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1 | INTRODUCTION
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Abstract

Background: There is scarce evidence associating vitamin B1 levels and appetite loss
duration in elderly patients with suspected B1 deficiency. We aimed to investigate
this association in elderly hospitalized patients with suspected vitamin B1 deficiency
in rural Japan.

Methods: This cross-sectional study evaluated 309 elderly patients (aged > 65 years)
admitted to one rural Hospital between April 2017 and March 2019. We collected
data on vitamin B1 level, age, sex, body mass index, albumin levels, area of residence,
long-term care, dependent conditions, activities of daily living, Charlson comorbidity
index, and appetite loss from the patients' electronic medical records. Vitamin B1
deficiency was defined as serum vitamin B1 levels <20 pg/dL. Data were analyzed
using the Mann-Whitney U, Student's t, and chi-square tests, followed by multivari-
able logistic regression, to examine the association between vitamin B1 deficiency
and appetite loss.

Results: Eighty-eight (28.5%) patients had vitamin B1 deficiency. In multivariable
logistic regression, appetite loss (for both < 1 and > 1 week) before admission to
the hospital showed a significant association with vitamin B1 deficiency (adjusted
odds ratio [AOR] =10.80, 95% confidence interval [Cl]: 5.16-22.00, P < .001; and
AOR = 5.77, 95% Cl: 2.88-11.50, P < .001, respectively).

Conclusions: Appetite loss is associated with vitamin B1 deficiency in elderly
Japanese patients living in rural areas. Therefore, physicians should be aware of the
possibility of vitamin B1 deficiency in elderly patients with appetite loss and focus on

early intervention.
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medical problems, such as atrophy of the gastrointestinal mucus

membrane and low intake of vitamin Bi-rich foods.® Vitamin B1

Vitamin B1 malabsorption can be a serious problem in elderly pa- acts as a coenzyme for various metabolic reactions in the body.
tients, causing various diseases, and ultimately resulting in death.? Therefore, inadequate blood vitamin B1 levels can cause several
Absorption of vitamin B1 can be hindered because of multiple metabolic abnormalities leading to various symptoms and diseases,
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such as wet and dry beriberi and deterioration of cognitive func-
tions.* Medical problems related to vitamin B1 deficiency can be
corrected by identifying the underlying etiology and promptly pro-
viding suitable treatments.*

It may be challenging to modify food intake, which is influenced
by patients' culture, lifestyle, background, and eating habits.>¢
Similarly, the intake of vitamin B1 is also influenced primarily by the
residential location, eating habits, and age of an individual.” In rural
areas, patients tend to consume plant-based foods, such as rice and
vegetables.® Although some of these foods may contain vitamin B1,
the method of cooking may decrease its availability for intestinal ab-
sorption, thereby resulting in its deﬁciency.g'10 Aging can also reduce
the absorption of vitamin B1 because the atrophied gastrointestinal
tract absorbs vitamins with lower efficiency.* Additionally, elderly
patients tend to have various underlying conditions owing to mul-
timorbidity, which affects their gastrointestinal environment.?*3
These conditions, in turn, can lead to appetite loss, causing a de-
crease in the blood levels of vitamin B1.

Early detection of vitamin B1 deficiency can help to initiate
appropriate treatment, especially in hospitals. Indeed, prompt
supplementation of vitamin B1 could prevent the deterioration of
physiological and cognitive functions in hospitalized patients.?
Moreover, patients with acute symptoms may experience appe-
tite loss, which can increase the risk of vitamin B1 deficiency.*
However, there is little evidence relating vitamin Bl levels and
appetite loss duration in elderly patients with suspected vitamin
B1 deficiency.'® Despite rice being abundant in rural mountainous
areas, older adults in these areas consume processed rice and veg-
etables and limited varieties of red meat, which contribute to the
increased risk of vitamin B1 deficiency.17 Additionally, the initial
suspected diagnosis of vitamin B1 deficiency could depend on the
physicians' ability and experience. Clarification of the association
between vitamin B1 deficiency and duration of appetite loss can
help in the appropriate diagnosis of elderly patients with suspected
vitamin B1 deficiency.

