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Case-Control Study
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Abstract

Background: Thiamine responsive disorder (TRD), a clinical condi-
tion which improves with the administration of vitamin B1, has been
proposed in pediatrics to detect the atypical and diverse symptoms
of vitamin B1 deficiency which has been widely overlooked. Previ-
ous studies were not conducted in internal medicine and in developed
countries. Therefore, the aim of this study was to determine the char-
acteristics of Japanese TRD patients in internal medicine.

Methods: This case-control study was conducted at Department of
General Medicine in the Jikei University Kashiwa Hospital from
January 2018 to December 2022. Participants were tested for whole
blood total vitamin B1, serum albumin levels, and total lymphocyte
count; started newly on a vitamin B1 preparation for treating patients’
signs and symptoms; and re-visited the hospital to evaluate drug ef-
fectiveness. Signs and symptoms were chosen whether they had been
suspected to be a vitamin B1 deficiency by the treating physicians. All
enrolled patients were assessed recovery status by the clinician at that
time, and one of the authors assigned them to a TRD or not using a
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two-point scale (getting better vs. no change or getting worse) based
on all the information available from electronic medical records.

Results: A total of 35 patients were enrolled (median age 48 years;
31.4% male). A univariate logistic regression analysis showed that
sex was associated with TRDs (female: unadjusted odds ratio (OR) =
0.08, 95% confidence interval (CI): 0.0043 - 0.55, P = 0.007), which
was the same as the result of a multivariate logistic regression analy-
sis with forced entry method (female: adjusted OR = 0.03, 95% CI:
0.0009 - 0.32, P = 0.002). In addition, there was an atypical symp-
tom of vitamin B1 deficiency such as orthostatic dysregulation (OD):
lightheadedness and syncope in the TRDs albeit being nonsignificant.

Conclusions: Japanese TRD patients in internal medicine were as-
sociated with sex, and had a symptom of OD. Further well-designed,
large-scale studies are needed to explore the features of TRDs in in-
ternal medicine.

Keywords: Vitamin Bl deficiency; Thiamine responsive disorders;
Orthostatic dysregulation

Introduction

Vitamin B1 (thiamine) is essential for energy generation,
widely distributed in the body, and metabolized mainly in
nervous tissues and the cerebellum; therefore, its deficiency
causes peripheral and central nervous system disorders such
as “beriberi” and “Wernicke’s encephalopathy” or “Wernicke-
Korsakoff syndrome” [1-3]. In 1884, Kanehiro Takaki ob-
served an association between beriberi and inadequate dietary
intake, such as a diet with an imbalance between protein and
carbohydrates, which led to the identification of vitamin Bl
by Umetaro Suzuki in 1910 [4-8]. Actually, animals including
human, which are unable to synthesize vitamin B1 in the bod-
ies, need the intake of vitamin B1 from the diet [9]. Therefore,
malnutrition can give rise to vitamin B1 deficiency which has
been assumed to be overcome in developed countries in the
modern era of adequate nutrition.

However, this assumption has led to today’s vitamin Bl
deficiency cases being overlooked [10, 11]. For example, there
is an increased risk of vitamin B1 deficiency in elderly indi-
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viduals in nursing homes, critically ill patients in the intensive
care unit, and patients with refeeding syndromes that require
hospitalization [12-15]. In addition, there are nonspecific
symptoms such as malaise, anorexia, and irritability in early
stages of vitamin B1 deficiency, and it can be easily misdiag-
nosed with other diseases [1, 16].

