
Introduction 
Cognitive function tests evaluate an individual’s memory, atten-

tion, frontal lobe/executive function, and language-related 

functions [1,2]. Therefore, they structuralize overall cognitive 

function and help with a subject’s diagnosis and anticipated 

prognosis [3,4]. Common memory function tests include 

sub-questions of the Mini-Mental State Examination, the verbal 

learning test (VLT), and the Rey Complex Figure Test (RCFT) 

[5,6]. However, they are sophisticated and time consuming, and 

it is difficult to perform them quickly at bedside or in an outpa-

tient clinic. In addition, since conventional memory function 

tests use memory registration of predefined items, daily repeti-

tive testing to assess improvement is difficult due to the learning 

curve effect. Furthermore, conventional memory tests can be 

biased by attention deficit, depressive mood, or pseudodemen-

tia [7,8].  

Clinicians have used the food memory test (FMT) to evaluate 

patient memory function empirically, but this function has nev-
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Purpose 

To evaluate cognitive function with ease at bedside, we developed a novel neurologic exam called the “food memory test (FMT)” and evaluated 
its validity for use in clinical practice. 

Methods 

In this prospective study in a neurology clinic, we asked patients about what they had eaten for the soup and main dish at the last meal [FMT1] 
and the second-to-last meal [FMT2]. If they answered correctly for both the soup and main dish, they received a “pass” score. If they did not an-
swer or chose the wrong food, they received a “fail” score. We also performed conventional cognitive function tests for comparison. 

Results 

A total of 27 patients was enrolled, and 12 (44.4%) passed the FMT1 test. FMT1 has a strong correlation with conventional memory function 
tests, including time-place orientation, three-word recall, the Seoul Verbal Learning Test, and the Rey Complex Figure Test . FMT1 was not cor-
related with a depression score or with frontal lobe function tests. FMT2 showed less significant correlation with conventional memory tests. 

Conclusion 

These results suggest that FMT1 is a reliable bedside test to evaluate recent memory. Clinical application of FMT in daily clinical practice is war-
ranted. 
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er been studied structurally. Since people attend to what they 

eat during a meal, the attention factor can be minimized in this 

test. However, FMT is uncomplicated, especially in Korea, as 

many people eat soup and a main dish for each meal. 

We tested the FMT for reliability and usability as well as whether 

it could be substituted as a conventional memory test. In this 

study, subjects needing the memory function test in the neurol-

ogy clinic were enrolled for FMT along with a correlation analy-

sis and a conventional cognitive function test. 

Methods 
We prospectively performed a FMT and a standard cognitive 

function test set (Seoul Neuropsychological Screening Battery, 

SNSB) [1,2] in patients admitted to or visiting the neurology 

clinic at Seoul National University Hospital for a cognitive func-

tion evaluation. The time from onset of cognitive issues to the 

cognitive function test was not controlled because tests should 

be applicable and reliable at any time point regardless of disease 

phase. This study was approved by the Institutional Review 

Board of Seoul National University Hospital, South Korea (No. 

H-1912-078-1088). All participants or their legal representatives 

provided written informed consent. 

For the FMT, we asked each patient what they ate as a soup and 

main dish at the last meal (FMT1) and the second-to-last meal 

(FMT2), a total of four questions. We collected information 

about the food consumed from the hospital diet data or from 

caregivers. If they answered the correct menu (soup and main 

dish) in one meal, we scored “pass,” assigning them to the FMT-

pass group. If they did not answer or indicated the wrong food, 

we scored “fail,” assigning them to the FMT-fail group. If the pa-

tient had only one of soup or main dish, we used the single food 

to score pass or fail. 

We performed SNSB using a standardized scoring scale [9]. 

Among the items in the SNSB, some were used for a comparison 

analysis with the FMT; the Korean version of the Mini-Mental 

State Exam (K-MMSE), the Geriatric Depression Scale (GDS), 

the Seoul Verbal Learning Test (SVLT; immediate recall, delayed 

recall, and recognition), the RCFT (immediate recall and de-

layed recall), the contrasting program, the Go/No-go test, the 

fist-edge-palm, alternating hand movement, alternating square 

and triangle, the Luria loop, the Controlled Oral Word Associa-

tion Test, spontaneous speech, comprehension, repetition, fin-

ger naming, right-left orientation, body part identification, cal-

culation, the praxis test, and the digit span test. 

