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CUMULATIVE ENERGY DEFICIT IN THE FIRST SEVEN DAYS
AFTER ADMISSION IS ASSOCIATED WITH POOR OUTCOMES
AT THREE MONTHS IN NON-ACUTE HOSPITALIZED OLDER
ADULTS

Y. Hokotachi'?, S. Ichimary?, M. Hayashida®®, T. Amagai®

Abstract: Aim: To examine the hypothesis that larger cumulative energy deficit and late initiation of enteral nutrition for older
adult patients in non-acute setting is associated with poor outcome at 3 and 6 months later. Methods: This is retrospective study
with chart review in a single institute. The consecutive older adult patients (>= 65 years-old) admitted to the institute were
included. Dividing all subjects by two categories: take nutrients by mouth (PO) during hospital stay vs. non-PO group, and enteral
nutrition (EN) during the first 7 and 14 days after admission vs. non-EN (NEN) group. Between these two groups, demographics,
nutritional, and outcomes were compared. Results: 1, PO group showed significantly longer length of hospital stay (p=0.049). 2,
NEN group showed significantly larger cumulative energy deficit, longer length of hospital stay, and higher mortality at 3 and 6
months later (p=0.000, p=0.000, p=0.044, and p=0.008, respectively). Conclusion: The larger cumulative energy more than 10, 000
keal is considered to be associated with poor clinical outcomes, including longer LOS and higher mortality at 3 and 6 months later
in the hospitalized older adults (>= 80 years-old). The cumulative energy deficit might be considered in nutritional support even
for older adults admitted to non-acute setting to prevent poor outcomes.

Key words: Cumulative energy deficit, enteral nutrition, older adult, non-acute, outcome.

. Methods

Introduction

The study was conducted under a retrospective design
with chart review at a single institution. All consecutive
patients aged 65 years and older on admission to a
single institution between November 2010 and October
2011 were eligible. Exclusion criteria were: (1) length
of hospital stay (LOS) < 2 days, (2) duration of enteral
nutrition (EN) = 300 days, (3) daily amount of EN <
200 ml, and (4) EN starting earlier than 2 days after
admission. These exclusion criteria were identified as
inappropriate in examining the impact of enteral
nutrition on clinical outcomes. Landmark days used in
the study were defined as follows: D1 was the admission
day, D2 was the day to initiate EN, and D3 was the day
of discharge from hospital. Further, to compare the two
groups by PO or EN status, D4 was defined as the first
7 or 14 days after admission, unless EN was initiated
before D4, as described in methods 1 and 2, respectively
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Clinical outcomes are predicted by multiple factors,
including vital signs and immune function (1, 2)
in patients in acute settings and sarcopenia status in
community-dwelling older adults (3). These predictors
might also help identify impairment in anti-bacterial
capacity and mobility in older adults. However, the
question of whether nutritional delivery for the first
few days after hospital admission is a predictor of later
outcomes in older patients remains unclear.

Here, we examined our working hypothesis that an
early energy deficit in older adults admitted in non-acute
settings impacts later outcomes, such as 3- or 6-month
mortality after admission.
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Figure 1
Flow chart of the study with methods 1, 2, and 3: for each method, data shown in the bottom square were compared at
the individual timings shown in the right columns

Inclusion criteria:

age 265 years, receiving EN (<300ml/day) (n=82)
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Nov. 2010 - Oct. 2011 (12 months)

[Excluded subjects (n=16)

Included subjects (n=66)

Length of hospital stay < 2 days (n=8)
[Period of EN 2300 days (n=2)

[EN amount < 200 mi/day (n=1)

Started EN within 2 days after admission (n=4)
|Admitted for creation (n=1)

Method 1 [ Method 2 ]
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[ Method 3
[ EN vs. NEN group in the first 14 days after admission |

Compared data
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measured timing® at

«age, gender, height, weight, CCI D1

Nutriional parameters [+ route of EN: by mouth (PO) or NG/G-tube
® oral intake with EN (%)

o energy density of EN formulae

* length of intestinal starvation

o cumulative energy deficit

«_cumulative amino acid deficit delivered through PN

D2
D2
D2
D1 and D2
D1 and D2
D1 and D2

Outcome parameters |» _length of hospitalization (LOS)

