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Abstract
Background

Thiamine deficiency (TD) is an important public health problem in nutrition, occurring in 2-6% of the
population in Europe and the US, whereas thiamine levels are reported to be significantly reduced by 36.6-
40% in some populations of East Asia. However, there is little information available at present, regarding
factors such as age, despite the continued aging of society. Further, studies such as those mentioned above
have not yet been undertaken in Japan, the country in which population aging is most advanced.

Objective

To investigate TD in the Japanese community-dwelling individuals who are independently ambulatory.

Methods

We undertook an examination of TD in blood samples obtained from 270 citizens in a provincial town, aged
25-97 years, who were able to walk to the venue and provide informed consent for inclusion in this

research and of whom 8.9% had a history of cancer. We summarized the demographic characteristics of the
subjects. The whole-blood thiamine concentrations were measured using the high-performance liquid
chromatography method. A value of 21.3 ng/ml or less was taken as low and a borderline value was set as less
than 28 ng/ml.

Results

The mean (+SD) whole blood thiamine concentration was 47.6 = 8.7 ng/ml. No TD was observed to exist
participating in this study, with no subjects even showing show borderline values. Further, there was no
significant difference in thiamine level between those aged 65 or older and those aged less than 65.

Conclusions

No cases of TD were observed among the subjects in this study, nor was the concentration of thiamine found
to be related to age. It is possible that the frequency of TD might be very low in citizens who have a certain
level of activity. In the future, it is necessary to expand the prevalence of TD to a wider range of subjects.

Categories: Public Health, Nutrition, Geriatrics
Keywords: provincial town, korsakoff syndrome, wernicke encephalopathy, thiamine deficiency, thiamine

Introduction

Thiamine, in its biologically active form thiamine pyrophosphate, is an essential coenzyme for glucose
metabolism [1]. However, as humans cannot synthesize thiamine, intake from an external source is
necessary [2]. In addition, insufficient thiamine intake that continues for at least a few weeks results in
thiamine deficiency (TD) as thiamine can only be stored in the body for approximately 18 days [2].

Such a deficiency may lead to Wernicke encephalopathy (WE), the classic triad of signs of which are impaired
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consciousness, ataxia, and nystagmus; however, all three signs are present in less than 20% of cases [3]. Due
to the variety of neuropsychiatric symptoms, patients often go untreated for WE [4,5]. WE can be resolved
without complications by early treatment, while a delay in treatment can result in severe and irreversible
damage to the brain, with 85% of those untreated progressing to Korsakoff syndrome (KS), which has a
mortality rate reported to be close to 20% [2]. Therefore, early detection and treatment are vital.

TD remains a current condition of concern and the frequency of TD has been reported to be associated with
various pathological conditions and in various regions. In terms of pathological conditions, reports of TD in
cancer patients are increasing, mainly in Europe and the United States. TD was observed in 55% of patients
receiving psycho-oncological care, 45% of patients diagnosed with delirium in psychiatric departments, and
in 33% of those receiving chemotherapy. Results from a palliative care unit reported that 28% of patients
had low TD while 36% were borderline.

It is also a report of TD as a cause of worsening psychiatric symptoms in patients with dementia and the
recognition of thiamine deficiency in the elderly is an important clinical issue.

A recent regional study of TD found that 35% of Gambian women of reproductive age were deficient,
indicating that TD was a major problem. In Europe and the US, the frequency has been reported to be 2-6.4%
[6,7]. However, among aging East Asian countries, it is reported to be much higher, with 36.6% of the elderly
urban Indonesian population [8] and 40% of surveyed mainly non-elderly adults in the Seoul metropolitan
area in South Korea [9] experiencing TD. In addition, despite the continued aging of society, no survey on
thiamine deficiency and age has been conducted.®

In recent years, the measurement of thiamine by the high-performance liquid chromatography (HPLC)
method has provided accurate data on thiamine concentrations in living organisms [10].

As a result, TD in association with various pathologies and conditions other than alcoholism has been
clarified. Clinically, TD has also been reported in cancer patients [11-13], depressed patients [14], and
residents at various facilities [15,16]. In addition, patients with asymptomatic TD have been reported [11,17]
and require careful attention.

