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Background: Selective serotonin reuptake inhibitors (SSRIs) and serotonin-noradrenaline
reuptake inhibitors (SNRIs) are often used to treat outpatients with psychogenic somatoform
symptoms but prove ineffective in some cases. The metabolite 3-hydroxybutyrate (3HB) is
currently attracting attention as a marker of the severity of depression. We investigated
whether serum 3HB levels in patients with psychogenic somatoform symptoms can predict
the effectiveness of sertraline and venlafaxine.

Patients and Methods: Physical and psychiatric problems were assessed in 132 out-
patients, and symptomatic response and serum 3HB concentrations were examined before
and after treatment with sertraline (50 mg/day) or venlafaxine (75 mg/day).

Results: In 30.3% of patients with psychogenic symptoms, serum 3HB was above the upper
limit of normal (<80 pmol/L). According to multiple logistic regression analysis, only
episodes of suicidal ideation showed a significant positive association with elevated 3HB
(odds ratio 10.2; 95% confidence interval (CI) 2.46-42.2). The sensitivity of 3HB for the
effectiveness of sertraline or venlafaxine for psychosomatic symptoms was 44.6%, but
specificity was 93.9%. Hierarchical multiple logistic regression analysis identified 3HB as
a better predictor of the effectiveness of medication (odds ratio 10.0; 95% CI, 2.49-40.3)
than episodes of suicidal ideation.

Conclusion: The present findings suggest that high serum 3HB levels in patients with
psychogenic somatoform symptoms may be associated with suicidal ideation and the effec-
tiveness of sertraline and venlafaxine at low to intermediate doses. The 3HB level may be
a good predictor of the effectiveness of medication. Examination of serum 3HB levels may
lead to earlier and more appropriate administration of sertraline and venlafaxine.
Keywords: 3-hydroxybutyrate, psychogenic somatoform symptoms, sertraline, venlafaxine

Introduction

Many patients with nonspecific symptoms, such as fatigue, dizziness, headache,
other pain, numbness, and palpitations, consult with general practitioners. If no
biological origin is found following an appropriate work-up, such symptoms may
be considered psychogenic somatoform symptoms caused by mood disorders,
anxiety disorders, and somatoform disorders.' For example, over 75% of depressed
patients in primary care complain of painful physical symptoms, such as headache,
stomach pain, and neck and back pain, as well as non-specific generalized pain.”
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Treatment begins primarily with listening, acceptance and
discussion, followed by prescription of anxiolytics and
antidepressants. Currently, selective serotonin reuptake
inhibitors (SSRIs) and serotonin-noradrenaline reuptake
inhibitors (SNRIs) are used for chronic nonspecific physi-
cal symptoms, because recent studies have shown that
these drugs provide benefits for symptoms, particularly
chronic pain, such as neuralgic pain, fibromyalgia, head-
aches, and joint pain.>> Physicians in Japan often pre-
scribe SSRIs or SNRIs for prolonged nonspecific somatic
symptoms of unknown origin. However, these medications
are ineffective in some cases, and predicting their effec-
tiveness is difficult.

Metabolomics has recently been utilized to develop
novel biomarkers as an exploratory research tool for not
only physical illness, but also mental illness.® For exam-
ple, analyses comparing concentrations among patients in
remission and those with current depression revealed
a pattern of metabolite alterations similar to those in ana-
lyses comparing control and currently depressed patients.
One difference observed in remitted patients relative to
depressed patients was an elevation in the concentration of
3-hydroxybutyrate (3HB).® As a result, 3HB is currently
attracting attention as a marker of the severity of
As a type of ketone body, 3HB offers
a marker of favored lipid metabolism compared to glucose

depression.’

metabolism and represents an energy source in the brain.
Recent studies have suggested that 3HB is associated with
brain inflammation, and may contribute to epilepsy in
particular.®® However, few studies have assessed the clin-
ical significance of elevated serum concentrations of 3HB
in patients with psychogenic somatoform symptoms.

We therefore prospectively investigated the character-
istics of patients with elevated serum 3HB levels and
assessed whether 3HB levels in patients with psychogenic
symptoms can help predict the effectiveness of sertraline
and venlafaxine.

