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ABSTRACT

Increasing observational and experimental trial data
have shown that mental stress can lead to an increase
in adverse clinical cardiovascular events. Mental stress
affects the heart by inducing ischaemia and precipitating
myocardial infarction (MI) or direct myocardial

injury. Mental stress leads to systemic inflammation.
Inflammation is known to cause rapid atheromatous
plaque progression, instability and thrombosis—the
classic type 1 MI. Inflammation can also lead to type

2 Ml or myocarditis and injury. The published data
linking systemic inflammation, mental stress and
cardiovascular disease will be reviewed to establish the
linkage between mind and heart, thereby highlighting the
importance of holistically managing the patient, not only
addressing separate organ systems. Finally, recent trial
evidence showing the value of anti-inflammatory drugs
in cardiovascular and mental conditions will be briefly
considered.

INTRODUCTION

A large amount of data from both observa-
tional and experimental studies has shown
that mental stress can increase the risk of
clinical cardiovascular events by precipitating
myocardial infarction (MI) or causing myocar-
dial injury and damage.' To understand how
mental stress can cause MI and myocardial
injury, it is essential to recall the latest Fourth
Universal Definition of MI that was published
in 2018 by a joint task force of the European
Society of Cardiology, American College of
Cardiology, American Health Association and
World Heart Federation.” The document clas-
sified MI into five types. The most common
form of MI, due to acute plaque rupture and
consequent coronary thrombosis, is labelled
as type 1 MI. Type 2 MI occurs when the MI is
secondary to an ongoing systemic disease such
as severe hypertension, tachycardia, sepsis
or shock. Type 2 MI must be distinguished
from direct myocardial damage, where the
insult is caused by a non-ischaemic condition,
now labelled as myocardial injury (figure 1).
Mental stress can lead to direct myocardial
injury, as in Takotsubo cardiomyopathy, also
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known as broken heart syndrome, because
it often occurs after a stressful or emotional
event. Mental stress can also accelerate plaque
progression, instability and thrombosis (type
1 MI). Furthermore, mental stress can precip-
itate systemic disease conditions, which then
cause type 2 MI. Thus, mental stress can
result in adverse clinical cardiovascular events
by precipitating either type 1 or type 2 MI, as
well as producing direct myocardial injury.

This article reviews the observational
studies and experimental trials linking
mental stress with myocardial ischaemia and
adverse cardiovascular events. It then looks
at the relationship between cardiovascular
disease and systemic inflammation. Inflam-
mation has been found to be fundamental
to rapid plaque progression, which invariably
precedes plaque rupture and coronary throm-
bosis. There is also increasing evidence indi-
cating that inflammation is the underlying
pathophysiology in mental stress-induced
direct myocardial injury. Furthermore, in
many mental diseases, systemic inflammation
has also been found to be present, supporting
that inflammation could be the common
pathophysiology linking mental stress with
cardiovascular events. By recognising the
link between mental stress, inflammation and
cardiovascular events, clinicians could better
manage cardiovascular and mental diseases
by offering behavioural or anti-inflammatory
treatment in addition to the usual cardiovas-
cular and psychiatric drugs or other interven-
tional treatment strategies.

MENTAL STRESS AND CARDIOVASCULAR EVENTS
Observational studies

Observational studies linking mental stress
with cardiovascular disease have been avail-
able for some time. A prospective cohort
study of 7052 participants in a community
health survey over a I12-year follow-up in
Norway found that 6.1% of those reporting
health anxiety as assessed by the Whiteley
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Differences in definition and diagnosis between type 1 and type 2 myocardial infarctions (Mls): acute and chronic

myocardial injury*. *Modified from Figure 6, Fourth Universal Definition of Myocardial Infarction. Thygesen et al?

