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AbstrACt
Objectives The aim of this study was to evaluate the 
relationship between mean arterial pressure (MAP) and 
coronary heart disease (CHD) in Chinese rural population. 
In addition, we hypothesised that this relationship might be 
mediated by some degree of serum lipids.
Design This is a cross- sectional study.
setting The participants were from the Henan Rural 
Cohort Study, initiated in five rural areas (Tongxu county of 
Kaifeng city, Yima county of Sanmenxia city, Suiping county 
of Zhumadian city, Xinxiang county of Xinxiang city and 
Yuzhou county of Xuchang city) in Henan Province, China, 
during July 2015 and September 2017.
Participants The study included 39 020 subjects aged 
18–79 years as current research population.
Outcome measures Systolic blood pressure (SBP) and 
diastolic blood pressure (DBP) were measured using 
an electronic sphygmomanometer. MAP was calculated 
by one- third SBP plus two- thirds DBP. The study used 
restricted cubic splines and logistic regression models to 
evaluate the ORs and 95% CIs. Mediation analysis using 
bootstrap was performed to examine the contribution of 
serum lipids to MAP- related CHD.
results The adjusted OR (95% CI) for the highest MAP 
quartile with the risk of CHD was 1.45 (1.24 to 1.69) 
compared with the lowest quartile. Simultaneously, each 
1- SD increment in MAP was significantly associated with 
a 12% increased risk of CHD. A linear dose–response 
relationship between MAP and CHD was found (p value for 
non- linear=0.1169) in the fully adjusted model. We further 
reported that 36.07% of proportion explained risk of CHD 
was mediated through serum lipids.
Conclusions Increased MAP was a significant marker 
of CHD in Chinese rural population. Meanwhile, the 
relationship was mediated by some degree of serum lipids, 
and triglyceride was the strongest mediator.
trial registration number Henan Rural Cohort study 
has been registered at Chinese Clinical Trial Register 
(ChiCTR- OOC-15006699) and the stage it relates to is 
Post- results.

IntrODuCtIOn
Cardiovascular diseases (CVDs) are the 
enormous challenge for sustainable human 
development.1 Globally, the number of 
deaths caused by CVD has been increased 
from 12.59 million in 1990 to 17.92 million 
in 2015.2 In China, there was around 42% 
increase within 25 years.3 It has been reported 
that coronary heart disease (CHD) accounts 
for a large proportion of all CVD cases.2 
According to the ‘China Health and Family 
Planning Statistical Yearbook 2016’, in 2015, 
the mortality of CHD has increased signifi-
cantly in rural areas, which was slightly higher 
than that in urban areas by 2015.4

A number of studies have proven that blood 
pressure (BP) is a widely accepted risk factor 
for CVDs.5 6 However, studies on BP as a risk 
factor for CHD have been concentrated on 
evaluating the effect of systolic blood pressure 
(SBP) and diastolic blood pressure (DBP), 
which only represent extreme conditions 
of pressure fluctuations.7 8 Moreover, mean 
arterial pressure (MAP) is a major compo-
nent of BP, which provides a comprehensive 
description of BP.9 Several previous studies 

strengths and limitations of this study

 ► Focusing on the rural population includes the rela-
tively large sample size.

 ► The present study had rigorous design and various 
statistical methods.

 ► The first one to explore the association was mediat-
ed by some degree of serum lipids.

 ► The causal association between mean arterial 
pressure and coronary heart disease was not 
established.
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have suggested the close relationship between MAP and 
CHD mortality.10–12 However, it has not been confirmed 
whether increased MAP is a significant marker of CHD in 
Chinese rural population .

Therefore, the present study aimed to evaluate the rela-
tionship between MAP and CHD in Chinese rural popula-
tion. Furthermore, we hypothesised that this relationship 
might be mediated by some degree of serum lipids since 
multiple evidence supported the relationships of serum 
lipids with both MAP13 14 and CHD.15–18

MAterIAls AnD MethODs
study subjects
The study population was from the Henan Rural Cohort 
Study. The Henan Rural Cohort Study was investigated 
in five rural areas of Henan from July 2015 to September 
2017, which has been registered in Chinese Clinical Trial 
Register (Registration No. ChiCTR- OOC-15006699) 
before the onset of patient enrolment. Sampling methods 
have been described in detail in the previous article.19 
The subjects were excluded if they did not have the data 
of BP (n=48) and serum lipids (n=191). Finally, a total of 
39 020 eligible subjects were included for analysis. Written 
informed consent was acquired from each participant 
prior to data collection.

ethical considerations
The purpose and the importance of the study were 
explained to the participants. Participants' personal 
identifiers were removed from the data collection ques-
tionnaire to maintain confidentiality of the information 
throughout the study.