We aimed to determine the association between vitamin B1 de-
ficiency and the appetite loss duration among elderly patients with
suspected vitamin B1 deficiency in a rural community hospital in

Japan.

2 | MATERIALS AND METHODS
2.1 | Setting

A rural city is one of the most rural cities in Japan, located in the
southeast region of Shimane prefecture. In 2017, the total popula-
tion of the rural city was 38 882 (18 720 men and 20 162 women).
The proportion of city residents aged >65 years was 37.82%. In
the rural city, there is only one public hospital. During the study
period, the rural city hospital had 281 beds comprising 160 acute
care, 43 comprehensive care, 30 rehabilitation, and 48 chronic

care beds.'®

2.2 | Participants

Study participants were selected among all the patients admitted
to our institution. The selection criteria included age >65 years and
the presence of initial findings suggestive of vitamin B1 deficiency,
assessed by general or internal medicine physicians on the day of ad-
mission based on physicians' chart. The patients' data were collected
between April 2017 and March 2019 from the electronic medical

records of our institution.

2.3 | Data collection

The presence of vitamin B1 deficiency was considered a dependent
variable for this study. Vitamin B1 deficiency was defined as serum
vitamin B1 levels <20 pg/dL. The risk factors for vitamin B1 defi-
ciency were based on previous research and were evaluated as in-
dependent variables; the data of these variables were also collected
from electronic medical records.*'° These variables included appe-
tite loss duration before admission (<1 week to >1 week),'” age, sex,
albumin levels, body mass index (BMI), admission from a long-term
care facility, dependent conditions based on the Japanese long-term
care insurance system, activities of daily living (ADL),* history of
aspiration, tube feeding or parenteral nutrition, heavy alcohol con-
sumption (>80 g/d), Charlson comorbidity index (CCI),%° heart fail-
ure, dementia, diabetes mellitus, hyperthyroidism, hepatic cirrhosis,
malignancy, and the use of loop diuretics. Appetite data were col-
lected based on patients' and families' expressions and the nurses'
descriptions concerning the patients' appetite and the duration of
appetite loss since admission. Patients were subsequently classified
into the "appetite loss" (<1 week to >1 week) and "no appetite loss"
groups, as it is estimated that the duration of vitamin B1 stores in
humans is approximately 7 days.'®> Cases without available descrip-

tions of appetite were excluded from this study.

2.4 | Statistical analysis

For continuous variables, the normality of the data was tested be-
fore applying the statistical tests. The parametric and nonparametric
data were analyzed using Student's t test and the Mann-Whitney
U test, respectively. The chi-square test was used for testing the
categorical data. The following continuous variables were dichoto-
mized for the logistic regression model: level of vitamin B1 (>20 pg/
dL or not), ADL (Katz scale score = 6 or not), and CCl (>6 or not).
A multivariable logistic regression analysis was conducted to exam-
ine the association between vitamin B1 deficiency and other fac-
tors, including appetite loss. All variables that were factors known to
be associated with vitamin B1 deficiency, as well as those variables
that were found to be significant in the univariable regression model
for vitamin B1 deficiency, were used to construct the multivariable
logistic regression models. Regarding the sample size calculation,

229 participants would be needed with 80% statistical power and
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5% type 1 error to detect a difference in the percentage of patients
with vitamin B1 deficiency of 20% between the appetite loss and no
appetite loss groups. Cases with missing data were eliminated from
the analysis. All data analyses were performed using Easy R, ver-
sion 1.23 (R Foundation for Statistical Computing, Vienna, Austria).
Statistical significance was defined at P < .05.

2.5 | Ethical considerations

The hospital was assured of no loss of anonymity and confidentiality
of the patients' information. The information related to this study
was posted on the hospital website without disclosing any details
concerning the patients. To address any questions regarding this
study, the contact information of the hospital representative was
also listed on the Web site. The purpose of this study was explained
to all patients, and informed consent was obtained. The Clinical

Ethics Committee of our institution approved this study.

