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Place and cause of death in community-dwelling disabled elderly people
Jun Hasegawa', Hiromi Encki®, Sachiko Izawa®, Takahisa Hirose” and Masafumi Kuzuya®

Abstract

Aim: To examine the place and cause of death in community-dwelling disabled elderly people.

Methods: The baseline data of 1,875 participants and their caregivers in the Nagoya Longitudinal Study for Frail Elderly
were used for the analysis. Cox proportional hazard models were used to assess the associations between the variables and
the place of death during the 3-year follow-up period.

Results: During the observation period of three years, 454 died (hospital death: 347, home death: 107). In total, the rates of
pneumonia-, cancer- and heart failure-related death were 22.7%, 1459%, and 13.2%, respectively. Among the home deaths,
© 224% were age-related deaths and 18.7% were heart failure-related deaths, Females, older, and participants with dementia
were more likely to die at home, while those with cancer or a spouse caregiver were more likely to die in the hospital. There
were no differences in the levels of caregiver burden or formal service use between the cases of home and hospital death.
Multivariate Cox hazard models revealed that home death was associated with an older age and the absence of diabetes
mellitus and cancer at baseline,

Counclusions: We demonstrated that death at home among community-dwelling disabled elderly is associated with an older
age, and the absence of diabetes mellitus and cancer. Due to the lack of important factors that should be addressed, a further
study is requived in the future,

Key words: Home death, Hospital death, Cause of death, Home-dioelling elderly
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The impact of malnutrition and nutrition-related factors on the development and
severity of pressure ulcers in older patients receiving home care®
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Background & aims: To investigate the impact of nutritional status and nuwrition-related factors on the
development and severity of pressure ulcers acguired in the home care setting.

Methods: Two hundred and seven home care offices in Japan were selected at random and 280 patients
with home-acquired pressure ulcers and 456 patients without pressure uicers were analyzed. Data on

’fgi:;;rg:}egiver nutritional status, careglver knowledge, and. health professional's nutritional management were
Home care collected. Pressure ulcers were categorized as superficial or full-thickness,

Malnutrition Results: Malnutrition was significantly and most strongly associated with higher rate of the pressure
Medical staff wleer after adjusting for other risk factors {(OR, 2.29; 95% I, 1.53-3.44), Assessment of the patient's

Pressure ulcer nutritional status and adequate dietary intake by a health professional were significantly associated with

lower odds for developing pressure ulcers (OR, 043, 0.47; 95% €1, 0.27-0.68, 0.28-0.79, respectively).
Malnutrition was also significantly and most strongly associated with more severe pressure uleers (OR,
1.88; 88% C1, 1.03-345). Assessment of a caregiver's nutritional knowledge by a health professional was
a'significant preventive factor for severe pressura.ulcers.

Conclusion: The quality of home care for risk factors such as pressure redistribution has improved,

making nutritional management a more crucial factor in pressure ulcer prevention,
@ 2009 Elsevier Lid and European Society for Clinical Nutrition and Metabolism, All vights reserved,

1. Introduction

Pressure ulcers {PUs) are common In {rail or bed-ridden older
people and are associated with increased mortality and decreased
gualityof life.} > Recently, the home-acquired PU is becoming one of
the serious problems asthe number of older patientsreceiving home
care was increasing. The prevalence of home-acquired PUs was
estimated to be 9.1% and was associated with higher mortality®3

Malnutrition is one of the weli-known facters for P} develop-
ment in hospitals and nursing homes.®® In the home care setting,
‘however, there have been few studies on the relationships between
malnutrition and the PU development although the prevalence of
malnutrition was as high as approximately 50%.° Previously, one

Abbreviation: PU, Pressure uicer

* Conference presentation: None.

