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Abstract

The women of China’s Liaoning province display some morbidities in ways that defy medical explanation. Women
have higher rates of hypertension, hypercholesterolemia, and metabolic syndrome than men, an anomaly for all
three conditions. Most of these patients also suffer from Type 2 Diabetes Mellitus (T2DM) while there was a
negative association between being female and T2DM for the rest of China. Each of these conditions can exist
independently, but the increase in both their rates and congruence is a recent phenomenon. Stranger still is that
Liaoning women are now presenting in hospital emergency departments with ST-Elevation Myocardial Infarction
(STEMI), while diabetics predominantly suffer more benign Non-STEMI (NSTEMI) events. Confounding factors in
any attempt to study this phenomenon include trace metals like manganese that have been shown to reduce systolic
blood pressure in Asian men and raise it in Asian women. Some of the phenomenon may also be associated with the
gene for Apolipoprotein 5, but its recent nature suggests other factors besides lipid profiles. Trace metals in the air,
water, and diet of Liaoning province, or any urban environment, could play a role.
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Introduction attempt to study this phenomenon include trace metals
like manganese that have been shown to reduce systolic
blood pressure in Asian men and raise it in Asian women
(Zhou et al., 2016). All these details were contained in
separate papers and no published study at the time of
this writing has been found that connects these disparate
facts; no hypotheses exist. This review is an attempt to
remedy that absence.

Hypertension, hypercholesterolemia, and T2DM can
all exist independently. Patients can have HCh or T2DM
and still be normotensive. They can have HTN without
HCh or other dyslipidemias. The increase in both their
rates and congruence is a recent phenomenon. The
change in these disorders would likely have surfaced
before now if the cause was purely genetic, but whatever

The women of China’s Liaoning province display some
morbidities in ways that defy medical explanation.
Women in Liaoning have higher rates of hypertension
than men, an anomaly. The same holds for rates of
hypercholesterolemia (37.3% for women and 34.1% for
men; Zhang et al., 2009). The rates are not only higher
than for men in the province, but higher than all of
China’s other provinces (Zhang et al., 2018). Metabolic
syndrome (MetS) again followed the same gender dis-
parity (56.4% vs. 29.2%, p <.001), usually with Type 2
diabetes mellitus (T2DM) (Yu, Guo, Yang, et al., 2015).
There was a negative association between being female
and T2DM for the rest of China (Zhou, Liu, et al., 2018).
Stranger still is that Liaoning women are now presenting
in hospitgl emergency departments \yith ST—E!evation ILiaoning Health Industry Group, Shenyang, China
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Figure |. China and its administrative areas.

agent is at work has some latency and the end result
appears to be STEMI events.

Background

Liaoning province, on China’s northeast coast, is one of
23 provinces considered first-level administrative areas,
self-governing but answerable to the larger state. The
province borders the Yellow Sea and North Korea and
its population is largely urban, but mostly sedentary dur-
ing the colder months due to a Siberian weather pattern.
Heavy industries have dominated the local economy
since the 1930s. The weather also keeps most rural resi-
dents indoors where many are prone to eat, smoke, and
drink more than usual. Medical treatment and education
levels in rural areas lags behind other provinces and
Dong et al. (2008) argued the result is a tendency for
those residents to be largely unaware of hypertension
and its control. Hypertensives usually go without medi-
cation, 40.2% because of their lack of awareness and
32.3% due to financial concerns. The authors wrote that
43.9% felt there was no danger to their lives (see Figure 1).

However, hypertension (HTN) has steadily and sub-
stantially increased in China’s Liaoning province since
1970 (Zhao et al., 2019). Dietary changes in the prov-
ince did not really begin until the 1990s with a shift

away from the traditional Chinese diet of rice, pork, and
vegetables toward more “Western” fare (Yun et al.,
2018). The population has also become more urban with
time and better educated residents would normally tend
to have lower blood pressure. Rural residents now
account for about 40% of Liaoning’s population, with
the rural share dropping by 56% between 2000 and 2019
(CEIC, 2019). The fact that makes this trend more
unusual is that women of Liaoning have higher rates of
HTN than men.

A cross-sectional study in 2006 found the prevalence
of HTN in the province for adults between the ages of 35
and 85 are 38.6 % for women and 37.0% for men
(p<.001) (Zhao et al., 2019). Data from the 2009 China
Health and Nutrition Survey (CHNS) conducted every
2 years showed that for adults in a narrower cohort >60
the patterns still held, 48.9% in women and 47.0% in
men (Xu et al., 2018). The CHNS is part of China’s
health surveillance strategy and national averages for
HTN in China were 27.2% in women and 28.6% in men
during a 2006 study. Earlier studies of HTN in Liaoning
also showed the rates for women were lower than men,
consistent with findings in Europe and elsewhere, so this
is a recent phenomenon (Zhao et al., 2019).

The same gender patterns hold in Liaoning for
hypercholesterolemia (HCh) based on the 2009 CHNS
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where 37.3% of women were diagnosed compared
with 34.1% of men (Zhang et al., 2018). The same gen-
der pattern again applies to metabolic syndrome
(MetS), where 56.4% of women in the province with
HTN were diagnosed compared to 29.2% of men (Yu,
Guo, Yang, et al., 2015). The regional stratification of
hypertriglyceridemia (HTG) and HCh are greatest in
China’s northeast, but family history of Type 2 diabe-
tes mellitus (T2DM) played a greater role in the south
(Zhou, Liu, et al., 2018). However, mixed dyslipid-
emias were found in 14.3% of Liaoning’s population
and isolated hypertriglyceridemia (HTG) was found in
5.6% (Dong et al., 2008). There is also evidence that
HCh buffers the vascular effects of HTN at the micro-
vascular level (Yildirim et al., 2016). The high rate of
MetS is then itself a mystery.