Patient and public involvement
Neither patients nor the public were involved in the 
development of the project.

Assessment of MAP
According to the American Heart Association’s stan-
dardised protocol,20 each participant who was required to 
sit at least 5 min had their SBP and DBP measured three 
times by using electronic sphygmomanometer (Omron 
HEM- 7071A, Japan). The average of three readings 
was taken for the analysis. If a difference of more than 
5 mm Hg was observed, the two closest values were used 
for the average. To get accurate readings, the participants 
were asked to refrain from tea and alcohol consumption, 
cigarette smoking or excessive physical activity for at least 
30 min or more before the measurement. MAP was calcu-
lated from one- third SBP plus two- thirds DBP.

Assessment of potential covariates
The data collected included basic information such as 
social and demographic characteristic, as well as health 
and lifestyle details, as described previously.21 Briefly, 
anthropometric parameters were measured twice and 
the average readings were used for statistical analysis. 
Weight and height (with light clothes and shoes off) were 

measured using standard measuring equipment to the 
nearest 0.1 kg and 0.1 cm, respectively. The body mass 
index (BMI) was calculated on the basis of the height and 
weight measurements. Waist circumference (WC) was 
measured at the midpoint between the lowest rib and the 
iliac crest to an accuracy of 0.1 cm.

Definition of mediators
After fasting overnight for at least 8 hours, venous blood 
specimen was collected in vacuum tubes without antico-
agulation. Serum samples were isolated from whole blood 
by centrifugation at 3000 rpm for 10 min at room tempera-
ture and then were sent to measure total cholesterol 
(TC), triglycerides (TG), high- density lipoprotein choles-
terol (HDL- C) and low- density lipoprotein cholesterol 
(LDL- C) by Roche Cobas C501 automatic biochemical 
analyser. The measurement methods of TC, TG, HDL- C 
and LDL- C were cholesterol oxidase method, enzymatic 
method and the direct method, respectively.

Definition of ChD
All respondents were covered by the New Rural Coopera-
tive Medical System (NRCMS), and each participant had 
a unique medical insurance card number and ID, making 
it easy to track disease incidence and mortality. The CHD 
from the epidemiological questionnaire was further 
identified and confirmed through the NRCMS medical 
records reviews by the outcome committee consisting 
of an internist, an endocrinologist, a cardiologist and 
an epidemiologist based on uniform and standardised 
diagnostic criteria. We defined CHD prevalence at the 
first hospital admission with an occurrence of an angina 
pectoris (International classification of diseases, ICD-10 
code I20), acute myocardial infarction (I21), subsequent 
myocardial infarction (I22), other forms of acute (I24) or 
chronic (I25) heart disease, percutaneous transluminal 
coronary angioplasty or coronary artery bypass graft, and 
cardiac arrest (I46) or death with CHD (I20–I25) as the 
underlying cause.22

statistical analysis
Characteristics of the participants were described as 
mean±SD and median (IQR) for continuous variables 
and frequencies (percentages) for categorical variables. 
We used a one- factor analysis of variance or a χ2 test to 
analyse the relationship of MAP category with the other 
values. The age- standardised prevalence of CHD was 
calculated based on data from China’s sixth census.