Patients and Methods
Participants

Participants were adult patients (age, 18-79 years)
recruited from the Psychosomatic Unit of Kanagi
Hospital from September 2015 to August 2018. Patients
consulted with or were referred to the unit with psycho-
genic somatoform symptoms of biologically unknown ori-
gin, such as fatigue, dizziness or vertigo, headache, non-
headache pain, numbness, chest

nausea, tightness,

palpitations, chronic cough, and breathlessness. All
patients underwent detailed examinations including blood
tests, electrocardiogram, ultrasonography, and imaging
studies to identify the cause of symptoms. Patients were
excluded if they had any comorbid diagnoses (eg, under-
nutrition, diabetes, cancer, coronary artery disease, heart
failure, chronic respiratory failure, dialysis) or if they were
taking any psychotropic medications other than benzodia-
zepines. All patients were questioned regarding psychiatric
and psychosomatic symptoms in addition to the general
interview. Patients who reported such symptoms were
interviewed using the Mini-International
Neuropsychiatric Interview (MINI),'® a short structured
diagnostic interview for psychiatric disorders. The level
of depressive mood was scored using the Center for
Epidemiologic Studies Depression Scale (CES-D),'' and
the level of anxiety was measured using the State-Trait
Anxiety Inventory (STAI).'"'* Psychiatric disorders were
finally diagnosed according to the criteria of the
Diagnostic and Statistical Manual of Mental Disorders,
5th edition (DSM-5)"? by a physician trained in psychoso-
matic medicine or psychiatry. Patients were excluded if
they had any cognitive deficits (eg, dementia), severe
psychopathology (eg, schizophrenia, delusional disorder,
delirium, acute mania), or current substance abuse.

Initially, 156 patients agreed to participate in this study.

Measurement of 3HB

Levels of 3HB were measured using an enzymatic cycling
assay based on an enzymatic cycling reaction in which the
cofactor NAD" is reduced to NADH. NADH reacts with
a colorimetric probe that produces a colored product that
can be measured at 450 nm. The intensity of the product
color is proportional to the concentration of 3HB within
a sample.'* Levels of 3HB were measured before treat-
ment and at the time points described below.

Treatment and Evaluation of the

Effectiveness

After laboratory testing, patients were randomly pre-
scribed sertraline or venlafaxine. All 156 patients were
initially treated for 1-2 weeks with sertraline at 25 mg/
day or venlafaxine at 37.5 mg/day, then increased to the
intermediate dose for Japanese (sertraline: 50 mg/day;

venlafaxine: 15,16

75 mg/day) in a stepwise manner.
Twenty-four patients (15.4%) declined to continue treat-

ment, mainly due to complaints of side effects within 2
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weeks although the medicine was at the minimum dose.
They were excluded from this study. Twenty patients who
complained of side effects were able to prolong treatment
by switching to venlafaxine or sertraline. The final number
of participants was 132. The effectiveness of treatment
was determined by subjective reports from the patient of
improved physical symptoms continuing >4 weeks (“Yes
or No”) after 816 weeks of treatment. When such
improvement was “Yes”, 3HB was measured at that time.
If a patient did not manifest improvement after 8 weeks
and expressed a desire to end medication, 3HB was mea-
sured at that time. When patients expressed a desire to
continue treatment even without improvement after 16
weeks, 3HB was measured in week 16. The mean interval
to 3HB measurement was 85.7 days (range, 56—112 days)
from the beginning of treatment, with means of 77.6 days
for patients with improvement and 99.4 days for patients
without improvement. A total of 105 patients (79.5%) with
or without improvement continued on the same treatment
for >16 weeks depending on patient preference. The
remaining 27 patients (20.5%) without improvement
desired different treatments or a referral to another
hospital.

Ethical Approval

The study was conducted in accordance with the
Declaration of Helsinki and approved by the ethics com-
mittee of Kanagi Hospital, and eligible patients provided
written informed consent prior to enrolment.