* Corresponding author at: Department of Gerontological Nursing/Wound
Care Management, Graduate School of Medicine, The University of Tokvo,
Faculty of Medicine, Bllg, No.3-308, 7-3-1, Hongo, Bunkyo-ku, Tokyo 113-0033.
Japan, Telffax: 81 3 5841 3419,

E-mail address: iizaka-tky@umin.acjp (S. lizaka).

study on home-acguired PU prevalence did not investigate the
nutritional status? Another study reported that there was no
significant association between nutritional risk using the subcate-
gory of the risk assessment tool and PU development in the home
care setting.'® However, this study did not sxamine the influence of
nutritional status in relation (o other preventive cares for PU, in
more recent years, it is possible that the quality of nutritional
management remains as issue of PU managemsnt because the
quality of other general PU prevention such as the use of pressure
redistribution matiresses is improving. Therefore, malnutrition
may have greater relative influence on the development of home-
acguired PUs under this conditions.

Furthermaore, it was reported that 27.0-48.8% of home-acquired
PUs were full-thickness PUs™' which is greater than the
proportion in hospitals where the approximate prevalence i3
10%.M2 Pull-thickness PUs tend to be accompaniad by undermining
or infection, they do not heal easily and require extended care once
they occur. While the majority of patienis with full-thickness PUs
were malnourished even in the hospital,'? the association between
mainuirition and the development of severe Pls remains uncertain
in the home care setting.

0261-5614/S - see front matter & 2000 Elsevier Ltd and European Society for Clinital Nutrition and Metabolism, Al rights reserved,

doi:10.10167].clnu.2000,05.018
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In addition, one of the reasons for the higher prevalence and
severity of PU and malnutrition in the home care setting is insuf-
ficient preventive nutritional care.!’ For example, the nutritional
guidelines for PU care were used less frequently in the home care
setting than in hospitals or nursing homes. This could be
attributed 1o a limited continuity of care by health professionals
and a lack of knowledge on the part of the family caregivers in the
home care settings. Therefore, in order to promote effective nutri-
tional managements which was proved to reduce the risk of PU
development in hospitals or nursing homes,! it is necessary to
investigate the association of caregiver’s and health professional’s
roles in nutritional management with the development and
severity of PUs in the home care settings, :

The aims of this study were 1) to describe the characteristics of
putritional status and nutrition-related factors related to PU
prevention and 2) to investigate the impact of these factors on the
incidence of PUs by their severity after adjustment for other risk
factors in the home care setting.

2. Methods
21, Participanis

This case-control study was conducted in the home care setting
in January 2008. All 2688 home care offices registered to the Home
Care Nursing Associations in Japan were stratified according to
prefecture, and 20% of the offices were selected (=537} using
a random number table. After guestionnaires were mailed to the
selected offices, each office identified all patients with home-
acguired PUs (FU group} as well as one or two control patients
without PUs (non-PU group) who were similar to the patients with
PUs interms of age and sex, Because there were a limited numberof
patients in any particular office, strict matching, such as complete
agreement of care level, was not possible within each office.
Inciusion criteria were 1) age of 65 years or older, and 2) no history
of PU in the non-PU group, or a history of at least one homie-
acquired PU in the PU group. Patients were excluded if their age,
sex, or care level were unknown. Patients in the PU group with
unknown PU status {incidence location, depth, or other status) or
without documentation about their situation before PU develop-
ment were also excluded. The study protocol was approved by the
institutional Review Board of Kanazawa University.

2.2, Questionngire

The questionnaire was developed by conducting a semisstruc-
tured interview of 10 health professionals who had engaged in
home care for patients with PU. Five nurses, two physicians, and
three caseworkers were selected. Twenty-one key factors for PU
incidence were obtained and divided into {our categories: patient
factors (11 factors), caregiver factors (5 factors), health pro-
fessional’s home care process (5 factors), and PU management
{13 factors), A draft questionnaire was prepared based on both this
interview and the literature review. After face and content validity
were confirmed by a multidisciplinary research team and a pre-test
was conducted, the questionnaire was finalized, The primary
nurses for each patient answered or asked caregivers to answer
iterms on the questionnaire. These items included demographic
characteristics, general risk factors, and nutrition-related factors for
the development and prevention of PUs. The primary nurses also
reported PU status and location. For the PU group, the statuses of
variables were determined for the period preceding the develop-
ment of PUs, whereas patients in the non-PU groups were asked to
respond regarding the preceding one manth,

