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Hyperlipidemia, one of the cardiovascular (CV) risk factors, is associated with an increase
in the risk for dementia. Repetitive transcranial magnetic stimulation (rTMS) was applied
over the right dorsolateral prefrontal cortex (DLPFC) to modulate serum lipid levels in
older adults. Participants received 10 sessions of rTMS or sham stimulation intervention
within 2 weeks. The serum lipid and thyroid hormone-related endocrine levels were
assessed before and after the treatment. We found that rTMS significantly decreased
serum lipid levels, including the total cholesterol (CHO) and triglyceride (TG); meanwhile,
it also increased the thyroid-stimulating hormone (TSH) as well as thyroxine (T4) levels.
This suggests that rTMS modulated the serum lipid metabolism by altering activity in
the hypothalamo-pituitary-thyroid (HPT) axis. The trial was registered on the website of
Chinese Clinical Trial Registry (http://www.chictr.org.cn).
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INTRODUCTION

Cardiovascular (CV) risk factors, such as hyperlipidemia, diabetes and hypertension, are associated
with increased risk of dementia in older adults (Chuang et al., 2014). Longitudinal population-
based studies have been used to assess the incidence of dementia in relation to CV diseases (CVD).
Kloppenborg et al. (2008) reviewed the evidence for the association of CVD risk factors, including
dyslipidemia, obesity, diabetes and hypertension with dementia. They found that these risk factors
were indeed associated with an increased risk of dementia. Notably, for older adults, dyslipidemia
appears to convey high risk of dementia.

Previous studies showed that cholesterol plays an important role in Alzheimer’s disease (AD)
as it forms the core of neuritic plaques that characterize AD (Puglielli et al., 2003). Moreover, it
has been suggested that blood lipids are promising AD biomarkers. For example, epidemiological
studies proposed that high total serum cholesterol in midlife is linked to sporadic AD in old age
(Notkola et al., 1998). Lipid measures, such as high-density lipoproteins (HDL) and total cholesterol
(Kivipelto et al., 2006; Reitz et al., 2010), are currently used as assessment tools to evaluate the risk
of AD and dementia (Wang H. L. et al., 2016). This suggests that vascular risk factors, especially
blood lipids, should be regarded as a major target for preventive measures later in life.
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It has been suggested that non-invasive brain stimulation
(NIBS) is a promising therapeutic tool for CVD (Cogiamanian
et al., 2010; Makovac et al,, 2017). In a series of meta-analyses,
it was demonstrated that NIBS, especially repetitive transcranial
magnetic stimulation (rTMS), was effective in reducing the heart
rate (HR) and enhancing the HR variability (HRV; Makovac
et al., 2017), which are the risk factors for CVD.

George et al. (1996) applied rTMS over the prefrontal
cortex (PFC) and found that stimulation of PFC was associated
with increases in serum thyroid-stimulating hormone (TSH).
Furthermore, in a case study, Trojak et al. (2011) applied rTMS
to a patient with depression and demonstrated that serum TSH
remained increased during the whole rTMS period. This suggests
that rTMS may influence the hypothalamo-pituitary-thyroid
(HPT) axis. In cross-sectional studies, serum TSH levels in the
upper part of the reference range have been associated with
low levels of HDL cholesterol (Boekholdt et al., 2010; Ittermann
et al., 2012, 2013). In an 11-year prospective population-based
study, it was demonstrated that high TSH levels within the
reference range might be associated with decreased serum lipids
(Asvold et al., 2013). In animal studies, it was found that rTMS
applied to aged mice could reverse the metabolic abnormalities of
cholesterol levels (Wang et al., 2013). It can be speculated, from
the above studies, that rTMS might alter the serum lipid level by
modulating the HPT axis.

In the present study, we aimed to directly examine the
aforementioned hypothesis. Specifically, we investigated the
effect of rTMS on the serum lipid level, with rTMS applied over
the right PFC. The total cholesterol (CHO), triglyceride (TG),
high density lipoprotein cholesterol (HDL-C) and low density
lipoprotein cholesterol (LDL-C) were measured as indexes
of lipid level. Additionally, TSH, as well as thyroxine (T4),
and triiodothyronine (T3), were assessed before and after the
treatment. It is expected that lipid levels would be decreased after
the session of rTMS treatment, along with alterations of thyroid-
related hormones.

MATERIALS AND METHODS

Participants

The participants met the following inclusion criteria: (1) age
>60 years; (2) education >8 years; (3) a score of >21 on the
Beijing Version of the Montreal cognitive assessment (MoCA; Yu
et al., 2012); (4) right-handed; (5) a score of >2 on the Chinese
memory symptoms scale (CMSS; Lam et al., 2005); (6) eligible for
TMS procedures (Rossi et al., 2009). The exclusion criteria were:
(1) history of neurological or psychiatric diseases; (2) history of
brain damage; (3) history of thyroid disease; (4) dropout from the
experiment because of bodily discomfort. All 30 elderly subjects,
who were recruited and screened were randomly assigned into
the rTMS group (n = 14) or the control (sham) group (n = 16)
according to the random number table method.