MetS may also explain why women in Liaoning are
appearing in hospital emergency departments with
ST-Elevation Myocardial Infarction (STEMI). Diabetics
normally present with Non-STEMI (NSTEMI) events
and the genes for the eNOS and MRP4 proteins may
play a role (Biasucci et al., 2017). However, Yu, Guo,
Yang, et al. (2015) found that women in Northeast China
with MetS and hyperuricemia have a pronounced risk of
left ventricular hypertrophy (LVH; Yu et al., 2016).
Multiple regression analysis of data from 11,107 patients
showed the odds ratios for LVH in women were 3.427
and 1.987 for men (p<<.001). However, women in
Northeast China with MetS and not hyperuricemia had a
lower odds ratio for LVH [OR (95% CI): 2.313 (1.991—
2.686)], but it was still higher than in women with
hyperuricemia alone [OR (95% CI): 1.917 (1.166—
3.151)]. The link between MetS and LVH is important
because LVH was found in 55% of STEMI patients
through cardiovascular magnetic resonance and meant
larger infarct size (Stiermaier et al., 2018).

The problem is the need to prevent MetS, which
would prevent MetS from leading to LVH and the rise in
STEMI. However, the metabolic trends are fairly recent
phenomena in diseases where the etiology for each is
still not completely understood. We discuss the genetic
aspects and apolipoproteins at length, but the rise in
MetS would have occurred long before the Millennium
if purely genetic. We have to consider an agent with
some latency. We plan on a clinical phase with sufficient
controls to meet the n/10 rule for each of the many con-
founding variables. For the purpose of this paper,
though, we use a hypothesis that trace metals from diet
and environmental sources are essential to the develop-
ment of MetS.

Search Strategy

We searched Google Scholar, PubMed, MEDLINE,
EBSCO, Science Direct, China National Knowledge
Infrastructure (CNKI), Chinese Biomedical Database
(CBM), China Science and Technology Journal

database (VIP), and the Wanfang (Chinese Medicine
Premier) databases for relevant studies from January
2000 until November 2019. The timeframe was chosen
because many health surveillance studies in China are
conducted on a 2-year, 5-year or 10-year basis. Ancestry
searching, the review of bibliographies contained in
selected papers, often produced results that were too
narrow for the purpose of this paper or outdated. Hand
searching was not feasible, though the indices of selected
publications were reviewed. Boolean and wildcard
search techniques often produced results of uneven
quality or relevance. Many papers were rejected because
of political material or questions over peer-review.
However, many papers from smaller publications were
included because they were deemed rigorous and largely
compliant with PRISMA 2009 standards.

Methods

“Because of pressure for timely and informed decisions
in public health and medicine and the explosion of infor-
mation in the scientific literature, research results must
be synthesized to answer urgent questions” (Stroup
et al., 2000, p. 2008). The authors represent the Meta-
analysis of Observational Studies in Epidemiology
(MOOSE) Group at the U.S. Centers for Disease Control
and Prevention (CDC). “However, in many situations
randomized controlled designs are not feasible, and only
data from observational studies are available” (p. 2008).
Constraints include time, controls, or exposure to harm-
ful agents that would make a randomized clinical trial
(RCT) unethical. Stroup and the MOOSE group also
argue that systematic reviews and traditional literature
reviews are themselves observational studies. Rothman
et al. (1998) wrote “Studies in which validity is less
secure have sometimes been referred to as ‘hypothesis-
generating’ studies to distinguish them from so-called
‘analytic studies,” in which validity may be better” (p.
78). However, the team prefers the term “hypothesis-
screening” since investigators create the hypotheses and
any kind of data can test them before moving to more
rigorous and costlier designs.

We were aware of these limitations from the begin-
ning and took measures to increase rigor since clinical
methods are currently impractical. We adapted the CDC/
MOOSE guidelines to this paper because the group
shared its findings with the Cochrane Collaboration and
the guidelines promote greater rigor than the 2009
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) checklist. However, the
PRISMA Group’s efforts serve a vital role in research
and our choice was situational.

We searched for papers related to the problem in five
main fields; cardiometabolic disorders; cardiovascular
disease; left ventricular hypertrophy; ST-Elevation
Myocardial Infarction; and the effects of trace metals,
either from dietary or environmental sources. We did not
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set out with those five fields in mind. The review began
by noting HTN followed an unusual pattern in Liaoning
that correlated with a rise in STEMI and expanded from
there. It was later noted that many of the factors involved
go beyond dichotomies of Han or minority, urban or
rural, and may be issues elsewhere in Asia and beyond.

Some of the 120 papers we gathered were meta-
analyses, but the vast majority addressed either cohort
or case-control studies. A few were about randomized
clinical trials. It may sound strange, but the amount of
relevant literature was rather small. A vast literature
base exists on STEMI, HTN, and T2DM, just not in
the context of Northeast China or North Asia and our
survey of the apolipoproteins showed particular geno-
types are pertinent. There are also a number of con-
founding factors besides the typical. Adjusting for all
of them obliterated any gender differences in some
papers and emphasized them in others, but that sug-
gests a need for better methodologies. There was no
need for data coding, multiple raters, blinding, or rater
reliability for this paper. We did, though, review each
other’s list of candidates for this study before deciding
on their inclusion.

Literature Review

A person can be normotensive while diagnosed with
HTG, HCh, or both. Hypertension does not always cor-
relate with lipid profiles. A similar relationship can be
seen with HTN and diabetes. The Hong Kong
Cardiovascular Risk Factor Prevalence Study found
42% of diabetics were normotensive while 56% with
HTN had normal glucose tolerance (Cheung & Li,
2012). It was noted earlier that HTN in Liaoning did
not begin a steady rise until about 1970, but any way to
negate the progression toward MetS and LVH will save
lives, so we searched for clues in the literature.

