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Abstract
Objectives—Unintentional weight loss is a prevalent and costly clinical problem among nursing
home (NH) residents. One of the most common nutrition interventions for residents at risk for
weight loss is oral liquid nutrition supplementation. The purpose of this study was to determine
the cost effectiveness of supplements relative to offering residents’ snack foods and fluids between
meals to increase caloric intake.

Design—Randomized, controlled trial.

Setting—Three long-term care facilities.

Participants—Sixty-three long-stay residents who had an order for nutrition supplementation.

Intervention—Participants were randomized into one of three groups: (1) usual NH care control;
(2) supplement, or (3) between-meal snacks. For groups two and three, trained research staff
provided supplements or snacks twice daily between meals, five days per week, for six weeks with
assistance and encouragement to promote consumption.

Measurements—Research staff observed residents during and between meals for two days at
baseline, weekly, and post six weeks to estimate total daily caloric intake. For both intervention
groups, research staff documented residents’ caloric intake between meals from supplements or
snack items, refusal rates and the amount of staff time required to provide each intervention.

Results—Both interventions increased between meal caloric intake significantly relative to the
control group and required more staff time than usual NH care. The snack intervention was
slightly less expensive and more effective than the supplement intervention.

Conclusions—Offering residents a choice among a variety of foods and fluids twice per day
may be a more effective nutrition intervention than oral liquid nutrition supplementation.
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INTRODUCTION
Inadequate food and fluid intake is a common problem among nursing home (NH) residents
that can lead to weight loss, hospitalization, and death (1–4). Federal guidelines specify a
resident is nutritionally at risk if intake is consistently below 75% of that offered during
meals (5), and 64% to 80% of NH residents’ mealtime intake is below this federal criterion
(6–8). The use of oral liquid nutrition supplements is a common nutrition intervention in the
NH setting; although, there is mixed evidence of efficacy. A 2004 Cochrane review
concluded that supplements had only a modest benefit on weight gain and mortality, and
additional trial data are needed to determine if supplements are an efficacious intervention
for nutritionally at risk elderly people (9).

Supplements are supposed to improve caloric intake and appetite through consistent delivery
multiple times per day between meals (10,11). Observational studies have shown that NH
residents do not receive supplements consistent with their orders (12,13). Moreover,
residents often receive supplements with meals in lieu of adequate feeding assistance to
promote meal intake, and residents who do receive supplements between meals do not
receive assistance or encouragement to promote consumption (13).

Recent studies have shown that staff assistance and encouragement is necessary to promote
adequate food and fluid intake, including supplements, in NH residents with varying levels
of cognitive impairment and physical dependency (10, 14,15). Two recent studies showed
that approximately 50% of residents with low intake significantly increased their intake
during meals in response to a two-day intervention trial that improved the duration and
quality of assistance. Most (80%) of the remaining residents, who showed modest to no
intake gains in response to mealtime assistance, showed significant intake gains in response
to a two-day trial of snacks between meals. The snack intervention included assistance and
encouragement to promote consumption and a variety of foods and fluids from which to
choose three times per day. Residents responsive to snack delivery consumed an average of
380 additional calories per day outside of meals, which was significantly greater than
calories consumed from supplements during usual NH care (< 100 calories/day) (10,15).

Based on research to date, it is unknown if NH residents’ prefer snacks instead of
supplements or if it is the consistency of delivery and amount of assistance that represent the
critical intervention components. It is also unknown which intervention is more cost-
effective in increasing caloric intake among NH residents. The purpose of this study was to
evaluate the cost-effectiveness of oral liquid nutrition supplementation and a between-meal
snack intervention for improving caloric intake in long-stay NH residents with an existing
order for supplementation. This study used a controlled, intervention design to randomize
residents into one of three groups following baseline assessments: (1) usual NH care control;
(2) supplementation; or, (3) between meal snacks. The following research questions were
addressed:

1. What is the effect of the two nutrition interventions on estimated between-meal and
total daily caloric intake compared to usual NH care?