3 | RESULTS
3.1 | Demographics of the participants

Figure 1 shows the flowchart of the study population selection pro-
cess. Between April 2017 and March 2019, 51 101 patients aged
>65 years visited the outpatient departments of general or inter-
nal medicine. Among them, 2030 were admitted to the hospital.
We included a total of 337 participants with suspected vitamin B1
deficiency, based on their medical record data. Twenty-eight pa-
tients were excluded because of the lack of description regarding
their appetite conditions, data regarding vitamin B1 concentration

Over-65-year-old patients who visited to the hospital,
April 2017 to March 2019 (n = 51,101)

before admission, and data regarding other independent variables
(Figure 1).

Eighty-eight (28.5%) out of the 309 participants had vitamin
B1 deficiency. The average patient age in the vitamin B1-deficient
and nondeficient groups was 87.07 (standard deviation [SD] = 7.62)
and 85.02 (SD = 7.90) years, respectively. Age, albumin levels, and
appetite loss were significantly different between the two groups
(Table 1). There was no patient with hyperthyroidism. The most com-
mon diagnosis was heart failure, followed by bacterial pneumonia,

urinary tract infection, brain stroke, and cancer (Table 2).

3.2 | Association between vitamin B1
deficiency and influential factors

On multivariable logistic regression analysis, appetite loss (for
both < 1 week and > 1 week) before admission to the hospital
showed a significant association with vitamin B1 deficiency (adjusted
odds ratio [AOR] = 10.40, 95% confidence interval [Cl]: 5.06-21.20,
P <.001; and AOR =5.82, 95% Cl: 2.95-11.50, P < .001, respectively).
Age, albumin levels, heavy alcohol consumption, hepatic cirrhosis,
loop diuretics usage, diabetes, chronic kidney diseases, and dementia

showed no significant association with vitamin B1 deficiency (Table 3).

4 | DISCUSSION

This single-center retrospective study investigated the association
between vitamin B1 deficiency and appetite loss duration among
elderly Japanese patients. The results showed that elderly patients
admitted to rural community hospitals may be deficient of vitamin
B1 at the time of admission. Moreover, the appetite loss duration

Excluded because they were not admitted
April 2017 to March 2019 (n = 49,071)

Over-65-year-old patients who were admitted to the hospital,
April 2017 to March 2019 (n = 2,030)

Excluded because they were not suspected with
vitamin B1 deficiency, tubal feeding, or taking
tables of vitamin B1 (n = 1,693)

Sampled patients with the suspicion of vitamin B1 deficiency (n = 337)

Excluded (n = 28)

Missing description of appetite: 7
Missing data of vitamin B1: 4
Missing data of BMI: 12
Missing data of Albumin: 5

Analytic data set for final multivariable logistic regression model (n = 309)

FIGURE 1 Flowchart of the study
population selection process
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TABLE 1 Demographics of the study participants

Vitamin B1 deficiency

Characteristics -(n=221) +(n=288) P-value

Age, mean (SD) 85.02(7.90) 87.07(7.62) .039

Sex, male (%) 111(50.2) 41 (46.6) 459
Albumin, mean (SD) 3.41(0.65) 3.19(0.63) .008
BMI, mean (SD) 19.35(3.46) 19.05(4.15) .516
Dependent condition (%) 110 (49.8) 48 (54.5) .077
Appetite loss (%)
No 167 (75.6)  25(28.4) <.001
Less than 1 wk 22(9.9) 32(36.4)
More than 1 wk 31 (14.0) 31(35.2)
Katz score (26) (%) 74 (33.5) 33(37.5) 51
CCl score (26) (%) 34 (38.6) 63 (28.5) .103
Dementia (%) 44 (19.9) 27 (30.7) .051
Diabetes (%) 32(14.5) 15 (17.0) .6
Heart failure (%) 65 (29.4) 28(31.8) .344
Chronic kidney disease (%) 55 (24.9) 27 (30.7) .319
Hepatic cirrhosis (%) 28 (12.7) 8(9.1) 597
Malignancy (%) 33 (14.9) 13 (14.8) 1
Heavy alcohol consumption (%) 12 (5.4) 3(3.4) .568
History of aspiration (%) 30(13.6) 15 (17.0) 476
Transfer from a long-term care 36 (16.3) 16 (18.2) 737
facility (%)
Use of loop diuretics (%) 30(13.6) 13 (14.8) .856

Abbreviations: BMI, body mass index; CCl, Charlson comorbidity index;
N, number of patients; SD, standard deviation.

before admission can be related to vitamin B1 deficiency in these
patients. Therefore, when dealing with elderly patients with appetite
loss, physicians should be aware of a possible vitamin B1 deficiency.