Patients were categorized by diagnosis, location of brain lesion, 

and medications. We categorized diagnosis as autoimmune en-

cephalitis, infectious diseases, tumors, degenerative diseases, or 

normal. The location of the brain lesion was divided into domi-

nant hemisphere, temporal lobe, frontal lobe, parietal lobe, and 

Papez circuit (hippocampal formation, entorhinal cortex, fornix, 

mammillary bodies, anterior thalamus, and cingulum) [10]. 

Medications were categorized into antiepileptic drugs, antipsy-

chotics, antidepressants, and sedatives. Sedatives were defined 

as central nervous system (CNS) depressants, such as barbitu-

rates and benzodiazepines. Brain lesion location and drug cate-

gories could overlap if there were multiple lesions or medica-

tions. 

Data were analyzed with IBM SPSS version 25.0 (IBM Corp., Ar-

monk, NY, USA) and were expressed as mean ±  standard devia-

tion. The Student t-test or the Mann-Whitney U-test was used 

for independent data. For categorical variables, Fisher exact test 

(np <  5 or n [1 – p] <  5) or Pearson chi-square test (np ≥  5 and 

n [1 – p] ≥  5) was used for independent data. The independent 

t-test or Fisher exact test was used to compare data, and a p-val-

ue of < 0.05 was considered significant. Binary logistic regres-

sion was used to identify key independent variables.  

Results 
Clinical characteristics of patients 
We enrolled a total of 27 patients, including 15 males and 12 fe-

males, with a mean age of 50.4 ±  22.2 years (range, 18–83 years) 

(Table 1). Among them, 16 patients had autoimmune encepha-

litis, four had CNS infection (one intracranial tuberculoma, one 

herpes simplex virus (HSV)-1 encephalitis, one HSV-2 encepha-

litis, and one HSV encephalitis), two had tumors (two primary 

CNS lymphomas), four had degenerative diseases (three de-

mentia and one hydrocephalus), and one was a normal volun-

teer. Of those with brain lesions, 17 had lesion in the dominant 

hemisphere, 14 in the temporal lobe, 10 in the frontal lobe, four 

in the parietal lobe, and four in the Papez circuit. Medications 

were also categorized; 16 used antiepileptic drugs, three used 

antipsychotics, three used sedatives, and one used antidepres-

sants. 

Among the 27 patients, 12 passed the FMT1 (44.4%) and nine 

passed the FMT2 (33.3%). When comparing the differences of 

clinical characteristics between the FMT1-pass and FMT1-fail 

groups, there was no variation in age, sex, diagnosis, or medica-

tion profiles. However, the FMT1-fail group had a higher fre-

quency of non-frontal brain lesions (p =  0.004). When compar-
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ing clinical characteristics between the FMT2-pass and FMT2-

fail groups, there was no difference in age, sex, diagnosis, medi-

cation profiles, and brain lesions (Table 1). 

FMT1 predicted the conventional memory function 
test score 
We analyzed correlation and reliability of FMT1 to the conven-

tional cognitive function tests. Meal-to-test time (MTT) and 

modified Rankin scale were consistent between the FMT1/

FMT2-pass group and the FMT1/FMT2-fail group. In K-MMSE 

subitems, the FMT1-pass group showed higher scores com-

pared with the FMT1-fail group in time-place orientation 

(FMT1-pass, 9.2 ±  2.0 and FMT1-fail, 6.5 ±  3.4; p =  0.016) with 

three-word recall tests (2.6 ±  0.9 and 1.5 ±  1.3, p =  0.015). In 

SVLT, the FMT1-pass group showed higher scores than the 

FMT1-fail group in immediate recall (FMT1-pass, 20.4 ±  7.5 

and FMT1-fail, 13.0 ±  3.8; p =  0.007), delayed recall (6.3 ±  3.9 

and 1.3 ±  1.7, p =  0.001), and recognition (20.5 ±  3.8 and 16.6 ±  

2.8, p =  0.006) (Figure 1A–C). In the RCFT, the FMT1-pass group 

showed higher scores than the FMT1-fail group in immediate 

recall (FMT1-pass, 16.3 ±  11.5 and FMT1-fail, 4.0 ±  6.3; p =  

0.006) and delayed recall (15.7 ±  10.6 and 3.5 ±  6.0, p =  0.004) 

(Figure 1D, E). No tests evaluated attention, frontal, or executive 

function; however, language and related function showed a sig-

nificant difference between the FMT1-pass and FMT1-fail 

groups, except in right-left orientation. GDS showed no signifi-

cant difference between the FMT1-pass group and FMT1-fail 

group. 

