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Abstract

Objective—Thiamine deficiency (TD) is increasingly recognized in medically ill patients. The 

prevalence of TD among cancer patients is unknown. This study aims to characterize the 

prevalence of TD among inpatients with cancer.

Methods—Retrospective chart review of patients admitted to a large cancer center who were 

referred for psychiatric consultation and whose serum thiamine concentration was measured. 

Patients with alcohol use were excluded.

Results—Among 217 patients with various cancer types, TD was found in 55.3%. Risk factors 

included fluorouracil-based chemotherapy, significant weight loss, and undergoing active cancer 

treatment. Almost all patients were normal weight, overweight, or obese, and few had concomitant 

vitamin B12 or folate deficiency. A total of 17.5% were receiving multivitamin supplementation. 

Nearly half (49.8%) did not receive empiric treatment with thiamine and among those who did, 

treatment delay occurred in the majority of cases (59.6%). Measurement of serum thiamine 

concentration preceded psychiatric consultation in only 10.6% of cases.
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Conclusions—Our findings suggest that TD is highly prevalent among inpatients with cancer, 

even among normal and overweight individuals, in the absence of other vitamin deficiencies, and 

while receiving multivitamin supplements. Several potential risk factors were identified, including 

active cancer treatment. Evaluation of TD was most commonly not initiated by oncologists. 

Failure to treat and treatment delay were common. Given these findings, oncologists must be 

vigilant about detecting TD among inpatients with cancer.
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Introduction

Thiamine (vitamin B1) is a water-soluble B-vitamin involved in energy production[1]. Like 

all essential nutrients, thiamine cannot be produced by the body and must be acquired from 

the diet[2]. Typically, foods fortified with thiamine contain sufficient quantities for healthy 

individuals to meet recommended dietary allowances[2]. Thiamine is a co-factor for several 

enzymes in the Krebs cycle and the pentose phosphate pathway[1]. Thus, it is a critical 

player in the conversion of carbohydrates and amino acids into energy throughout the body. 

For every 1000 Kcal consumed, an estimated 0.33 mg of thiamine is required[2]. Because of 

its rapid rate of turnover, daily intake is required and excess thiamine is readily excreted in 

the urine[2, 3]. Healthy individuals can maintain two to three weeks' worth of thiamine 

stores in the liver and skeletal muscle in order to buffer against brief periods of thiamine 

deficiency (TD)[2].

Classically, TD has been associated with alcoholism [4]; however, various pathophysiologic 

mechanisms in cancer may increase the risk of absolute, relative, and functional thiamine 

deficiency [5, 6]. Absolute TD is caused by malnutrition, malabsorption, starvation, or 

vomiting [2]. In cancer patients, this can result from tumour obstruction within the 

gastrointestinal (GI) tract [6], reduced absorptive area following GI surgery [7], adverse 

effects of chemotherapy and radiation on appetite and weight [8], and malnutrition caused 

by prolonged parenteral nutrition [7]. Relative TD can occur with increased metabolic 

demands and energy requirements, particularly when thiamine supplementation is not 

administered in proportion to the increase. In cancer patients, clinical examples might 

include states of infection [6], sepsis [9], or other forms of critical illness [10], fast growing 

tumors and hematologic malignancies [11], and intravenous carbohydrate loading [12]. 

Because the stress response causes a net catabolic state and hyperglycemia [13], it is 

conceivable that exogenous steroid use predisposes to relative TD in a manner similar to 

carbohydrate loading. Finally, functional TD can occur when thiamine-dependent enzyme 

activity is reduced. In cancer patients, this can occur following fluorouracil-based 

chemotherapy [14], which has been proposed to directly inactivate thiamine-dependent 

enzymes through its metabolite fluoroacetate[15].