This research is registered in the Chinese Clinical Trial
Registry (ChiCTR-IOR-15006731). This study was carried out
in accordance with the recommendations of the institutional
review board of the Institute of Psychology, Chinese Academy
of Sciences with written informed consent from all subjects. All

subjects gave written informed consent in accordance with the
Declaration of Helsinki. The protocol was approved by the review
board of the First Hospital of Hebei Medical University, as well
as the institutional review board of the Institute of Psychology,
Chinese Academy of Sciences.

Procedure

Participants were randomly assigned into the rTMS or control
group. Both groups participated in rTMS or sham stimulation
protocol for 2 weeks, including five sessions every week. The
baseline assessment occurred the day before the first stimulation
session. The post-intervention assessment occurred 1 day after
the final stimulation session. All participants had blood drawn
at 8:00 am. Blood samples were collected to detect blood lipids
and thyroid hormones. Participants were kept blind to the study
hypothesis.

rTMS Protocol

The rTMS was applied with the MagPro X100 stimulator
(MagVenture) and figure-of-eight coil (MFC-B65). The right
dorsolateral PFC (DLPFC) was the target site, which was
defined as the F4 region of the international 10-20 system for
electroencephalography. The motor threshold was determined
before the stimulation. It was defined as the minimum stimulator
output value required to generate contraction of the abductor
pollicis brevis for at least 5 of 10 consecutive pulses, and was
measured via EMG by means of the Biopac MP100, using a
contraction threshold of 50 mV (Moscatelli et al., 2016a,b,c).
In each session, 10 Hz of rTMS was applied at 90% motor
threshold to the stimulation location. In each stimulation block,
r'TMS pulses were present for 2 s and absent for 28 s; there
were 40 blocks in total. Subjects in the sham stimulation group
received the same stimulation protocol applied in the same
manner, except that the coil was held at an angle of 90° (Kim
etal, 2012).

Output Measures

Hematological Examination

All subjects fasted prior to having blood drawn at 8:00 am before
receiving rTMS intervention and the day after the intervention.
Blood was drawn using right elbow flexion, routine disinfection
and at about 10 ml for each patient. The venous blood was
extracted into the coagulation vacuum tube and left at about
25°C for 1 h. The serum was separated with 3000 rotations/min
centrifugal force (LODZ-1.2, Beijing centrifuge factory) for
10 min and was kept in a —70°C refrigerator. Before the
experiment, serum samples were removed from the refrigerator
and were re-dissolved in a water-bath at 37°C water. After
the second centrifugation, supernatant was used to measure
the indexes. Throughout the whole process, the instrument
maintained a good working state, and the quality was controlled
in strict accordance with the reagent manual for testing.

Blood Lipids

CHO, TG, HDL-C and LDL-C were measured using the enzyme
method. The reagents were sealed away from light, stored at
2-8°C, and could not be inverted.
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Thyroid-Related Hormones

T3, T4 and TSH were measured using the electrochemical
luminescence method (Roche company cobas e601 automatic
immunoassay). The reagents we used were: roche reagents T3
detection kit, Roche reagent T4 detection kit, and Roche reagent
thyrotropin detection kit. Reagents were stored at 2-8°C away
from light and not inverted.

T3 measurement steps (competition law principle)

1. Take 30 pl of the specimen; mix it with anti-T3 antibody
(ruthenium mark) and 8-Anilino-1-naphthalenesulfonic
acid (ANS) following the instructions; the ANS release
combined T3.

2. Add streptavidin-coated microparticles and biotinylated T3.
Biotinylated T3 occupies the relevant binding site on the
labeled antibody (still in a free state).

3. Add the mixture to the measurement cell (immune complex),
and adsorb the particles to the electrode through the magnet.
Form the electrochemical luminescence by adding voltage to
the electrode. Use the photomultiplier to detect T3 content.

T4 measurement steps (competition law principle)

1. Take 15 pl of the specimen; mix it with anti-T4 antibody
(ruthenium) and ANS following the instructions; the ANS
release combined T4.

2. Add streptavidin-coated microparticles and biotinylated T4.
Biotinylated T4 occupies the relevant binding site on the
labeled antibody (still in a free state).

3. Add the mixture to the measurement cell (immune complex),
and adsorb the particles to the electrode through the magnet.
Form the electrochemical luminescence by adding voltage to
the electrode. Use the photomultiplier to detect T4 content.