Cardiometabolic Factors and Cardiovascular
Disease

At least one-third of people in Western Europe have
both HTN and HCh and the renin-angiotensin-aldoste-
rone system and oxidative stress have been proposed as
a link to atherosclerosis (Ivanovic & Tadic, 2015).
Endothelial dysfunction and increased production of
endothelin-1 are also suspected. However, most of the
research related to Liaoning and Northeast Asia is
focused on the liver and apolipoprotein A5 (APOAS).
APOAS has an essential role in lipid metabolism and in
the 20 years since its discovery has been linked to MetS,
but the mechanism remains unclear (Su et al., 2018).
The protein regulates triglycerides by lowering produc-
tion of very-low density lipoproteins (VLDL) and
increasing production of lipoprotein lipase (LPL)
(Sibuea et al., 2015). Three single-nucleotide polymor-
phisms (SNPs) of the gene for APOAS (rs662799,

rs3135506, rs2075291) are instead associated with
higher plasma triglycerides (Hubacek, 2016).

Xia et al. (2015) used case-control methods to find
that all SNPs on the gene for APOAS were associated
with increased risk of HTG and coronary artery dis-
case (CAD) in Asians. A similar association in
Caucasians was found in only a handful of genotypes.
Another study explored the role of APOAS rs662799
in Korean databases (Kim et al., 2018). The minor C
allele variant found in about half the population had
the same effect as in Chinese studies, lower HDL and
higher TG levels. However, Evans et al. (2005)
reported increased TG and lower HDL were greater in
patients who also had at least one €4 allele in the
APOE gene. SNPs in the €2 allele of the APOE gene
were also found in most patients with Type III hyper-
lipidemia (HLP), though only 10% with these poly-
morphisms went on to develop the condition. The
majority of that 10% which developed HLP, which
was 53%, also had at least one polymorphism of
APOAS5. The findings suggest that more than one
genetic or metabolic factor is responsible.

The kidneys need to be considered as well as the liver
when it comes to heart health and a rise in hyperuricemia
(HUA) in China has been noted since 2005 (Yu et al.,
2016). Adjustment for confounding factors showed HUA
in Northeast China associated with abdominal obesity,
general obesity, HTG, HTN, HCh, and low HDL-C in
both genders. Significantly, hyperuricemia was related to
diabetes and high LDL-C in women only. Ma et al.
(2019) used multiplex polymerase chain reaction to
genotype 47 SNPs already associated with obesity and
MetS and discovered some were also associated with
uric acid levels. The team adjusted for body mass index
and central obesity and found the MSRA polymorphism
rs545854 was an independent factor for the risk of HUA
(OR=2.81, 95% CI=1.18-6.70, p=.0196). This brings
us back to MetS, mentioned at the beginning of the sec-
tion, as hyperuricemia is a risk factor for all of the syn-
drome’s components.

The question, though, is which comes first. HUA and
obesity together are associated with a significant risk of
HTN (Tian et al., 2019). Ma et al. (2019) assessed 8,331
participants in four groups in Liaoning province: normal
body mass without HUA; obese (BMI>25) without
HUA; normal body mass with hyperuricemia; and obese
with HUA. The obese-HUA group had a significantly
elevated risk of HTN (OR 2.98 [95% CI: 2.48-3.57])
while the risk for those with HUA alone was barely
altered (OR 1.14 [95% CI: 0.92-1.42]). Tian et al.
(2019) found that the risk of HUA and obesity combined
was greater than the risk presented by either factor
alone. Obesity also gradually increased in China between
1992 and 2017 while the importance of a family history
for T2DM, a component of MetS, declined (Zhou, Liu,
et al., 2018). Researchers anticipated finding a small
number of genes with large effects and argued the reality
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is instead a large number with small effects, which
leaves substantial room for external influence.

Metabolic Disorders and Left Ventricular
Hypertrophy

The association between HUA and MetS is a strong pre-
dictor of left ventricular hypertrophy (LVH) in the
women of Northeast China (Yu, Guo, Yang, Zheng,
et al., 2015). The left ventricular mass index for height
2.7 (LVMH2.7) was significantly higher in women of a
hyperuricemia/MetS patient group than for those in
a normouricemia/non-MetS control (52.43 +16.60 g/
m2.7 vs. 40.04 +=10.72g/m2.7, p<<.001). Multiple
regression analysis put the odds ratios for LVH at (OR:
3.427 for women [p<<.001], OR: 1.987 for men
[p<.001]). It was also found that either HUA or MetS
alone will increase the odds of LVH, but the risk is
greatest with both in combination. This finding in
Northeast China matters because LVH was found
in 55% of patients with ST-Elevation Myocardial
Infarction (STEMI) and meant larger infarct size
(Stiermaier et al., 2018).

Pre-existing LVH also meant lower myocardial sal-
vage index (47.8 vs. 54.4; p<.01), larger extent of
microvascular obstruction (0.4 vs. 0% LV; p<.01) and
lower LV ejection fraction (47.9% vs. 53.2%; p<0.01)
compared to STEMI patients without LVH (Stiermaier
et al., 2018). Cardiovascular magnetic resonance imag-
ing was performed on 795 patients within 10days of
their event. Major Adverse Cardiovascular Events
(MACE) at 12 months were numerically higher for LVH
patients but not to the point of statistical significance.
Similar results were found after examining 30-day sur-
vivors of STEMI in patients with LVH (Park et al.,
2015). Another difference is that patients had also
received percutaneous coronary intervention (PCI) by
that time. All-cause mortality (OR: 5.110; 95% CI,
1.454-17.9, p<<.001) was independently associated
with LVH severity. Similar findings were reported from
a Danish hospital except the proportion of STEMI
patients with LVH was about 33%, not the 55% in
Northeast China, which suggests LVH varies by ethnic-
ity (Nepper-Christensen et al., 2017).

Biomarkers creatine kinase-MB (CK-MB) and tropo-
nin I were shown to be poor predictors of infarct size in
patients with LVH after STEMI (Daaboul et al., 2016).
Left ventricular mass was found to be an independent
predictor and accounted for about half the variance from
predictions based upon biomarkers alone. LVH also
increases LV wall tension and subjects sub-endocardium
to ischemia, which leads to larger necrotic areas after
STEMI (Cetin et al., 2018). These factors may lead to
adverse remodeling after an event, but metformin may
be able to reverse LVH by reducing inflammation and
insulin resistance (Mordi et al., 2018). A randomized
clinical trial showed 12months of metformin reduced

the LV mass index compared to a placebo in diabetics.
Diabetic patients treated with other drugs than metfor-
min fared worse. However, many diabetics in Northeast
China are already using metformin and efforts are under-
way to find alternatives for use where metformin as a
monotherapy is inadequate (Du et al., 2017).