Logistic regression models were used to evaluate the 
relationship of the MAP quartiles and per SD increment 
of MAP with the risk of CHD after adjusting for poten-
tial confounders (age, gender, smoking, drinking, phys-
ical activity, family history of CHD, antihypertensive, 
lipid- lowering treatments and type 2 diabetes mellitus). 
In addition, the dose- response relationship between 
continuous MAP and the risk of CHD was assessed by 
the restricted cubic splines in logistic regression recom-
mended according to Loic Desquilbet and François 
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Mariotti23 using three knots located at 25th, 50th and 
75th percentiles of MAP in the light of the distribution, 
with 74 mm Hg (approximate the first knot) as the refer-
ence group. Finally, the contribution of serum lipids 
(including TC, TG, LDL- C and HDL- C) to MAP- related 
CHD was calculated by mediation analysis. The mediation 
analysis using PROCESS in SPSS has been introduced in 
the previous article.24 25 Briefly, first of all, the total effect 
must be significant to ensure the conduct of mediation. 
Second, complete mediation exists when statistical differ-
ence was found in indirect effect but not in direct effect. 
Partial mediation exists when indirect and direct effects 
are both significant. The proportion caused by medi-
ator is computed with the formula (indirect effect/total 
effect). Considering the skewed distribution of serum 
lipids including TC, TG, HDL- C and LDL- C, logarithmic 
transformations were used for all four indicators in the 
current study.

The statistical analyses were performed using IBM 
SPSS Statistics for Windows software, V.21.0 (IBM Corp, 
Armonk, New York, USA), SAS V.9.1 (SAS Institute, Cary, 
New Carolina, USA) and R V.3.5.0 (The R Foundation for 
Statistical Computing, Vienna, Austria). P value <0.05 was 
considered as statistically significant.

results
Demographic characteristics of the participants
The basic characteristics of the population were shown in 
table 1. Among the 39 020 participants (15 353 male and 
23 667 female), the mean age was 55.58 years old. Overall, 
1716 participants were diagnosed with CHD. The crude 
and age- standardised prevalence of CHD were 4.40% and 
2.23%, respectively. MAP was increased in accordance 
with increased age. In addition, higher levels of WC, BMI, 
SBP, DBP, PP, TC, TG and LDL- C were along with the 
increase of MAP, while HDL- C decreased with an increase 
in MAP.

Association between MAP and ChD
Table 2 shows that MAP was associated with CHD in three 
models. In the unadjusted model, compared with the first 
quartile of MAP, the OR (95% CI) of the highest quartile 
was 1.63 (1.41 to 1.88) (Ptrend<0.0001). When MAP was 
analysed as a continuous variable, the OR (95% CI) for 
the risk of CHD was 1.14 (1.09 to 1.19) for per 1- SD incre-
ment. In the fully adjusted model, the corresponding 
ORs (95% CIs) were 1.38 (1.20 to 1.60) and 1.09 (1.04 to 
1.15), respectively.

In addition, the restricted cubic splines demonstrated 
that the risk of CHD increased gradually with continuous 
MAP. In the unadjusted model, the test for the overall 
association between MAP and CHD was significant (p 
value for overall <0.0001). The non- linear relationship 
test demonstrated that this dose–response relationship 
was non- linear (p value for non- linear=0.0002). In the 
fully adjusted model, the test for the overall association 
between MAP and CHD was significant (p value for 

overall=0.0228). The linear association test demonstrated 
that this dose–response relationship was linear (p value 
for non- linear=0.1169) (figure 1).

Mediators of the effect of MAP on ChD
The normal distribution tests were conducted in the vari-
ables (TC, TG, HDL- C and LDL- C), and the abnormal 
distribution tests were applied to analyse the data after 
logarithm transition. In mediation analysis, we found 
that the relationship of MAP- related CHD was mediated 
by some degree of serum lipids (TC, TG, HDL- C, LDL- 
C). The results showed that the OR (95% CI; p value) 
of total effect was 1.0113 (1.0078 to 1.0148; 0.001). 
The log- transformed value of TG had an indirect- effect 
OR of 1.0090 (1.0055 to 1.0126), followed by the log- 
transformed value of HDL- C, which had an indirect- effect 
OR of 1.0004 (1.0001 to 1.0007) (figure 2). We did not 
find that the log- transformed values of TC and LDL- C 
mediated significantly the relationship between MAP and 
CHD (data were not show).