Vitamin B1 deficiency is prevalent among elderly patients in rural
areas. In this study, one-fourth of the patients had vitamin B1 defi-
ciency. The high rate of vitamin B1 deficiency in our study could be
due to the age of participants. Atrophy of the gastrointestinal mucus
membrane owing to aging can affect the absorption of vitamin B1
in the gastrointestinal tract.!* Additionally, various chronic diseases
and conditions, such as hepatic cirrhosis, chronic kidney disease, and
diabetes that cause atherosclerosis and low secretion of gastric acid,
can affect the absorption of vitamin B1.7?! The high incidence of
atrophic gastritis among elderly Japanese people could explain the
high prevalence of vitamin B1 deficiency in this population, follow-
ing even a short duration of appetite loss.?? Studies evaluating the
association between vitamin B1 deficiency and atrophic gastritis are,
therefore, needed in the future.

Given the focus on nutrition today, vitamin B1 deficiency is
thought to be nonprevalent. However, as aging can affect various
metabolic pathways, there is a possibility of its recurrence. Our find-
ings can serve as the basis for further research on the etiologies and

prevalence of vitamin B1 deficiency among elderly patients.

We demonstrated that appetite loss for up to 1 week could
cause vitamin B1 deficiency in hospitalized elderly patients with
acute symptoms. Elderly individuals have various underlying condi-
tions because of multimorbidity and polypharmacy,’® and they tend
to visit hospitals more frequently than younger people.?® Moreover,
vitamin B1 deficiency can induce various symptoms that mimic de-
mentia, delirium, and other mental disorders.® Therefore, elderly
patients with unexplained symptoms and appetite loss should be
evaluated for vitamin B1 deficiency. In this study, the AOR of ap-
petite loss <1 week was higher than that of appetite loss >1 week.
This result could be affected by the patients' and their families' abil-
ity to recall, as they might only state the duration they could recall.
Moreover, patients with short appetite loss durations might have
more severe symptoms and appetite loss, as they might have arrived
at the hospital faster than patients with longer durations of appe-
tite loss. Future studies should investigate the associations between
multiple, unexplained symptoms, including appetite loss and vitamin
B1 deficiency, and the precise severity of appetite loss, such as the
amount of food intake.

The effectiveness of early interventions for vitamin B1 deficiency
is well known. Various studies have demonstrated the efficacy of vi-
tamin B1 supplementation in patients with specific diseases. Patients
with heart failure need treatment with diuretics, which can cause
vitamin B1 deﬁciency.24 Interestingly, vitamin B1 supplementation
has been shown to improve cardiac function in these patients.25'26
Moreover, vitamin B1 deficiency can induce delirium and Wernicke
encephalopathy with vague symptoms in hospitalized patients.?’
These diseases can be prevented or cured with appropriate vitamin
B1 supplementation.’*28 Therefore, elderly patients with heart fail-
ure and other chronic diseases should be monitored for their vitamin
B1 levels. If vitamin B1 deficiency is suspected in elderly patients,
general physicians should consider administering vitamin B1 injec-
tions and consult physicians specializing in gastroenterological med-
icine owing to the possibility of malabsorption. Mainly, when elderly
patients are at a high risk of delirium or when they experience appe-
tite loss, vitamin B1 supplements should be promptly administered.