*  survival rate (Sx, %)

o discharge status

« occurrence of adverse events after EN initiation

* CRP 2 6.0 mgldl (whole hospoitalization, befopre and after D2)
* _death al 30 days, 3 months, 6 months after admission

D1 and D3
D1 and D3
D3

D2 and D4

D1 and D3, D1 and D2, D2 and D3

D1l:admission day, D2:day to initiate enteral nutrition (EN), D3:day todischarge from hospital, D4:the first 7 or 14 day after admission, unlessEN was initiated before D4,

D7:7th day after admission, D14:14th day after admission.

into three domains, as follows:

(1) demographic data included age, sex, height,
weight, primary diagnosis, and Charlson comorbidity
index (CCI) score to evaluate the severity of the primary
diagnosis. All were measured on admission day (D1).

(2) nutritional parameters included route of EN
administration of enteral nutrition formulae by mouth
or through a nasogastric (NG) or gastric (G) tube;
energy density of EN formulae at D2 (kcal/ml); number
of subjects who achieved an energy target; length of
intestinal starvation defined as nil by mouth until D2
(days); and cumulative energy deficit between D1
and D3 calculated by the difference in energy amount
between the energy target, set at 25 kcal/kg of actual
body weight/day as proposed by the ESPEN guideline
(7) and total energy amount delivered through all
routes, including parenteral, enteral and oral routes.
Cumulative protein deficit was calculated the same way,
with a protein target set at 1.0 g/kg/day. Cumulative
energy deficits delivered through both parenteral and
enteral route was calculated every 7 days until the day
of initiation of EN (D3), maximally until the first 28 days
after admission, and are expressed in daily units, as the
same was also conducted in cumulative protein deficit
administered through parenteral route.

(3) outcome parameters have primary and secondary
outcomes: primary outcomes included mortality rate
(%) during hospitalization period (between D1 and
D3) and death rate at 28 days, 3 months, and 6 months
after admission, and secondary outcomes including the
length of hospitalization (days, between D1 and D3,
LOS), ; and discharge status by type of institution after
discharge in the three categories of home, nursing home
and rehabilitation hospital, occurrence of adverse events,
including diarrhea, and constipation, vomiting, and
comorbidities of pneumonia and pressure ulcer during
periods of EN management between D2 and D4 (Table
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2, 3), and utilization of antibiotics for treatment purpose
(%), and CRP > 6.0 mg/dl during hospitalization,
before D2, and after D2. Adverse events were defined
as diarrhea, watery or loose stools three or more times
per day; and constipation, no defecation for at least
four consecutive days. Cause of death was analyzed for
patients who died during hospitalization in the study
period. Survival status was defined by survival during
hospitalization at 3 or 6 months after admission

Comparisons of groups by two classifications,
PO vs. NPO and EN vs. NEN

To examine our hypothesis that a cumulative
nutritional deficit impacted outcomes, all subjects were
divided into two groups in each of two categories, as
follows: (1) the PO and non-PO (NPO) groups were
classified by their ability or inability to start total
energy and macronutrient intake by mouth during
hospitalization, as detailed in method 1; and (2) the EN
and non-EN (NEN) groups were classified by their ability
or inability to initiate EN within the first 7 (D7) or 14 days
(D14) after admission, as detailed in method 2.

All collected data of the three domains described
above were then compared among groups in the two
classifications (PO vs. NPO, and EN vs. NEN; Fig. 1).

Method 1

Subjects were divided into two groups according to
their ability to start energy and nutrient intake by mouth
(Fig.1). PO group subjects were able to start oral intake
between D1 and D3. NOP group subjects were not able to
start oral intake on any hospitalization day.
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Method 2

Subjects were divided into two groups according to
their ability to initiate EN after D1 and after D3 (Fig. 1).
EN group subjects were able to start EN between D1 and
D3, while non-EN group subjects were not. All collected
data for D7 and D14 were then compared among these
two groups (Fig.1). Additionally, causes of death during
hospitalization were compared between the two groups
and odds ratios (ORs) were calculated and expressed as
OR, 95% confidence interval (95% CI), and p value.