2. How much staff time is required to implement the two nutrition interventions
compared to usual NH care?

3. Which of the two nutrition interventions is more cost-effective in increasing
between-meal and total daily caloric intake?
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METHODS
Setting and Recruitment

Participants were recruited from two community NHs and one VA facility housing a total of
588 residents. Staff-to-resident ratios ranged from 7 – 11 residents per nurse aide during the
day and evening. A total of 280 (48%) residents met study inclusion criteria which required
residents to be long-stay, free of a feeding tube, not receiving hospice care, and have an
existing physician or dietitian order for nutrition supplementation.

Written consent was obtained from either the resident or the resident’s responsible party for
86 (31%) of the 280 eligible residents. Recruitment procedures were approved by the
university-affiliated institutional review board. Following consent, 23 participants were lost
due to prolonged hospitalization or death (n = 9), feeding tube insertion (n = 3), transfer to
hospice care (n = 4), consent withdrawal (n = 1), or discontinuation of supplement orders (n
= 6). The remaining 63 participants comprised the study sample.

Measures
Demographics, diagnoses, diet and supplement orders, and weight were abstracted from
participants’ medical records. Body weight (age, sex, height) was used to calculate Body
Mass Index and estimate Resting Energy Expenditure (BMI and REE, Refer to Table 1
footnotes for formulas). A BMI value less than 20 was considered indicative of under-
nutrition (16). Residents’ need for eating assistance (section G. physical functioning, item
1h. eating dependency) was retrieved from the most recent Minimum Data Set (MDS)
assessment (score range 0, independent, to 4, total dependence) (5). Cognitive status for
each participant was assessed by research staff using the standardized Mini-Mental State
Examination (MMSE), with a score range from 0 (severe impairment) to 30 (cognitively
intact) (17).

Oral Food and Fluid Consumption
Food, fluid and supplement intake was measured during and between meals using
standardized observation protocols determined in previous studies to be reliable and valid
(4,8,13,18). Research staff observed each participant from the time of meal delivery until
meal pick up by NH staff for all three scheduled meals and between meals (9–11am, 1–3pm,
6–8pm). Observations were conducted on two consecutive week days at baseline, weekly
during intervention, and post six weeks. Previous studies have shown a two-day assessment
period is reliable for identifying NH residents with low intake (8,18).

Research staff recorded each food and fluid item offered and the amount consumed using
percentage estimates and fluid ounce measures. In addition, a digital camera was used to
take photographs of residents’ trays before and after a sample of served meals (1–2 meals
per participant at each assessment point) to determine the inter-rater reliability of the
percentage estimates. Research staff different from the observer(s) and blind to group
assignment estimated intake based on the photographs. Observation and photography
methods have been shown to be reliable, valid methods to assess NH residents’ food and
fluid intake (8,18). Research staff used a stop watch to record the time staff spent providing
assistance to eat (e.g., verbal encouragement, tray set up, physical feeding) to each
participant.

Intervention Protocol
Participants who completed baseline assessments were randomized into one of three groups:
(1) usual NH care control; (2) supplements; or (3) snacks. Research staff monitored usual
care (Group 1) and provided supplements (Group 2) or snacks (Group 3) twice daily
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between meals (~10am and 2pm), five week days per week for six weeks. For Group 2,
research staff offered supplements consistent with each participant’s order in available
flavors. For Group 3, research staff offered a variety of foods (e.g., yogurts, puddings, fruits)
and fluids (e.g., assorted juices). Snack items were provided consistent with diet
specifications in participants’ medical records.

Research staff provided both intervention groups with assistance according to a standardized
protocol to enhance eating independence and intake (10,15). Research staff documented
each item offered, amount consumed (percent eaten, fluid ounces) and the amount of time
(minutes and seconds) spent with the participant during each intervention period (60 total
periods per person). Caloric intake was estimated based on the information printed on the
item packaging. The following cost-relevant information was collected during the six-week
trial: staff time for nutritional care delivery, residents’ refusal rates, and cost of snacks and
supplements.