These days, the concept of thiamine responsive disorders
(TRDs) has been proposed in the field of pediatrics, in re-
sponse to recognition of the atypical and diverse symptoms
of vitamin B1 deficiency [17, 18]. TRDs are clinical condi-
tions which improve with the administration of vitamin B1.
This term depends on the patient having signs and symptoms
attributed to the thiamine deficiency, and thus, in the absence
of specific diagnostic tests now, the diagnosis of TRDs is
based on a clinician’s interpretation of the constellation of
symptoms with which the patient presents, the perceived risk
of that patient having an underlying vitamin B1 insufficient
diet, and the response to initial treatment [18]. To solve this
ambiguous definition, a large prospective cohort study in Lao
People’s Democratic Republic, which is a low and middle-
income country and has a public health concern about thia-
mine deficiency, was conducted from June 2019 to December
2020 [19-23]. It showed a predictive model for TRDs among
infants and young children 21 days to under 18 months, and
the low-resource model of clinical decisions was composed
only of signs and symptoms without biochemical laboratory
data [19]. The biomarkers of vitamin B1 require a costly and
time-consuming method because they are obtained from the
erythrocytes, which contain 75-80% of blood vitamin Bl;
thus, this predictive model without such biomarkers is easy
to use [24-27].

While this prior study suggests that TRD patients under
18 months in a low and middle-income country could be pre-
dicted by their signs and symptoms, and other information of
anthropometry and life-style, no such studies, to the best of our
knowledge, have investigated the characteristics of TRD pa-
tients in the field of internal medicine in a high-income coun-
try like Japan [28].

Therefore, the aim of the present study was to determine
the characteristics of Japanese TRD patients in internal medi-
cine, and to gain insights into detecting TRD patients who are
overlooked.

Materials and Methods

Study design

We used a case-control design, and compared with TRDs and
non-TRDs as a reference group.

Setting

This study recruited patients who visited the Internal Medicine
Outpatient Clinic of General Medicine in the Jikei University
Kashiwa Hospital, Chiba, Japan from January 2018 to Decem-
ber 2022.

Participants

Inclusion criteria were as follows: patients who tested for
whole blood total vitamin B1 levels as well as serum albumin
levels (Alb) and total lymphocyte count which were used for
nutritional assessment as below; started newly on a vitamin
B1 preparation for treating patients’ signs and symptoms; and
re-visited the hospital to evaluate drug effectiveness. In addi-
tion, we excluded the patients whose whole blood total vitamin
B1 concentrations had been over 219 nmol/L (the upper limit
of the reference range at our hospital; converted to the Inter-
national System of Units by the conversion factor = 3.324) to
eliminate potential prior prescription of a vitamin B1 prepa-
ration; who had taken vitamin Bl not as a treatment for the
signs and symptoms but as a nutritional supplement to evaluate
which signs and symptoms had been getting better with vita-
min B1; who were not applicable to being treated with a mini-
mum of 50 mg oral vitamin B1 daily for at least 3 days, which
were reasonable dosages following previous studies; who had
refused to participate in this study [19-21, 29-34].

All enrolled patients were treated with any other treat-
ments which were considered necessary by the treating physi-
cians. Assessment of recovery was conducted after the third
day from the initiation of vitamin Bl supplementation by the
clinician at that time, and then, one of the authors assigned
each patient to a TRD as the case or a non-TRD group as the
control, using a two-point scale (getting better vs. no change
or getting worse) based on all the information available from
electronic medical records [19].

The study was approved by the Ethics Committee of the
Jikei University School of Medicine (approval number 34-
396) and performed in accordance with the principles laid
down in the Declaration of Helsinki. A waiver for informed
consent was approved with opt-out consent in view of the ret-
rospective observational nature of the research.

Data collection

Patient data were selected in terms of the risk factor of vita-
min B1 deficiency such as poor dietary intake, alcoholism, and
chronic illness [1]. That is, patient characteristics (sex, age, body
mass index (BMI), diet, alcohol consumption, specific comor-
bidity, and medication), biochemical laboratory data (whole
blood total vitamin B1 concentration, white blood cell count
(WBCQ), red blood cell count (RBC), hemoglobin (Hb), mean
corpuscular volume (MCV), platelet count (Plt), aspartate ami-
notransferase (AST), alanine aminotransferase (ALT), gamma-
glutamyl transpeptidase (yGT), Alb, blood urea nitrogen (BUN),
creatinine (Cre), estimated glomerular filtration rate (eGFR),
Prognostic Nutritional Index (PNI), and modified Controlling
Nutritional Status (CONUT) score), and signs and symptoms
which were suspected to be a vitamin B1 deficiency by the treat-
ing physicians, were collected from electronic medical records.
The last two items in the biochemical laboratory data are nutri-
tional indicators, which were calculated as follows: PNI = 10
x Alb (g/dL) + 0.005 x total lymphocyte count (/uL); and the
modified CONUT score was calculated by adding the Alb, total
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Patients assessed for eligibility (n = 40):