Statistical analysis

Groups in each category were compared using the
Mann-Whitney U test for continuous variables and the

chi-square or Fisher’s exact test for categorical variables.
Multiple logistic regression analysis were conducted
using death at discharge as the dependent variable, with
oral nutrition, day of initiation of EN within 7 or 14 days
after admission, diarrhea, constipation, vomiting, and
pneumonia as the independent variables. The purpose
of multivariable analyses was to reveal the impact of day
of initiation of EN within 7 or 14 days after admission on
outcome. All analyses were done using SPSS Statistics
version 22 (IBM, Armonk, NY), with significance
considered at the p < 0.05 level.

Results

Sixty-six of 82 patients were enrolled in this study as
subjects for analysis. Sixteen subjects were excluded due

Table 1
Comparison of demographics, primary diagnosis, and Charlson Comorbidity Index (CCI) between the PO and NPO
groups. No significant differences were seen between the two groups for any variable except the primary diagnosis
of pneumonia, * values are median (25, 75 quartiles)

Total Groups in method 1
PO NPO P Value
Demographics
Number of subjects 66 17 49
Sex* (male, N (%)) 25 (38) 8 (47) 17 (35) 0,365
Age” (Y) 84 (77, 88) 82 (76, 87) 84 (78, 89) 0,411
Height* (cm) 153 (149, 160) 153 (145, 157) 153 (150, 160) 0,283
Weight* (kg) 39.3 (34.9, 46.1) 38.9 (35.0, 48.6) 39.4 (34.8, 46.0) 0,764
BMI* (kg/mz) 16.0 (14.5, 19.9) 18.1(14.4, 22.8) 15.9 (14.5, 19.5) 0,587
Primary diagnosis at admission, N (%)
Pneumonia 36 (56) 4 (24) 32 (66) 0,003
Cerebral infarction 9 (15) 3(17) 6 (12) 0,422
Cerebral bleeding 8 (14) 3(17) 5(10) 0,336
Cerebral concussion 1(1) 1(6) 0(0) 0,258
Congestive heart failure 1(1) 0(0) 1(2) 0,742
Eating difficulties 1(1) 1(6) 0(0) 0,258
Dehydration 1(1) 1(6) 0(0) 0,258
Pleuritis 1(1) 1(6) 0(0) 0,258
Acute hepatitis 1(1) 1(6) 0(0) 0,258
Cirrhosis 1(1) 0(0) 1(2) 0,742
Hepatocellular carcinoma 1(1) 0(0) 1(2) 0,742
Pyelonephritis 2 (4) 1(6) 1(Q2) 0,452
Intestinal obstruction 1(1) 0(0) 1(2) 0,742
Peptic ulcer 1(1) 0(0) 1(2) 0,742
Lumbar compression fracture 1(1) 1(6) 0(0) 0,258
Charlson Comorbidity Index (CCI) score* 4(3,5) 3(1,5) 4(3,5) 0,376
Comorbidity during hospitalization, N (%)
Myocardial infarction 4(6) 0(0) 4 (8) 0,294
Congestive heart failure 14 21) 24 (4) 10 (20) 0,516
Peripheral arterial disease 1(2) 1(6) 0(0) 0,258
Cerebral vascular disease 48 (73) 11 (65) 37 (76) 0,287
Cognitive impairment 26 (39) 8 (47) 18 (37) 0,453
COPD 2(3) 0(0) 2 (4) 0,548
Peptic ulcer 6(9) 1(6) 5(10) 0,511
Diabetes mellitus 6(9) 1(6) 5(10) 0,511
CKD 5(8) 2 (12) 3(6) 0,384
Paraplegia 39 (59) 8 (47) 31 (63) 0,242
Cancer 14 (21) 4(24) 10 (20) 0,516
Liver disease 5(8) 1(6) 4 (8) 0,616
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Table 2
Comparison of nutritional parameters and outcomes between the PO and NPO groups. No. of days to the initiation
of EN in the PO group was significantly later and cumulative energy deficit during hospitalization (between D1 and
D2) was significantly larger in the PO than in the NPO group (p=0.000, 0.005, respectively). Length of hospital stay
(LOS) was significantly longer in the PO group (p=0.049), *values are median (25, 75% quartiles)