Data Analysis
Data were analyzed using SPSS software version 23.0
(IBM, Chicago, IL, USA) and Statcel 3rd Add-in forms
on Excel (OMS publication, Saitama, Japan). Two-group
analysis of clinical characteristics (Tables 1 and 2) was
performed using Student’s z-test (parametric data) or the
chi-square test (2 X 2 contingency table data).
Associations between elevated 3HB >80 pmol/L
(reference range <80 pmol/L) and patient characteristics
were investigated with multiple logistic regression analy-
sis (Table 3). Associations between the effectiveness of
sertraline or venlafaxine and patient characteristics were
investigated by hierarchical multiple logistic regression
analysis (Table 4). Here, the effectiveness of sertraline or
venlafaxine was the dependent variable. In the first step,
age, sex (female = 1; male = 0), body mass index, smok-
ing (yes = 1; no = 0), CES-D score, scores for state and
trait anxiety in the STAI,

presences of physical

complaints such as fatigue, dizziness (or vertigo), head-
ache, non-headache pain, numbness, nausea, chest tight-
ness, palpitations, chronic cough (or globus syndrome),
breathlessness (yes = 1, no = 0), presence of psychologi-
cal episodes, complaints such as anorexia, insomnia,
diminished motivation, suicidal ideation (yes = 1, no
= 0), and current use of benzodiazepines (yes = 1, no
= () were entered as independent variables (Model 1). In
the second step, elevated 3HB (>80 pmol/L; yes = 1, no
= 0) was entered as an additional independent variable
(Model 2). Differences in goodness of fit between adja-
cent models were evaluated by the change in “-2 log
likelihood” values along with the change in degrees of
freedom values.

In paired two-group analysis of 3HB measurements
(Figure 1), the Wilcoxon signed-ranks test was performed
because the distribution of data did not follow a normal
distribution.

The significance levels of all statistical analyses were
at 0.05.

Results

In 40 of 132 patients (30.3%) with psychogenic symptoms,
serum 3HB was above the upper limit of normal (>80
umol/L) before treatment. The number and the prevalence
of psychiatric disease diagnosed ultimately was 48 patients
(36.4%) with mood disorder, 21 (15.9%) with anxiety
disorder and 79 (59.8%) with somatoform disorder
(Table 1). Among the number with each disease, percen-
tages of patients in whom treatment was non-effective
were 25.0% for mood disorder, 38.1% for anxiety disorder
and 45.6% for somatoform disorder.

A comparison of characteristics between the normal-
3HB group and high-3HB group is shown in Table 1.
Physical complaints of headache and non-headache pain
were significantly more frequent in the high-3HB group
(55.5%, 50.0%) than in the normal-3HB group (26.1%,
27.2%,
occurred significantly more frequently in the high-3HB
group (45.0%) than in the normal-3HB group (8.7%),
and the number of patients whose symptoms were resolved

respectively). Episodes of suicidal ideation

by sertraline or venlafaxine was also significantly higher in
the high-3HB group (92.5%) than in the normal-3HB
group (50.0%).

The association between elevated 3HB and the effec-
tiveness of treatment (sertraline or venlafaxine) was inves-
tigated. The sensitivity of high 3HB to the effectiveness of
treatment was 44.6% and the power (detection rate) was
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Table | Comparison of Clinical Characteristics Between Normal-3HB Group and High-3HB Group

Total Normal-3HB Group High-3HB Group
n =132 n =92 n =40
Age £ SD 572 %186 587 %174 53.7£21.0
Female (%) 88 (66.7%) 62 (67.4%) 26 (65.0%)
BMI £ SD 23837 237 +£38 24.1 £ 43
No. of smoker patients (%) 24 (18.2%) 16 (17.4%) 8 (20.0%)
Blood tests
Albumin + SD (g/dL) 421 +£0.33 4.19 £0.30 424 +0.39
Creatinine * SD (mg/dL) 0.71 £0.15 072 £ 0.14 0.71 £ 0.16
HbAlc + SD (%) 5.46 £ 0.33 5.48 £ 0.34 542 +0.30
Psychological tests
CES-D £ SD 222+ 138 214+ 138 24.1 £ 138
STAl-state + SD 497+ 114 49.5 + 12.1 503 £9.7
STAl-trait + SD 519113 509 £ 115 539+ 108
Current use of benzodiazepines (%) 44 (33.3%) 32 (34.8%) 12 (13.0%)
Psychological complaints and episodes
Fatigue (%) 60 (45.5%) 39 (42.4%) 21 (52.5%)
Dizziness or vertigo (%) 33 (25.0%) 19 (20.7%) 14 (35.0%)
Headache (%) 46 (34.8%) 24 (26.1%) 22 (55.0%)**
Non-headache pain (%) 45 (34.1%) 25 (27.2%) 20 (50.0%)*
Numbness (%) 24 (18.2%) 18 (19.6%) 6 (15.0%)
Nausea (%) 23 (17.4%) 17 (18.5%) 6 (15.0%)
Chest tightness (%) 24 (18.2%) 18 (19.6%) 6 (15.0%)
Palpitation (%) 26 (19.7%) 18 (19.6%) 8 (20.0%)
Chronic cough or globus syndrome (%) 28 (21.2%) 20 (21.7%) 8 (20.0%)
Breathlessness (%) 8 (6.1%) 6 (6.5%) 2 (5.0%)
Psychological complaints and episodes
Anorexia (%) 36 (27.3%) 22 (23.9%) 14 (35.0%)
Insominia (%) 87 (65.9%) 63 (68.5%) 24 (60.0%)
Diminished motivation (%) 85 (64.4%) 57 (62.0%) 28 (70.0%)
Suicidal ideation (%) 26 (19.7%) 8 (8.7%) 18 (45.0%)***
Psychiatric diagnosis*(ultimately)
Mood disorder (%) 48 (36.4%) 32 (34.8%) 16 (40.0%)
<Major depression (%)> 29 (22.0%) 18 (19.6%) Il (27.5%)
Anxiety disorder (%) 21 (15.9%) 16 (17.4%) 5 (12.5%)
Somatoform disorder (%) 79 (59.8%) 54 (58.7%) 25 (62.5%)
Treatment-effective patients (%) 83 (62.9%) 46 (50.0%) 37 (92.5%)***