Various assays have been used to detect thiamine deficiency. Historically, the indirect tests 

of thiamine status were considered sensitive [16] and were once the most common tests used 

to measure TD [17]. One such indirect measure was of erythrocyte transketolase (ETK) 
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activity (a thiamine-dependent enzyme found in red blood cells), whereby low ETK activity 

was presumed to reflect a TD state [17]. Similarly indirect, thiamine pyrophosphate (TPP) 

effect measured the percentage of increase in ETK activity after TPP is added to the sample, 

such that a greater increase in ETK activity was presumed to reflect a more profound state of 

thiamine deficiency [17]. Other indirect measures of thiamine status have been noted in the 

literature [16]. A newer biochemical method for detecting thiamine by high-performance 

liquid chromatography (HPLC) has replaced indirect measurement of thiamine [18] and is 

noted in several TD prevalence studies [19, 20]. HPLC can measure free thiamine, which 

exists in serum or plasma, as well as mono- and di-phosphorylated thiamine, which exist in 

red and white blood cells. Because most of the blood's thiamine exists within red blood cells, 

measuring whole blood or red blood cell concentration of TPP is thought to be the most 

sensitive and precise method to determine thiamine status [21]. Still, and despite their 

limitations, serum and plasma concentrations of thiamine have been used in many studies of 

TD in various medically ill patient populations [22-25].

Very few studies have characterized the prevalence of TD in cancer. To our knowledge, only 

three such studies exist. In one pilot study, TPP effect was greater among a sample of 14 

patients with untreated chronic lymphocytic leukemia versus controls [5]. In a longitudinal 

study of a heterogeneous group of cancer patients, TPP effect increased over the course of 

treatment among 26 patients receiving fluorouracil-based chemotherapy versus non-

fluorouracil controls [14]. In a third prospective study of 40 patients with liver cancer, 

statistically significant TD, as measured by HPLC in samples of both red blood cells and 

whole-blood, was greater among liver cancer patients compared to healthy controls [19].

TD can lead to clinically relevant pathology, including the neuropsychiatric syndrome 

known as the Wernicke-Korsakoff Syndrome (WKS) or thiamine-related encephalopathy 

(TRE) [27]. Recent systematic reviews suggested that WKS is under-recognized among non-

alcoholic medically ill patients in general [26] and among non-alcoholic cancer patients, 

specifically (Isenberg-Grzeda et al., Lancet-Oncology, in press). Both reviews argued that 

clinicians may be less apt to recognize WKS among non-alcoholic patients. Given that 

thiamine supplementation is considered safe and effective at both preventing and treating 

TD-related syndromes, several national guidelines recommend that the suspicion of TD 

should warrant empiric thiamine supplementation [18, 28], and many experts recommend 

collecting blood for measurement of thiamine concentration prior to empiric treatment [2, 

18, 29, 30].

Aims

Given that inpatients with cancer may have multiple risk factors for TD and that TD-related 

syndromes appear to be missed among non-alcoholic cancer patients, we aimed to estimate 

the prevalence of TD among a heterogenous, real-life sample of cancer patients admitted to 

an acute care cancer hospital. Our secondary aims were to identify risk factors for TD and to 

report on diagnostic and treatment delay among inpatients with cancer. We believe this will 

help highlight an area in need of further examination by clinicians and researchers alike.
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Methods

Design

This is an exploratory study with a retrospective chart review design. The study was 

approved by the hospital's institutional review board.

Setting

Convenience sample of patients referred for psychiatry consultation while admitted to a 

large academic cancer hospital in an urban center. Our psychiatry consultation service sees 

10% of all inpatients at our hospital.

Patients

All adult patients admitted to our hospital between July 2013 and December 2014 were 

identified for possible inclusion if they were referred for inpatient consultation by our 

psychiatry service and had serum thiamine concentration measured during that admission. 

Patients were identified by querying two electronic databases for: (a) patients referred for 

psychiatric consultation and (b) patients who had serum thiamine concentration ordered 

during the admission. The results were combined and duplicate cases were deleted. For 

patients receiving multiple consultations or blood tests during the study period, only the first 

was included. All cases were cross-referenced with the electronic medical record (EMR) to 

ensure that psychiatric consultation had occurred. Patients were excluded if they had no 

diagnosis of cancer, if the blood test had been cancelled or the test could not be performed, 

or if the patient was already receiving thiamine supplementation (oral and/or parenteral) at 

the time of the blood test. Patients were excluded if they met DSM-IV or DSM-5 criteria for 

alcohol use disorder [31], as determined by the psychiatric evaluation.