Data Analyses
All baseline characteristics (shown in Table 1) were compared between participants who
completed the study (n = 63) and those lost from the study (n = 23) using T-tests for
independent samples for continuous variables and chi-square analyses for categorical
variables. Baseline intake was compared between groups using T-tests for independent
samples. Caloric intake and the amount of staff time spent providing assistance was
evaluated from baseline to post intervention by group with independent (between group
comparisons) or paired (within group comparisons) samples T-tests and multivariate
analysis of variance. Weekly post measures were averaged across intervention weeks.
Treatment effects were determined based on the difference in the differences (DD i.e., the
difference in caloric intake between groups from baseline to post intervention). This method
controls for individual heterogeneity, which might lead to differences in the outcome
independent of intervention. Similar analyses were conducted to compare refusal rates and
costs between intervention groups. Two participants who completed the study had missing
meal intake data because they ate one or more meals outside of the facility on the
observation days (see Oral Food and Fluid Intake). Both of these participants were excluded
from the caloric intake analyses (n=61); the sample size remained at 63 for all other
analyses.

Cost-Effectiveness Analysis
The analysis was framed as a cost-effectiveness analysis, with the measures of effect being
between meal and total daily calorie intake. Increasing caloric intake is a therapeutic goal,
but the precise relationship between increased calories and better health, or the dollar value
of that health, is not known. Thus, different methods of increasing calorie intake were
compared and the cost effectiveness analysis addressed the economically most efficient
method.

The effectiveness for each intervention was calculated as the DD in average between-meal
and total daily caloric intake from baseline to post intervention compared to the control
group. Incremental costs were measured as the sum of additional daily food, fluid or
supplement spending and labor costs. Labor cost was the product of assistance time
(minutes) and the average earning rate of Certified Nursing Assistants (CNAs), who
typically provide feeding assistance (19). The most recent Bureau of Labor Statistics
estimate for the hourly rate of CNAs at nursing homes was $10.61 (20). Assuming a 10
percent fringe benefit rate, the hourly rate was adjusted up to $11.70, or $0.195 per minute.
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The uncertainty in the cost-effectiveness was determined using cost-effectiveness
acceptability curves (CEAcc), which is a method that builds on the net benefit (NB)
approach (21,22). Given a monetary value (λ) of a one unit gain in caloric intake, the net
benefit of the intervention was defined as: NB = λ × E – C where E is the effectiveness (i.e.,
gain in caloric intake) and C is the total intervention cost. To generate the CEAcc, a
distribution of costs and benefits was obtained by bootstrapping the trial data (23).
Participants were randomly selected with replacement keeping their own individual costs
and caloric gains. A total of 1000 pairs of mean caloric gains and costs were generated using
bootstrapping for both intervention groups, then the NB was estimated for each pair as λ
ranges from $0 to $0.1 in increments of $0.005. The proportion of bootstrapped pairs with
NB greater than zero is the probability the intervention was cost-effective conditional on the
assumed monetary value of caloric gain. Those probabilities were subsequently plotted for
every value of λ, producing the CEAcc.

RESULTS
Subjects and Setting

Table 1 shows the participant characteristics (n = 63), which were comparable long-stay NH
residents in previous studies with similar inclusion criteria (10,13,15). There were no
significant differences between participants who completed the study and those lost from the
study (n=23) on any of the characteristics shown in Table 1. There also were no significant
differences between the three groups at baseline on any of the characteristics shown in Table
1.