Note: *Significance compared with normal-3HB group (¥p<0.05, ¥p<0.01, **p<0.001). *Diagnosis is overlapped in some patients.

0.45, but specificity was 93.9%, the positive likelihood
ratio was 7.28 and
was 92.5%.

Multiple logistic regression analysis for predicting

the positive predictive value

3HB elevation was performed (Table 3). The predictive
accuracy of the regression model was 80.3%. In this

analysis, only episodes of suicidal ideation showed
a significant positive association with elevated 3HB. The
odds ratio (OR) was 10.2 (95% confidence interval (CI),
2.46-42.2).

Next, we classified the 132 patients into those whose
symptoms were not resolved (non-effective group, n = 49,
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Table 2 Comparison of Characteristics Between Treatment Non-Effective Group and Effective Group

n= 132 Non-Effective Group Effective Group
n =49 n=83
Age £ SD 585 % 19.1 564+ 184
Female (%) 34 (69.4%) 54 (65.1%)
BMI £ SD 242 + 38 23.6 + 3.6
No. of smoker patients (%) 6 (12.2%) 18 (21.7%)
Blood tests
Albumin * SD (g/dL) 4.26 + 0.33 4.18 +0.33
Creatinine * SD (mg/dL) 0.71 £ 0.12 0.71 £ 0.16
HbAIlc £ SD (%) 5.47 £ 0.30 5.46 £ 0.34
3HB + SD (pumol/L) 49.0 + 46.8 81.0 £ 62.0 *#*
before treatment (%)
No. of patients with high-3HB” before treatment 3 (6.1%) 37 (44.6%) ***
(%)
Psychological tests
CES-D £ SD 19.6 + 12.4 237 £ 144
STAl-state + SD 488 + 129 50.3 £ 105
STAl-trait + SD 508 £ 11.5 525+ 113
Current use of benzodiazepines (%) 17 (34.7%) 27 (32.5%)
Physical complaints and episodes
Fatigue (%) 18 (36.7%) 42 (50.6%)
Dizziness or vertigo (%) 12 (24.5%) 21 (25.3%)
Headache (%) 11 (22.5%) 34 (41.1%)*
Non-headache pain (%) 12 (25.0%) 33 (40.1%)
Numbness (%) 11 (22.5%) 13 (15.7%)
Nausea (%) 9 (18.4%) 14 (16.9%)
Chest tightness (%) 11 (22.5%) 13 (15.7%)
Palpitation (%) 11 (22.5%) I5 (18.1%)
Chronic cough or globus syndrome (%) 12 (25.0%) 16 (19.3%)
Breathlessness (%) 3 (6.1%) 5 (6.0%)
Psychological complaints and episodes
Anorexia (%) 13 (26.5%) 23 (27.7%)
Insominia (%) 33 (67.4%) 54 (65.1%)
Diminished motivation (%) 28 (57.1%) 57 (68.7%)
Suicidal ideation (%) 2 (4.1%) 24 (29.0%) *#*
The ultimate psychiatric diagnosis
Mood disorder (%) 12 (24.5%) 36 (43.4%) *
<Major depression (%)> 7 (15.3%) 23 (27.7%)
Anxiety disorder (%) 8 (16.3%) 13 (15.7%)
Somatoform disorder (%) 36 (73.5%) 43 (51.8%)*

Notes: *Significance compared with non-effective group (*p<0.05, **p<0.001). *High-3HB: 280 umol/L. *Diagnosis is overlapped in some patients.

