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Post-stroke depression (PSD) is a common neuropsychiatric complication of stroke.
However, due to the high expense and side effects of pharmacotherapy and the
difficult-to-achieve of psychotherapy, the prevention and treatment of PSD are still
far from satisfaction. Inflammation hypothesis is now playing an essential role in the
pathophysiological mechanism of PSD, and it may be a new preventive and therapeutic
target. Remote ischemic conditioning (RIC) is a non-invasive and easy-to-use physical
strategy, which has been used to protect brain (including ischemic and hemorrhagic
stroke), heart and many other organs in clinical trials. The underlying mechanisms of RIC
include anti-inflammation, anti-oxidative stress, immune system regulation and other
potential pathways. Our hypothesis is that RIC is a novel approach to prevent PSD.
The important implications of this hypothesis are that: (1) RIC could be widely used in
clinical practice to prevent PSD if our hypothesis were verified; and (2) RIC would be
thoroughly explored to test its effects on other neurobehavioral disorders (e.g., cognitive
impairment).

Keywords: remote ischemic conditioning, post-stroke depression, stroke, neuropsychiatric complication,
depression and anxiety disorders

INTRODUCTION

Post-stroke depression (PSD) is one of the most frequent and important neuropsychiatric
complications of stroke. One third of stroke survivors experienced major depression, and what’s
worse, the prevalence of minor and moderate depression is much higher (Robinson and Jorge,
2016). Studies showed that PSD has adverse effects on functional recovery, cognitive function and
social and interpersonal activities, and it can also increase mortality (10 times higher than in patients
without PSD; Espérrago Llorca et al., 2015).

In clinical practice, however, PSD is generally undiagnosed and undertreated. Thus the
prevention of PSD may be more important than its treatment in the real world. Psychotherapy
and antidepressants (e.g., Escitalopram) may be effective in preventing the occurrence of PSD
(Robinson et al., 2008; Nabavi et al., 2014). However, due to the high expense and side effects
of pharmacotherapy and the difficult-to-achieve of psychotherapy, rigorous clinical trials are
needed to determine their utility after acute stroke (Mohr et al., 2006; Peterson et al., 2017).
Currently, the mechanisms of frequently-used antidepressants are largely based on the monoamine
hypothesis, and all these pathways have anti-inflammatory effects directly or indirectly (Dwyer
Hollender, 2014). Furthermore, inflammation hypothesis has been an important pathophysiological
mechanism of depression (Kohler et al., 2016). Therefore, anti-inflammation may be a new target
for the prevention and treatment of PSD.
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Remote ischemic conditioning (RIC) is a protective systemic
strategy by which one or more cycles of brief, nonlethal limb
ischemia confer protection to distant organs (Meng et al., 2012;
Hausenloy et al, 2015; Meybohm et al, 2015). It has been
proven to be an effective strategy for cardioprotection in patients
with ischemic cardiovascular diseases, and it is also effective
for neuroprotection in patients with hemorrhagic stroke, acute
ischemic stroke and chronic cerebral ischemia (Meng et al., 2012;
Hougaard et al., 2014; Hausenloy and Yellon, 2016; Laiwalla
et al,, 2016; Zhao et al, 2017). The underlying mechanisms
involved in providing RIC induced distant organs protection
include anti-inflammation, anti-oxidative stress, immune
system regulation, autonomous nervous system regulation
and other potential pathways (Randhawa et al., 2015). Against
these backgrounds, we assume that RIC may inhibit several
pathways of PSD and have beneficial effects on the prevention
of PSD.

THEORY OF THE HYPOTHESIS

Our hypothesis is that RIC is a novel approach to prevent PSD.
Currently, RIC has been widely used in clinical trial to test its
effects on organic diseases of heart, brain, kidney, limb and other
organs. It has been shown to inhibit recurrent stroke effectively
in patients with ischemic stroke (Meng et al., 2012, 2015), reduce
the incidence of new brain lesion on MRI after carotid artery
stenting (Zhao et al., 2017), and improve functional outcomes
in patients with hemorrhagic stroke (Laiwalla et al., 2016).
However, no study focuses on RIC’s effects on psychological
dysfunction.