Measurement of the blood thiamine concentration in the general population and confirmation of the
current status can allow the prevalence of TD and its background factors to be clarified, thereby aiding the
early detection and treatment of TD.

As mentioned above, various findings on TD have been collected, but there are no reports on TD at the
regional level in Japan. Information on TD in Japan, in which the aging of society is the most advanced in
the world, can be academically valuable when considering the future conditions facing other countries. To
investigate TD in the general Japanese population, we explored TD by measuring blood samples among
community-dwelling individuals who are independently ambulatory as a first step.

Materials And Methods
Methods

This is a cross-sectional study conducted in Ogano town on October 28th, 2018. Ogano Town, located in a
mountainous region about 80Km northwest of Tokyo, has a population of about 11,500 (approximately 37%
of who are aged 65 years or over). A health festival is organized annually for the town residents. Thus, we
advertised this study in the town newspaper twice in advance and recruited participants on the day of the
festival.

This is almost similar to the method of collecting subjects in a Korean study [9]. Eligibility criteria included
the following: (1) Ogano town residents aged 18 years and above, (2) Independently ambulatory, (3)
Japanese-speaking.

We excluded subjects who were taking any supplements, including thiamine, those who did not understand
the purpose of the research, those hospitalized, in care or aged facility, or at-home care, and those who could
not attend the examination site. The sample size (n = 262) was calculated with a confidence level of 95%, a
sample error of 3 ng/ml, and a standard deviation of the mean whole blood thiamine concentration of 24.8
ng/ml, as reported in a previous study.

After obtaining written informed consent, we collected the self-administered questionnaire from the
subjects. The survey was conducted by pre-trained staff to provide standardized support. The self-
administered questionnaire was originally made by UN, MI and HO based on previously published papers
[1,11]. It included the following items: date of birth, gender, height, weight, medical history (cancer, stroke,
heart disease, diabetes, hypertension, hyperlipidemia, kidney disease, liver disease, depression, dementia),
lifestyle choices (alcohol intake; type/amount), smoking status (Brinkman index), decreased appetite over
the previous 2 weeks (if yes, half of usual or less than 1/3 of usual), sleep problems, and vitamin usage.
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Lastly, we collected venous blood samples from study subjects. The measurement of whole blood thiamine
concentration was entrusted to BML Inc., Shibuya-ku, Tokyo, Japan, by means of HPLC (reference range:
21.3-81.9 ng/ml). This method is precise, rapid, and less susceptible to factors that alter enzyme activity,
thus providing a more sensitive assay for screening cases of TD in a clinical setting and for research purposes
[18].

The lower limit of the normal range observed by the testing company is 21.9, but it has been pointed out that
there are patients with borderline values and there is also a report that 28 ng/ml or more is the normal
thiamine level based on the analysis of 602 cases in Japan. A value of less than 28 ng/ml was, therefore, set
as a borderline value.

Statistical analysis

We summarized the demographic and lifestyle data using the raw data and percentages (%) for categorical
variables and mean (standard deviations {SD}) for continuous variables. We created a histogram of whole
blood thiamine concentration in the study subjects and calculated whole blood thiamine concentration
means for the following categories and drew box plots: sex, age (< 65 years/> 65 years), history of
hypertension, and BMI (< 20/> 20). We categorized BMI according to the criteria for malnutrition (BMI under
20) of Health Japan 21 established by the Japanese Ministry of Health, Labour, and Welfare. Health Japan 21
is a ten-year plan including specific goals for promoting the health of the nation.

We used SAS statistical software version 9.4 for Windows (SAS Institute Inc., Cary, NC, USA) for all analyses.
This study was approved by the Ethics Committee of Ogano Town Central Hospital (Ogano No. 13) and the
Ethics Committee of Saitama Medical University International Medical Center (Application No. 18-121).

Results

A total of 270 subjects were included in this study, which accounts for 2.7% of all residents and 4% of
residents aged 65 years and over. No subjects were unable to answer the questionnaire.