2.3. Demographic characteristics

Primary nurses were asked about the patient’s age, sex, inde-
pendence level, comorbidities, family, and caregiver’s age, Inde-
pendence level was evaluated according to the cestified care level in
Japan: notcertified, support level 1-2, and care level 1-5. Care levels
1-5 were divided into two groups: care level 1 or 2 {patients have
difficulty in moving independently) and care level 3-5 (patients are
almost bed-ridden and require continuous care). Family type was
categorized as living alone ornot. Carvegiver’s age was categorized as
“G5 years of age or older™ or “younger than 65 years™

2.4. Risk factors for PU development

To determine risk factors for PU development, nurses were
asked about the patient's mobility in a bed and chair and the
presence of extreme bony prominence, joint contracture, edema,
excess moisture on skin, and urinary and fecal incontinence, which
are listed in the Japanese PU care plan by the Ministry of Health,
Labor, and Welfare,

To evaluate variables about PU prevention, questions regarding
the caregiver's knowledge about the frequency of position changes
and the use of a pressure-radistributing matiress were asked. In
addition, nurses were asked whether they had conducted risk
‘assessments for each risk factor. The type of mattress used was also
determined and the variable about the use of an air-cell mattress
was used for analysis.

2.5, Nutritional status and nutrition-related factors

Primary nurses in each office reported on patent nuiritional
status. Malnutrition was determined by the presence of at least oneof
the followings based on the previous studies in hospitals-or nursing
homes: body mass index of 18.5 or lowey, serum albumin of 3.0 g/dl
or less, or hemoglobin of 11.0 g/di or less. % The cut-off points were
lowered to reduce the false-positive rate for thin Japanese oider
people. Because the above objective nubritional assessments were
not required by the japanese long-term care insurance in the home
care setting, following statuses were also assessed subjectively to
evaluate malnutrition in addition: weight loss, edema, or inadequate
energy intake. Due to these current institutional limitations in the
home care setting, we assumed that it was difficult to collect the full
set of nutritional data in this study. Therefore, malnutrition was
evaluated comprehensively based on the above signs by each niurse
rather than using the single specific indicator.

In addition, primary nurses reported on caregivers' knowledge
about nutritional management for PU prevention and the subjec-
tive and obiective degree of dietary intake on an average day.

Nutritional management by health professionals, consisting of
nutritiopal assessment and nutriticnal intervention, was also
evaluated by the questionnaire. Regarding nutritional intervention,
primary nurses reported whether the patients received nutrients
by any route. Nutritional route was categorized as oral, enteral, or
parenteral. The absence of nutritional intervention was if the
patient received neither regular food intake nor nutrients by any
route. For nutritional assessment, primary nurses were asked
whether they conducted risk assessments for patient’s nutritional
status, caregiver’s knowledge of nutritional preventive strategies,
the degree of dietary intake, and whether they had consulted with
a registered dietician,

2.6. Qutcome measures

Data regarding PU status, including depth, sites, and the number
of home-acquired PUs, were collected from the medical charts in
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each office. The primary outcome measure was whether the patient
had a home-acquired PU: the secondary outcome was the depth of
the PU, which was assessed by each primary nurse. PU depth was
evaluated by DESIGN,® and categorized as “d" for superficial ulcers
or *0* for full-thickness ulcers. If patients had multiple Pls, the
maost severe one was included in the analysis.

2.7. Statistical analysis

Data are reported as means (standard deviation, SD) for
continuous variables or numbers {percent) for categorical variables.
Univariate analyses were conducted using t-testar chi-squared test.