Index developed clinical ischaemic heart disease (IHD),
compared with 3.0% of those without health anxiety
(hazard ratio (HR): 2.12, 95% confidence interval (CI):
1.52 to 2.48). Anxiety can also adversely affect tradi-
tional cardiometabolic risk (CMR) factors such as systolic
and diastolic blood pressure, fasting cholesterol and
triglycerides, fasting glucose, body mass index and eryth-
rocyte sedimentation rate. In a cohort of 1561 middle-
aged American men followed up over 40 years, those with
neuroticism and worry on the Whiteley Index had a worse
CMR profile than those without such anxious features.*
The higher the level of neuroticism and worry, the higher
the overall CMR scores and the higher their likelihood
of having over six CMR markers. In the China Kadoorie
Biobank Study, among 486 541 participants, the overall
prevalence of major depression was 0.61% (n=2972)."
Over a median follow-up of 7.2 years, the incidence of
THD was 8.76 per 1000 person-years in those with major
depression in the preceding 12 months, compared with
7.21 per 1000 person-years in those without (HR: 1.32,
95% CI: 1.14 to 1.53). Even the presence of depressive
symptoms alone without major depression significantly
increased the incidence of IHD (HR: 1.13, 95% CI: 1.04
to 1.23).

Another well-designed study from Sweden looked at
136 637 patients diagnosed with stress-related disorders,
comparing them with 171 314 unaffected siblings and
1 366 370 matched unexposed people from the general
population.’ During up to 27 years of follow-up, cardiovas-
cular disease crude incidence was 10.5 per 1000 person-
years in stress-exposed patients, 8.4 per 1000 person-years
in their unaffected siblings and 6.9 per 1000 person-years
in matched unexposed individuals. In the first year after
the diagnosis of stress-related disorder, the incidence of
cardiovascular disease was significantly higher in patients
than in their unaffected siblings (HR: 1.64, 95% CI: 1.45

to 1.84). Comparing patients diagnosed with stress-related
disorders with a population-matched cohort, cardiovas-
cular disease incidence was similarly significantly raised
during the subsequent year (HR: 1.71, 95% CI: 1.59 to
1.83).

Between 75% and 87% of strokes are ischaemic in
origin. Since the pathogenesis of cerebral ischaemia
is similar to myocardial ischaemia, it is not surprising
that mental stress can increase acute strokes.”” INTER-
STROKE is an international retrospective case-controlled
study in 32 countries that recruited 13462 patients who
had a stroke and compared them with 13 488 matched
controls."” Stress level was higher in younger people
(mean age 57.5years vs 62.6years) and in those with
better education (post-secondary 33.7% vs 23.9%). Stress
level was also higher in high-income countries compared
with low- and middle-income countries, showing that
income and education do not ameliorate stress levels.
Increased acute stroke was associated with increased stress
at home (odds ratio (OR): 1.95, 95% CI: 1.77 to 2.15) or
at work (OR: 2.70, 95% CI: 2.25 to 3.23) and after recent
stressful life events (OR: 1.31, 95% CI: 1.19 to 1.43), such
as major family conflict, marital separation or divorce,
death of spouse and violence. The study also found that
having a higher locus of control at home was associated
with reduced stroke (OR: 0.73, 95% CI: 0.68 to 0.79).
Although those with high home-related or work-related
stress levels have a higher incidence of strokes, among
these patients, those with higher control over their home
or work circumstances had a lower incidence of strokes
compared with those with lower control. Thus, it appears
that stress is not reduced by education or income but can
be reduced by increasing the ability to control home or
work circumstances.

A prospective population-based cohort study from 21
countries recruited 118 706 participants; based on their
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responses to entry questionnaires, their stress levels were
classified as high, moderate, low or no stress.'! Over
a median follow-up of 10.2 years, after adjustment for
multiple factors, compared with those with no stress, the
risk of coronary heart disease was higher in those with
high stress (HR: 1.24, 95% CI: 1.08 to 1.42), medium
stress (HR: 1.15, 95% CI: 1.04 to 1.26) and even low
stress (HR: 1.09, 95% CI: 1.01 to 1.18). Moreover, the risk
of cardiovascular disease was higher in those with high
stress (HR: 1.22, 95% CI: 1.08 to 1.37) and the risk of
stroke increased with high stress (HR: 1.30, 95% CI: 1.09
to 1.56). All-cause death increased with high stress (HR:
1.17,95% CI: 1.06 to 1.29), medium stress (HR: 1.19, 95%
CI: 1.11 to 1.27) and even low stress (HR: 1.09, 95% CI:
1.03 to 1.16).

