS. A study of diagnostic testing in 550 Spanish work-
ers (without excluding hypertension) proposed that there
was high sensitivity and specificity for diagnosis of MS
when blood pressure was 128/85 mmHg.'> A 10-year
follow-up study investigated 2782 residents over 60
years of age with normotension (BP < 120/80 mmHg)
who were not taking antihypertensive drugs and found
that the cutoff values of BP for MS were 112/71 mmHg
in males and 113/66 mmHg in females.'® The BP cutoff
value of this study was lower than that of the Caucasian
population in the Spanish study,'® although there were no
differences between the subjects in this study and the
participants in the Taiwanese study,'® because both groups
were from similar Asian populations. These results were
closely related to race, diagnostic criteria, characteristics
of subjects, lifestyle, and so on.

This study was a cohort follow-up study of subjects
with BP in the normal range, excluding a large number of
risk factors that affect the occurrence of MS at baseline.

When the cutoff value of BP was 117/74 mmHg for males
and 112/74 mmHg for females, for which the AUCs were
> (.5, the sensitivity and specificity were high. Therefore,
when BP was in the normal range, the cutoff value of BP
was 117/74 mmHg for males and 112/74 mmHg for
females, which might be considered a valid cutoff value
for predicting MS. The BP cutoff value obtained in this
study was much lower than that defined by the CDS and
IDF, which are commonly used as diagnostic MS criteria
in China. As a result, among these commonly used diag-
nostic criteria, regardless of whether the cutoff value of BP
for diagnosing MS should be lowered, more regional and
larger epidemiological surveys should be conducted in
China.

This study had some advantages. First, the sample was
large and the objective data obtained by trained profes-
sionals were based on accurate physical examination and
laboratory results, so the research results were reliable.
Second, this study was a 3-year follow-up cohort study,
which excluded a large number of factors that affect MS,
therefore its findings are reliable. However, there were
also limitations to this study. First, we did not address
the relevant family history, lifestyle, and education level;
therefore, the possible effects of these factors could not be
eliminated. Second, the sample we studied in this article
was limited to the urban area of Guiyang, Guizhou
Province, China, in 2011, which involved the regional
and environmental factors, lifestyles, cultural levels, and
other factors that might have effects on the results of this
study so the results may not be highly generalizable.
Therefore, the incidence of MS in subjects with a normal
BP range and the valid cutoff value of BP for predicting
MS need to be further explored.

Conclusions

After the 3-year cohort follow-up study, the crude and
standardized MS incidences among the population over
40 years old in the Guiyang urban area who were in the
normal BP range were 19.83% and 16.89%, respectively,
which were 10.94% and 10.50% for males and 23.13%
and 20.66% for females. The incidence in females was
higher than in males. The MS incidence was higher among
high-normal BP subjects than among normotensive sub-
jects. The incidence of MS in subjects was closely related
to sex and age. After the age, sex, BMI, smoking, and
drinking were adjusted, the MS risk in subjects with high-
normal BP was obviously higher than that in normotensive
subjects. The valid BP cutoff value for predicting MS in
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the population was 117/74 mmHg in males and 112/74
mmHg in females. Currently, further epidemiological
investigations are needed to determine whether a lower
BP cutoff value is needed for diagnosing MS.
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