Groups in method 1
PO NPO P Value
Number of subjects 17 49
Nutritional parameters
Route of enteral nutrition, N (%) 0,047
Nasogastric tube 9 (53) 13 (26)
Gastrostomy 8 (47) 36 (74)
Energy density of enteral formulae, N (%) 0,011
0.75kcal /ml 0(0) 5(10)
1.0kcal/ml 0(0) 10 (20)
2.0kcal/ml 17 (100) 34 (70)
Achieved energy target, N (%) 13 (77) 38 (78) 0,584
Length of intestinal starvation (days)* 16 (12, 23) 16 (7, 33) 0,982
Day to initiate first EN (day)* 38 (30, 64) 17 (7, 37) 0,000
Cumulative energy deficit during hospital stay (between D1 22632 (11774, 9430 (2519, 0,005
and D2) (kcal)* 35348) 14109)
Cumulative daily energy deficit during hospital stay 602 (284, 858) 529 (357, 876) 0,886
(between Dland D2) (kcal/day)*
Cumulative energy deficit until D2 (kcal/kg/day)* 15 (8, 18) 14 (11, 21) 0,386
Cumulative energy by PN until D2 (kcal)* 8714 (5709, 5490 (1596, 0,093
16907) 17030)
Cumulative aminoacids delivered through PN during hospi- 345 (60, 825) 210 (0, 765) 0,376
tal stay (between D1 and D2) (g)*
Outcomes
Primary outcome Death, N (%) 28th day after admis- 0(0) 3(6) 0,403
sion
3 months after admis- 3(18) 8 (16) 0,583
sion
6 months after admis- 5(29) 11 (22) 0,392
sion
Secondary outcomes Length of hospital stay (LOS, days)* 109 (53, 187) 68 (24, 132) 0,049
Alive throught hospital stay, N (%) 0,159
alive 10 (59) 37 (76)
dead 7 (41) 12 (24)
Place of referral after discharge, N (%) home 0(0) 3(8) 0,488
nursing home 10 (100) 30 (81) 0,164
rehabilitation hospital 0(0) 4 (11) 0,379
Adverse events during hospitalization, N (%) diarrhea 8 (47) 15 (31) 0,220
constipation 6 (35) 29 (59) 0,089
vomiting 3(18) 8 (16) 0,583
pneumonia 2(12) 8 (16) 0,495
pressure ulcer 3(18) 10 (20) 0,161
Utilization of antibiotics for treatment purposes during 5(29) 24 (49) 0,557
hospitalization (between D1 and D2)
CRP= 6.0mg/dl, N (%) during whole hospitali- 13 (77) 34 (69) 0,412
zation period
before D2 11 (65) 30 (61) 0,799
after D2 10 (59) 24 (49) 0,484

*D1: admission day, D2: day to initiate enteral nutrition (EN)

to length of hospital stay < 2 days (n=8), period of EN >
300 days (n=2), EN amount < 200 ml/day (n=1), starting
EN within 2 days after admission (n=4), and admission
for gastrostomy (n=1) (Fig. 1).

Result 1 — Comparison PO and NPO groups

Subjects were classified by their ability to take
nutrients by mouth. Contrary to expectations, we found
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that the PO and NPO groups did not statistically differ
by demographics, except with regard to the primary
diagnosis of pneumonia (Table 1). In contrast, the later
the day of initiation of the first EN (days), the larger the
cumulative energy deficit (p=0.000, p=0.005, respectively,
Table 2). Moreover, LOS was significantly longer in the
PO group than the NPO group (p=0.049, Table 2). These
results may suggest that the delayed initiation of EN in
the PO group and significantly longer LOS were due to
the expectation that the patient would be started with EN
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Table 4
Multiple logistic regression analysis of associations between death at discharge and variants on the 7th or 14th day
after admission. Odds ratio (OR) of death was 0.073 in the subjects with early EN initiation within 14 days after
admission (p=0.008)

at 7th day after admission at 14th day after admission

Independent Variable OR (95% CI) P Value OR (95% CI) P Value
Oral nutrition with EN 0.956 (0.251-3.646) 0,948 0.782 (0.195-3.142) 0,729
Day of initiation of EN within 7 or 14 days after admission (D4 < first 7th or 14th days) 0.000 (0.000) 0,998 0.073 (0.011-0.504) 0,008
diarrhea 0.417 (0.106-1.641) 0,211 0.444 (0.111-1.785) 0,253
constipation 0.236 (0.056-0.994) 0,049 0.244 (0.060-0.999) 0,050
vomiting 0.542 (0.086-3.423) 0,515 1.355 (0.250-7.344) 0,725
pneumonia 4.927 (0.631-38.475) 0,128 6.382 (0.815-49.984) 0,078

with PO. In contrast, initiation was relatively earlier and
more easily in the NPO group.