We also analyzed the correlation and reliability of FMT2 to the 

conventional cognitive function tests. The FMT2-pass group 

showed a significant difference from the FMT2-fail group, but 

only in time-place orientation, three-word recall, SVLT immedi-

ate recall, SVLT delayed recall, and the contrasting program  

(Table 2). 

We further determined the key domains in the conventional 

cognitive function test, predicting FMT1 performance using lo-

gistic regression analysis. While other SNSB categories showed a 

nonsignificant association with FMT1 results, SVLT delayed re-

call score was significant (p =  0.010), and the odds ratio was 

1.745, suggesting that the FMT1 test reflects recent memory 

function. 

Table 1 Demographic and clinical characteristics of patients

Characteristic Total
FMT1 FMT2

Pass Fail p-value Pass Fail p-value

No. of patients 27 12 15 9 18

Age (yr) 50.4 ±  22.2 45.1 ±  24.0 54.7 ±  21.4 0.280 44.7 ±  24.3 53.3 ±  22.0 0.359

Male sex 15 (55.6) 7 (58.3) 8 (53.3) 0.795 5 (55.6) 10 (55.6) >0.999

Diagnosisa)

 Autoimmune encephalitis 16 (59.3) 7 (58.3) 9 (60.0) 0.930 7 (77.8) 9 (50.0) 0.231

 CNS infection 4 (14.8) 2 (16.7) 2 (13.3) >0.999 1 (11.1) 3 (16.7) >0.999

 Tumor 2 (7.4) 1 (8.3) 1 (6.7) >0.999 0 (0) 2 (11.1) 0.538

 Degenerative disease 4 (14.8) 1 (8.3) 3 (20.0) 0.605 0 (0) 4 (22.2) 0.268

 Normal 1 (3.7) 1 (8.3) 0 (0) 0.444 1 (11.1) 0 (0) 0.333

MRI lesion
 Dominant hemisphereb) 17 (63.0) 7 (58.3) 10 (66.7) 0.656 6 (66.7) 11 (61.1) 0.778

 Temporal lobe 14 (51.9) 5 (41.7) 9 (60.0) 0.343 3 (33.3) 11 (61.1) 0.173

 Frontal lobe 10 (37.0) 8 (66.7) 2 (13.3) 0.004 5 (55.6) 5 (27.8) 0.219

 Parietal lobe 4 (14.8) 3 (25.0) 1 (6.7) 0.294 3 (33.3) 1 (5.6) 0.093

 Papez circuit 4 (14.8) 2 (16.7) 2 (13.3) >0.999 2 (22.2) 2 (11.1) 0.582

Drug
 Antiepileptic drugs 16 (59.3) 6 (50.0) 10 (66.7) 0.381 6 (66.7) 10 (55.6) 0.580

 Antipsychotics 3 (11.1) 0 (0) 3 (20.0) 0.231 2 (22.2) 1 (5.6) 0.250

 Antidepressants 1 (3.7) 0 (0) 1 (6.7) >0.999 0 (0) 1 (5.6) >0.999

 Sedatives 3 (11.1) 0 (0) 3 (20.0) 0.231 1 (11.1) 2 (11.1) >0.999

Values are presented as number only, mean ± standard deviation, or number (%).

FMT, food memory test; FMT1, FMT for the last meal; FMT2, FMT for the second-to-last meal; CNS, central nervous system; MRI, magnetic resonance imaging.
a)CNS infection includes intracranial tuberculoma and viral encephalitis. Degenerative diseases include dementia, communicating hydrocephalus, and Alzheimer disease.  
b)Dominant hemisphere is the one opposite the dominant hand.
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Discussion 
We showed that FMT1 is a reliable memory test that can predict 

the results of conventional memory tests. FMT1 was not influ-

enced by attention, frontal lobe function tests, or depression. 

This indicates that FMT can be conducted in environments 

where patients find it difficult to focus on the test itself, such as 

the emergency room, and in patients with attention deficit due 

to depression including those with pseudodementia. FMT1 was 

not affected by MTT, so it can be performed at any time within a 

range of 1 to 6 hours after the last meal. FMT1-fail patients had 

more non-frontal lesions, which could be because FMT1-fail 

patients had greater involvement of memory-related brain 

structures outside of the frontal lobe. In the same context, the 

FMT1-fail group showed more frequent failure in the right-left 

orientation test, which is localized to the left parietal lobe [11]. 

FMT1 was more reliable than FMT2, at least in correlation with 

conventional cognitive function tests. 

