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Accuracy of the visual estimation method as a predictor of food intake
in Alzheimer's patients provided with different types of food
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s u m m a r y

Background & aims: The visual estimation method is commonly used in hospitals and other care facilities
to evaluate food intake through estimation of plate waste. In Japan, no previous studies have investigated
the validity and reliability of this method under the routine conditions of a hospital setting. The present
study aimed to evaluate the validity and reliability of the visual estimation method, in long-term in-
patients with different levels of eating disability caused by Alzheimer's disease. The patients were
provided different therapeutic diets presented in various food types.
Methods: This study was performed between February and April 2013, and 82 patients with Alzheimer's
disease were included. Plate waste was evaluated for the 3 main daily meals, for a total of 21 days, 7
consecutive days during each of the 3 months, originating a total of 4851 meals, from which 3984 were
included. Plate waste was measured by the nurses through the visual estimation method, and by the
hospital's registered dietitians through the actual measurement method. The actual measurement
method was first validated to serve as a reference, and the level of agreement between both methods
was then determined. The month, time of day, type of food provided, and patients' physical character-
istics were considered for analysis.
Results: For the 3984 meals included in the analysis, the level of agreement between the measurement
methods was 78.4%. Disagreement of measurements consisted of 3.8% of underestimation and 17.8% of
overestimation. Cronbach's a (0.60, P < 0.001) indicated that the reliability of the visual estimation
method was within the acceptable range.
Conclusion: The visual estimation method was found to be a valid and reliable method for estimating
food intake in patients with different levels of eating impairment. The successful implementation and
use of the method depends upon adequate training and motivation of the nurses and care staff involved.
© 2017 Published by Elsevier Ltd on behalf of European Society for Clinical Nutrition and Metabolism.

1. Introduction

In Alzheimer's (AD) patients, disease progression leads to
impaired swallowing [1]. While these patients are often provided
softer foods, food intake must be controlled to ensure that nutri-
tional needs are met. Inpatients' nutritional status affects treatment
efficacy, frequency of complications, and mortality [2e6].
Malnutritionda poor nutritional status caused by a deficiency or

imbalance of energy, protein, or other nutrientsdis common in
hospitals, and the Nutrition Day survey [5] showed that many in-
patients left food on their plates, suggesting that decreased food
intake is a risk factor for inpatients' mortality. It is, therefore,
essential to measure food intake, particularly in patients with
swallowing/eating impairments, such as AD patients.

Given the high number of inpatients in large hospitals, a com-
mon method to evaluate food intake is direct observation by the
care staff, commonly referred to as the visual estimationmethod [7].
It is therefore important to investigate to what extent visual esti-
mation reflects the patients' food intake. In hospital diets, nutri-
tional contents are usually determined according to individual
needs. Additionally, therapeutic diets may be provided, where
foods are selected according to disease-specific nutritional needs,
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and those may have different presentations, where texture and
consistency match the patient's eating ability. Therefore, a hospi-
tal's daily menu may comprise 30e40 different meals.

Previous studies looked at the accuracy of visual estimation in
experimental and clinical settings [7e13], but only one study,
performed in a nursing home in Australia, took the type of food into
account [14]. Since Japanese hospitals provide a considerable va-
riety of therapeutic diets [15], the present study included 22
different meals provided in a Japanese hospital (9 therapeutic diets,
presented in 1e5 food types). Under routine conditions, the visual
estimation performed by nurses was compared to actual mea-
surements performed by registered dietitians, to determine the
accuracy of the visual estimation method, hence establishing
grounds for using it as a gold standard in hospitals, particularly
those hosting patients with eating disabilities. To that end, we
measured the degree of agreement between the two methods
(validity), and their internal consistency (reliability). The dietitians'
actual measurements were first validated by comparing its results
with measurements of physical parameters.