Another item for future research not yet addressed
in any study of acute myocardial infarction (AMI) in
Liaoning is that HCh prevents ischemic post-condition-
ing, though the mechanism is unknown (Wu et al.,
2015). The most common dyslipidemia in Liaoning is
isolated HCh, found in 34.1% of men and 37.3% of
women with diabetes (Superko et al., 2017). The aver-
age level of all blood lipids for HTN patients in Liaoning
was higher in women than men (Liu et al., 2007).
However, the study did not differentiate whether patients
were taking metformin.

ST-Elevation Myocardial Infarction (STEMI)

It was noted earlier that diabetics predominantly suffer
more benign NSTEMI events, while women in Liaoning
increasingly present with STEMI. The goal is to perform
PCI within 120 minutes of a STEMI diagnosis to reduce
infarct size or provide thrombolytics beyond that win-
dow (Vogel et al., 2019). However, STEMI is difficult to
diagnose from ECG alone (Sullivan et al., 2016). There
are a number of mimics and troponin assays usually
used to diagnose NSTEMI are not helpful in this case.
Another factor affecting patient prognosis is that only
half of men with STEMI arrived within two hours of the
onset of symptoms in all of China, and only one-third of
women (Zhang et al., 2016). There are few studies of
prehospital delay in China and most were conducted in
the Beijing area, which means delays could be longer.

The gender difference will likely remain, though,
due to different symptom profiles for women and psy-
chological factors. Women in general present far less
frequently with chest pain or discomfort than men
(averages of 42.0% for women and 30.7% in men) and
that gap is more pronounced in younger patients (Canto
et al., 2012). The results are from a study of the U.S.
National Registry of Myocardial Infraction and involved
1,143,513 cases, but no comparable data could be found
for China. Patients without chest pain tend to present
later and are treated less aggressively, almost doubling
the short-term mortality compared with those presenting
with more typical symptoms (Canto et al., 2012). The
difference in presentation within China also ran counter
to the Swedish MONICA study and Worcester Heart
Attack Study (Zhang et al., 2016). The gender difference
and prehospital delay may also contribute to the high
proportion of out-of-hospital deaths.

However, in-hospital deaths for women in Liaoning
with STEMI events are greater than in men (Zhang et al.,
2013). Care and patient data for 1,429 consecutive
patients in Liaoning hospitals were analyzed from
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24-hours after symptom onset with patients divided into
two groups depending on whether they received PCI. The
PCI group showed mortality for men was 4.2% and 11.2%
for women (p <.001). The non-PCI group (n=675) saw
13.0% of men die within 24-hours compared to 22.9% of
women (p<<.001). Multivariate linear regression sug-
gests that being female in Liaoning is an independent risk
factor for early death after STEMI (OR: 1.691, p=.007).

Cardiometabolic Effects of Trace Metals

The causes of hypertension are still undetermined, but
its role in the cascade of dyslipidemias leading to LVH
and STEMI events is undisputed. Dong et al. (2008)
argued that both genetic and environmental factors
combine. Trace metals need to be considered in any
study of Liaoning because prevailing wind patterns in
China run from West to East, with the lowest rates of
MetS in the West and South and highest rates in six
Northeastern provinces, including Liaoning. Some
heavy metals are essential to life, like iron, copper,
manganese, and zinc. However, too much can be bad,
and these can also be replaced by heavier metals with a
similar valence configuration. Cadmium, as one exam-
ple, can replace iron and copper within cell structures
and create oxidative stress (Akther et al., 2019). Several
metals that are common pollutants (including arsenic,
lead, cadmium, and copper) are associated with an
increased risk of cardiovascular disease (CVD) and
coronary heart disease (Chowdury et al., 2018). Metals
can impair the ability of antioxidant enzymes to scav-
enge reactive oxygen species (ROS), which are basi-
cally cellular waste products. Metals can also subvert
function of the renin-angiotensin-aldosterone system so
that control of vasoconstriction and dilation itself cre-
ates oxidation and damage to endothelium (Akther
et al., 2019). The role of iron in the renin-angiotensin-
aldosterone system has been linked to both diabetic kid-
ney disease and CVD (Chowdury et al., 2018).

The focus on trace metals is usually at the cellular
level, but a Korean team found that manganese (Mn) can
reduce blood pressure in a cross-sectional study of 640
normotensive adults equally divided by gender that
found the correlation from the participant’s normal
dietary intake (Lee et al., 2015). However, the benefit
was limited to men. A more detailed study showed an
association between higher Mn intake and a reduced risk
of MetS in Chinese men (Zhou et al., 2016). The mean
daily intake of Mn was 6.07 mg for men and 5.13 mg in
women, compared with 4.2mg and 4.1 in the Korean
study, with rice being the main source of Mn in the
Chinese diet. Manganese was also inversely associated
with abdominal obesity and HTG in Chinese men while
positively associated with low HDL-C in both men and
women. Research suggested the increased risk of MetS
in Chinese women may be due to the effect of Mn on
HDL-C (Zhou et al., 2016). More metals were

implicated in MetS by a study that compared residents
of Shenzhen and surrounding Guangdong province (Lei
et al., 2011). The prevalence of MetS in Shenzhen was
7.76%, significantly higher than for Guangdong. T-test
analysis of blood samples also showed clear differences
in potassium, sodium, iron, manganese, and retinol
between MetS and non-MetS participants.