Data Abstraction

All data were abstracted from the EMR by one of the authors (EIG) and entered into a 

spreadsheet. Data elements included the following: demographic information (patient age, 

gender, length of stay, date of consultation, cancer diagnosis and treatment); treatment status 

(active treatment was defined as receiving either chemotherapy within the past 8 weeks, 

surgery during the current admission, or radiation therapy within the past month); 

psychiatric diagnosis and symptomatology (abstracted from the psychiatric consultation 

notes); one or more cognitive symptoms (disturbance of alertness, attention, orientation, 

short-term memory, or other unspecified cognitive symptom) as determined clinically during 

psychiatric assessment; Nutrition risk as assessed by nutritionists based on an institutional 

protocol (patients were categorized into low, moderate, or high risk); body mass index 

(BMI) was abstracted from nutrition assessments, or, when BMI was not documented in the 

note, it was calculated manually at the time of chart review by one of the authors (EIG) 

whenever sufficient information was available (BMI was categorized as follows: BMI < 18.5 

is underweight; BMI 18.5 – 24.9 is normal; BMI 25 – 29.9 is overweight; BMI ≥ 30 is 

obese); Significant weight loss, defined as weighing ≤ 90% usual body weight.

Data pertaining to laboratory investigations included: serum thiamine concentration, which 

is measured at an outside lab (Quest Diagnostics Nichols Institute, San Juan Capistrano, 

Isenberg-Grzeda et al. Page 4

Psychooncology. Author manuscript; available in PMC 2018 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



California; reference range is 8-30 nmol/l; for the purpose of this study, TD refers to serum 

thiamine concentration < 8 nmol/l); serum vitamin B12 concentration, measured at our 

hospital laboratory (reference range is 211-911 pg/ml, and because vitamin B12 levels below 

400 pg/ml are considered “borderline” [32], the current study defined normal B12 

concentration as > 400 pg/ml; serum folate concentration was measured at our hospital's 

laboratory (concentration >5.4 ng/ml is considered normal, <3.4 ng/ml is considered 

deficiency, and 3.4-5.4 ng/ml is considered intermediate), and for this study, any 

concentration < 5.4 ng/ml was considered abnormal. All laboratory and other investigations 

were ordered as part of routine clinical care based on the judgment of the treating 

physicians. Therefore, vitamin b12 and folate concentrations had not necessarily been 

ordered for every patient, and data on vitamin B12 and folate concentration was only 

reported if the test had been ordered.

Treatment delay was calculated as the number of days between ordering serum thiamine 

concentration and initiating thiamine supplementation. To infer whether measurement of 

serum thiamine concentration resulted from psychiatry consultants' recommendations 

(versus the primary team), the date of consultation was compared to the date of the blood 

test. When the blood test followed the consult, psychiatry was presumed to have 

recommended the test. When the date preceded the consult, the primary team was presumed 

to have ordered the test. Blood tests ordered on the same day as the consult were considered 

equivocal. Mortality rate was calculated based on the number of patients who died at any 

point following consultation until the start date of chart review (January 1st 2015).

Data Analysis

Data was re-coded by one of the authors (EIG) and analyzed by two authors (EIG and MS) 

using IBM SPSS statistics v22 (SPSS, Inc., Chicago, IL, USA). Missing data were excluded 

from individual analyses. Descriptive statistics including frequencies, percentages, means, 

standard deviations, medians and ranges were performed. We tested statistical significance 

between all groups by using Pearson chi-square analyses.

Results

Two hundred thirty nine patients were identified for possible inclusion. Twenty-two were 

excluded due to already receiving thiamine or no cancer diagnosis, leaving a total sample of 

217 patients. Baseline characteristics are listed in Table 1.

Prevalence and Risk Factors for Thiamine Deficiency

Within the total sample, TD was found in 120 patients (55.29%). Patients receiving 

fluorouracil-based chemotherapy, patients with significant weight loss, and patients 

receiving active treatment were each significantly more likely to have TD (p<0.05; see 

Figure 1). Serum thiamine concentration had been ordered prior to requesting psychiatry 

consult in only 23 cases (10.6%).
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Associated Features

Only few had vitamin B12 deficiency (n=9;13.2%) or folate abnormality (n=7; 15.6%). 