First, multivariate logistic regression analysis was conducted in
order t¢ determine whether malnutrition was an independent risk
factor for PU developmient. The modél was adjusted {or demo-
graphic characteristics and other risk factors that were associated
with PU development in univariate analysis,

Second, univariate analysis was conducted o determine the
more detailed nutrition-related factors for PU development. Asso-
ciations between each independent variable were checked by chi-
squared. test. If the variabies were highly associated with each
other, only one of the variables was included in the multivariate
model, Then, factors associated with PU development at p< 0.2 in
upivariate analysis were incdluded in the multivariate logistic
regression analysis using the stepwise method. Entry and stay
significance levels were set at p=015. The final model was
adjusted for demographic characteristics {Model 1) and for both
demographic characteristics and risk factors other than nutrition
that had a significant association with PU development in univar-
iate analysis {(Model 2). Odds ratios (ORs) and 95% confidence
intervals (85% Cls) were calculated. The goodness-of-fit of the
model was evaluated by the Hosmer-Lemeshow test, If p-values for
this test were not significant, the mode! was considered a good 8t

Because primary nurses could answer guestions about patient
characteristics (questions {Or patients or caregivers) only when
they had conducted a risk assessment {questions for nutritional
management by health professionals), the above analyses were
conducted separately for the patient and caregiver model and for
the nutritional management model. Ity addition, the latter model
was adjusted only for patient demographic characeristics (Model
1) to avoid smulticolinearity because variables related to PU

’ management including the assessment of a caregiver’s knowledge

about position changes and matiress use were highly associated.
with nutritional management by a health professional,

The same analytical process was conducted for the PU group
alone in order to investigate variable associations with PU severity.
The dependent variable was PU severity dichotomized as superfi-
cial ulcers or full-thickness ones. The statistical significance level’
was set at 0.05. All analyses were conducted using Statistical
Analysis System version 8.1 (SAS institute, Ing., Cary, NC).

3. Results

'3.1. Patient characteristics

Two hundred and seven offices participated in this study (38.5%
of 537 offices). This number coiresponded to 7.8% of all 2688
registered offices in Japan: Fig. 1 shows the flowchart of participant
selection, 011069 enrolled patients who met inclusion criteria, 255
patients with PU and 68 patients without PU were exciuded. The
most frequent reason for exclusion in the PYU group was that PUs
had developed in the non-home care setting, Finally, 290 patients
with PUs and 456 patients without PUs were eligible, The mean age
of all participants was 82.7 years (8D, 8.9). The PU group tended to
be older and more functionally impaired than the non-PU group
(Table 17 p=0.084 and 0,078, respectively). In addition, the PU
group had less cerebrovascular disease {p=0.001) and diabetes
{p = 0.044) than the non-PU group. More than half of family care-
givers-in both groups were 65 years of age or clder. Almost haif of
the patients in both zroups used an air-cell mattress for PU
prevention (46.8% for PU group and 44.9% for non-PU group,
p==0.6686).

3.2. Pressure ulcer status

Table 2 displays the information regarding PU status. One
hundred fifty-seven parients (54.1%) had superficial PUs and the
remainder {45.59%) had a full-thickness PUs. The most frequent.site
of PU development was the satrum (46.6%). Tollowsd by the
trochanter and the heel. One hundred ninety-four patients (66.9%)
had only one ulcer and the remainder (33.1%) had multiple home-
acquired Pis. .

Enrolled patients
(n=1069)

— .

{ Patients with PUs (1 = 545) l f Patients without PUs (2 = 524) j

Exclusion
PUs that developed outside the
hume care setting {r = 90)
Age < 05 or unknown (= 83)
Unknown PU status (1 = 55)

Exclusion
Age < 65 or unknown (1 = 53)
Patients who had PUs in the
past{n=1t1)
 Unknown sex (5 =4}

Unknown situation before <
the development of PU (n = 25)
Unknown sex (n'=2)
&
Eligible patients

. with PUs {n =29

Eligible patients
without PUs (n = 456)

Fig, 1. Flowchart of participant selection,
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Tahie 1
Demographic characteristics of study participants,

Table3
Nutritional risk factors for pressure uicer development.

~ pvalue

PU, pressure uicer,
2 Two data were migsing for care-need certification. Forty-two data were missing
for tiving alone, and 51 were missing for family caregiver’s age.