The trend toward a more Western diet, as in Shenzhen,
alters the mix of heavy metals further. China has con-
ducted nationwide total diet studies every 5 years since
1990 with cereals and vegetables shown as the main
source of exposure for many metals (Wei et al., 2019).
Meat, beverages and water are the next most important
exposure source. The start of the S-year surveys in 1990
corresponds with a rise in urban living standards from
industrialization. However, the China Health and
Nutrition Survey (CHNS) is conducted every 2 years
and showed wide fluctuations in the Diet Quality Index
(DQI) from 2004 to 2011 (Huang et al., 2017). Income
and urbanicity were positively associated with DQI
scores, which suggests a shift in diet toward a higher
metal load. Middle-aged and older Chinese were less
likely to adapt their diets.

Rapid changes in Chinese dietary patterns make it
difficult to assess how much of an effect on heart health
is due to trace metals or bad food choices. China’s
change from a traditional diet has been more rapid than
in developed nations, especially in urban areas (Yun
et al., 2018). Europe and North America transitioned
over 200years toward more animal fat and less fiber.
Some researchers blame the changing Chinese diet for
higher MetS rates (Fong et al.,, 2019). CHNS data
showed the proportion of Chinese who ate red meat,
fish, and poultry grew from 65.7% in 1991 to 86.1% in
2011 (Wang et al., 2015). One study found associations
between modern and traditional diets on BMI and waist
circumference, but no significant links between diet and
HTN (Xu et al., 2016). The same team changed their
opinion 2years later and argued the link between diet
and HTN was now clear (Xu et al., 2018). The authors
found the traditional Chinese diet (rice, pork, and vege-
tables) was inversely associated with known HTN. The
team also discovered the intake of dietary lead (Pb) was
strongly associated with HTN, especially in women.

The other source of trace metal exposure is outside of
personal choice, the environment. Liaoning’s Hun River
contains zinc and copper and feeds the Dahuofang
Reservoir, a major source of drinking water for Northeast
China (Zhang et al., 2017). A case-control study exam-
ined urinalysis of 502 HTN patients and another 502
who were normotensive in China (Wu et al., 2018).
Adjusted results suggested environmental Zn and Cu
were positively associated with HTN. However, serum
zinc levels in another study were also found to be sig-
nificantly lower in patients with HTN than in controls
(Li et al., 2019). Manganese, Cu, and Zn in their +2
forms enable metalloproteins in the cell to fold (Tottey
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et al., 2008). The Mn bond is stable, but less so for Cu
and Zn. However, no mechanisms are known to explain
these associations between trace metals and HTN.

Air is another way trace metals can enter the body
and the Henan Rural Cohort Study found an association
between particulate matter and T2DM (Liu et al., 2019).
The study assessed 39,259 residents for their 3-year
average exposure to particulate matter with an aero-
dynamic diameter =1.0pum and =2.5um (PM1 and
PM2.5) through a spatiotemporal model. Increases of
1 ug/m? in PM1 were associated with a 4.0% rise in the
odds for T2DM, and PM2.5 at the same concentration
produced a 6.8% increase. A randomized study of 24,845
participants selected from across China found a 10-pg/m?
increase in PM1 and PM2.5 was associated with a 5%
increase in odds for HTN (OR:1.05; 95% CI 1.01-1.10)
(Yang et al., 2019). Another approach using data from
the Henan Rural Cohort Study found each 1-pg/m?
increment of PM2.5 was associated with increased TC
and LDL-C, and decreased TG and HDL-C (Mao et al.,
2019). The 33 Communities Chinese Health Study pro-
duced similar associations between particulates and
blood lipids (Yang et al., 2018). The difference is that
the 33 Communities data showed increased TC, TG, and
LDL-C while HDL-C was lowered. The strongest asso-
ciations in these studies were in women, the overweight
or obese, and older residents. The results of the three
studies suggest that the composition of the particulates
may need further research.

Discussion

Rigor was considered a greater issue than bias in the
papers we included for this review, which were observa-
tional rather than experimental. We included papers
published in both large “Western” journals where rele-
vant and smaller parochial journals since the effects on
the women of Liaoning can be seen by some as a regional
issue. We did not consider the inclusion of Chinese
authors or publications an impediment. Tian et al. (2017)
used the Assessing the Methodological Quality of
Systematic Reviews (AMSTAR) and PRISMA method-
ologies to assess 100 journals each from the US and
China. Scores for journals in both nations using both
protocols were comparable, and in many categories
China’s authors took the lead for rigor. Tian et al. did,
though, suggest that the quality of papers could be
improved in both countries.

Statistical methods were appropriate and defended.
Epidemiological methods were largely followed, with
the greatest weakness being adjustment for confounding
variables (Greenland et al., 2016). Some data sets were
small, but adequate. Those papers were often the only
ones found addressing a specific issue. The converse
was large often nationwide databases that diluted the
effects of regional variance. We found instances of
teams using the same data to reach different conclusions

and included all. We strove to include dissenting views
whenever they could be found.

Conclusion

The sudden rise in HTN in China, and Liaoning espe-
cially, was not discovered until the 1970s. The rise in
obesity was not discovered until the 1990s, and HUA in
2005. The agents at work have some latency and some of
China’s health surveillance reporting is too far apart to
assess secular trends. Another issue is that the disorders
that go into MetS are “multifactorial” and their etiologies
are still not fully understood. Evidence we gathered sug-
gests there may be two separate mechanisms at work in
the Liaoning population and Northeast China, the renin-
angiotensin system and SNPs in apolipoproteins. We
considered the effects of diet and airborne particulates
and found PM2.5 had the same effects as polymorphisms
in APOAS, raised TC, TG, LDL-C, and reduced HDL-C.
The parallels suggest a role for trace metals. Future
research needs to focus on the role of trace metals in both
these mechanisms and developments in one will provide
insights into the other. The women of Liaoning provide
an opportunity to save lives and learn lessons that can be
applied across ethnicities. If HTN and MetS can be pre-
vented through a common pathway, MetS might not lead
to STEMI and more deaths.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

ORCID iD

Gary S. Newsome https://orcid.org/0000-0002-3644-4215

References

Akther, J., Nabi, A., & Ebihara, A. (2019). Heavy metals as
environmental risk factors for cardiovascular diseases:
From the perspective of the renin angiotensin aldoste-
rone system and oxidative stress. Reviews in Agricultural
Science, 7, 68—83.