Indications for the use of gastrostomy as an enteral
route are controversial. Early EN using a gastrostomy
(G-)tube may shorten LOS, as shown in the present study.
However, the physical and economical burden of this
approach and it labor burden on care-givers must be
considered. A previous study (4) found no difference
in mortality in older adult patients with gastrostomy
regardless of the coexistence of cognitive impairment,
but did identify several predictors, including subtotal
gastrectomy, lower serum albumin < 2.8 g/dl, age > 80
years, chronic heart failure, and male gender (ORs =
2.617,2.081, 1.721, and 1.541, respectively).

Although more than one-third of subjects in both our
PO and NPO groups had cognitive impairment (Table 1),
the NPO group did not show a survival benefit despite
the higher incidence of gastrostomy as a comorbidity.
A conclusive answer to the survival benefit of a G-tube
awaits additional study.

Result 2 - Comparison EN and NEN groups

The EN and NEN groups did not statistically differ by
demographics (data, not shown). In contrast, CCI scores
were significantly greater in the EN group, which had a
greater severity of co-morbidities on admission, than in
the NEN group (Fig. 1). This means that the severity of
comorbidities was lower in the NEN group. However,
nutritional parameters were all significantly lower in the
EN than NEN group, including oral nutritional intake
with EN (%) on the day of initiation of EN (D2), length of
intestinal starvation until D2 (days), cumulative deficit in
energy intake by EN (kcal) and PN (kcal), and cumulative
deficits in aminoacids delivered through PN (g) until D2
(p=0.000 for all) (Table 3). Similarly, when subjects were
divided into EN and NEN groups on the first 7 days after
admission, LOS was significantly shorter and survival
rates at 3 and 6 months after admission were significantly
higher in the EN than NEN group (p=0.000 p=0.0044,
and p=0.008, respectively) (Table 3). Similarly to these
observations, significantly fewer patients with CRP = 6.0
mg/dl were seen in the EN than NEN group during the
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whole hospital stay, and before and after EN initiation
(p = 0.000 for all) (Table 4). Moreover, the concurrence
rate of diarrhea and vomiting as adverse events during
hospitalization was significantly lower in the EN group
(p=0.009, and p=0.044, respectively) (data, not shown).
Considering these findings, we conclude that the early
initiation of EN and lower cumulative energy deficit is
associated with a shorter LOS and higher survival rates at
3 and 6 months after admission, and a lower concurrence
rate of comorbidity for diarrhea and vomiting, although
causes of deaths did not differ between the two groups
on the 14th day after admission (D14). Death by D7 could
not be examined because no subjects died during the first
7 days (D7) (data, not shown). Consistent with this, OR
for initiation of EN (D2) within the first 14 days showed
significantly lower death rate (p=0.008) (Table 4).

Discussion

A study (4) in older adults admitted to the ICU with
a BMI less than 20 kg/m?2 reported better outcomes and
a significantly lower need for respiratory assistance
with lower energy administration during the first 7 days
of admission, suggesting that BMI is an independent
determinant of clinical outcome in these patients. In
our present study, however, although mean BMI was
similar to that in this previous report, our clinical setting
was non-acute, versus acute in the previous study. Our
hypothesis was that other factors might be associated
with better outcomes in place of BMI, including energy
deficit and route of nutritional delivery. The average
age of all subjects admitted to the present single hospital
was greater than 80 years (Table 1), suggesting that these
subjects might mirror the super-aging society, in which
the percentage of adults older than 65 years exceeds
21% of whole population. This demographic change is
preceding similarly in most developed countries.