If mental stress is associated with an increased risk of
cardiovascular diseases, does its opposite, optimism and
physical activity, have any association with cardiovascular
health? A meta-analysis of 15 studies including 229 391
participants with a mean follow-up of 13.8 years looked at
the association of optimism with cardiovascular events and
total mortality.'”” Optimism was associated with a reduced
risk of cardiovascular events (relative risk (RR): 0.65, 95%
CI: 0.51 to 0.78) and a reduced risk of total mortality (RR:
0.86, 95% CI: 0.80 to 0.92). While mental stress increases
adverse cardiovascular events, there is ample evidence
that a positive mental outlook promotes cardiovascular
health."'* A prospective cohort study of 487 334 Chinese
adults aged 30-79 years followed up for a mean of
7.5years showed that more physical activity was associated
with lower risk of vascular events; HR for the top versus
bottom quintile of physical activity was 0.77 (95% CI:
0.74 to 0.80)."° Both occupational and non-occupational
physical activities are protective against adverse cardiovas-
cular events. Another report of 3099 Italians aged over 65
years showed that compared with those with low physical
activity, participants reporting high physical activity had a
lower risk of adverse cardiovascular outcomes (HR: 0.48,
95% CI: 0.27 to 0.86).'° Even muscle-strengthening exer-
cises appear to reduce the risk of cardiovascular events
and other non-communicable diseases.'” Patients should
be encouraged to avoid mental stress and increase opti-
mism, aerobic and muscle-strengthening exercises to
improve their overall and cardiovascular health.

EXPERIMENTAL STUDIES

Although observational studies can show the associa-
tion between stress and adverse clinical cardiovascular
outcomes, they cannot prove causation. However, we now
have increasing experimental studies to establish the link
between mental stress, myocardial ischaemia and subse-
quent cardiovascular events. There have been few reports
of trials of mental stress-induced myocardial ischaemia
(MSIMI) due to technical challenges, as the methods for
inducing mental stress and the manner of diagnosing
objective myocardial ischaemia are yet to be standardised.

Ameta-analysis of MSIMI in patients with coronary artery
disease (CAD) in 2014 found only five trials, including
a total of 555 patients, with follow-ups ranging from 35
days to 8.8 years.'"® The presence of MSIMI increased
the subsequent development of cardiac events or total
mortality (RR: 2.2, 95% CI: 1.59 to 3.15). Another meta-
analysis in 2020 analysed 20 studies of MSIMI in patients
with CAD." This paper studied the prevalence of MSIMI,
the factors associated with it and the methods used in
diagnosing the disease. Out of 3164 studied patients with
CAD, 902 had MSIMI, giving an overall prevalence of
32% (95% CI: 26% to 38%). Patients with a previous MI
or coronary artery bypass graft were more likely to have
MSIMI. Mental stress was induced by 5minutes of one or
more activities such as mental arithmetic, public speaking
or anger recall. Using more than one method to produce
mental stress resulted in a higher prevalence of MSIMI.

Diagnostic techniques for detecting myocardial isch-
aemia include electrocardiography, echocardiography,
single-photon emission computed tomography (CT)
or radionuclide ventriculography. Ischaemia has been
diagnosed by a decrease in left ventricular function,
wall motion abnormalities (WMAs), ST depression or
myocardial perfusion defects. Using different diagnostic
techniques and measurements has produced different
prevalence rates for MSIMI. The highest rate for MSIMI
was found with WMA (51%) and echocardiography
(41%). The researchers found that using two diagnostic
techniques and measurements detected significantly
more cases of MSIMI than using only one. The authors
concluded that MSIMI is widespread, but standardisation
of the diagnostic methodology is needed to study the
topic properly.