37.1%) and those whose symptoms were resolved by
sertraline or venlafaxine (effective group, n = 83,
62.9%). Characteristics were then compared between the
two groups (Table 2). The level of 3HB before treatment
was significantly higher in the effective group (mean +

standard deviation, 81.0 + 62.0 umol/L) than in the non-
effective group (49.0 £ 46.8 pmol/L). The number of
patients with high-3HB (=80 umol/L) before treatment
was also significantly more frequent in the effective
group (n = 37, 44.6%) than in the non-effective group (n
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Table 3 Multiple Logistic Regression Analysis of the Factors

Associated with Elevation of 3HB

n=132 Regression Model
Independent Valuables Odds Ratio p
Age 0.99 (0.97-1.02) 0.627
Gender (Female=1, Male=0) 1.18 (0.42-3.34) 0.753
BMI 1.06 (0.93-1.21) 0.397
Smoking 0.89 (0.26-3.10) 0.859
CES-D 0.99 (0.93-1.04) 0.615
STAl-state 0.95 (0.88-1.02) 0.144
STAI-trait 1.04 (0.97-1.12) 0.257
Current use of benzodiazepines 0.71 (0.23-2.23) 0.558
Fatigue 1.32 (0.45-3.87) 0.619
Dizziness or vertigo 1.03 (0.29-3.57) 0.967
Headache 2.64 (0.80-8.72) 0.112
Non-headache pain 1.83 (0.52-6.37) 0.345
Numbness 0.55 (0.13-2.38) 0.426
Nausea 0.49 (0.12-2.04) 0.324
Chest tightness 0.87 (0.22-3.41) 0.847
Palpitation 1.91 (0.50-7.33) 0.347
Chronic cough or globus syndrome 1.85 (0.52-6.63) 0.346
Breathlessness 0.77 (0.09-6.88) 0814
Anorexia 1.97 (0.63-6.14) 0.240
Insomnia 0.40 (0.11-1.41) 0.154
Diminished motivation 1.45 (0.42-4.94) 0.556
Suicidal ideation 10.2 (2.46-42.2) 0.001**
Predictive accuracy (%) 80.3

—2 Log likelihood 121.8

Note: 95% confidence intervals are included in parentheses. *¥p<0.01.

= 3, 6.1%). Headache and suicidal ideation were signifi-
cantly more frequent in the effective group (41.0% and
28.9%, respectively) than in the non-effective group
(22.4% and 4.1%, respectively). Regarding the ultimate
psychiatric diagnosis, mood disorder was significantly
more frequent (43.4%) and somatoform disorder was less
frequent (51.8%) in the effective group than in the non-
effective group (24.5% and 73.5%, respectively).
Hierarchical multiple logistic regression analysis predict-
ing the effectiveness of medication was performed (Table 4).
Regression Model 1, which excluded the factor of high 3HB,
showed that an episode of suicidal ideation had a significant
positive association with the effectiveness of sertraline or
venlafaxine (OR = 6.91, 95% CI 1.31-36.4). Regression
Model 2, which included high 3HB, showed that only high
3HB had a significant positive association with the effective-
ness of medication (OR = 10.0, 95% CI 2.49—40.3). The
predictive accuracy of regression Model 1 was 72.0% and

that of Model 2 was 74.2%. The p value for the A-2 log
likelihood change was less than 0.001, meaning that Model 2
was significantly more accurate than Model 1.