In addition, previous studies have shown that TG/
HDL- C was also associated with CHD, and we further anal-
ysed the mediating effect of TG/HDL- C on MAP- CHD 
and found the indirect- effect OR of 1.0012 (1.0008 to 
1.0015). When combining the three mediators, the total 
indirect- effect OR was still 1.0113 (1.0078 to 1.0148). In 
order to better distinguish the relative sizes of the medi-
ation paths, the sizes of the three mediation routes were 
compared. The data showed that the mediating effect of 
the log- transformed value of TG was significantly higher 
than that of the log- transformed value of HDL- C (OR 
1.0042; 95% CI 1.0030 to 1.0055; p<0.05) and TG/HDL- C 
(OR 1.0054; 95% CI 1.0034 to 1.0072; p<0.05). The log- 
transformed value of HDL- C was also significantly higher 
than that of TG/HDL- C (OR 1.0012; 95% CI 1.0001 to 
1.0023; p<0.05).

The log- transformed value of TG explained the 
largest proportion explained risk of CHD. The propor-
tion explained risk mediated was 21.43% for the log- 
transformed value of TG, 3.57% for the log- transformed 
value of HDL- C and 19.67% for TG/HDL- C. Therefore, 
the log- transformed value of TG was the strongest medi-
ator of the MAP–CHD relationship.

DIsCussIOn
The present large survey specialised of Chinese rural 
population provided important new evidence for the 
significant relationship between MAP and CHD. A linear 
dose–response relationship between MAP and CHD was 
first observed in Chinese rural population. In addition, 
this relationship was mediated by some degree of TG, 
HDL- C and TG/HDL- C, and TG was the strongest medi-
ator of the MAP–CHD relationship.

The results from this study showed that individuals 
with MAP ≥103 mm Hg were 1.19- fold chance to develop 
CHD than those with MAP <84 mm Hg, after adjusting 
for confounding factors. Our finding of a significantly 
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Table 1 Characteristics of the participants according to quartiles of MAP

Variables

MAP, mm Hg

Overall
(n=39 020)

Q1: <84
(n=9438)

Q2: 84–92
(n=9181)

Q3: 93–102
(n=9939)

Q4: ≥103
(n=10 462) P value

Age (mean±SD) 55.58±12.18 51.80±13.34 54.60±12.25 56.93±11.40 59.02±10.29 <0.001

Men, n (%) 15 353 (39.35) 3153 (33.41) 3625 (39.48) 4221 (42.47) 4354 (41.62) <0.001

Education, n (%) <0.001

  ≤Primary school 17 489 (44.82) 3802 (40.28) 3945 (42.97) 4533 (45.61) 5209 (49.79)

  Middle school 15 539 (39.82) 4014 (42.53) 3773 (41.10) 3909 (39.33) 3843 (36.73)

  ≥High school 5992 (15.36) 1622 (17.19) 1463 (15.94) 1497 (15.06) 1410 (13.48)

Marital status, n (%) <0.001

  Married/cohabitation 35 021 (89.75) 8579 (90.90) 8305 (90.46) 8899 (89.54) 9238 (88.30)

  Divorced/widowed/
unmarried

3999 (10.25) 859 (9.10) 876 (9.54) 1040 (10.46) 1224 (11.70)

Physical activity, n (%) <0.001

  Low 12 613 (32.32) 2716 (28.78) 2833 (30.86) 3242 (32.62) 3822 (36.53)

  Moderate 14 736 (37.77) 3927 (41.61) 3605 (39.27) 3658 (36.80) 3546 (33.89)

  High 11 671 (29.91) 2795 (29.61) 2743 (29.88) 3039 (30.58) 3094 (29.57)

Smoking, n (%) <0.001

  Non- smoker 28 438 (72.88) 7143 (75.68) 6648 (72.41) 7077 (71.20) 7570 (72.36)

  Former smoker 3166 (8.11) 502 (5.32) 692 (7.54) 905 (9.11) 1067 (10.20)

  Current smoker 7416 (19.01) 1793 (19.00) 1841 (20.05) 1957 (19.69) 1825 (17.44)

Drinking, n (%) <0.001

  Non- drinker 30 203 (77.40) 7707 (81.66) 7156 (77.94) 7555 (76.01) 7785 (74.41)

  Former drinker 1821 (4.67) 396 (4.20) 422 (4.60) 477 (4.80) 526 (5.03)