The mean (+SD) age was 65.5 + 12.41 years (> 65 years, 64%), with 74.4% of the subjects being female. The
mean (¥SD) BMI was 22.9 (3.36) (> 20, 82.2%). With regard to medical history, 2.2% had experienced or were
undergoing treatment for stroke, 7.0% heart disease, 3.0% kidney disease, 1.9% liver disease, 8.9% diabetes,
28.2% hypertension, 8.1% hyperlipidemia, 0.7% hyperuricemia, 1.1% were receiving cancer treatment, 7.8%
had recovered from cancer (Table 7).
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Variable N(%)
Female 201(74.4)

Age (years)

Mean + SD 65.5 £ 12.41

Min-Max 25-97

<65 96(35.6)

265 174(64.4)
BMI*

Mean + SD 22.9+3.36

Min-Max 15.6-33.5

<20 48(17.8)

220 222(82.2)

History of diseases

Hypertension 76(28.2)
Diabetes mellitus 24(8.9)
Cancer 24(8.9)
Hyperlipidaemia 22(8.1)
Heart disease 19(7.0)
Kidney disease 8(3.0)
Stroke 6(2.2)
Liver disease 5(1.9)
Hyperuricemia 2(0.7)

TABLE 1: Characteristics of Study Participants

BMI: body mass index

Only 11.1% of the subjects were living alone. Appetite was about 50% that of usual and less than 33% that of
usual in 0.7% of respondents each. We found that 35.6% of respondents experienced insomnia on
occasion and 7.4% always. The average alcohol consumption was 2.6 drinks/week (Table 2).
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Variable
Living alone
Appetite
as usual
half of usual
less than 1/3 of usual
Sleep problems
no
sometimes
always
Alcohol consumption
Yes
Alcohol consumption (drinks/week) %
Mean + SD
Median
Min-Max
Smoking status
Current smokers
Formar smokers
Never smokers
Brinkman index
Mean + SD
Median

Min-Max

TABLE 2: Life style

1 Drink is equivalent to 10 g of alcohol.

N(%)

30(11.1)

266(98.5)
2(0.7)

2(0.7)

154(57.0)
96(35.6)

20(7.4)

78(28.9)

12.7+13.2
9.1

0.65-75.6

33(12.2)
13(4.8)

224(83.0)

514.7 £ 394.2
445.0

20.0-1880

No cases of TD (< 21.3 ng/ml) were observed in this study, and no cases were observed to show a borderline
value (less than 28 ng/ml). The mean (+SD) whole blood thiamine concentration was 47.57 * 8.73 ng/ml
(male, 48.87 {* 9.02} ng/ml; female, 47.12 {* 8.60} ng/ml; < 65 years, 48.03 {* 8.47} ng/ml; > 65 years, 47.31 {*
8.88} ng/ml; no hypertension, 46.83 * {8.32} ng/ml; hypertension, 49.45 {* 9.58} ng/ml; BMI < 20, 44.81 {*
8.47} ng/ml; BMI > 20, 48.16 {+ 8.68} ng/ml) (Table 3, Figures I, 2). There was no significant difference in
thiamine level between those aged 65 years or older and those aged less than 65 years.
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Category n Mean % SD (ng/ml) Min-Max (ng/ml)
Total 270 47.6+8.73 28.2-81.3
Male 69 48.9+9.02 30.6-81.3
Female 201 47.1 +8.60 28.2-74.3
<65 years 96 48.0 +8.47 30.6-74.3
265 years 174 47.3+8.88 28.2-81.3
No hypertension 194 46.8 + 8.32 30.3-74.3
Hypertension 76 49.5+9.48 28.2-81.3
BMI* <20 48 44.8 +8.47 31.6-70.6
BMI* 220 222 48.2+8.68 28.2-81.3
*BMI, body mass index
TABLE 3: Whole blood thiamine concentration
%

30
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FIGURE 1: Histogram of whole blood thiamine concentration among the

total population (n=270)
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FIGURE 2: Box plots of whole blood thiamine concentration by age (265
years/< 65 years), gender, presence/absence of hypertension, and BMI
(220/ <20)

Discussion

As a first step in investigating TD in the general population, we undertook an examination of TD and its
background factors in citizens who participated in this study in a provincial town based on the measurement
of blood samples using the HPLC method. As a result, it was found that there were no cases of TD among the
270 people surveyed, with none of the patients showing even a borderline value.