Whose whole blood total vitamin B1, serum albumin levels, and total
lymphocyte count were available and who were newly treated with vitamin B1

Excluded (n = 5)
« Patients taking vitamin B1 just for a

A4
Total recruited patients (n = 35)

A 4

nutritional supplement (n = 4)
« A patient unable to take vitamin B1
due to its unpleasant taste (n = 1)

A 4

Vitamin B1 responder (n = 21):
Thiamine responsive disorder group

Vitamin B1 non-responder (n = 14):
Non-thiamine responsive disorder group

Figure 1. Flowchart depicting study participant enroliment.

lymphocyte count, and Hb scores [35, 36]. Missing blood data
were collected at the time of another visit at the hospital out-
patient clinic within about a month. Furthermore, similar signs
and symptoms were combined into one category as follows: ma-
laise and unidentified complaint; early satiety, loss of appetite,
nausea and dyspepsia; lightheadedness and syncope (orthostatic
dysregulation (OD)); double and blurred vision, fatigability, pal-
pitation, diaphoresis and shortness of breath on exertion.

Study size

The number of cases in the medical area around the Jikei Uni-
versity Kashiwa Hospital during the study period consequently
determined the sample size.

Statistical analysis

Continuous variables (i.e., age, BMI, whole blood total vita-
min B1 concentration, WBC and RBC counts, Hb, MCV, Plt
count, AST, ALT, yGT, Alb, BUN, Cre, eGFR, and PNI) were
shown as the median (interquartile range) and were compared
between the two groups using Wilcoxon rank-sum test. Cat-
egorical variables (i.e., sex, diet, alcohol consumption, specific
comorbidities, medication, modified CONUT score, and signs
and symptoms) were summarized as the frequency (percent-
age) and were compared between the groups using Pearson’s
Chi-square test or Fisher’s exact test.

A logistic regression model was prepared to estimate the
risk of TRDs associated with potential predictors, including
sociodemographic and clinical variables such as age, alcohol-
related factors, nutritional factors, and sex which were based on
existing knowledge of risk factors for vitamin B1 deficiency and
a possible risk factor of TRDs [1, 37, 38]. The variable of alco-
hol-related factors used a combination of AST, ALT, yGT, and
MCYV (all of them were within normal limits or not), which are
common alcohol-related blood biomarkers, because there were
many missing values or incorrect answers found in the routine
medical interview about alcohol consumption [39]. In addition,
the variable of nutritional factors used a combination of PNI

and modified CONUT score (all of them were within normal
limits or not; PNI > 41 was defined as normal), because there
were also many missing values or incorrect answers found in
the routine medical interview about diet contents. Subsequently,
we carried out a univariate logistic regression analysis, and then,
performed a multivariate logistic regression analysis with forced
entry method. Furthermore, variance inflation factor (VIF) was
used to check for multicollinearity.

All statistical analyses were performed using JMP Student
Edition version 18.2.2 (SAS Institute Inc., Cary, NC, USA),
and a two-sided P value < 0.05 was considered statistically
significant.