3.3. The association of nutritional status and related factors with
PU development

Table 3 displays data regarding nutritional status and putrition-
related factors for PU development. There were significantly more
malnourished patients in the PU group than in the non-PU group
{58.7% vs. 32.6%, p < 0.001). Family caregivers in the PU group had
significantly less knowledge about nutritional prevention for PU
than in non-PU group (23.3% vs. 41.7%, p « 0.001). Patients in the PU
group tended to have lower energy intake (p=0.035) and fewer
patients in PU group received an adequate diet than in the non-PU
group (p < 0.001)

Twenty-one patients in the PU group and sevenpatients in the
non-PU group had not received nutritional intervention; this
difference was significant {p < 0.001). The majority of patients
received oral or enteral nutrition (99.2% in the PU group vs, 99.3% in
the non-PU group). For PU group, significantly fewer nuises had
conducted assessments of the patients’ nutritional status and
adequacy of dietary intake (p <0.001 for both) and even fewer
nurses had tended to assess the caregiver’s nutritional knowledge
{p=0.088).

Table2
Pressure ulcer status,

PU, pressure ulcer

PU, pressure ulcer.

* Whether do patients or caregivers have following statuses?

¥ Whether do the health professionals conduct following nutritional interven-
tions and assessments?

3.4. Multivariate analysis of nutritional status and related Jactors
with PU development

Table 4 shows the results of multivariate analysis of risk factors
for PU development. Malnutrition was significantly associated with
Py development and showed the highest odds ratio after adjusting
for other risk factors (OR, 2.28; 95% CI, 1.53-3.44).

Then, the more detailed nutritional factors were investigated,
Table 5 shows the results of multivariate analysis of nutrition-
related factorsassocizted with PU development using the stepwise
method. Of factors other than nutrition, immobility in bed,
immobility in a chair, extreme bony prominence,; joint contracture,
excess moisture on skin, edema, and caregiver’s knowledge abput
mattress use were significantly associated with PU development by
univariate analysis. These variables were-adjusted for in Model 2.
Caregiver’s: knowledge and adequate dietary intake were

Tabled ,
Multivariate analysis of risk factors for pressure ulcer development.:
T B e e

Hosmer-Lemeshow testt =093,
i, confidence interval.
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Table 5
Stepwise multivariate analysis of nutrition-related factors for pressure ulcer
development.

Table 6
Differences in nutritional risk factors between patients with superficial and fulle
thickness pressure ulcers,

Hosmer-Lemeshow test: pe=0.69 for Model 1, and p= 0,17 for Model 2 in patient
and caregiver factors mode!, and p=0.73 for Model 1 in nutritional assessment
factors model.

Model Twas adjusted for age, sex; care level, cerabrovascular disease, and diabetes,
Model 2 was additionally adjusted for immobility on bed, immobility on chair,
extreme bony prominence, joint contraciure, excess moisture on skin; edema, and
caregiver knowledge about mattress,

€1, confidence interval.

significantly associated with lower odds in Model 1, but only the
latter was significant in Model 2 after adjusting for other risk
factors {OR, 0.53; 85% (1, 0.31~-0.90).

For nutritional management, assessment of the patient’s
nutritional status and adequate dietary intake were significantly
associated with lower odds for PU development (OR, 0.43, 0.47; 95%
I, 0.27-0.68, 0.28-0.79, respectively).

. 3.5, Association berween nutritional status and related factors with
PU severity .

Next, we examined the influence of malnutrition and nutrition-
related factors on PU severity. Table 8 shows the results of univar-
iate analysis, Patients with full-thickness PUs were more likely to be
malnourished; this association -was also significant and the stron-
gest in the multivariate model (OR, 1.88; 95% 1, 1.03-3.45; Table 7}

Nutrition-related patient and caregiver factors were not signif-
icantly different between the two groups. On the other hand,
nutritional intervention and assessment of the patient’s nutritional
status, caregiver's knowledge and adeguate dietary intake were
significantly associated with PU severity in the univariate analysis.
In the multivariate analysis, only assessment of caregiver's knowl-
edge about putrition was associated with lower odds of having
a full-thickness PU (OR, 0.48; 95% CI; 0.27-0.83). Other variables
regarding nutritional management were not inciuded in the step-
wise model,