Several factors contributed to this result. In this study group, the mean amount of alcohol consumed was
extremely low at 2.5 drinks/week (1 drink is equivalent to 10 g of pure alcohol), and 71.1% (n = 192) of the
participants did not drink alcohol at all. Case reports on patients with WE reported that they consumed 56 to
84 standard drinks/week of alcohol [19,20]. Our survey found no residents within that range. Thus, the
absence of TD in the study may be associated with a large number of non-drinkers and an overall low level of
alcohol consumption.

A systematic review of micronutrient intake in community-dwelling older adults suggests that about half of
men and 39% of women may not have adequate thiamine intake [21]. It has also been reported that the
serum concentration of thiamine is reduced in the elderly [22,23]. Further, a survey by the Ministry of
Health, Labor and Welfare revealed that many Japanese people did not meet the recommended intake [24].
However, our study did not show a significant difference in whole blood thiamine concentration by age (< 65
or 265 years) or sex. This discrepancy may be related to the fact that only 1.5% (n = 4) of the study population
reported a decrease in appetite.ld

In addition, TD is known to exist in patients with heart disease [25], kidney disease [26], and cancer [11,27-
29], but the number of subjects with an underlying disease in this study was small. Therefore, we compared
the whole blood concentrations of thiamine in the participants with/without hypertension, which was the
most common underlying disease; however, no significant difference in values was observed. With regard to
hypertension, a correlation between TD and pulmonary hypertension has been reported [30]; however, to
our knowledge, there have been no reports to date on essential hypertension and TD. Based on a report that
weight loss is a risk factor for TD [11], subjects were divided by BMI (<20 or >20) and the serum levels of
thiamine in the two were measured. Again, no significant difference was observed between the two groups.

The results of this study differ from those from other East Asian populations, such as Indonesia and South
Korea. These differences may be related to differences in the measurement method applied in each study,
but future studies are needed to clarify the reason for the large discrepancy.

Several limitations to this study should be acknowledged. First, the target group was not a random sample of
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residents of the town but a convenience sample of residents who were able to provide informed consent for
inclusion in this study. Thus, no patients who were hospitalized, in care or aged facility, or at-home care
were included in the study. In addition, the fact that they cooperated in giving blood samples themselves
suggests that the subjects were interested in their own health. This suggests the presence of selection bias.
The number of participants who actually had an underlying illness was also small. In addition, no
information on the drugs administered was available. In other words, we were unable to examine whether
the drugs administered may have affected thiamine metabolism.

The results of this study suggest that independently ambulatory community-dwelling residents, such as
those in our study population, do not have a thiamine deficiency, regardless of sex, age, BMI, or whether
they live alone or not. This study will be useful as basic data for the assessment of TD in the adult Japanese
population. In the future, it is necessary to conduct surveys to identify populations that are likely to be
thiamine deficient and to explore the risk factors.

Conclusions

No cases of TD or of subjects with borderline thiamine values were observed in this community, including
among those with underlying illnesses and lifestyle-related diseases but who were sufficiently active and
were able to understand the intent of such a study. There was no significant difference in thiamine level
between those aged 65 years or older and those aged less than 65 years. Further studies are expected to
reveal the level of TD in the general population.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. The Ethics Committee of
Ogano Town Central Hospital and Saitama Medical University International Medical Center issued approval
Ogano No. 13 and Application No. 18-121. This study was approved by the Ethics Committee of Ogano Town
Central Hospital (Ogano No. 13) and the Ethics Committee of Saitama Medical University International
Medical Center (Application No. 18-121). Animal subjects: All authors have confirmed that this study did
not involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform
disclosure form, all authors declare the following: Payment/services info: All authors have declared that no
financial support was received from any organization for the submitted work. Financial relationships:
Izumi Sato declare(s) a grant from Kyowa Kirin Co.,Ltd. Izumi Sato declare(s) a grant from Otsuka
Pharmaceutical Co., Ltd. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

Acknowledgements

We would like to thank Dr. Kunihiko Ishitani (Higashi Sapporo Hospital) for his valuable advice in advancing
this research. We would also like to express our gratitude to the staff of the Ogano Town Central Hospital
who cooperated in this research, the mayor and staff of the Ogano Town Hall, the Chairman of the Ogano
Town Council, and everyone who cooperated in the collection of blood samples.