We focused on the route of nutritional delivery, and
divided patients into two categories, a PO category for
patients able to use oral intake and an EN category for
when the enteral route could be used regardless of PO or
NPO, on the basis that PO and EN should be considered



different means of nutritional support, particularly for
older adult patients.

Analysis of PO and NPO groups in Method 1

Subjects were classified by their ability to take
nutrients by mouth. Contrary to expectations, we found
that LOS was significantly longer in the PO than in
the NPO group (p=0.049) and that cumulative energy
deficit during the whole length of hospitalization was
significantly greater in the PO group (p=0.005) (Table 2).
These findings might mean that the PO group tended
to have a larger cumulative energy deficient, despite
the fact that the groups did not differ with regard to
primary diagnosis on admission, severity of comorbidity
as evaluated by CCI, or death rate as the primary
outcome. Comparison of primary diagnoses showed
that significantly more subjects in the PO group had
a primary diagnosis of pneumonia (p=0.003, Table 1).
Further, these results might also suggest that older adults
hospitalized with a primary diagnosis of pneumonia
should be considered for early enteral nutrition through
the gastrostomy route to shorten the length of stay in
hospital (p=0.047) (Table 2).

Indications for gastrostomy for early enteral nutrition
are controversial. Early gastrostomy may shorten LOS,
as seen in the present study, but the physical burden
for older adults and economic burden on medical
society must also be considered. In a previous study,
no difference in mortality was seen in older adult PEG
patients with and without dementia (5). Predictors of
poor survival were subtotal gastrectomy, lower serum
albumin < 2.8 g/dl, age > 80 years, chronic heart failure,
and male sex (ORs = 2.617, 2.081, 1.721, and 1.541,
respectively) (5).

In the present study, although more than one-third of
subjects in both the PO and NPO groups had cognitive
impairment as comorbidity (Table 1), the NPO groups
with a higher percentage of gastrostomy showed no
survival benefit, as seen in the previous report (5).
The clinical importance of gastrostomy in older adults
with pneumonia and/or dementia warrants additional
detailed study.

Analysis of the EN and NEN groups in Method
2

The first strength of this study is the observation of a
cumulative energy deficit in the non-acute setting in older
adult patients. To our knowledge, this is the first study
to prove the influence of a short-term energy deficit on
clinical outcomes in the non-acute setting in older adult
patients. We set an energy target for the management
of older adults admitted to a general ward of 25 kcal/
kg actual body weight/day (7, 8), in accordance with
the ESPEN guideline. A cumulative energy deficit
was associated with outcomes at 3 and 6 months after

CUMULATIVE ENERGY DEFICIT IN NON-ACUTE HOSPITALIZED OLDER ADULTS

admission in the older adult patients. The concept of
energy deficit is frequently used in the acute setting
(9, 10). Our results suggest that a cumulative energy
deficit is associated with outcome in later periods even
in non-acute settings. A conclusive result requires further
investigations.

A second consideration is the extent to which a
cumulative energy deficit is suitable during the early
part of a short period of hospitalization. Our results may
suggest that a cumulative energy deficit in the first 4
days after admission of 13000 kcal (mean, 12,735 kcal,
25, 75% quartiles: 6572, 25700 kcal: Table 3) seems to be
a threshold in older adult patients in non-acute settings,
and will act as an indicator of poor outcome (Table 4).
In contrast, previous studies (6, 11) were conducted
in acute settings, where an energy deficit of > 4,000
to 8,000 kcal or >100 kcal/kg of body weight lead to
a higher frequency of infectious complications (9, 10,
12-15). The energy deficit shown in a non-acute setting
seems larger than that in acute settings. One reason for
this difference might be the difference in the number
of days of observation for cumulative energy deficit. A
second reason might be the late initiation of EN in the
NEN group compared to the EN group (33 vs. 4 days to
initiation of EN, respectively, p= 0.000) (Table 3). Even
the less severely ill patients might have had a similar
endocrine milieu, so immune modulation modulated
by the timing and route of nutrition might have affected
the outcome. This might be partly because older adults
are likely more vulnerable to an energy deficit than
younger adults, or because they tend to have multiple
comorbidities. Although CCI score, used to evaluate the
severity of comorbidities with EN, was worse in the EN
than in the NEN group, the cumulative energy deficit
in the EN group was less than that in the NEN group,
and survival rate as a later outcome was significantly
better (Table 3). The question of whether the relation
between cumulative energy deficit and length of hospital
stay is causal or an association awaits confirmation.
Nevertheless, maintenance of a cumulative energy deficit
with a threshold of 13000 kcal during the first 23 days
after admission on average will prevent poor outcomes
such as longer hospital stay and high mortality (Table 3).