A more recent report in 2021 pooled two prospective
cohort studies enrolling 918 patients with CAD; it focused
on subsequent cardiovascular outcomes in patients with
MSIMI compared with those exhibiting conventional
stress-induced ischaemia.’ In their sample, 16% had
MSIMI, 31% had conventional stress-induced myocar-
dial ischaemia and 10% had both. Median follow-up was
5 years, and the primary endpoint was a composite of
cardiovascular death or non-fatal MI, with a secondary
endpoint of heart failure hospitalisation. The primary
endpoint was 6.9 per 100 patientyears in those with
MSIMI and 2.6 per 100 patient-years for those without
MSIMI (HR: 2.5, 95% CI: 1.8 to 3.5). The secondary event
rate was 12.6 per 100 patient-years for those with MSIMI
and 5.6 per 100 patient-years for those without MSIMI
(HR:2.0,95% CI: 1.5 to 2.5). In comparison, the primary
endpoint event rate was 4.8 per 100 patient-years in those
with conventional stress-induced ischaemia and 2.5 per
100 patientyears for those without it (HR: 2.0, 95% CI:
1.5 to 2.8). For the secondary endpoints, event rates in
those with and without conventional stress-induced isch-
aemia were 8.4 and 5.6, respectively (HR: 1.6, 95% CI: 1.3
to 2.0). It appears that MSIMI is worse than conventional
stress-induced ischaemia when predicting future adverse
cardiovascular events in patients with CAD.
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Figure 2 Plaque progression, not the percentage of stenosis, determines the clinical event.* With type 1 plaque progression,
the stenosis did not change in the first three measurements, but a sudden marked increase was observed between the third
and fourth measurements: 71% of the patients developed ACS. With type 2 plaque progression, stenosis increased constantly
throughout all intervals: 14% of the patients developed angina. In the control group with no significant plaque progression,

no ACS was found: only 2% of the patients developed angina. It is not the degree of stenosis at any one time but the rate of
future plaque progression that determines adverse clinical events. *Adapted from Yokoya et a/** and Ahmadi et al.?® ACS, acute

coronary syndrome.

In the above study, the risks posed by the presence of
MSIMI were even more clearly shown if patients with no
ischaemia were taken as the control group. While the
primary event rate was 2.3 per 100 patient-years in the
no-ischaemia control group, the conventional stress-
induced ischaemia group had an event rate of 3.1 (HR:
1.4, 95% CI: 0.9 to 2.1), the MSIMI group had an event
rate of 4.8 (HR: 2.0, 95 % CI: 1.1 to 3.7), and the group
with both conventional stress and MSIMI had a primary
event rate of 8.1 (HR: 3.8, 95% CI: 2.6 to 5.6). Patients
with MSIMI are thus at higher risk of adverse events than
those with conventional stress-induced ischaemia, and the
prognosis is the worst for patients with both conventional
and mental stress ischaemia. The relatively low incidence
of adverse cardiovascular events in patients with conven-
tional stress-induced ischaemia, although surprising to
some, has also been shown in a prospective randomised,
single-centre trial of 535 patients with CAD followed up
for a mean of 10 years.”’ Among the patients with chronic
CAD with multivessel disease, those with and without a
baseline positive conventional stress test ischaemia had
similar survival-free cardiovascular event rates (HR 1.0,
95% CI: 0.80 to 1.27). Thus, by using only the standard
conventional stress test techniques, many patients at
high risk of CAD adverse events can be missed. Even if
patients cannot be formally tested for MSIMI, alert clini-
cians should look for its presence during history intake to

identify this vulnerable group and then arrange for more
intensive therapy.