  Current drinker 6996 (17.93) 1335 (14.14) 1603 (17.46) 1907 (19.19) 2151 (20.56)

Family history of CHD, n 
(%)

3129 (8.08) 853 (9.08) 788 (8.65) 737 (7.47) 751 (7.24) <0.001

WC (cm) (mean±SD) 84.07±10.39 78.98±9.29 83.17±9.62 86.00±9.97 88.22±10.24 <0.001

BMI (kg/m2 (mean±SD) 24.83±3.56 23.19±3.11 24.54±3.29 25.41±3.45 26.20±3.63 <0.001

SBP (mm Hg) (mean±SD) 125.93±19.98 104.77±7.90 117.82±6.92 129.77±8.30 151.25±14.86 <0.001

DBP (mm Hg) (mean±SD) 77.69±11.64 64.60±4.93 73.40±3.67 80.41±4.31 92.33±7.99 <0.001

PP (mm Hg) (mean±SD) 48.24±13.08 40.17±8.25 44.42±9.40 49.35±11.04 58.92±14.36 <0.001

TC (mmol/L) (mean±SD) 4.67 (4.08–5.32) 4.39 (3.87–4.99) 4.60 (4.04–5.20) 4.76 (4.18–5.40) 4.90 (4.29–5.60) <0.001

TG (mmol/L) (mean±SD) 1.38 (0.98–1.98) 1.18 (0.87–1.67) 1.34 (0.96–1.89) 1.43 (1.02–2.08) 1.55 (1.11–2.25) <0.001

HDL- C (mmol/L) (mean±SD) 1.29 (1.09–1.53) 1.35 (1.15–1.59) 1.31 (1.10–1.54) 1.26 (1.07–1.51) 1.25 (1.06–1.49) <0.001

LDL- C (mmol/L) (mean±SD) 2.80 (2.31–3.35) 2.60 (2.15–3.10) 2.75 (2.28–3.27) 2.88 (2.39–3.42) 2.98 (2.47–3.53) <0.001

Data are mean±SD, median (IQR) or n (%).
BMI, body mass index;CHD, coronary heart disease; DBP, diastolic blood pressure;HDL- C, high- density lipoprotein cholesterol; LDL- C, low- density 
lipoprotein cholesterol; MAP, mean arterial pressure ; PP, pulse pressure; SBP, systolic blood pressure; TG, triglycerides, WC, waist circumference.

positive relationship of high MAP with the risk of CHD 
was consistent with a previous studies.26 27 Besides, this 
relationship was confirmed in cohort studies from 
the USA and Swedish.5 7 However, not all studies have 
reported the same relationship between BP and the risk 
of CHD28; a study suggested that BP did not predict the 
risk of ischaemic heart disease in patients with high TG/
low HDL- C. Therefore, our study has performed media-
tion analysis to examine the contribution of lipid level to 
MAP- related CHD.

In the present analysis, we reported that 3.57%–21.43% 
of excess relative risk of CHD was mediated through the 
log- transformed value of TG, the log- transformed value of 
HDL- C and TG/HDL- C for MAP. The mediation may be 
explained by other previous studies on macroscopic and 
microscopic models. In the macroscopic model, previous 
studies showed that adults with both high TG and low 
HDL- C had increased risks of CHD.15 29–31 In the micro-
scopic model, the collaborative analysis of 101 studies in 
2010 found a series of findings consistent with the causal 
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Table 2 OR and 95% CI of CHD according to MAP

Variables
Q1: <84
(n=9438)

Q2: 84–92
(n=9181)

Q3: 93–102
(n=9939)

Q4: ≥103
(n=10 462) P for trend 1- SD increment

Model 1 1 1.29 (1.11–1.50) 1.36 (1.17–1.58) 1.63 (1.41–1.88) <0.001 1.14 (1.09–1.19)

Model 2 1 1.31 (1.12–1.52) 1.38 (1.19–1.61) 1.65 (1.43–1.91) <0.001 1.15 (1.09–1.20)

Model 3 1 1.21 (1.04–1.41) 1.28 (1.10–1.49) 1.38 (1.20–1.60) <0.001 1.09 (1.04–1.15)

Model 1: unadjusted.
Model 2: adjusted for age and gender.
Model 3: adjusted for age, gender, smoking, drinking, physical activity, family history of CHD, antihypertensive, lipid- lowering treatments and 
type 2 diabetes.
CHD, coronary heart disease; MAP, mean arterial pressure.