Almost all patients with TD were normal weight (n=43; 37.1%), overweight (n=40; 34.5%), 

or obese (n=25; 21.6%). Twenty-one patients with TD (17.5%) were receiving daily 

multivitamins. Among those with TD, a diagnosis of delirium or cognitive disorder not 

otherwise specified was given to 71 patients (59.2%) and at least one cognitive symptom 

was documented in 83 patients (69.2%).

Treatment Delay

In nearly half of the total sample, thiamine supplementation was never prescribed (n=108; 

49.8%) during the hospital admission. Of those who received thiamine supplementation, 

treatment delay occurred in 65 cases (59.6%) with median treatment delay of seven days 

(range 1-109).

Discussion

Our findings suggest that TD is highly prevalent among inpatients with cancer referred for 

psychiatric consultation. Our sample represents a medically-ill inpatient population with 

heterogeneous cancers, nearly half of whom died within a year of consultation. Given that 

patients were admitted to medical, surgical, intensive care, and neurology services, our 

findings may have wide implications for many clinicians treating cancer patients.

Our study highlighted several potential risk factors for TD: Receiving chemotherapy 

containing fluorouracil, floxuridine, or capecitabine; weight loss of at least 10% of usual 

body weight; and receiving at least one form of active cancer treatment. The prevalence of 

TD was so high in the fluorouracil-based chemotherapy group that it calls for the urgent 

need to study the risks and benefits of empiric thiamine supplementation in this patient 

group. Given the severity of illness, partially reflected by the high rate of death in our 

sample, it is tempting to expect that patients would generally have multiple vitamin 

deficiencies and appear significantly underweight. Interestingly, patients with TD in our 

sample did not typically have concomitant vitamin B12 or folate deficiencies, and low BMI 

was also not common. While these findings should be confirmed in future studies, our study 

suggests that the presence of adequate concentrations of other vitamins and the presence of 

normal (or greater than normal) body weight must not be used as proxies for adequate 

thiamine status and should not reassure clinicians with regards to underlying thiamine status.

While guidelines for the use of long-term thiamine supplementation among cancer patients 

is lacking, the literature strongly favours empiric treatment with thiamine (immediately 

following blood draw) when acute TD syndromes are suspected. Our findings suggest that 

hospitalized cancer patients may represent a particularly high-risk group of cancer patients 

for whom prophylactic treatment is warranted in order to prevent or mitigate the impact of 

TD-related syndromes. Given the long wait time for thiamine concentration blood test 

results if hospitals do not test this in-house, the risks of delaying treatment in these patients 

clearly outweighs the fact that excess thiamine is safe and readily excreted. We recommend 

that if clinicians have enough of a suspicion of TD or TD-related syndromes, empiric 
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thiamine supplementation should begin for prophylaxis or treatment immediately after 

drawing a blood sample. The results of the blood test, once resulted, may help guide the 

need for further supplementation. Further studies are warranted to test the safety and efficacy 

of prophylactic thiamine administration to all hospitalized cancer patients.

Our findings also confirmed that problems with detection and treatment delay exist. In the 

majority of cases, thiamine concentration was not ordered prior to requesting psychiatry 

consult, implying that clinicians may not be vigilant about detecting TD in this patient 

population. In our sample, treatment was delayed in the majority of patients who received 

thiamine supplementation, and nearly half the sample received no supplementation at all. 

While our study was not designed to explore the reasons why clinicians fail to treat TD, the 

literature on nonalocholic WKS suggests that clinicians are less apt to diagnose WKS among 

nonalcoholic patient populations. It is possible that clinicians are less apt to detect and/or 

treat TD among nonalocholic medically ill patients, including cancer patients, and this 

should be explored in future studies. Educational initiatives to increase clinicians' awareness 

of these recommendations may be a strategy to address this problem.

Limitations

Our study has several limitations that should be considered when interpreting results. First, 

because we did not design a prospective study, the thiamine concentrations reported were 

those that had been drawn during routine clinical care. In our hospital, serum is used to 

measure thiamine concentration, which has limitations in accuracy. Second, because we used 

a non-randomized inpatient sample of patients referred for psychiatric consultation, our 

results may not be applicable to all cancer patients. Additionally, given that TD-related 

syndromes can cause neuropsychiatric symptoms, it is possible that a sampling bias may 

have led to an overestimate of prevalence. Because of our study design, we were not able to 

conclude whether TD-related symptoms were part of the reason for consultation. Third, our 

retrospective design may have also conferred bias and limited our ability to establish causal 

relationships among the associations we found. Finally, the retrospective design implied that 

serum thiamine concentrations were not ordered systematically as part of a research study 

and therefore the indication for ordering the test was not known. As a result, the indication 

may have varied based on patients' clinical presentation as well as clinician background and 

training. This may have introduced bias resulting in an overestimate of the prevalence.