Results

A total of 40 patients, whose whole blood total vitamin B1,
serum albumin levels, and total lymphocyte count were avail-
able from electronic medical records and were newly treated
with vitamin B1, were identified as potentially eligible for par-
ticipation, of whom 35 met the eligibility criteria in the study
(Fig. 1). Their baseline characteristics and clinical data are
shown in Table 1. There existed specific comorbidity (gastro-
intestinal tract diseases) and medication (diuretics), whereas
did not exist patients with a diagnosis of chronic heart fail-
ure or pulmonary edema requiring long-term treatment with
diuretics, hyperemesis gravidarum, human immunodeficiency
virus infection or acquired immunodeficiency syndrome, dia-
betes, end-stage chronic kidney disease, or active cancer, all of
which are risk factors for vitamin B1 deficiency, in this study
[1, 40-43]. In addition, BMI, diet, and alcohol consumption
were not included in statistical analyses because they had more
than 10% missing values (Table 1) [44].

Sixty percent of the patients were in the TRD group and
40% were in the non-TRD group (Table 1). Compared with the
non-TRD group, the TRD group contained a higher propor-
tion of male (47.6% vs. 7.1%; P = 0.023, Table 1), and had a
lower median WBC count (5,300/uL (4,100 - 6,300) vs. 6,400/
pL (4,950 - 8,050); P = 0.035; Table 1) and higher median
monocyte subset (6.1% (4.9 - 8.0) vs. 4.7% (3.7 - 5.8); P =
0.008, Table 1), MCV (92.6 fL (88.0 - 97.8) vs. 88.7 fL (85.7
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Table 1. Demographic and Clinical Characteristics (n = 35) - (continued)
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Missing (%)

P-value

Non-TRD group

(n

14)

21)

Reference interval
at our hospital

TRD group (n

8.6
0

0.533

16.5 (11.3 - 27.8)
42(3.9-4.7)
10 (7.5 - 16)

17 (11.5 - 153.8)
4.1(3.7-4.5)

11 (8- 15)

13- 64 (M), 9 - 32 (F)

4.1-5.1

yGT (U/L)
Alb (g/dL)
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0.282

3(21.4)
0 (0)
0 (0)

9 (42.9)

Low risk (2 - 4)

1.000

1(4.8)
0 (0)

Medium risk (5 - 8)

High risk (9 - 12)

Significance: *P < 0.05; TP < 0.1. Data are presented as the number (percentage) using Pearson’s Chi-square test or Fisher’s exact test (two-sided), and median (interquartile range)
using Wilcoxon rank-sum test as appropriate. Alb: albumin; ALT: alanine aminotransferase; AST: asparate aminotransferase; BMI: body mass index; BUN: blood urea nitrogen; CONUT:
Controlling Nutritional Status; Cre: creatinine; eGFR: estimated glomerular filtration rate; F: female; yGT: gamma-glutamyl transpeptidase; Hb: hemoglobin; M: male; MCV: mean cor-

puscular volume; Plt: platelet count; PNI: Prognostic Nutritional Index; RBC: red blood cell count; TRD: thiamine responsive disorder; WBC: white blood cell count.

- 91.1); P =0.031, Table 1), and AST (19 U/L (16.5 - 60.5)
vs. 16 U/L (14.5 - 23.0); P = 0.028, Table 1) values. There
was no significant difference in the median whole blood total
vitamin B1 concentration (93.1 nmol/L (74.8 - 106.4) vs. 88.1
nmol/L (82.3 - 111.4); P = 0.589, Table 1) between the TRD
and non-TRD groups (i.e., reference range in Japanese adults:
89 - 262 nmol/L (male) and 80 - 235 nmol/L (female)) [45]. In
addition, the majority of signs and symptoms were recorded
as “malaise and unidentified complaint,” “early satiety, loss of
appetite, nausea and dyspepsia,” or “OD: lightheadedness and
syncope,” but without any statistically significant differences
(Table 2).

Then, we carried out a univariate logistic regression analy-
sis and it indicated that sex was associated with TRDs (female:
unadjusted odds ratio (OR) = 0.08, 95% confidence interval
(CI): 0.0043 - 0.55, P = 0.007; Table 3), which was the same
as the result of a multivariate logistic regression analysis with
forced entry method (female: adjusted OR = 0.03, 95% CI:
0.0009 - 0.32, P=0.002; Table 3) that adjusted for sex, age, al-
cohol-related factors, and nutritional factors described above.
The maximum VIF of them was 1.18, which means that there
was no collinearity in the model.