Recently, several studies have provided support for the role
of inflammatory response in the development of PSD, which
has been further supported by clinical findings of increased
serum inflammatory cytokines in patients who developed PSD
(Spalletta et al, 2006, 2013; Li et al, 2014). Furthermore,
inflammation has complex interactions with monoamine system,
hypothalamic-pituitary-adrenal (HPA) axis and neuroplasticity,
and all of them contribute to the pathophysiological mechanisms
of PSD (Fang and Cheng, 2009; Li et al., 2014).

The mechanisms involved in providing RIC induced organs
protection are quite complex and interlinked, but its effects on
inflammation may be one of the most important ones (Hausenloy
and Yellon, 2008; Randhawa et al., 2015). Clinical researches
showed that RIC could reduce plasma inflammatory markers
(e.g., high sensitive C-reactive protein, interleukin-6) in stroke
patients (Meng et al., 2015). In addition, RIC has many other
potential pathways to induce organ protection (Randhawa et al.,
2015), and some of them may also exist in the underlying
mechanism of PSD (Figure 1).

EVALUATION OF THE HYPOTHESIS

Our hypothesis could be supported by the evidences
that the mechanism of RIC includes anti-inflammation,
immunoregulation, antioxidant and other underlying pathways,
which are also existed in the pathophysiology of PSD.

Like many psychiatric disorders, however, psychological,
social and biological factors all play their roles in the occurrence
of PSD (De Ryck et al, 2014). Furthermore, PSD can be
influenced by many other factors, including genetic factors,
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FIGURE 1 | Main biological mechanisms of PSD and how RIC plays its roles in preventing PSD. HPA indicates hypothalamic-pituitary-adrenal; PSD, post-stroke
depression; RIC, remote ischemic conditioning. Stroke leads to PSD through several biological mechanisms, such as the ascending monoamine systems, the
abnormality of HPA axis, the alteration of neuroplasticity and inflammation. Inflammation also has complex interactions with monoamine systems, HPA axis and
neuroplasticity. RIC can prevent PSD through anti-inflammation and other underlying mechanisms directly, and it has effects on monoamine systems, HPA axis and
neuroplasticity indirectly. All these effects of RIC could be the potential pathways to prevent and treat PSD.
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medical and psychiatric history, stroke characteristics and lesion
location, and social support. Therefore, the effect of RIC
on PSD might be limited in some kinds of patients, and
selecting the potentially benefited populations may be a key
issue. Therefore, ischemic stroke patients with left hemisphere
infarction, greater severity and less social support might be better
choice for clinical trials that determining the efficacy of RIC for
PSD.

We plan to test our hypothesis by both animal experiment and
clinical trial:

1. Animal experiment: stroke model will be induced by
occluding the middle cerebral artery using the intraluminal
filament technique, and then chronic mild stress will be
applied to the model to induce depression (Willner et al.,
1987). RIC will be applied to part of the stroke model. RIC will
be initiated following the stroke by bilaterally occluding blood
flow to the hind limbs with method used by Ren et al. (2015).
The incidence of PSD and the concentration of monoamine
neurotransmitter in brain tissue will be recorded to measure
the results.

2. Clinical trial: we will recruit ischemic stroke patients and
apply RIC to them by the method used by Meng et al.
(2012), and RIC will be performed twice daily for 6 months.
The Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition (DSM-5) will be used to determine depression,
Hamilton Depression Rating Scale (HAMD) will be used to
evaluate the severity of depression, and plasma biomarkers
(including interleukin 1, interleukin 6 and interleukin 10)
will be tested to determine the underlying mechanisms.
The primary outcome is the incidence of PSD within
6 months after stroke onset. The secondary outcomes include:
(1) recovery of neurological dysfunction; (2) change in plasma
biomarkers; (3) recurrent of ischemic cerebrovascular events;
and (4) any adverse events.

IMPORTANT IMPLICATIONS OF THE
HYPOTHESIS

If this hypothesis were verified by animal and clinical studies,
RIC could be widely used in clinical practice to prevent PSD and
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