Similarly, hierarchical multiple logistic regression
analysis was performed for sertraline (n = 72) and venla-
faxine (n = 60). In patients treated with sertraline, Model
1, which excluded 3HB, showed that suicidal ideation
had a significant positive association with effectiveness
(OR = 19.6, 95% CI 1.47-261.4), and Model 2, which
included 3HB, showed that only high 3HB had
a significant positive association with the effectiveness
of sertraline (OR = 19.9, 95% CI 1.87-211.2). The pre-
dictive accuracy of Model 1 was 69.4%, and that of
Model 2 was 72.2%. The p value for the A-2 log like-
lihood change was 0.007. In patients treated with venla-
faxine, Model 1 showed that no factor was significantly
associated with effectiveness, and Model 2, which
included 3HB, showed that only high 3HB had
a significant positive association with effectiveness (OR
=21.1, 95% CI 1.14-391.3). The predictive accuracy of
Model 1 was 73.3%, and that of Model 2 was 76.7%. The
p value for the A-2 log likelihood change was 0.011.

Levels of 3HB before and after treatment in the non-
effective group (n = 49) and effective group (n = 83) are
shown in Figure 1. The 3HB level was significantly
decreased in the effective group (p < 0.001).

Discussion

General practitioners see many patients who complain of
psychogenic somatoform symptoms and who may or may
not have a psychiatric diagnosis. Interestingly, approxi-
mately 30% of patients with psychogenic somatoform
symptoms showed elevated serum 3HB. No prospective
study has evaluated the efficacy of assaying 3HB except in
diabetic ketoacidosis.'”"°

As an endogenous ketone body, 3HB supports mam-
malian cell metabolism during states of energy deficiency,
such as those induced by fasting or exercise.”?' In
recent years, several reports have shown that 3HB may
have antidepressant effects,”>** likely by inhibiting the
activation of the nucleotide-binding domain, leucine-rich
repeat and pyrin domain-containing 3 (NLRP3)
inflammasome.”

We therefore hypothesized that elevated 3HB may
correlate with a diagnosis of mood disorder (especially
depression) or the CES-D score; but found no significant
correlation. Furthermore, a comparison of 3HB among
and somatoform

mood disorders, anxiety disorders,
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Table 4 Hierarchical Multiple Logistic Regression Analysis of the Factors Associated with Effectiveness of Sertraline or Venlafaxine

n=132 Model | Model 2

Independent Valuables Odds Ratio P Odds Ratio P
Age 1.01 (0.98-1.03) 0.548 1.01 (0.99-1.04) 0.337
Gender (Female=1, Male=0) 0.98 (0.38-2.51) 0.969 1.02 (0.37-2.80) 0.977
BMI 0.96 (0.85—1.08) 0.465 0.94 (0.83-1.07) 0.361
Smoking 1.76 (0.57-5.45) 0.325 1.98 (0.60-6.51) 0.261
CES-D 1.02 (0.97-1.07) 0.404 1.02 (0.97-1.07) 0.366
STAl-state 1.00 (0.94-1.06) 0.931 1.02 (0.95-1.08) 0.610
STAIl-trait 0.98 (0.92—1.04) 0.535 0.96 (0.90-1.03) 0.251
Current use of benzodiazepines 0.86 (0.33-2.20) 0.749 0.93 (0.34-2.55) 0.886
Fatigue 1.81 (0.66—4.97) 0.253 2.01 (0.66-6.16) 0.221
Dizziness or vertigo 0.66 (0.21-2.06) 0.471 0.67 (0.20-2.25) 0514
Headache 1.73 (0.57-5.25) 0.335 1.40 (0.43-4.57) 0.582
Non-headache pain 1.86 (0.56-6.12) 0.310 1.64 (0.46-5.83) 0.445
Numbness 0.44 (0.13-1.55) 0.203 0.51 (0.13-2.05) 0.346
Nausea 0.64 (0.19-2.09) 0.457 0.79 (0.22-2.78) 0.709
Chest tightness 0.67 (0.22-2.07) 0.489 0.71 (0.21-2.37) 0.574
Palpitation 1.19 (0.39-3.69) 0.758 1.03 (0.30-3.51) 0.962
Chronic cough or globus syndrome 1.02 (0.32-3.28) 0.976 0.97 (0.25-3.80) 0.967
Breathlessness 1.40 (0.24-8.23) 0.710 1.64 (0.24-11.2) 0.616
Anorexia 0.78 (0.28-2.14) 0.628 0.60 (0.20-1.79) 0.357
Insomnia 0.68 (0.24-1.95) 0.473 0.86 (0.26-2.81) 0.801
Diminished motivation 1.02 (0.37-2.85) 0.965 0.88 (0.28-2.75) 0.822
Suicidal ideation 691 (1.31-36.4) 0.022* 3.30 (0.54-20.2) 0.197
High-3HB (=80 umol/L) 10.0 (2.49-40.3) 0.00 ¥
Predictive accuracy (%) 72.0 74.2

—2 Log likelihood 151.8 134.7

p value for A-2 Log likelihood change <0.00 | ##*

Notes: 95% confidence intervals are included in parentheses. ¥p<0.05, **p<0.01, ***p<0.001.

disorders revealed no differences (data not shown). These
results suggest that elevated 3HB is not specific to depres-
sion, but rather may reflect psychosomatic stress.