Figure 1 OR (solid lines) and 95% CI (dashed lines) for the risk of CHD along with the changes of MAP from restricted cubic 
splines regression model. Fully- Adjusted was adjusted for age, gender, smoking, drinking, physical activity, family history of 
CHD, antihypertensive, lipid- lowering treatments and Type 2 diabetes mellitus.

role of TG- mediated pathways in CHD.17 In 2012, a study 
suggested that the risk of CHD associated with low HDL- C 
in women was greater than twofold to fourfold elevated 
depending on TG levels and elevated TG and low HDL- C 
with a substantially low CHD risk.32 In addition, a study 
has found that isolated low HDL- C or high TG levels are 
independently associated with CHD risk in men.33 An 
epidemiological study indicated that TC, TG and TG/
HDL- C were independent important risk factors for 
CHD after adjustment for age and traditional risk factors; 
however, TC only TG/HDL- C but not TG was an indepen-
dent predictor of CHD risk.16 However, the underlying 
mechanisms were unclear.

As far as we know, this is not a conventional epidemio-
logical study to look for causal factors of CHD. The focus 
of this article was instead the contribution of lipid level to 
MAP- related CHD based on a relatively large sample size 
of rural population in China. These findings have shown 
the implication for the development of CHD prevention 
strategies. Moreover, the integration of evidence from 
genetic association studies (ie, Mendelian randomisa-
tion) may help determine the nature of this association. 
Standardised survey tools, training and field implemen-
tation, and adjustment for various potential confounders 

ensure the reliability of the analysis. Another strength 
of this study was that mediation analysis was performed 
to address whether MAP- related CHD was explained by 
TG, HDL- C and TG/HDL- C and calculated the propor-
tion explained risk mediated of each mediator. Our study 
may help generate hypothesis that can be used to identify 
high- risk patients with CHD who might get benefit from 
better control on their BP.

However, some limitations should also be mentioned 
on the basis of these results. First, the main limitation 
of this study was that it was cross sectional and thus 
retrospectively identified patients with CHD, where the 
temporal relationship between MAP and CHD could 
not be assessed. First, the main limitation of the current 
study was that it was cross sectional, and thus patients with 
CHD were identified retrospectively, where the temporal 
relationship between MAP and CHD could not be evalu-
ated. Second, the subjects were from only one province 
(Henan province) accounting for only 10% of China’s 
rural population, which may not be representative of 
the entire rural areas of China. Therefore, the current 
findings need to be further validated in prospective and 
multicultural studies. Although the current study has 
these limitations, the results based on a relatively large 
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Figure 2 Mediation analysis to determine the relationship between MAP and CHD through the log- transformed value of TG (A), 
the log- transformed value of HDL- C (B) and TG/HDL- C (C). OR (95% CI; p value) of total effect was 1.0113 (1.0078 to 1.0148; 
0.001). Adjusted for age, gender, smoking, drinking, physical activity, family history of CHD, antihypertensive, lipid- lowering 
treatments and type 2 diabetes mellitus. CHD, coronary heart disease; HDL- C, low- density lipoprotein cholesterol; MAP, mean 
arterial pressure; TG, triglycerides

rural epidemiological study can, to some extent, repre-
sent the relationship between MAP and CHD in rural 
areas of China.

COnClusIOn
A linear dose–response relationship between MAP and 
CHD was first observed in Chinese rural population. 
Also, increased MAP was a significant marker of CHD 
in Chinese rural population. Simultaneously, the log- 
transformed value of TG was a significantly stronger 
mediator in the relationship. However, further prospec-
tive and multicultural researches are needed to verify 
these findings. Future work should focus on the clinical 

implications of assessment of variability in BP with serum 
lipids to avoid the common confounding pitfalls observed 
to date. In addition, more attention should be paid to the 
integration of evidence from genetic association studies 
(ie, Mendelian randomisation) that may help to deter-
mine the nature of this association.
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