CARDIOVASCULAR DISEASE AND INFLAMMATION

When thrombosis occurs at the site of an unstable ather-
omatous plaque in a coronary artery, total occlusion
can develop, leading to severe ischaemia with myocar-
dial cell death and resulting MI—now classified in the
Fourth Universal Definition as type 1 ML* A debate has
erupted about whether more severe stenosis causes more
frequent MIs since some studies suggest that the mildly
stenotic lipid-rich plaque with thin caps is more likely to
rupture, leading to thrombosis and ML*** This matter
is now resolved by recalling the seminal work on plaque
progression from Japan (figure 2).** ® Patients with
plaque progression of over 15% on four serial angio-
grams performed in a year were selected from a database
of about 15 000 patients. This study showed that some
plaques do not progress (control group), while some do
not progress for a period and then suddenly and rapidly
progress in size (type 1 progression). Others grow and
progress gradually (type 2 progression). It is the type 1
progression that accounts for most of the adverse cardio-
vascular events. In the type 1 plaque progression group,
71% of patients developed unstable angina or MI; in
contrast, the type 2 plaque progression group had no MIs
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and only 14% experienced angina.”* Meanwhile, in the
control group with no plaque progression, only 2% devel-
oped angina.” As shown in figure 2, at the time of the
fourth angiogram, patients with type 1 plaque progres-
sion had a mean stenosis of 88%, and those with type 2
had a mean stenosis of 67%. However, at the time of the
third angiogram, patients with type 1 plaque progression
had a mean stenosis of only 47%, while patients with type
2 plaque progression had more severe stenosis with a
mean of 59%. Itis not the degree of stenosis of the plaque
at any one time that is important, but its rate of progres-
sion that correlates with adverse clinical events.

It is now increasingly clear that inflammation plays a
major role in coronary atheroma progression. In patients
with unstable angina, inflammation-induced neutrophil
activation was found in the blood of the aorta as well as
the coronary vascular bed far from the site of the culprit
plaque.”® This shows that vulnerable plaque rupture is
not a local event but the result of generalised inflamma-
tion in the body. The relationship between inflammation
and plaque progression was elegantly demonstrated in a
prospective study of patients with angina waiting for coro-
nary angioplasty over a mean period of 4.8 months.”” Of
all 124 patients, 35 (28%) experienced atheroma plaque
progression during that period. Inflammatory markers
such as neopterin, high-sensitivity C reactive protein
(CRP), matrix metalloproteinase-9 and soluble inter-
cellular adhesion molecule 1 were significantly elevated
in the patients with stenosis progression compared with
those with no progression. The study suggests that the
presence of inflammatory molecules and cells determines
whether a plaque will progress and become unstable to
cause adverse clinical cardiovascular events. Therefore, it
is the plaque inflammatory mechanism involving endo-
thelial and macrophage activation, not the degree of
stenosis, that predicts plaque progression and myocardial
vulnerability.

Today, the relationship between stenosis, plaque vulner-
ability and clinical events has been established. It is not
the degree of stenosis that is important, but the amount
of inflammation in the plaque.”* The more inflamma-
tion associated with the atheromatous plaque, the more
it is likely to progress and rupture, resulting in throm-
bosis and unstable clinical coronary events. During the
acute event, the culprit plaque is expected to be severely
stenosed, but prior to the event, an angiographic coro-
nary study cannot predict whether any plaque will subse-
quently progress and rupture. Mental stress is increasingly
reported to be involved in the pathogenesis of athero-
sclerosis by causing increased vascular inflammation that
leads to more rapid plaque progression, ending in throm-
bosis, MI and adverse clinical cardiovascular events.? 3!