References

1. Sechi G, Serra A: Wernicke's encephalopathy: new clinical settings and recent advances in diagnosis and
management. Lancet Neurol. 2007, 6:442-455.

2. Sechi G, Sechi E, Fois C, Kumar N: Advances in clinical determinants and neurological manifestations of B
vitamin deficiency in adults. Nutr Rev. 2016, 74:281-300. 10.1093/nutrit/nuv107

3. Harper CG, Giles M, Finlay-Jones R: Clinical signs in the Wernicke-Korsakoff complex: a retrospective
analysis of 131 cases diagnosed at necropsy. ] Neurol Neurosurg Psychiatry. 1986, 49:341-5.
10.1136/jnnp.49.4.341

4. Isenberg-Grzeda E, Kutner HE, Nicolson SE: Wernicke-Korsakoff-syndrome: under-recognized and under-
treated. Psychosomatics. 2012, 53:507-16. 10.1016/j.psym.2012.04.008

5. Onishi H, Ishida M, Toyama H, et al.: Early detection and successful treatment of Wernicke encephalopathy
in a patient with advanced carcinoma of the external genitalia during chemotherapy. Palliat Support Care.
2016, 14:302-6. 10.1017/S1478951515000875

6. Mataix J, Aranda P, Sanchez C, Montellano MA, Planells E, Llopis J: Assessment of thiamin (vitamin B1) and
riboflavin (vitamin B2) status in an adult Mediterranean population. Br | Nutr. 2003, 90:661-6.
10.1079/bjn2003926

7. Sokoll L], Morrow FD: Thiamin: Nutrition in the Elderly The Boston Nutritional Status Survey . Hartz, S. and
Russell, R.M. and ISmith-Gordon, Rosenberg (ed): Co. Ltd, London; 1992.

8. Andrade Juguan ], Lukito W, Schultink W: Thiamine deficiency is prevalent in a selected group of urban
Indonesian elderly people. ] Nutr. 1999, 129:366-71. 10.1093/jn/129.2.366

9. Kim YN, Cho YO: Prevalent Low Thiamine Status Among Adults Living in Seoul Metropolitan Area (South
Korea). Int ] Vitam Nutr Res. 2019, 89:314-20. 10.1024/0300-9831/a000489

10. Talwar D, Davidson H, Cooney J, St JRD: Vitamin B(1) status assessed by direct measurement of thiamin
pyrophosphate in erythrocytes or whole blood by HPLC: comparison with erythrocyte transketolase
activation assay. Clin Chem. 2000, 46:704-710.
11. Isenberg-Grzeda E, Shen MJ, Alici Y, Wills ], Nelson C, Breitbart W: High rate of thiamine deficiency among

2023 Uchida et al. Cureus 15(5): €38800. DOI 10.7759/cureus.38800 8of9


http://10.1016/S1474-4422(07)70104-7
https://dx.doi.org/10.1093/nutrit/nuv107
https://dx.doi.org/10.1093/nutrit/nuv107
https://dx.doi.org/10.1136/jnnp.49.4.341
https://dx.doi.org/10.1136/jnnp.49.4.341
https://dx.doi.org/10.1016/j.psym.2012.04.008
https://dx.doi.org/10.1016/j.psym.2012.04.008
https://dx.doi.org/10.1017/S1478951515000875
https://dx.doi.org/10.1017/S1478951515000875
https://dx.doi.org/10.1079/bjn2003926
https://dx.doi.org/10.1079/bjn2003926
https://cir.nii.ac.jp/crid/1130282272915564032
https://dx.doi.org/10.1093/jn/129.2.366
https://dx.doi.org/10.1093/jn/129.2.366
https://dx.doi.org/10.1024/0300-9831/a000489
https://dx.doi.org/10.1024/0300-9831/a000489
https://doi.org/10.1093/clinchem/46.5.704
https://dx.doi.org/10.1002/pon.4155