Initially, patients were classified into those with normal
3HB and high 3HB in our study. Headache, non-headache
pain, and suicidal ideation were more frequently found in
patients in the high-3HB group. However, multiple logistic
regression analysis showed that only the factor of suicidal
ideation was associated with elevated 3HB. Setoyama et al
have reported that 3HB is associated with suicidal ideation and
that 3HB itself may control emotional systems in the brain via
energy metabolite processes.” Our results support this notion
in not only patients with depression, but also patients with
psychogenic somatoform symptoms. Additional studies are
needed to clarify the types of patient in whom 3HB is elevated
and the mechanisms of elevation for 3HB.

We found frequent improvement in symptoms among
high-3HB patients, and therefore explored the correlation
between elevated 3HB and the effectiveness of sertraline
or venlafaxine by classifying patients into a non-effective
group and an effective group. The sensitivity of high 3HB
to the effectiveness of pharmacotherapy was 44.6%, but
the specificity was 93.9%, suggesting that sertraline and
venlafaxine may be appropriate for patients with high
3HB, although the effectiveness of medication cannot be
negated even if 3HB is below the upper limit. Analysis of
non-effective and effective groups also showed that levels
of 3HB were higher in the effective group and that the
number of high-3HB patients with suicidal ideation was
higher than that in the non-effective group. Hierarchical
multiple logistic regression analysis detected two factors,
suicidal ideation and high 3HB, and showed that 3HB was
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Figure | Levels of 3HB before and after treatment with sertraline or venlafaxine in the non-effective group and effective group.

a better predictor of the effectiveness of medication than
episodes of suicidal ideation. These results imply that
patients in whom 3HB was susceptible to being produced
physiologically against psychosomatic stress tend to ben-
efit from treatment with sertraline and venlafaxine, and the
elevated 3HB was greatly decreased with the improvement
of symptoms (Figure 1). NLRP3-mediated inflammation
may be inhibited by 3HB even in patients with psychoso-
matic disorders other than depression. Yamanishi et al
reported that peripheral administration of 3HB decreased
inflammatory cytokine concentrations in the hippocampus,
such as IL-1B and TNF-o, and improved depressive and
anxiety-like behaviors in a rodent model of chronic unpre-
dictable stress.”> This suggests that 3HB may be a novel
therapeutic candidate for the treatment of stress-related
mood disorders.?*~**

In addition to episodes of suicidal ideation as
a common symptom of depression, headache was more
frequent not only in 3HB-elevated patients (Table 1), but
also in patients in whom sertraline or venlafaxine was
effective (Table 2). On the other hand, CES-D score
(before treatment) and prevalence of major depression
were unrelated to 3HB level (Table 1), and neither related
to the effectiveness of treatment with low-to-intermediate
dose of sertraline or venlafaxine (Table 2) in samples of
our study focused on somatic symptoms. One study
reported that the SSRI fluvoxamine was beneficial for
the treatment of chronic tension-type headache in not
also

only depressed patients, but non-depressed

patients,” and two studies have reported a significant
effect of sertraline for noncardiac chest pain without any
significant change in mood between a sertraline group and
a placebo group.’®?” Such findings suggest that the effect
of SSRIs on pain outcomes is not associated with
improvements in mood.

Furthermore, the length of evaluation from the begin-
ning of treatment (Patients and methods), meaning close to
the period in which sufficient relief from symptoms was
obtained for at least 4 weeks, was 77.6 days on average,
compared to 99.4 days in patients without improvement
(inevitably showing a significant difference), which sug-
gests that about 7-11 weeks is needed to come to realize
improvement of somatic symptoms. Aikens et al reported
that in patients with depression, improvement in somatic
complaints, such as headache, low back pain and stomach
pain plateaued earlier than improvement in depressive
symptoms and the improvement of somatic complaints
was concentrated within the first month of therapy before
essentially leveling off.?® This discrepancy in time may be
attributed to samples focused on somatic symptoms and
treatment with the sparing dose of medicine used in our
study.