Biasucci, L. M., La Rosa, G., Mandolini, C., Grimaldi, M. C.,
& Crea, F. (2017). Imbalance between E-NOS and MRP4
gene expression in type 2 diabetes mellitus may explain the
higher risk of NSTEMI in diabetic subjects. Journal of the
American College of Cardiology, 69(11 Supplement), 201.

Canto, J. G., Rogers, W. J., Goldberg, R. J., Peterson, E. D.,
Wenger, N. K., Vaccarino, V., Kiefe, C. 1., Frederick, P.
D., Sopko, G., Zheng, Z.-J., & NRMI Investigators. (2012).
Association of age and sex with myocardial infarction
symptom presentation and in-hospital mortality. J4MA,
307(8), 813-822. https://doi.org/10.1001/jama.2012.199


https://orcid.org/0000-0002-3644-4215
https://doi.org/10.1001/jama.2012.199

Gerontology & Geriatric Medicine

CEIC. China population: Rural: Liaoning. Retrieved
December 18, 2019, from CEIC Data database. https://
www.ceicdata.com

Centers for Disease Control and Prevention. (2006). Principles
of epidemiology in public health practice: An introduction
to applied epidemiology and biostatistics. U.S. Dept. of
Health and Human Services, Centers for Disease Control
and Prevention (CDC).

Cetin, M. S., Ozcan Cetin, E. H., Celebi, A. S., Ozcan Celebi,
0., Temizhan, A., Amasyali, B., & Aydogdu, S. (2018).
P1697 The association of left ventricular mass index with
reciprocal ST depression in STEMI. European Heart
Journal, 39(suppl_1), ehy565-P1697.

Cheung, B. M., & Li, C. (2012). Diabetes and hyperten-
sion: Is there a common metabolic pathway? Current
Atherosclerosis Reports, 14(2), 160-166.

Chowdhury, R., Ramond, A., O’Keeffe, L. M., Shahzad,
S., Kunutsor, S. K., Muka, T., Gregson, J., Willeit, P.,
Warnakula, S., Khan, H., & Chowdhury, S. (2018).
Environmental toxic metal contaminants and risk of
cardiovascular disease: Systematic review and meta-
analysis. BMJ, 362, 14-16. https://doi.org/10.1136/bm;.
k3310

Daaboul, Y., Korjian, S., Weaver, W. D., Kloner, R. A,
Giugliano, R. P., Carr, J., ... Michalak, N. (2016).
Relation of left ventricular mass and infarct size in ante-
rior wall ST-segment elevation acute myocardial infarc-
tion (from the EMBRACE STEMI Clinical Trial). The
American Journal of Cardiology, 118(5), 625-631.

Dong, G. H., Sun, Z. Q., Zhang, X. Z., Li, J. J., Zheng, L.
Q.,Li,J.,...Sun, Y. X. (2008). Prevalence, awareness,
treatment & control of hypertension in rural Liaoning
province, China. Indian Journal of Medical Research,
128(2), 122.

Du, J, Liang, L., Fang, H., Xu, F., Li, W., Shen, L.,. . . Mu, Y.
(2017). Efficacy and safety of saxagliptin compared with
acarbose in Chinese patients with type 2 diabetes melli-
tus uncontrolled on metformin monotherapy: Results of
a Phase IV open-label randomized controlled study (the
SMART study). Diabetes, Obesity and Metabolism,
19(11), 1513-1520.

Evans, D., Seedorf, U., & Beil, F. U. (2005). Polymorphisms
in the apolipoprotein A5 (APOAS) gene and type III
hyperlipidemia. Clinical Genetics, 68(4), 369-372.

Fong, T. C. T., Ho, R. T. H., & Yip, P. S. F. (2019). Effects
of urbanization on metabolic syndrome via dietary intake
and physical activity in Chinese adults: Multilevel media-
tion analysis with latent centering. Social Science &
Medicine, 234, 112372.

Greenland, S., Senn, S. J., Rothman, K. J., Carlin, J. B., Poole,
C., Goodman, S. N., & Altman, D. G. (2016). Statistical
tests, P values, confidence intervals, and power: A guide
to misinterpretations. European Journal of Epidemiology,
31(4), 337-350.

Huang, Y., Wang, H., & Tian, X. (2017). Changing diet qual-
ity in China during 2004-2011. International Journal of
Environmental Research and Public Health, 14(1), 13.

Hubacek, J. A. (2016). Apolipoprotein AS fifteen years
anniversary: Lessons from genetic epidemiology. Gene,
592(1), 193-199.

Ivanovic, B., & Tadic, M. (2015). Hypercholesterolemia and
hypertension: Two sides of the same coin. American
Journal of Cardiovascular Drugs, 15(6), 403—414.

Kim, O. Y., Moon, J., Jo, G., Kwak, S. Y., Kim, J. Y., & Shin,
M. J. (2018). Apolipoprotein A5 3'-UTR variants and car-
diometabolic traits in Koreans: Results from the Korean
genome and epidemiology study and the Korea National
Health and Nutrition Examination Survey. Nutrition
Research and Practice, 12(1), 61-68.

Lee, Y. K., Lyu, E. S., Oh, S. Y., Park, H. R., Ro, H. K., Heo,
Y. R, ... Choi, M. K. (2015). Daily copper and man-
ganese intakes and their relation to blood pressure in
normotensive adults. Clinical Nutrition Research, 4(4),
259-266.

Lei, L., Zhou, H., & Peng, J. (2011). Relationship between
metabolic syndrome and dietary nutrients intake in resi-
dents of Shenzhen city. Chinese Journal of Public Health,
10, 32.

Li, J, Li, X., Wang, Q., Hu, S., Wang, Y., Masoudi, F. A, . . .
China PEACE Collaborative Group. (2015). ST-segment
elevation myocardial infarction in China from 2001 to
2011 (the China PEACE-Retrospective Acute Myocardial
Infarction Study): A retrospective analysis of hospital
data. The Lancet, 385(9966), 441-451.