Estimated Caloric Intake During and Between Meals
Table 2 shows the estimated daily caloric intake during and between meals by group
(control, supplement or snacks) and study phase (baseline, weekly and post). The total
sample size for Table 2 is 61 participants due to missing meal intake data for two
participants (see Analyses section). The last column in Table 2 shows the mean difference in
meal, between meal and total caloric intake from baseline to post intervention for each
group. There were no significant differences between groups at baseline for estimated
caloric intake.

Both interventions resulted in a significant increase in between-meal caloric intake (Table 2.
Supplement Group Mean Difference = 151, P < .05; Snack Group Mean Difference = 163, P
< .001). The supplement group significantly increased between-meal caloric intake from 206
(± 206) mean calories per person per day at baseline to 391 (± 339) post intervention (DD
Treatment Effect = 222, P < .001); while, the snack group significantly increased between-
meal caloric intake from 113 (± 134) mean calories at baseline to 304 (± 245) post
intervention (DD Treatment Effect = 233, P < .001).

The supplement group showed a significant decline in meal intake from 990 (± 379) at
baseline to 805 (± 326) post intervention (Mean Difference = −124, P < .01); and, although
the snack group also showed a decline in meal intake, it was not statistically significant.
Thus, the treatment effect for the difference in total daily calories was not significant for the
supplement group (DD Treatment Effect = 93, P = .14) but approached significance for the
snack group (DD Treatment Effect = 132, P = .08). The usual care control group showed no
significant changes from baseline to post intervention (Table 2. Control).

Weight Change
There was not a significant effect of either intervention on weight change from baseline to
post six weeks according to NH staff recorded weights. The average weight change in the
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supplement and snack intervention groups was 2.01 (± 5.15) pounds and 0.04 (± 2.75)
pounds, respectively; while, the average weight change in the control group was 0.53 (±
4.32) pounds.

Cost-Effectiveness Analyses
The average refusal rate per person (total number of refusals / possible total of 60 offers)
across all six weeks was .30 (± .30) for the supplement group (range 0 to .84) and .20 (± .20)
for the snack group (range 0 to .75). Both the supplement and the snack interventions
required significantly more staff time than usual NH care (1.7 ± 3.2 minutes per person per
offer). There was a gradual increase in the amount of staff time required for the supplement
intervention over six weeks (mid point average = 9.6 ± 5.5 minutes per participant per offer
versus 13.8 ± 12.5 at post 6 weeks). In comparison, the staff time for the snack intervention
remained comparable across the six weeks (mid point average = 12.0 ± 5.5 minutes per
participant per offer versus 12.3 ± 10.0 at post 6 weeks). The average amount of assistance
provided by NH staff to residents during meals remained comparable for all three groups
from baseline to post intervention with an average of less than 10 minutes per person per
meal at all measurement points and all meals. Inter-rater reliability coefficients between
observation and blinded photo estimates of meal intake ranged from .943 to .972 (All P<.
001) across baseline, weekly and post assessments.

Table 3 shows the between-meal costs of the two interventions for supplements and snacks
provided by research staff relative to the usual care control group. Costs included the cost
per serving and the staff time to promote consumption (see Analyses). Across all three
groups (n=63) at baseline, participants were offered foods or fluids, including supplements,
on average less than once per person per day between meals (mean = .85 ± .72, range 0–3),
with little NH staff assistance to promote consumption (mean = 1.77 ± 4.57 minutes per
person). Thus, there were significant cost increases for both intervention groups as a result
of research staff consistently offering supplements or snacks twice daily, and no change in
the control group. The DD for intervention costs were $2.13 (± $0.37) per person per day for
the supplement group (mean caloric gain = 221.5 ± 59.9) and $2.09 (± $0.26) for the snack
group (mean caloric gain = 232.8 ± 36.1) (both P < .001). The cost-effectiveness ratios for
both interventions were comparable (.010 and .011); thus, on average, each intervention
costs approximately one cent per calorie gained. The snack intervention resulted in a slightly
larger between-meal caloric gain for a lower per person per day cost.