Future studies should prospectively evaluate prevalence and risk factors for TD in other 

samples of cancer patients. The method of choice for measuring thiamine concentration 

should be direct measurement of thiamine diphosphate in samples of whole blood or red 

blood cells, rather than serum or plasma.

Conclusions

In conclusion, our study suggests that TD is highly prevalent and clinically relevant among 

inpatients with a variety of cancer types and receiving a variety of cancer treatments. Delays 

in detection and treatment seem to be the rule, rather than the exception. While there is 

hardly a question of empirically treating symptomatic patients (after first measuring 

thiamine concentration), virtually no literature exists on thiamine deficiency among 
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inpatients with cancer. Our study sheds light on this understudied area and the need for 

prospectively designed studies aimed specifically at replicating these findings, identifying 

more risk factors for TD, and assessing the cost-effectiveness of routine screening for TD 

among inpatients with cancer. Our findings also make a compelling case for empiric 

prophylaxis for asymptomatic inpatients with cancer receiving 5-FU, significant weight loss, 

or undergoing treatment. If laboratory measurement of thiamine concentration is performed, 

we recommend direct measurement of thiamine diphosphate in whole blood or RBCs.
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Figure 1. Prevalence of TD Based on Presence or Absence of Risk Factors
Left: Prevalence of TD among patients receiving fluorouracil-based chemotherapy (blue, 

n=17;90%) versus patients receiving non-fluorouracil-based chemotherapy (red, n=52;62%), 

χ2(1)=5.326 (p = .021). Middle: Prevalence of TD among patients with significant weight 

loss (blue, n=49;69%) versus patients without significant weight loss (red, n=58;50%), 

χ2(1)=6.505 (p = .011). Right: Prevalence of TD among patients receiving active treatment 

(blue, n=89;61%) versus patients not receiving active treatment (red, n=31;71%), 

χ2(1)=5.782 (p = .016).
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Table 1
Patient Demographics and Baseline Characteristics

Variable Frequency n (%)

Age, Mean (SD) 63.2 years (14.7)

Gender

 Male 119 (54.8%)

 Female 98 (45.2%)

Cancer Type / Site

 Hematologic 72 (33.2%)

 Genitourinary 19 (8.8%)

 Lung 19 (8.8%)

 Gastrointestinal 18 (8.3%)

 Hepatopancreatobiliary 16 (7.4%)

 Sarcoma 15 (6.9%)

 Head and Neck 14 (6.5%)

 Gynecologic 14 (6.5%)

 Breast 13 (6%)

 Other 17 (7.8%)

Mortality

 Rate 99 (45.6%)

 Median Time from Consult (range) 36 days (3-372)

Nutrition Screening*

 Low Risk 4 (1.8%)

 Moderate Risk 25 (11.5%)

 High Risk 179 (82.5%)

Admitting Service

 Medicine 143 (65.9%)

 Surgery 48 (22.1%)

 Intensive Care Unit 14 (6.5%)

 Neurology 12 (5.5%)

Psychiatric Consult Diagnosis

 Delirium/Cognitive Disorder 131 (60.4%)

 Mood or Anxiety Disorder 45 (20.7%)

 Adjustment Disorder 35 (16.1%)

 Other 6 (2.8%)

Cancer Treatment**

 Surgery*** 42 (19.4%)

 Chemotherapy 103 (47.5%)

 Radiation 30 (13.8%)

 No Active Treatment 71 (32.7%)

SD = Standard deviation
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*
Indicates that the sum is less than 100% due to missing data.

**
Sum is greater than 100% since patients may have received more than one type of treatment.

***
All surgeries were performed during the current admission and the median time from surgery to measurement of serum thiamine concentration 

was 8 days (range 1-43 days).
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