Li, Z., Wang, W., Liu, H., Li, S., & Zhang, D. (2019). The
association of serum zinc and copper with hypertension:
A meta-analysis. Journal of Trace Elements in Medicine
and Biology, 53, 41-48.

Liu, Y., Sun, Z., Zheng, L., Zhang, X., Xu, C., Li, J., & Sun,
Y. (2007). Epidemiology of blood lipid level among rural
groups with hypertension in Liaoning Province. Chinese
Journal of Arteriosclerosis, 15(11), 861.

Liu, F., Guo, Y., Liu, Y., Chen, G., Wang, Y., Xue, X., . . . Lu,
Y. (2019). Associations of long-term exposure to PM1,
PM2. 5, NO2 with type 2 diabetes mellitus prevalence and
fasting blood glucose levels in Chinese rural populations.
Environment International, 133, 105213.

Ma, Z., Wang, Y., Xu, C., Ai, F., Huang, L., Wang, J., . ..
Yang, X. (2019). Obesity-related genetic variants
and hyperuricemia risk in Chinese men. Frontiers in
Endocrinology, 10, 230.

Mao, S., Chen, G., Liu, F., Li, N., Wang, C., Liu, Y., . . . Li,
S. (2019). Long-term effects of ambient air pollutants to
blood lipids and dyslipidemias in a Chinese rural popula-
tion. Environmental Pollution, 256, 113403.

Mordi, 1., Mohan, M., Levin, D., & Lang, C. (2018). C
Repurposing the diabetes drug metformin for treatment
of adverse left ventricular remodelling in cardiovascular
disease. BMJ, 104, A112. http://doi.org/10.1136/heartjnl-
2018-BCS.155

Nepper-Christensen, L., Lenborg, J., Ahtarovski, K. A,
Hofsten, D. E., Kyhl, K., Ghotbi, A. A., . . . Helgvist, S.
(2017). Left ventricular hypertrophy is associated with
increased infarct size and decreased myocardial salvage
in patients with ST-segment elevation myocardial infarc-
tion undergoing primary percutaneous coronary interven-
tion. Journal of the American Heart Association, 6(1),
€004823.

Park, J. S., Shin, J. S., Lee, Y. H., Seo, K. W., Choi, B. J,,
Choi, S. Y., . . . Shin, J. H. (2015). Left ventricular hyper-
trophy on long-term cardiovascular outcomes in patients
with ST-elevation myocardial infarction. Clinical and
Experimental Hypertension, 37(8), 674—679.

Rothman, K. J., Greenland, S., & Lash, T. L. (1998). Types of
epidemiologic studies. In Modern epidemiology (2nd ed.,
pp. 74-75). Lippincott Raven.


https://www.ceicdata.com
https://www.ceicdata.com
https://doi.org/10.1136/bmj.k3310
https://doi.org/10.1136/bmj.k3310
http://doi.org/10.1136/heartjnl-2018-BCS.155
http://doi.org/10.1136/heartjnl-2018-BCS.155

Wang and Newsome

Sibuea, C. V., Siregar, Y., & Sari, M. 1. (2015). Is
Apolipoprotein AS-1131T> C polymorphism A contrib-
uting factor for triglyceride level in metabolic syndrome.
University website. Retrieved 28 November, 2019, from
http://repository.uhn.ac.id/handle/123456789/900

Stiermaier, T., Poss, J., Eitel, C., De Waha, S., Fuernau, G.,
Desch, S., ... Eitel, I. (2018). Impact of left ventricu-
lar hypertrophy on myocardial injury in patients with
ST-segment elevation myocardial infarction. Clinical
Research in Cardiology, 107(11), 1013-1020.

Stroup, D. F., Berlin, J. A., Morton, S. C., Olkin, I,
Williamson, G. D., Rennie, D., . . . Thacker, S. B. (2000).
Meta-analysis of observational studies in epidemiology:
A proposal for reporting. JAMA, 283(15), 2008-2012.

Su, X., Kong, Y., & Peng, D. Q. (2018). New insights into
apolipoprotein A5 in controlling lipoprotein metabolism
in obesity and the metabolic syndrome patients. Lipids in
Health and Disease, 17(1), 174.

Sullivan, A. E., Shams, M., Mercader, M. A., Varghese, J.,
Shajidan, A., Hassouna, B., & Jayanthi, V. V. (2016).
Optimizing electrocardiogram interpretation and cath-
eterization laboratory activation in ST-segment elevation
myocardial infarct. Health Science Research Commons

Superko, H. R., Zhao, X. Q., Hodis, H. N., & Guyton, J. R.
(2017). Niacin and heart disease prevention: Engraving its
tombstone is a mistake. Journal of Clinical Lipidology,
11(6), 1309-1317.

Tian, J., Zhang, J., Ge, L., Yang, K., & Song, F. (2017).
The methodological and reporting quality of systematic
reviews from China and the USA are similar. Journal of
Clinical Epidemiology, 85, 50-58.

Tian, S., Liu, Y., Xu, Y., & Feng, A. (2019). Does obesity
modify the epidemiological association between hyperuri-
cemia and the prevalence of hypertension among Northern
Chinese community-dwelling people? A Chinese popula-
tion-based study. BMJ Open, 9(11), ¢031803.

Tottey, S., Waldron, K. J., Firbank, S. J., Reale, B., Bessant,
C., Sato, K., . . . Robinson, N. J. (2008). Protein-folding
location can regulate manganese-binding versus copper-
or zinc-binding. Nature, 455(7216), 1138.

Vogel, B., Claessen, B. E., Arnold, S. V., Chan, D., Cohen,
D. J.,, Giannitsis, E., . . . Kimura, T. (2019). ST-segment
elevation myocardial infarction. Nature Reviews Disease
Primers, 5(1), 1-20.

Wang, X., Yang, F., Bots, M. L., Guo, W. Y., Zhao, B., Hoes,
A. W., & Vaartjes, 1. (2015). Prevalence of the metabolic
syndrome among employees in Northeast China. Chinese
Medical Journal, 128(15), 1989.