TSH assay procedure (double antibody sandwich principle)

1. Take 50 pl of the sample; mix the anti-TSH monoclonal
antibody (biotinylated antibody) and anti-TSH monoclonal
antibody (ruthenium).

2. Add streptavidin-coated particles to the microparticles, and
combine the mixture in step 1 with the microparticles.
This combination uses the reaction between biotin and
streptavidin.

3. Add the mixture to the measurement cell (immune complex),
and adsorb the particles to the electrode through the magnet.
Form the electrochemical luminescence by adding voltage to
the electrode. Use the photomultiplier to detect TSH content.

Data Analysis

The two-sample two-tailed Student’s t-test was used to assess
the baseline characteristics (age, years of education, scores of
CMSS and MoCA) of participants in both groups, and the
Chi-squared test was used to assess the gender difference between
group. Paired sample t-test was used to examine the effect
of rTMS/sham stimulation on the serum lipid metabolism
activity, as well as on the endocrine activity related to the
thyroid. All statistical analyses were conducted using SPSS 19.0
(IBM Corporation, Somers, NY, USA). The absolute effect size,
Cohen’s d (Cohen, 1988), were calculated to assess the effect of
the rTMS intervention.

RESULTS

Demographic Characteristics

No significant differences at baseline were found between the two
groups in age, gender, education, memory complaint and MoCA
(p > 0.05), as shown in Table 1.

Effect of rTMS on Lipid Levels

The blood lipid levels between the two groups had no statistical
difference at baseline (p > 0.05). As shown in Table 2, the CHO
and TG levels were significantly lower after rTMS intervention
(p < 0.05). Cohen’s d for CHO was 0.54, and that for TG was 0.31.
While in the sham group, no significant differences were found
between baseline and post-treatment assessments (p > 0.05).

Effect of rTMS on Endocrine Activity
Related to the Thyroid Gland

Serum thyroid hormone levels between the two groups had no
statistical differences at baseline assessment (p > 0.05). As shown
in Table 3, after rTMS intervention, the TSH and T4 levels were
found to be significantly higher than those at baseline (p < 0.05).
Cohen’s d for T4 was 0.40, and that for TSH was 0.27. In the sham
group, no significant differences were found between pre- and
post-assessments (p > 0.05).

DISCUSSION

In this study, 10 Hz of rTMS was applied to healthy older adults
with normal baseline lipid levels. After 10 sessions of stimulation,
CHO and TG levels were significantly decreased, accompanied
by increased TSH and T4, compared with the baseline condition,
while no significant differences were found in the control group.

TABLE 1 | Characteristics of repetitive transcranial magnetic stimulation (‘TMS) and sham groups.

Group Age (years) Gender Education (years) CMSS MoCA

M F
rTMS group (n = 14) 65.71 + 5.08 3 11 12.21 £2.75 3.79 +1.81 28.07 +1.49
Sham group (n = 16) 66.62 + 5.19 5 11 11.94 + 3.04 4.25 +1.61 28 4+ 2.07
P >0.052 >0.05° >0.052 >0.052 >0.052

Note: CMSS, the Chinese Memory Symptoms Scale; MoCA, the Beijjing Version of the Montreal cognitive assessment. The p value was obtained using a two-sample
two-tailed t test. P The p value was obtained using a two-tailed Pearson chi-square test. Data are shown as mean + SD.
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TABLE 2 | Comparison of lipid levels (mmol/L) between rTMS and sham groups.

Group Test CHO TG HDL-C LDL-C

ITMS (n = 14) Pre 6.23 +1.82 1.94 +1.49 1.43 +£0.80 3.68 £ 0.79
Post 5.37 £ 1.33 154 +£1.10 1.19+£0.40 3.156+1.28
t 2.682* 2.513* 1.5652 1.636

Sham (n = 16) Pre 526 £1.25 1.45 + 1.06 1.17 £ 0.33 3.25 +£0.89
Post 5.76 +£1.70 1.68 + 1.03 1.3+ 0.52 3.48 +£0.97
t —1.704 —1.706 —1.273 —-1.519

Note: CHO, the total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol. *p < 0.05, two-tailed. Data are

shown as mean + SD.

TABLE 3 | Comparison of thyroid hormone levels (nmol/L) between rTMS and sham groups.

Test rTMS (n = 14) Sham (n = 16)

T3 T4 TSH T3 T4 TSH
Pre 1.65 4+ 0.19 93.63 + 14.24 3.45+2.76 1.79+£0.25 102.53 £ 12.23 3.45+2.35
Post 1.70 £ 0.25 99.14 + 13.18 4.31 £ 3.56 1.75 £ 0.26 102.05 £+ 10.55 3.32+224
t 1.744 3.248** 2.379* —0.428 —0.099 —0.181

Note: T3, triiodothyronine; T4, thyroxine; TSH, the thyroid-stimulating hormone. *p < 0.05, **p < 0.01, two-tailed. Data are shown as mean + SD.