FMT1 is more likely to represent the recent verbal and episodic 

memory. This is supported by the finding that SVLT delayed re-

call predicts FMT1 performance. The delayed recall of the VLT is 

a sensitive measure for diagnosis of mild amnestic cognitive im-

pairment and early Alzheimer disease [12]. While language 

functions were not different in the FMT1-pass and fail groups in 

the current study, patients who had naming difficulties or loss of 
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Figure 1 Correlation between FMT1 and conventional memory tests

Correlation with the immediate score (A), delayed score (B), and recognition score (C) of Seoul Verbal Learning Test (SVLT); correlation with the immediate score (D) and 

delayed score (E) of Rey Complex Figure Test (RCFT). Whiskers indicate the range of scores. ***p < 0.001, **p < 0.01.

FMT1, food memory test for the last meal.
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Table 2 Food memory test and patient Seoul Neuropsychological Screening Battery Scores

Characteristic Total
FMT1 FMT2

Pass Fail p-value Pass Fail p-value

No. of patients 27 12 15 9 18

MTT (hr)
 First 2.8 ±  1.2 2.6 ±  1.6 2.9 ±  0.9 0.609 2.2 ±  1.3 3.1 ±  1.1 0.080

 Second 12.1 ±  5.2 14.2 ±  4.3 10.1 ±  5.4 0.045 12.7 ±  5.0 11.7 ±  5.5 0.674

 mRS 3 (0–4) 2.5 (0–4) 3 (2–4) 0.110 3 (0–4) 3 (2–4) 0.891

K-MMSE
 Time-place orientation 7.7 ±  3.1 9.2 ±  2.0 6.5 ±  3.4 0.016 9.6 ±  0.5 6.7 ±  3.4 0.003

 Three-word registration 2.9 ±  0.3 2.9 ±  0.3 2.9 ±  0.4 0.695 3.0 ±  0.0 2.8 ±  0.4 0.083

 Three-word recall 2.0 ±  1.3 2.6 ±  0.9 1.5 ±  1.3 0.015 2.7 ±  0.7 1.6 ±  1.4 0.013

 Language 6.9 ±  1.6 7.3 ±  0.9 6.5 ±  1.9 0.189 7.0 ±  1.2 6.8 ±  1.7 0.798

 Total 23.1 ±  6.2 25.4 ±  4.6 21.3 ±  6.7 0.081 25.4 ±  3.6 21.9 ±  6.9 0.095

SVLTa)

 Immediate recall 16.3 ±  6.8 20.4 ±  7.5 13.0 ±  3.8 0.007 20.3 ±  7.8 14.3 ±  5.3 0.026

 Delayed recall 3.5 ±  3.8 6.3 ±  3.9 1.3 ±  1.7 0.001 6.1 ±  4.0 2.2 ±  3.1 0.010

 Recognition 18.4 ±  3.8 20.5 ±  3.8 16.6 ±  2.8 0.006 19.8 ±  4.0 17.7 ±  3.6 0.177

RCFTb)

 Immediate recall 9.4 ±  10.8 16.3 ±  11.5 4.0 ±  6.3 0.006 15.0 ±  10.7 6.8 ±  10.0 0.074

 Delayed recall 8.9 ±  10.2 15.7 ±  10.6 3.5 ±  6.0 0.004 14.0 ±  10.3 6.5 ±  9.5 0.085

Attention
 Digit span: forward 5.3 ±  2.1 6.0 ±  1.9 4.7 ±  2.2 0.292 5.6 ±  2.2 5.2 ±  2.1 0.835

 Digit span: backward 3.6 ±  1.6 2.9 ±  1.3 2.9 ±  1.3 0.256 4.0 ±  1.7 3.3 ±  1.6 0.466

Language and related functions
 Comprehension 20 (74.1) 11 (91.7) 9 (60.0) 0.062 8 (88.9) 12 (66.7) 0.214

 Repetition 13.7 ±  1.9 14.2 ±  0.9 13.4 ±  2.4 0.256 14.3 ±  1.1 13.4 ±  2.1 0.239

 Finger naming 24 (88.9) 11 (91.7) 13 (86.7) 0.681 9 (100) 15 (83.3) 0.194

 Right-left orientation 20 (74.1) 12 (100) 8 (53.3) 0.008 9 (100) 11 (61.1) 0.059

 Body part identification 20 (74.1) 10 (83.3) 10 (66.7) 0.326 7 (77.8) 13 (72.2) 0.756