In addition to plaque thrombosis, mental stress can
cause direct myocardial injury. As shown in figure 1, it
is essential to distinguish type 2 MI from acute myocar-
dial injury. In type 2 MI, a systemic condition results in
reduced coronary blood flow, causing ischaemia and
damage to the myocardium.”® In contrast, in myocardial

injury from myocarditis, troponin elevation is not due
to ischaemia but results directly from muscle damage
brought on by toxins, infection, vaccination or other
inflammatory stimuli.***® Takotsubo cardiomyopathy is
the classic situation of mental stress-induced myocardial
injury and damage.” Initially thought to be due to an
excessive sympathetic drive related to mental stress, it is
increasingly being acknowledged that the pathogenesis of
Takotsubo cardiomyopathy is an inflammatory process.™
Compared with matched controls, a study of 55 patients
with Takotsubo cardiomyopathy showed elevated serum
monocyte and inflammatory marker levels. With multi-
parametric cardiac resonance imaging, these patients
were found to have myocardial macrophage inflamma-
tory infiltrate, confirming that Takotsubo cardiomyop-
athy is indeed a disease of myocardial inflammation.™
Inflammation plays a primary pathophysiological role in
Takotsubo cardiomyopathy and other types of myocar-
ditis and is likely to be of primary importance in all types
of mental stress-induced myocardial injury.*’

MENTAL STRESS AND INFLAMMATION

With the above strong medical evidence linking mental
stress to cardiac disease and cardiac disease to inflam-
mation, the final piece of the jigsaw is to look for trial
evidence linking mental stress to systemic inflammation.
Its discovery would assist in establishing the link between
systemic inflammation, mental stress and cardiovascular
events. Evidence linking mental stress to inflammation
was found in a study of 293 healthy people, selected from
a pool of 6088, who had baseline health screening for
cancer with a positron emission tomography (PET)/CT
scan of the brain.* The amygdala is the region of the
brain involved in emotional stress. Over a follow-up of
3.7 years, baseline amygdala activity was associated with
increased bone marrow activity (r=0.47; p<0.001), arte-
rial inflammation (r=0.49; p<0.001) and cardiovascular
events (HR: 1.59, 95% CI: 1.27 to 1.98; p<0.001). This
interesting report points to a strong linkage between
mental stress, inflammation and increased cardiovascular
events.

Using data from over 140 000 participants in the UK
Biobank, the association between circulating CRP with
anxiety and depression was tested.” There was a clear
association between higher CRP levels and both higher
depression and anxiety scores, with the association being
stronger with depression and among women than men.
Genetic analysis of the biodata showed that people with
genetically predicted higher interleukin (IL)-6 activity
were at increased risk of depressive symptoms, again
suggesting that inflammation was involved in mental
disorders. A meta-analysis of 41 studies on anxiety, post-
traumatic stress and obsessive-compulsive disorders
looked at the relationship of prolonged mental stress
with chronic inflammation as measured by cytokines and
CRP.* Proinflammatory cytokines, especially IL-1B and
IL-6, are significantly higher in patients who are anxious

0ng HT, Chen J. General Psychiatry 2023;36:101282. doi:10.1136/gpsych-2023-101282
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Table 1 Abnormal inflammatory markers in myocardial
injury (myocarditis) and ischaemia

Abnormal
Clinical condition inflammatory markers References

T CRP

TIL-1, IL-6, IL-15

T TNF-o.

T IL-33 receptor sST
T Chemokines

T Matrix
metalloproteinase

1 Neutrophil
myeloperoxidase
T CRP

TIL-1, IL-6, IL-18 2129
T Neopterin

T CRP

T Matrix

metalloproteinase

T Soluble intercellular
adhesion molecules

Myocardial injury 3639 56

(myocarditis)

Unstable angina 2t

Coronary
progression

Reference numbers refer to references in the text.
CRP, C reactive protein; IL, interleukin; TNF-o, tumour necrosis
factor-o.

compared with healthy controls, again pointing to an
essential role of inflammation in these disease conditions.