Our results indicate that rTMS may be effective for CVD risk
factors. Previous studies confirmed the effect of rTMS on CV
systems indexed by HR and HRYV. In this study, we investigated
the effect of rTMS on endocrine activity related to CVD risk
factors and found that decreased serum lipid levels resulted
from rTMS, suggesting rTMS influence on endocrine activity.
In an animal study, Wang et al. (2013) explored the metabolic
mechanism underlying the effects of rTMS. They observed that
in mature mice, rTMS could reverse the metabolic abnormalities
of cholesterol levels, to a degree similar to the young mice,
showing that the rTMS could improve the metabolic profiles in
PFC. Combining the present study with previous studies shows
that rTMS could modulate the lipid metabolic activity associated
with CVD.

The effect of rTMS on the serum lipid metabolic activity
might result from its influence on the HPT axis. George et al.
(1996) found that rTMS, applied over regions within the PFC,
was associated with increases in serum TSH. Furthermore,
Trojak et al. (2011) reported a significant increase in plasma
TSH, above normal range, during low frequency rTMS (1 Hz)
treatment. In addition, Osuch et al. (2009) demonstrated an
increase in plasma T4 during treatment of anxiety disorders
using low frequency rTMS. Thus, it can be inferred that rTMS
may have significant effects on the pituitary-thyroid axis, which
may potentially induce hyperthyroidism. Similar to previous
studies, our study found significantly elevated TSH after rTMS,
along with increased T4. Furthermore, in this study, we directly
observed the alteration of serum lipid levels, suggesting that
rTMS may influence the HPT axis and then affect the serum lipid
levels.

Based on animal studies, we had confirmed that both normal
aging (Wang et al,, 2014) and pathological aging (Han et al,,
2016; Wang J. et al., 2016; Shen et al., 2017) lead to metabolic
abnormalities and that rTMS treatment could ameliorate
metabolic abnormalities (Wang H. L. et al., 2016). For example,
rTMS normalized prefrontal dysfunctions and cognitive-related
metabolic profiling in aged mice (WangH. L. etal, 2016).

Besides, Lee et al. (2012) found that the effects of rTMS are
related to changes in the brain lipids. In human studies, it also has
been found that rTMS affects cortical metabolism (Bohning et al.,
1999; Kimbrell et al., 2002). In the present study, we found that
rTMS applied over the right DLPFC could alter the endocrine
activity in normal aging adults. Combined evidence suggested
that there is a pathway between the PFC and the hypothalamus,
through which the PFC could modulate the endocrine activity.

As a non-invasive tool for the electrical stimulation of neural
tissue (Barker et al., 1985), rTMS has the potential to modify
excitability of the cerebral cortex at the stimulated site and at
remote areas along functional anatomical connections (for a
review, see Rossini et al., 2010). The PFC is linked to the thalamus
(Alexander et al., 1986; Jones, 2007; Bolkan et al., 2017), and
as a result, rTMS applied to the DLPFC might modulate the
neural activity in the thalamus, which would then have an effect
on the activity of the hypothalamus. The hypothalamus links
the nervous system to the endocrine system, via the pituitary
gland, in order to modulate the serum metabolic activity. It can
be speculated that the PFC-thalamus pathway might play an
important role in the present study to influence the HPT axis,
and finally to modulate the serum metabolic activity of lipid
levels.

Previous studies showed that CVD risk factors could be
reduced with aerobic exercises. In a meta-analysis, Kodama
et al. (2007) demonstrated that regular aerobic exercise could
increase HDL-C level, which is associated with decreased risk
of CVD (Maron, 2000). Alternative to physical exercise, in
this study, the non-invasive rTMS is demonstrated as another
promising tool for modulating CVD risk factors, specifically
lipid levels, suggesting that rTMS is effective in minimizing
CVD prevalence. Aerobic exercise may influence CV fitness,
which results in changes to endocrine activity. While the effect
of rTMS on endocrine activity might result from the altered
excitability of the neuron, which may influence the signaling
pathway of the HPT axis. This suggests that there is a pathway
that underlies the transmission between electric signal and
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chemical signal. Future research on this issue is of great
importance.

CONCLUSION

rTMS of the PEC is associated with increases in the TSH and
T4 levels and decreases in the serum CHO and TG levels. rTMS
might alter the serum lipid levels by modulating the activity of
the HPT axis. It is a promising tool for the modulation of lipid
metabolism in older adults, and it reduces the risk for AD. In
future studies, more indexes related to lipid metabolism and
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