Collectively, our results demonstrated that the level of
3HB was
decreased after treatment with low-to-intermediate doses

initially elevated (before treatment) and

of sertraline or venlafaxine in most patients who showed
improvement of symptoms. This suggests that if 3HB is
high in patients with psychogenic somatoform symptoms,
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3HB may offer a promising predictive biomarker for the
effectiveness of sertraline and venlafaxine at low-to-
intermediate doses.

Study Limitations
A number of limitations should be considered when inter-
preting our findings. First, because this study was carried
out without a placebo control, the possibility must be
considered that the symptoms of patients improved due
to factors other than sertraline or venlafaxine. For exam-
ple, regular listening, acceptance, and discussion are very
important for patients with nonspecific symptoms and may
provide sufficient treatment in some cases. Physiologically
elevated 3HB may be a harbinger of improvements in
neurological stress.

Second, our study was limited regarding the doses of
sertraline and venlafaxine. The Japanese drug information
sheets for patients for sertraline and venlafaxine from

15,16

Pfizer Pharmaceuticals (Tokyo, Japan) state.

In general, start with taking 25 mg of sertraline once a day,
and gradually increase the dosage up to 100 mg/day

and

In general, start with taking 37.5 mg of venlafaxine once
a day. After a week, take 75 mg once a day. The dosage
may be adjusted up to 225 mg/day according to the age or

symptoms.

Thus, all patients were initially treated with a settled
low-dose medication and increased to the intermediate
dose for Japanese (sertraline: 50 mg/day; venlafaxine:
75 mg/day) and the dosage was continued to the end of
this study. Those doses of both drugs are generally con-
sidered insufficient for the treatment of depression,?**°
especially for venlafaxine, which at a dose of 75 mg/day
only exerts effects as an SSRI.>' However, in our experi-
ence, patients with multiple symptoms who visit the psy-
chosomatic unit are often oversensitive to side effects of
drugs and tend to stop pharmacotherapy by self-
determination at even minimal physical or psychiatric
symptoms. Actually, 24 patients (15.4%) refused to con-
tinue treatment based mainly on complaints of side effects
within 2 weeks, even though the medicine was being taken
at the minimum dose. In consideration of the side effects
and adherence to the medication, the dose was limited to
the intermediate dose in this study. Taking the converse
point of view, the SSRI dose for patients with psychogenic
somatoform and not with

symptoms, for patients

depression, may be able to be sparing, because symptoms
improved in 83 (62.9%) of 132 patients and 37 (92.5%) of
40 patients with high 3HB (Table 1) under the sparing
dose used in this study. However, the non-effective group
could arguably respond to higher dosages of sertraline or
venlafaxine.

Our study was also limited regarding the influence of
anxiolytics, particularly benzodiazepines. Benzodiazepines
are often used for insomnia and psychogenic somatoform
symptoms in Japan, while SSRIs were the only first-line
treatments preferred for cases with anxiety as the predomi-
nant symptom, possibly because only SSRIs are approved
for anxiety disorders in Japan.** Benzodiazepines were used
by 44 patients (33.3%) in this study. We compared the use
of benzodiazepines regarding both serum 3HB levels and
effectiveness of sertraline and venlafaxine, revealing no
difference (data not shown). However, benzodiazepines
are often clinically effective as the primary therapy for
some patients with psychogenic somatoform symptoms,
despite problems including dependence, withdrawal,
decreased cognitive function, and increased risk of demen-
tia and suicide.*>>” No studies have investigated whether
SSRIs/SNRIs or benzodiazepines are appropriate for treat-
ing psychogenic somatoform symptoms, but levels of serum
3HB may provide useful guidance.

Conclusion

The present findings suggest that high serum 3HB in
patients with psychogenic somatoform symptoms may be
associated with suicidal ideation and the effectiveness of
sertraline and venlafaxine with low-to-intermediate doses
as SSRIs. The 3HB level may be a good predictor of the
effectiveness of medication. Examination of serum 3HB
levels may lead to earlier and more appropriate adminis-
trations of sertraline and venlafaxine.
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