Two effectiveness measures were used in the cost-effectiveness analysis: average between-
meal caloric gain and average total caloric gain. The results of the CEA showed the same
pattern for both measures, and these results are shown in Figures 1 and 2 for total caloric
gain from the two interventions. Figure 1 shows the average (total calories) gained and the
average increased cost for each bootstrap replication of each intervention (See Data
Analyses). The supplement intervention cases were more concentrated to the left side of the
zero line (Figure 1), indicating a higher probability the supplement intervention would result
in a negative difference value (or decrease in total daily calories), relative to the snack
intervention.

The cost-effectiveness acceptability curves (CEAcc) for the two interventions, which are
based on the bootstrap replications, are shown in Figure 2. The CEAcc show the probability
that each intervention is worthwhile (i.e. has a “net benefit”) as a function of the dollar value
assigned to caloric gain. The “y” axis in Figure 2 begins at “0” probability, indicating that
neither intervention is worthwhile if each calorie gained is assigned a low value, and
increases to “100%”, indicating that both interventions are worthwhile if each calorie gained
is assigned a high value. As the dollar value of caloric gain increases, the number of
bootstrapped samples where the value of the gain is greater than the cost (a “net benefit”)
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also increases. Figure 2 shows that the acceptability curve of the snack intervention
consistently exceeds the supplement intervention. For example, given a .04 cents dollar
value of one unit caloric gain, the probability of having a net benefit is approximately 80%
for the snack intervention versus 65% for the supplement intervention.

DISCUSSION
Supplements are a common treatment for nutritionally at-risk NH residents. This pilot
intervention represents a controlled evaluation of supplements versus snack delivery for
increasing caloric intake. Results showed that both interventions were efficacious in
increasing residents’ daily caloric intake between meals but the supplement intervention also
resulted in a significant decline in meal intake. Although the snack intervention group also
showed a decline in meal intake, it was not significant. One previous study showed that a
brief trial of the snack intervention did not result in a significant decrease in meal intake in
NH residents (10). The snack intervention was more cost-effective than the supplement
intervention when considering caloric gain, staff time, refusal rates, and costs.

Both interventions required significantly more time than usual care during which NH staff
spent little to no time offering assistance to promote consumption of supplements or snacks
between meals. Because research staff offered both food and fluid items and choice as part
of the snack intervention, one would expect this intervention to require more staff time than
offering a supplement alone. However, the research staff time spent providing the
supplement intervention showed a gradual increase over the six study weeks whereas the
amount of time spent providing the snack intervention remained the same. This trend is
likely due to a higher refusal rate in response to the supplement intervention.

Previous studies have shown that the availability of choices is an important nutrition
intervention component, especially among less cognitively impaired NH residents (10,14).
The sample size in this pilot intervention was too small to determine if the interventions had
differential effects on caloric intake and/or refusal rates among participants with varying
levels of cognitive impairment, even though the sample sizes were sufficient to detect
significant intervention effects on change in caloric intake. Research staff also was not blind
to group assignment because the same staff delivered the intervention and documented
resident response (refusals, intake); however, there was high agreement between the direct
observer and a second, blinded rater for inter-rater reliability estimates of caloric intake,
which supports a lack of bias. In addition, the interventions were only six weeks. The
availability of choices might be more influential on residents’ refusal rates over a longer
intervention period.

The sample sizes within each group were too small to detect significant effects on weight
status in the intervention groups. Moreover, it is likely that a 6-week intervention period
implemented twice daily during week days only may not be intense enough to have a
significant effect on body weight. The results of a recent controlled trial showed that a 24-
week intervention provided twice daily during week days only yielded a significant effect of
mealtime assistance and between-meal snack delivery on weight outcomes (24). The weight
data in the current study also were not independently measured by research staff (25).