Cureus

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

inpatients with cancer referred for psychiatric consultation: results of a single site prevalence study.
Psychooncology. 2017, 26:1384-9. 10.1002/pon.4155

Onishi H, Sato [, Uchida N, et al.: High proportion of thiamine deficiency in referred cancer patients with
delirium: a retrospective descriptive study. Eur J Clin Nutr. 2021, 75:1499-505. 10.1038/s41430-021-00859-9
Onishi H, Kawanishi C, Onose M, Yamada T, Saito H, Yoshida A, Noda K: Successful treatment of Wernicke
encephalopathy in terminally ill cancer patients: report of 3 cases and review of the literature. Support Care
Cancer. 2004, 12:604-608. 10.1007/s00520-004-0637-y [doi

Onishi H, Ishida M, Uchida N, et al.: Thiamine deficiency observed in a cancer patient's caregiver . Palliat
Support Care. 2019, 17:611-3. 10.1017/51478951518001001

Ito Y, Yamanaka K, Susaki H, Igata A: A cross-investigation between thiamin deficiency and the physical
condition of elderly people who require nursing care. ] Nutr Sci Vitaminol (Tokyo). 2012, 58:210-6.
10.3177/jnsv.58.210

Lee DC, Chu ], Satz W, Silbergleit R: Low plasma thiamine levels in elder patients admitted through the
emergency department. Acad Emerg Med. 2000, 7:1156-9. 10.1111/j.1553-2712.2000.tb01268.x

Onishi H, Uchida N, Itami K, Sato M, Tamura S, Kurosaki A, Ishida M: Subclinical thiamine deficiency: What
is the most appropriate method of diagnosis and treatment?. Palliat Support Care. 2020, 18:614-6.
10.1017/S147895152000098X

Pourhassan M, Biesalski HK, Angersbach B, Lueg G, Klimek C, Wirth R: Prevalence of thiamine deficiency in
older hospitalized patients. Clin Interv Aging. 2018, 13:2247-50. 10.2147/CIA.S183102

Chamorro Fernandez AJ, Marcos Martin M, Laso Guzman FJ: [Wernicke encephalopathy in alcoholic
patients]. Rev Clin Esp. 2011, 211:458-63. 10.1016/j.rce.2011.04.001

Terada N, Kinoshita K, Taguchi S, Tokuda Y: Wernicke encephalopathy and pellagra in an alcoholic and
malnourished patient. BMJ Case Rep. 2015, 2015: 10.1136/bcr-2015-209412

ter Borg S, Verlaan S, Hemsworth J, Mijnarends DM, Schols JM, Luiking YC, de Groot LC: Micronutrient
intakes and potential inadequacies of community-dwelling older adults: a systematic review. Br ] Nutr. 2015,
113:1195-206. 10.1017/S0007114515000203

Wilkinson TJ, Hanger HC, George PM, Sainsbury R: Is thiamine deficiency in elderly people related to age or
co-morbidity?. Age Ageing. 2000, 29:111-6. 10.1093/ageing/29.2.111

Chen MF, Chen LT, Gold M, Boyce HW Jr: Plasma and erythrocyte thiamin concentrations in geriatric
outpatients. ] Am Coll Nutr. 1996, 15:231-6. 10.1080/07315724.1996.10718593

Nutritional Intake Status Survey. (2019). Accessed.
https://www.nibiohn.go.jp/eiken/kenkounippon21/eiyouchousa/keinen_henka_eiyou.html..

Sica DA: Loop diuretic therapy, thiamine balance, and heart failure . Congest Heart Fail. 2007, 13:244-7.
10.1111/§.1527-5299.2007.06260.x

Saka Y, Naruse T, Kato A, Tawada N, Noda Y, Mimura T, Watanabe Y: Thiamine status in end-stage chronic
kidney disease patients: a single-center study. Int Urol Nephrol. 2018, 50:1913-8. 10.1007/s11255-018-1974-
Yy

Isenberg-Grzeda E, Rahane S, DeRosa AP, Ellis ], Nicolson SE: Wernicke-Korsakoff syndrome in patients
with cancer: a systematic review. The. Lancet Oncology. 2016, 17:142-148. 10.1016/51470-2045(16)00037-1
Onishi H, Ishida M, Tanahashi I, et al.: Subclinical thiamine deficiency in patients with abdominal cancer .
Palliat Support Care. 2018, 16:497-9. 10.1017/51478951517000992