Wei, J., Gao, J., & Cen, K. (2019). Levels of eight heavy met-
als and health risk assessment considering food consump-
tion by China’s residents based on the 5th China total diet
study. Science of the Total Environment, 689, 1141-1148.

Wu, N., Zhang, X., lJia, P, & Jia, D. (20195).
Hypercholesterolemia abrogates the protective effect of
ischemic postconditioning by induction of apoptosis and
impairment of activation of reperfusion injury salvage
kinase pathway. Biochemical and Biophysical Research
Communications, 458(1), 148—153.

Wu, W., Jiang, S., Zhao, Q., Zhang, K., Wei, X., Zhou, T.,
... Cheng, L. (2018). Associations of environmental
exposure to metals with the risk of hypertension in China.
Science of the Total Environment, 622, 184—191.

Xia, J., Cai, W., & Peng, C. (2015). Association of APOAS
T1131C polymorphism and risk of coronary artery dis-
ease. International Journal of Clinical and Experimental
Medicine, 8(6), 8986.

Xu, X., Byles, J., Shi, Z., McElduff, P., & Hall, J. (2016).
Dietary pattern transitions, and the associations with BMI,
waist circumference, weight and hypertension in a 7-year
follow-up among the older Chinese population: A longitu-
dinal study. BMC Public Health, 16(1), 743.

Xu, X., Byles, J. E., Shi, Z., & Hall, J. J. (2018). Dietary pat-
terns, dietary lead exposure and hypertension in the older
Chinese population. Asia Pacific Journal of Clinical
Nutrition, 27(2), 451.

Yang,B.Y.,Bloom, M. S., Markevych, I., Qian, Z. M., Vaughn,
M. G., Cummings-Vaughn, L. A., . . . Dharmage, S. C.
(2018). Exposure to ambient air pollution and blood lip-
ids in adults: The 33 Communities Chinese Health Study.
Environment International, 119, 485-492.

Yang, B. Y., Guo, Y., Bloom, M. S., Xiao, X., Qian, Z. M.,
Liu, E., . . . Chen, D. H. (2019). Ambient PM1 air pollu-
tion, blood pressure, and hypertension: Insights from the
33 Communities Chinese Health Study. Environmental
Research, 170, 252-259.

Yildirim, A., Senchenkova, E., & Granger, D. N. (2016).
Hypercholesterolemia blunts the oxidative stress elicited
by hypertension in venules through angiotensin II type-2
receptors. Microvascular Research, 105, 54—60.

Yu, S., Guo, X., Yang, H., & Sun, Y. (2015). Combination of
hyperuricemia and metabolic syndrome is an independent
and powerful predictor for left ventricular hypertrophy in
rural Chinese. In Annales d’endocrinologie (Vol. 76,
No. 3, pp. 264-271). Elsevier Masson.

Yu, S., Guo, X., Yang, H., Zheng, L., & Sun, Y. (2015).
Metabolic syndrome in hypertensive adults from rural
Northeast China: An update. BMC Public Health, 15(1),
247.

Yu, S., Yang, H., Guo, X., Zhang, X., Zhou, Y., Ou, Q., . . .
Sun, Y. (2016). Prevalence of hyperuricemia and its
correlates in rural Northeast Chinese population: from
lifestyle risk factors to metabolic comorbidities. Clinical
Rheumatology, 35(5), 1207-1215.

Yun, Z. L., Dan, L., Mei, Y. D., Jian, Z., Zhong, W. J., & Hua,
Z. W. (2018). Challenges brought about by rapid changes
in Chinese Diets: Comparison with developed countries
and implications for further improvement. Biomedical
and Environmental Sciences, 31(10), 781-786.

Zhang, B., Zhang, W., Huang, R. C., Zhang, Y., Jun, L. [. U,
Zheng, Z. G., . . . Qi, G. X. (2013). Gender disparity in
early death after ST-elevation myocardial infarction.
Chinese Medical Journal, 126(18), 3481-3485.

Zhang, B., Zhang, W., Huang, R., Zhu, H., Liu, J., Jiang, D.,
... Qi, G. (2016). Gender and age differences associated
with prehospital delay in Chinese patients presenting with
ST-elevation myocardial infarction. Journal of Cardio-
vascular Nursing, 31(2), 142-150.

Zhang, K., Su, F., Liu, X., Song, Z., & Feng, X. (2017).
Heavy metal concentrations in water and soil along the
Hun River, Liaoning, China. Bulletin of Environmental
Contamination and Toxicology, 99(3), 391-398.

Zhang, M., Wang, L. M., Chen, Z. H., Zhao, Z. P., Li, Y. C,,
Deng, Q., ... Wang, L. H. (2018). Multilevel logistic
regression analysis on hypercholesterolemia related risk


http://repository.uhn.ac.id/handle/123456789/900

Gerontology & Geriatric Medicine

factors among adults in China. Zhonghua yu fang yi xue
za zhi [Chinese Journal of Preventive Medicine], 52(2),
151-157.

Zhang, X., Sun, Z., Zhang, D., Zheng, L., Li, J., Liu, S.,
... Sun, Y. (2009). Prevalence and association with
diabetes and obesity of lipid phenotypes among the
hypertensive Chinese rural adults. Heart & Lung,
38(1), 17-24.

Zhao, D., Liu, J., Wang, M., Zhang, X., & Zhou, M. (2019).
Epidemiology of cardiovascular disease in China: current

features and implications. Nature Reviews Cardiology,
16(4),203-212.

Zhou, B., Su, X., Su, D., Zeng, F., Wang, M. H., Huang, L.,
... Zhu, X. (2016). Dietary intake of manganese and the
risk of the metabolic syndrome in a Chinese population.
British Journal of Nutrition, 116(5), 853—863.

Zhou, T., Liu, X., Liu, Y., & Li, X. (2018). Spatio-temporal
patterns of the associations between type 2 diabetes and
its risk factors in mainland China: A systematic review
and meta-analysis. The Lancet, 392, S32.