Discussion

In the present study, the proportion of male and monocyte sub-
set, MCV, and AST levels were significantly higher, whereas
WBC count was significantly lower in the TRD group than
those in the non-TRD group. In addition, we found atypical
signs and symptoms of vitamin B1 deficiency such as OD
(lightheadedness and syncope) in the present study.

Our result indicates that male may be more responsive
to thiamine than female. Though, according to a widely used
reference for dietary intake, men require a higher amount of
vitamin B1 than women, there is no sex-related difference in
vitamin intake when adjusted for total energy intake [46, 47].
However, it has been reported that men are more responsive
to thiamine diphosphate replenishment than women, which
could be consistent with our result [37, 38]. These findings
indicate that male is more likely to be deficient in vitamin B1.
In addition, there may be a relationship between alcohol and
TRDs. For example, MCV and AST levels are common alco-
hol-related blood biomarkers, and a previous study suggests
that alcohol may be associated with monocyte dysfunction [39,
48]. Needless to say, it is known that vitamin B1 deficiency is
related to alcoholism, and it seems to be that alcohol consump-
tion is also related to TRDs [1].

As for low WBC count in TRDs, vitamin B1 deficiency can
relate to low leukocyte counts. For example, as shown in a previ-
ous research, leukocyte counts declined in mice with vitamin B1
deficiency [49]. In addition, another study shows that additional
vitamin B1 inhibits neutrophil extracellular traps (NETs), which
means that vitamin B1 deficiency may overlook an excessive
apoptosis of neutrophils, regarded as NETosis [50]. In spite of
these results, it is not well known whether vitamin B1 decreases
WBC, and so further researches are needed.

Furthermore, our result shows unique signs and symp-
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Table 2. Signs and Symptoms Which Were Suspected to Be a Vitamin B1 Deficiency by the Treating Physicians

TRD group Non-TRD group
(n=21) (n=14) Dl
Male Female  Male Female
Malaise and unidentified complaint (n, %) 3 (30) 7 (70) 0(0) 5(100) 0.728
Early satiety, loss of appetite, nausea and dyspepsia (n, %) 4(66.7) 2(333) 0(0) 5(100) 0.721
OD (lightheadedness and syncope) (n, %) 1(16.7) 5(83.3) 1(33.3) 2(66.7) 0.712
Double and blurred vision (n, %) 2(66.7) 1(33.3) 0(0) 0(0) 0.259
Leg weakness (n, %) 3 (100) 0(0) 0 (0) 0(0) 0.259
Leg edema (n, %) 2 (100) 0 (0) 0 (0) 1 (100) 1.000
Forgetfulness (n, %) 1 (50) 1 (50) 0 (0) 1 (100) 1.000
Fatigability, palpitation, diaphoresis and shortness of breath on exertion (n, %) 0 (0) 0 (0) 0(0) 3 (100) 0.0567
Palpitation (n, %) 0(0) 2 (100) 0 (0) 0(0) 0.506
Whole body pain (n, %) 0 (0) 0 (0) 0 (0) 2 (100) 0.153
Abdominal pain (n, %) 0(0) 0(0) 0(0) 1 (100) 0.400
Feverish (n, %) 0(0) 1 (100) 0 (0) 0 (0) 1.000
Vertigo (n, %) 1 (100) 0(0) 0 (0) 0(0) 1.000
Dizziness (n, %) 0(0) 0(0) 0 (0) 1 (100) 0.400
Ear fullness (n, %) 1 (100) 0(0) 0(0) 0(0) 1.000
Irritability (n, %) 0 (0) 1 (100) 0 (0) 0 (0) 1.000

Data are presented as the number (percentage) using Pearson’s Chi-square test or Fisher’s exact test (two-sided). Significance: TP < 0.1. OD: ortho-

static dysregulation; TRD: thiamine responsive disorder.