Neuroimaging using PET, magnetic resonance imaging
and magnetic resonance spectroscopy has shown that
brain regions such as the basal ganglia, cortical reward,
amygdala, insula and anterior cingulate cortex are
affected by the introduction of peripheral inflammatory
stimuli.** These studies confirm that inflammation is
an intrinsic part of neuropsychiatric disease conditions.
Mental diseases are thus more than conditions where the
patient’s thinking faculties are impaired. The absence of
structural anatomical abnormalities obscures the fact that
there is actually inflammation throughout the body of
patients with mental disease. The systemic inflammation
present with mental stress and disease, therefore, can lead

Table 2 Abnormal inflammatory markers in major anxiety
and depressive disorders

Abnormal

inflammatory
Mental condition markers References
Anxiety disorders T IL-1B, IL-6, IL-2 4243

T TNF-o.

T CRP
Depressive T CRP 4465-65
disorders T TNF-o.

TIL-1, IL-6, IL-18

Reference numbers refer to references in the text.
CRP, C reactive protein; IL, interleukin; TNF-o, tumour necrosis
factor-o..

3

to myocardial ischaemia and injury with resulting adverse
clinical events.

ANTI-INFLAMMATORY DRUGS IN CARDIOVASCULAR AND
MENTAL DISEASES

If inflammation is intrinsically involved in the patho-
genesis of atheromatous plaque progression and plaque
instability leading to MI, anti-inflammatory drugs should
have a role to play in cardiovascular therapeutics. A study
of canakinumab, a monoclonal antibody targeting IL-13,
was carried out on 10 061 patients with a prior MI and
a CRP above 2mg/L.* Canakinumab at 50 mg, 150 mg
or 300mg was given subcutaneously every 3 months. The
primary endpoint was non-fatal MI, non-fatal stroke or
cardiovascular death. After a median follow-up of 3.7
years, the primary endpoint event rate per 100 patient-
years was 4.5 in the placebo group, 4.11 in the 50 mg
canakinumab group (HR: 0.93, 95% CI: 0.80 to 1.07;
p=0.300), 3.86 in the 150 mg canakinumab group (HR:
0.85, 95% CI: 0.74 to 0.98; p=0.021) and 3.90 in the 300
mg canakinumab group (HR: 0.86, 95% CI: 0.75 to 0.99;
p=0.031). Therefore, while canakinumab did reduce
cardiovascular events, the results were not particularly
promising.

After an unsuccessful trial with methotrexate, cardiol-
ogists may have finally found the right anti-inflammatory
therapy for THD in colchicine. Among 4745 patients
enrolled in a study within 30 days after an MI, the
composite primary endpoint was significantly reduced
by 0.5mg colchicine once daily (HR: 0.77, 95% CI:
0.61 to 0.96; p=0.02), after a median of 22.6 months.*
Moreover, in a study of stable chronic coronary disease,
a small trial of 532 patients with a median follow-up of
3 years found that 0.5mg daily colchicine significantly
reduced the primary endpoint composite of acute coro-
nary syndrome, cardiac arrest or stroke (HR: 0.33, 95%
CI: 0.18 to 0.59; p<0.001, number needed to treat (NNT)
11).* The value of colchicine in chronic coronary disease
was further confirmed in a larger trial of 5522 patients
followed up for 28.6 months.” The composite primary
endpoint was again very significantly reduced by a low
dose of 0.5mg daily colchicine (HR: 0.69, 95% CI: 0.57
to 0.83; p<0.001). Composites of the primary endpoint,
including MI and revascularisation, were also significantly
reduced. These findings strongly suggest that a low dose
of colchicine (0.5 mg daily) is helpful in reducing adverse
cardiovascular events for patients with recent MI and for
those with stable coronary disease.