Onishi H, Ishida M, Uchida N, et al.: Subclinical thiamine deficiency identified by preoperative evaluation in
an ovarian cancer patient: Diagnosis and the need for preoperative thiamine measurement. Palliat Support
Care. 2019, 17:609-10. 10.1017/51478951518000615

Asakura T, Kodera S, Kanda ], Ikeda M: Thiamine-responsive pulmonary hypertension. BMJ Case Rep. 2013,
2013:10.1136/bcr-2012-007938

2023 Uchida et al. Cureus 15(5): €38800. DOI 10.7759/cureus.38800

90f9


https://dx.doi.org/10.1002/pon.4155
https://dx.doi.org/10.1038/s41430-021-00859-9
https://dx.doi.org/10.1038/s41430-021-00859-9
https://dx.doi.org/10.1007/s00520-004-0637-y [doi
https://dx.doi.org/10.1007/s00520-004-0637-y [doi
https://dx.doi.org/10.1017/S1478951518001001
https://dx.doi.org/10.1017/S1478951518001001
https://dx.doi.org/10.3177/jnsv.58.210
https://dx.doi.org/10.3177/jnsv.58.210
https://dx.doi.org/10.1111/j.1553-2712.2000.tb01268.x
https://dx.doi.org/10.1111/j.1553-2712.2000.tb01268.x
https://dx.doi.org/10.1017/S147895152000098X
https://dx.doi.org/10.1017/S147895152000098X
https://dx.doi.org/10.2147/CIA.S183102
https://dx.doi.org/10.2147/CIA.S183102
https://dx.doi.org/10.1016/j.rce.2011.04.001
https://dx.doi.org/10.1016/j.rce.2011.04.001
https://dx.doi.org/10.1136/bcr-2015-209412
https://dx.doi.org/10.1136/bcr-2015-209412
https://dx.doi.org/10.1017/S0007114515000203
https://dx.doi.org/10.1017/S0007114515000203
https://dx.doi.org/10.1093/ageing/29.2.111
https://dx.doi.org/10.1093/ageing/29.2.111
https://dx.doi.org/10.1080/07315724.1996.10718593
https://dx.doi.org/10.1080/07315724.1996.10718593
https://www.nibiohn.go.jp/eiken/kenkounippon21/eiyouchousa/keinen_henka_eiyou.html.
https://www.nibiohn.go.jp/eiken/kenkounippon21/eiyouchousa/keinen_henka_eiyou.html.
https://dx.doi.org/10.1111/j.1527-5299.2007.06260.x
https://dx.doi.org/10.1111/j.1527-5299.2007.06260.x
https://dx.doi.org/10.1007/s11255-018-1974-y
https://dx.doi.org/10.1007/s11255-018-1974-y
https://dx.doi.org/10.1016/s1470-2045(16)00037-1
https://dx.doi.org/10.1016/s1470-2045(16)00037-1
https://dx.doi.org/10.1017/S1478951517000992
https://dx.doi.org/10.1017/S1478951517000992
https://dx.doi.org/10.1017/S1478951518000615
https://dx.doi.org/10.1017/S1478951518000615
https://dx.doi.org/10.1136/bcr-2012-007938
https://dx.doi.org/10.1136/bcr-2012-007938

	Investigation of Whole Blood Thiamine Concentration in Independently Ambulatory Residents of a Provincial Town in Japan: A Cross-Sectional Study
	Abstract
	Background
	Objective
	Methods
	Results
	Conclusions

	Introduction
	Materials And Methods
	Methods
	Statistical analysis

	Results
	TABLE 1: Characteristics of Study Participants
	TABLE 2: Life style
	TABLE 3: Whole blood thiamine concentration
	FIGURE 1: Histogram of whole blood thiamine concentration among the total population (n=270)
	FIGURE 2: Box plots of whole blood thiamine concentration by age (≥65 years/< 65 years), gender, presence/absence of hypertension, and BMI (≥20/ <20)

	Discussion
	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