Furthermore, optimum timing for the initiation of EN
remains of concern. Unlike previous papers that argued
for around 48 hours after admission to the ICU (6, 11),
we focused on evaluation within 7 and 14 days after
admission. This difference in time scale was because
of the difference in subjects and ward characteristics,
namely the acute setting in the 48-hour study versus
the non-acute general ward setting in our study. In
other words, instead of 48 hours for the ICU setting,
we considered that the first 7 days after admission to
a general ward was the proper time scale in which to
examine timing for the initiation of enteral nutrition.

To our knowledge, this is the first study to report
that the early initiation of EN in older adults admitted
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to non-acute wards impacted outcomes, namely that
it was associated with a shorter LOS and a higher
survival rate at 3 and 6 months later. The reason why
early nutrition impacts outcomes long after admission
warrants consideration. Although our study should be
considered preliminary, it appears likely that the severity
of the primary diagnosis is greatest in the first several
days after admission, and that a cumulative energy
deficit during this important period may impact the
later outcome partly through immune deficiencies, as
previously discussed (11). The causality or otherwise
of an early energy deficit and later poor outcome in
older patients in non-acute settings warrants further
evaluation.

Of note, ORs for death were lower in patients
with early EN initiation within the first 14 days after
admission (Table 4). This finding suggests that an early
start to EN within 14 days after admission will save
lives among older adult patients admitted in non-acute
settings. This better survival in older adult patients with
the earlier initiation of EN may be due to the modulation
of immune function (11). It might also be seen in non-
acute settings in older adults in the area of clinical
nutrition.

Several limitations of our study warrant mention.
First, the study was conducted under a retrospective
chart review. As frequently encountered in previous
reports, many subjects did not meet the inclusion
criteria. A prospective study design might prevent the
loss of these patients. Second, the number of subjects
was too small to allow any definitive conclusions, and
additional larger studies are necessary. Third, the energy
target of 25 kcal/kg/day requires validation, although
indirect calorimetric evaluation as the gold standard
measurement for resting energy expenditure is not
available everywhere (9). Note that an energy target of 30
kcal/kg of actual body weight/day is recommended for
patients managed in acute settings (14); clinical status in
the non-acute settings in the present report undoubtedly
differed from those in acute settings, and the target
energy must be validated well.

While many studies have reported that early enteral
nutrition is clinically beneficial, almost all subjects in
these studies were under treatment in ICU settings (3,
5, 6). In contrast, our present subjects were less ill and
were not hospitalized in the ICU. The CCI score for
comorbidities showed that although our EN group had
better survival at 3 and 6 months after admission, subjects
had a more severe CCI score (p=0.044 and p=0.008,
respectively) (data, not shown). In general, patients who
are less critically ill are able to tolerate enteral nutrition,
which modulates the immune response and provides
a better outcome (6, 11). Indeed, even though the
severity of comorbidity in the EN and NEN groups as
evaluated by average CCI score (5 points representative
of moderate severity (16) and 3 points representative of
mild16, respectively; and moderate and mild severity
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(16), respectively) differed significantly, subjects in
the EN group with a higher CCI score still tolerated
enteral nutrition. This result might be interpreted to
mean that the early initiation of EN is better indicator in
older hospitalized adults admitted to non-acute wards
than CCI score, regardless of the degree of comorbidity
severity.

Conclusion

These findings in older adult patients suggest that a
cumulative energy deficit over 13000kcal in the first 23
days of hospitalization in non-acute setting are associated
with poor outcomes, including lower survival and longer
length of hospital stay. This might be interpreted to
mean that a cumulative energy deficit of less than 13000
kcal in 3 weeks after admission is associated with better
clinical outcomes, including LOS and survival rate at 3
and 6 months, in hospitalized adults older than 80 years.
Hospitalized older adult patients in non-acute settings
should be followed for cumulative energy deficit.
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