For mental diseases such as depression, anxiety, bipolar
disorder, autism, schizophrenia, post-traumatic stress,
addiction and obsessive-compulsive disorder, major
inflammatory markers, including tumour necrosis factor-o
(TNF-0) and IL-6, have been found to be elevated.®
Patients in remission from atypical depressive symptoms
had lower levels of TNF-0, and IL-6 compared with those
with no remission.”! However, well-conducted, large-scale
trials with long follow-up on anti-inflammatory drugs are
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still unavailable, although numerous small studies have
tested anti-inflammatory drugs in addition to conven-
tional therapy for anxiety, depression and a variety of other
conditions. Nevertheless, meta-analyses have suggested
benefits for mental disorders with anti-inflammatory
drugs. A Danish meta-analysis of anti-inflammatory medi-
cations in depression looked at 36 trials including about
10 000 patients.‘r’2 Anti-inflammatory agents such as non-
steroidal anti-inflammatory drugs (NSAIDs), cytokine
inhibitors, glucocorticoids, statins and minocycline are
useful in treating depression and improving depression
scores and depressive symptoms. Another Chinese meta-
analysis of 26 trials showed that anti-inflammatory agents,
whether as monotherapy or add-ons to antidepres-
sants, reduce depressive symptoms and produce higher
response and remission rates.”> In particular, NSAIDs,
omega-3, statins and minocycline were all found to be
effective.

INFLAMMATORY MARKERS LINK CARDIOVASCULAR AND
MENTAL DISEASES

Although Takotsubo, or stress-induced cardiomyopathy,
was first reported in Japan in the 1990s, a clear link
between mental stress, atheroma, myocardial ischaemia
and injury has eluded the medical fraternity for a long
time.”* * Two major deficiencies exist in our previous
understanding of cardiac diseases that have slowed our
ability to see the link between mental stress and the heart.
The first deficiency is that the distinction between myocar-
dial ischaemia and injury was not clear, and the definition
was not standardised until the important Fourth Universal
Definition of MI in 2018.* We now know that there are two
different ways the heart muscle can be damaged: by isch-
aemia, when the problem usually is due to atheromatous

Inflammation leads to adverse cardiovascular outcomes by causing acute type 1 and type 2 myocardial infarctions

plaques or by direct heart muscle injury or myocarditis, a
condition increasingly recognised during the coronavirus
disease 2019 (COVID-19) pandemic.36 % The second defi-
ciency lies in our inadequate understanding of atheroma
progression and subsequent myocardial ischaemia. It
is only recently that instead of plaque size or content,
inflammation and plaque progression have been identi-
fied as the pivotal pathologies leading to MI and adverse
clinical cardiac events.” **

Studies experimentally inducing myocardial ischaemia
or injury can result in morbidity and mortality, so these
are faced with ethical and methodological obstacles in
humans. Large animal models for studying coronary
atheroma have limitations because animal models of
mental stress—although a hot topic of research—may
not accurately represent human stress since animals are
highly adaptable to their environment.”’ ™

Although there have recently been several review
articles on mental stress and cardiovascular disease, no
new large prospective clinical studies of MSIMI have
been reported."® The methodology for inducing
mental stress and the method of diagnosing myocar-
dial ischaemia have not been standardised. Reported
trials included only between 35 and 660 patients, and
the largest series reporting over 900 patients was only
possible because of pooling together two different
studies.'?*

Nevertheless, once sufficient evidence shows that
inflammatory markers are elevated not only in cardiac
conditions but also in mental disorders, the link between
them will become clear.” ®* As shown in tables 1 and 2,
a large number of studies have shown that serum inflam-
matory markers are elevated in both mental and cardiac
conditions.

0ng HT, Chen J. General Psychiatry 2023;36:101282. doi:10.1136/gpsych-2023-101282



General Psychiatry 8

REFERENCES

A hypothesis of how clinical cardiovascular events from
type 1 MI, type 2 MI or myocardial injury are precipitated by
inflammation is shown in figure 3. Systemic inflammation can
be induced by various conditions, including infections, vacci-
nation, systemic toxins and excessive mental or physical stress.
Inflammation produces a widespread severe systemic oxida-
tive state, which overwhelms the body’s anti-oxidant defences,
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