There are many costs not measured in this study such as costs associated with food and fluid
ordering, storage and inventory. In addition, there might be downstream cost savings of
nutrition intervention, such as reduced hospitalization or acute illness rates, not considered
in this study. Finally, this intervention did not improve staff assistance during meals, which
consistently averaged less than 10 minutes per person per meal. Other studies have shown
that residents need at least 20 to 30 minutes of assistance to promote adequate meal intake
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(10,15,26–28). Other limitations include small sample sizes and low recruitment rates,
which were limited by funding constraints for this pilot intervention.

Despite these limitations, this is the first controlled study to evaluate the comparative cost
effectiveness of supplements versus an alternative nutrition intervention, and the results
suggest the snack intervention is preferable even with modest effects. Residents were not
excluded from either intervention due to lack of response, and both intervention groups
included residents who were not responsive (e.g., high refusal rate and low caloric gain).
The sample sizes were too small to identify differentiating characteristics of participants
most responsive to each intervention. Previous studies have shown that a two-day trial of
mealtime assistance predicts which residents will be responsive to mealtime assistance over
a longer time period (15,24). It is likely that similar two-day trials could be used to
determine which residents are appropriate for the supplement and snack interventions to
improve cost effectiveness.

It is noteworthy that the snack intervention also is more consistent with regulatory
guidelines for NH care to improve residents’ quality of life. These guidelines specify that
staff should offer choice during daily nutrition care provision (29). Given the current
popularity and significant financial cost of supplements in the NH setting, the results of this
pilot study provide preliminary data that physician and dietitian orders for supplements
might be more effectively worded as orders to offer the resident a variety of foods and fluids
between meals, including supplements, to allow residents’ more choice and improve caloric
intake.
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Figure 1.
Cost-effectiveness Analysis for Gain in Total Daily Caloric Intake by Intervention Group:
Results of Bootstrap
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Figure 2.
Cost-effectiveness Analysis for Gain in Total Daily Caloric Intake by Intervention Group:
Acceptance Probability Curves
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Table 1

Demographic, Medical, and Nutritional Characteristics of Participants (n=63)

Measure Percent (n) or Mean (SD)*

Demographic Characteristics

Percent Female 62 (39)

Percent White 98 (62)

Age 86.86 (11.26)

Length of Stay in Years 3.42 (2.29)

Medical Characteristics

MMSE Total Score (0–30) † 14.12 (8.88)

Percent diagnosis of Dementia 54 (34)

Percent diagnosis of Depression 68 (43)

Nutritional Characteristics

Proportion MDS Eating Dependency > 1 43 (27)

Percent Special Diet Order‡ 84 (53)

Percent Body Mass Index (BMI) < 20§ 24 (15)

Estimated REE needs (daily calories)|| 1125.67 (221.86)

Proportion with intake below REE needs 56 (35)

*
SD = Standard Deviation;

†
MMSE = Mini Mental State Exam

‡
Special diets included any restrictions (no added salt, no concentrated sugars) or altered texture (ground, mechanical soft, puree, thickened

liquids).

§
Body Mass Index (BMI) formula = 0.454 weight in pounds / (0.254 height in inches)2 A BMI below 20 is considered indicative of under-

nutrition.

||
Harris-Benedict Formulas for Resting Energy Expenditure (REE) Needs Estimation Male = 66.5 + 13.75weight in kilograms + 5.0height in

centimeters − 6.78age. Female = 655.1 + 9.56weight in kilograms + 1.85height in centimeters − 4.68age.
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Table 3

Average Between-Meal Costs Per Person Per Day and Differences by Group (n=63)

Group Baseline Mean (SD) Weekly Mean (SD) Post Mean (SD) Mean Difference

Control (N = 20) $0.23 ($0.28) $0.19 ($0.25) $0.21 ($0.51) $−0.03

Supplement (N =18) $1.45 ($0.43) $3.14 ($1.25) $3.97 ($2.73) $2.10**

Snack (N = 25) $1.31 ($0.91) $3.34 ($1.19) $3.41 ($1.96) $2.06**

**
P < .001
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