2. Materials and methods

2.1. Hospital

The present study was carried out between February and April
of 2013, at Mitate Hospital (Tagawa City, Japan), which is a psy-
chiatric hospital comprising 6 wards, with a total of 387 beds. In
this hospital, the meals provided to the patients are cooked in the
hospital's kitchen, according to the instructions of 3 certified di-
etitians. The kitchen personnel vary between 5 and 7 members,
depending on the time of day. The meals provided follow a specific
menu, which varies in 3-month cycles (i.e., a different menu is
presented every day for 90 days, after which the cycle begins
again). The serving sizes are standardized, and patients receive 3
meals during the daydin the morning, at noon, and in the evening.
The patients may have tea at any time, and the nurses register the
amount taken. An example of a typical menu is shown in Table 1. 22
different meals were considered for this study, consisting of 9
therapeutic diets (1 normal and 8 disease-specific) presented in up
to 5 different forms. The 22meals provided are listed in Table 2, and
the 5 possible food presentations and types are shown in Fig. 1.

This study was approved by the ethics committee of Mitate
Hospital, and informed consent was obtained from the patients or
their family members, depending on the patient's mental state.

2.2. Patients

Among the AD patients hospitalized in Mitate Hospital for 3
months or longer, a total of 82 patients (26 men and 56 women),
whose feeding came exclusively from meals, were included in this
study. Exclusion criteria were patients who were receiving drip
infusion or artificial nutrition. Patients with serious hepatic, renal,
or cardiac function disturbances or inflammatory diseases were

also excluded, because these patients were expected to undergo
severe ingestion difficulties and would likely receive drip infusion
or artificial nutrition during the experimental period. Furthermore,
some of those patients were of advanced age, hence at risk of dying
within the study's time frame. Following these criteria, a total of 91
patients were excluded from the study. The patient information is
summarized in Table 3.

Each meal was composed of the following items: rice, miso
soup, main dish, vegetable salad or cooked vegetables, fruit, and a
drink.

At the start of this study (February 2013), therewere a total of 82
patients (26men and 56women), which decreased to 76 patients in
March 2013, and 73 patients in April 2013, due to hospital transfers
or health complications.

2.3. Plate waste recording methods

The study period was a total of 21 days, consisting of 7
consecutive days in each month.

To estimate food consumption, after the morning, afternoon,
and evening meals, plate waste measurements were performed by
nurses using the visual estimation method and by registered di-
etitians using the actual measurement method. The 2 measure-
ment methods were compared, and the level of agreement
between them was determined.

2.4. Visual estimation method

The visual estimation method was performed by the nurses and
consisted of visually estimating the food present before and after
the tray was provided to the patient. After the patient finished the
meal, the nurse would register the food intake on a score-sheet,
according to a scale of 0e5 (henceforth referred to as the 6-point
scale), as follows:

0: 5/5 (i.e., the whole amount) of the food provided remained in
the plate
1: 4/5 of the amount provided remained in the plate
2: 3/5 of the amount provided remained in the plate
3: 2/5 of the amount provided remained in the plate
4: 1/5 of the amount provided remained in the plate
5: Nothing provided remained in the plate

The records were kept by 10 nurses, who had previously been
instructed about the purpose of the study and shown how to
complete the score-sheets. The nurses immediately entered the
measurements on the score-sheet while they cleared the table after
the patients finished eating. For the 6-point scale, a meal composed
of all the items listed above (i.e., rice, soup, vegetables, main dish,
fruit, and drink), was defined as the whole amount.

2.5. Actual measurement method

The actual measurement of plate waste was performed by 5
registered dietitians (i.e., the hospital's 3 resident dietitians, plus
the authors, who are also registered dietitians), and consisted of
weighing the tableware with a digital scale (A&D Company,
Limited, Tokyo, Japan; max. capacity: 3000 g, resolution: 0.1 g). The
proportion of food ingested was calculated from the weight dif-
ference before and after the meal. One to two registered dietitians
were assigned to each ward. Actual measurements comprised the
following steps:

(1) Weighing a standard serving size of each meal and regis-
tering the weight as the reference initial weight.

Table 1
Typical composition of the 3 meals provided to the inpatients.

Meal item Amount per
3 meals

Cereal (rice, bread, or noodles) 3 servings
Soup 1e2 servings
Protein (meat, fish, eggs, or tofu) 3 servings
Salad or cooked vegetables (seaweed, vegetables, mushrooms) 5e6 servings
Fruit 1e2 servings
Beverage (milk or yogurt) 1 serving
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