toms such as OD, which is not typical in vitamin Bl defi-
ciency. For example, as shown in basic research, it was re-
ported that vitamin B1 deficiency induces hypoxia-inducible
factor 1, which in turn triggers release of vasodilating factors
[51, 52]. In clinical research, to our best knowledge, only
one cohort study on the relationship between OD and vita-
min B1 deficiency has been published despite long history of

Table 3. Risk Factors for TRDs

vitamin B1 deficiency, and only one patient, who has a low
whole blood total vitamin B1 level, responds to oral vitamin
B1 [53]. These findings imply that we should focus on the
relationship between OD and TRDs without whole blood to-
tal vitamin B1 levels. But it remains to be cleared in further
studies.

The strengths of the present study were as follows. First,

Univariate logistic regression

Multivariate logistic regression

Variable analysis analysis (forced entry method)
OR (95% CI) P-value Adjusted OR (95% CI) P-value

Sex

Male 1.00 (reference) 1.00 (reference)

Female 0.08 (0.0043 - 0.55) 0.007* 0.03 (0.0009 - 0.32) 0.002*
Age (1-year increments) 1.00 (0.97 - 1.03) 0.955 0.96 (0.91 - 1.00) 0.066"
AST, ALT, yGT, and MCV

All normal 1.00 (reference) 1.00 (reference)

Any abnormal 2.26 (0.51-12.27) 0.291 0.80 (0.08 - 6.54) 0.829
PNI and modified CONUT score

All normal 1.00 (reference) 1.00 (reference)

Any abnormal 3.33(0.77 - 18.0) 0.109 5.75 (0.87 - 65.6) 0.070f

Significance: *P < 0.05; TP < 0.1. An odds ratio (confidence interval) and a P-value were calculated based on likelihood ratio. ALT: alanine aminotrans-
ferase; AST: asparate aminotransferase; Cl: confidence interval; CONUT: Controlling Nutritional Status; yGT: gamma-glutamyl transpeptidase; MCV:

mean corpuscular volume; OR: odds ratio; PNI: Prognostic Nutritional Index.
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a range of age of study subjects was relatively broad. Partici-
pants of the present study were aged 15 to 89 years, which
have not been investigated on TRDs yet. In addition, this range
of age was similar to important references (16 - 70 years old)
in the previous important studies relevant to sex differences as
mentioned in Discussion [37, 38]. Furthermore, we included
common age of patients with orthostatic intolerance (16 - 45
years old), has almost the same meaning as OD, led to the
awareness of OD as a possible main symptom of TRDs [54].
Second, the present study was conducted in current Japan, a
developed country in an era of excessive eating, which would
be a unique point because previous studies on TRDs were con-
ducted in low- and middle-income countries [19-23, 28].

The present study had several limitations. First, it had a
retrospective pilot design, which meant that an appropriate
sample size could not be calculated. Second, the criteria for
determining TRDs were vague. For example, the period re-
quired for evaluation of specific vitamin B preparations was
not standardized, as well as a kind of vitamin B1 prepara-
tions. Finally, there was a considerable amount of missing
data. In particular, data on history of alcohol consumption
were many missing values, so we could not adjust directly
for confounders. In addition, selection bias could influence
this study because the setting was a university hospital which
usually provides critical of tertiary medical care, and severe
patients with vitamin B1 deficiency could be included as par-
ticipants. To prevent this bias, we did not include patients
who visited only the emergency room (ER) but included
patients triaged as having mild symptoms in ER, and then
mainly examined in the internal medicine outpatient clinic.
Furthermore, information bias could also affect this study be-
cause only one of the authors assigned each patient to TRDs
or non-TRDs (diagnostic bias). This bias was minimized to
compare author’s decision with clinical decision by another
attending physician at that time.

Conclusions

TRDs in patients aged 15 years and above were associated
with sex, and have a symptom of OD, which is an atypical
symptom of vitamin B1 deficiency. Although the present study
offered insight on the current status of TRDs in the field of in-
ternal medicine in developed countries, further well-designed,
large-scale studies are needed to explore the characteristics of
patients with TRDs in more detail.
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