 Calculation 8.8 ±  3.8 9.3 ±  3.7 8.4 ±  4.0 0.540 9.4 ±  3.4 8.5 ±  4.9 0.557

 Praxis 26 (96.3) 11 (91.7) 15 (100) 0.255 9 (100) 17 (94.4) 0.471

 Ideomotor 4.1 ±  1.2 4.6 ±  0.9 3.7 ±  1.2 0.148 4.4 ±  1.0 3.9 ±  1.2 0.578

Frontal/executive function
 Contrasting program 16.9 ±  6.6 18.3 ±  5.8 15.7 ±  7.1 0.317 19.7 ±  0.7 15.5 ±  7.7 0.036

 Go/No-go test 14.8 ±  7.9 16.8 ±  6.8 13.1 ±  8.6 0.233 15.9 ±  7.4 14.2 ±  8.3 0.614

 Fist-edge-palm 21 (77.8) 10 (83.3) 11 (73.3) 0.535 8 (88.9) 13 (72.2) 0.326

 Alternating hand movement 22 (81.5) 10 (83.3) 12 (80.0) 0.446 8 (88.9) 14 (77.8) 0.147

 Alternating square and triangle 17 (63.0) 7 (58.3) 10 (66.7) 0.678 6 (66.7) 11 (61.1) 0.607

 Luria loop 18 (66.7) 8 (66.7) 10 (66.7) 0.943 6 (66.7) 12 (66.7) 0.819

COWATc)

 Animal 10.7 ±  5.4 12.6 ±  6.2 9.2 ±  4.7 0.109 12.2 ±  5.5 9.9 ±  5.4 0.313

 Supermarket 9.2 ±  5.0 11.4 ±  4.6 7.4 ±  4.6 0.030 10.3 ±  4.9 8.6 ±  5.0 0.405

 Phonemic sum 19.4 ±  13.4 23.7 ±  14.4 15.6 ±  11.8 0.132 23.4 ±  15.6 17.2 ±  11.8 0.267

GDS 12.9 ±  8.1 13.1 ±  8.2 12.7 ±  8.4 0.898 10.3 ±  8.4 14.1 ±  7.9 0.262

Values are presented as number only, mean ± standard deviation, or number (%).

FMT, food memory test; FMT1, FMT for the last meal; FMT2, FMT for the second-to-last meal; MTT, meal-to-test time; mRS, modified Rankin scale; K-MMSE, Korean 

version of the Mini-Mental State Examination; SVLT, Seoul Verbal Learning Test; RCFT, Rey Complex Figure Test; COWAT, Controlled Oral Word Association Test; GDS, 

Geriatric Depression Scale.
a)One patient in the FMT1-fail group ended the test halfway through the SVLT Recognition exam. Analysis excluded the missing data. b)One patient in the FMT1- and FMT2-

pass group could not use a pencil due to hemiplegia. Another patient in the FMT1- and FMT2-fail group could not perform the exam due to immobility. These patients 

could not perform RCFT immediately or the RCFT delayed-recall test. Analysis excluded missing data. c)Due to language barriers, one patient in the FMT1- and FMT2-fail 

group could not perform the COWAT phonemic test. Analysis excluded the missing data.
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semantic knowledge about food could not perform the test. Fur-

thermore, patients with language problems could also not per-

form the conventional memory function test, while some pa-

tients with hand weakness could not perform the RCFT, as expe-

rienced in our testing (Table 2). 

We also showed that FMT1 is a reliable test that predicts con-

ventional memory tests. Since the number of patients and num-

ber of disease categories are limited, we must collect more data 

and conduct this test in a larger population. Since our patients 

were mainly enrolled in the autoimmune neurology clinic, the 

test must be reproduced in various disease categories. In addi-

tion, because food memory can be biased by variability and 

novelty of meals, the viability of this test with other ethnicities, 

or with different food cultures, must be validated separately. 

Moreover, hospital meals for admitted patients have limited 

variability. This study could not confirm intra- and inter-rater 

reliability due to difficulties in repeating the FMT on the same 

patient. Still, we believe that the FMT is useful for daily clinical 

practice in neurology. 

In conclusion, FMT1-pass or fail reflected key memory function 

tests, similar to the delayed recall of the VLT. Furthermore, the 

FMT1 score was not biased by depression (pseudodementia) or 

attention deficit, rendering it more reliable. Because the FMT1 

takes only several seconds to complete, we suggest it as a quick, 

simple, bedside-compatible memory test that warrants further 

studies. 
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