This study had some limitations. The first limitation was the se-
lection bias. The participants were chosen among patients admitted
to our hospital who had findings suggestive of vitamin B1 deficiency
and were tested for their vitamin B1 levels upon admission. Because
of the lack of random sampling, there could have been a selection
bias. In future investigations, the participant selection should be
conducted prospectively and randomly. Second, nutritional issues
can be related to food cultures across different regions. This study
was conducted in rural Japan, where most elderly people eat white
rice and a limited variety of red meats, which could have affected the
results. As there is scarce research on vitamin B1 deficiency in dif-
ferent communities, future studies should investigate its prevalence
among elderly people in different communities. Third, we used data
regarding the history of patients and their families, as recorded by
nurses, to assess the patients' appetite instead of seeking a direct
description from the patients, which could also reveal inaccuracies

in assessing the extent of appetite loss. Patients with acute diseases
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TABLE 2 Participants' diagnosis on admission

Number of

Number Disease cases Rate

1 Heart failure 33 10.7%
2 Pneumonia 32 10.4%
3 uTl 31 10.0%
4 Brain stroke 22 7.1%
5 Cancer 21 6.8%
6 Aspiration pneumonia 15 4.9%
7 Femoral neck fracture 10 3.2%
8 Dehydration 7 2.3%
9 Epilepsy 7 2.3%
10 Compression fracture 6 1.9%
11 Pseudogout 6 1.9%
12 Brain hemorrhage 5 1.6%
13 Peripheral vertigo 5 1.6%
14 COPD 4 1.3%
15 Hydrocephalus 4 1.3%
16 Influenza 4 1.3%
17 LSS 4 1.3%
18 PMR 4 1.3%
19 Gastric ulcer 4 1.3%

Number of

Number Disease cases Rate

20 Hyperglycemia 4 1.3%
21 Sepsis 4 1.3%
22 Alcoholic disorder 3 1.0%
23 Cellulitis 3 1.0%
24 Guillain-Barré syndrome 3 1.0%
25 Hyponatremia 3) 1.0%
26 lleus 3 1.0%
27 Vitamin B1 deficiency 3 1.0%
28 Cholangitis 2 0.6%
29 Hypoglycemia 2 0.6%
30 Hypothermia 2 0.6%
31 IgG4 disease 2 0.6%
32 Interstitial pneumonia 2 0.6%
B3] Ischemic colitis 2 0.6%
34 ITP 2 0.6%
35 Ml 2 0.6%
36 Nephrotic syndrome 2 0.6%
87/ Parkinson disease 2 0.6%
38 Others 39 14.9%

Abbreviations: COPD, chronic obstructive pulmonary disease; ITP, immune thrombocytopenic purpura; LSS, lumbar spinal stenosis; PMR,
polymyalgia rheumatica; MI, myocardial infarction; UTI, urinary tract infection.

TABLE 3 Association between vitamin B1 deficiency and
influencing factors

Adjusted P-
Factor odds ratio 95% ClI value
Age 1.01 0.97-1.05 77
Albumin 0.71 0.45-1.11 14
Heavy alcohol 0.97 0.22-4.20 .97
consumption
Hepatic cirrhosis 0.53 0.20-1.36 19
Loop diuretics usage 1.01 0.44-2.29 .98
Diabetes mellitus 1.25 0.57-2.75 .58
Chronic kidney disease 1.36 0.71-2.62 .36
Dementia 1.40 0.71-2.75 .34

Appetite loss (reference, no appetite loss)
Less than 1 wk 10.40
More than 1 wk 5.82

5.06-21.20
2.95-11.50

<.001
<.001

Abbreviation: Cl: confidence interval.

had various symptoms and often did not clearly state (the presence
of) appetite loss. Future studies can reveal appetite loss duration and
the relationship between vitamin B1 deficiency and the amount of
appetite loss, in quantity, to provide a more precise definition of ap-
petite loss.

In conclusion, this study shows that appetite loss is associated

with vitamin B1 deficiency in elderly patients with acute symptoms.

Therefore, medical professionals should be aware of the possibility
of vitamin B1 deficiency in elderly patients suffering from appetite
loss. Future studies could investigate the effectiveness of vitamin B1
supplementation in elderly patients with appetite loss immediately
after hospitalization.
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