4. Discussion

“To the best of our knowledge, this is the first study to reveal the
impact of patient's nutritional status on the development and
severity of home-acquired PUs in older patients receiving home
care. In addition, this study evaluated detailed nutrition-related
factors of caregivers and heaith professionals for PU prevention,
which may provide practical information in daily home care prac-
tice for PU and nutritional management,

Surprisingly, malnairition had the highest odds ratio of all PU
risk factors even after adjusting for other well-known risk factors. it
was reported that malnutrition was a risk factor for PU in hospitals
and nursing homes™®; our results revealed that this can be true
even in the home care setting. Contrary to our results, Bergquist
previously reported that nutritional risk was not significantly
associated with PU development in home care serring’® This

N

discrepancy might be explained by the facts that the relative
influences of risk factors for PU development are changing due to
the improved quality of care. In our study, 2 larger proportion of the
patients used an air-cell mattress than in the previous studies of
patients with Pis (8.6-21.8%)%%; therefore, our populations were
receiving sufficient pressure redistributien management. This is
probably because that the quality improvement of care for pressure
redistribution is promoted by the long-term care insurance in
Japan, On the other hand, more than haif of the patlents with PUs
were malnourished In our study consistent with a previous
research,? indicating our study population remained a poor nutri-
tional status. These data suggest that nutritional aspects are
growing in importance as the care for other risk factors for pressure
ulcers is improving,

Furthermore, malnutrition was independently and most
strongly associated with the development of full-thickness PUs, In
the population evaluated in this study, almost half of the patients
with PUs had full-thickness PUs which is 2 higher propertion than
in hospitals or institutions."*® These results indicated that severe

Table 7
Muttivariate analysis of risk facrors for ull-thickness pressurs ulcer development,

mmalificy on bed
Immebility on chair -7 Absence.
Joint contracture - Absence

Hosmier-Lemeshow test: p=0.28.
€1, cenfidence interval,
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PUs are serious problems in the home care. Malnutrition causes
reduction of the connective tissue that protects the skin from
damage by external pressure, resulting in weakened tissue
wolerance?® and probably leading to more severe PUs, Once a severe
PU develops in 3 malnourished patient, wound healing is delayed.
Therefore, these results also suggested that nutritional manage-
ment is important for preventing severe PUs in the home care
setfing.

Adequate distary intake and assessment of dietary intake by
a health professional were significant preventive factors for PU
development. Protein intake has been shown to be related to PU
development in the long-term care setting® Therefore, dietary
intake will be the key factor in the home care setting as well. lt was
useful to learn that subjective dietary assessment can be sufficient
for detecting PU risk in the homie care setting.

This study revealed that only one-fifth of caregivers had
knowledge about nutritional management for PU prevention,
which was significantly associated with PU development
although not significant in the multivariate model. In the home
care setting, health professionals have a limited amount of time
to care for patients. Also, because nutritional care is largely
related to daily dietary habits, family caregivers spend a greater
amount of time caring for these patients than do health care
professionals; therefore, caregiver’s requirements for knowledge
or training are great®' Furthermore, this study found that
assessment of the caregiver's nutritional knowledge was
a significant preventive factor for PU severity after adjusting for
demographic characteristics, indicating that nutritional assess-
ment in the home care setting should include an assessment of
the caregiver's knowledge as well as the patient's nutritional
status which is generaily recornmended in other sertings?*% A
previous study reported that the participation of health profes-
sionals in PU management reduced the incidence of hospital-
acquired PU2* Therefore, the collaborations of health care
professionals with family caregivers may be indispensable o
prevent the severe PUs in the home care setting.

This study also revealed that the assessment of the patient's
nutritional status by a health professional was a significant
preventive factor for PU in the home care setting. However, only
a few of the health professionals consulted with a dietitian or
performed an objective assessment of energy intake. It has been
reported that only half of the home care agencies obtained a dietary
consultation; still, this was a much higher propertion than found in
this study.?® The associations between consultation or objsctive
assessmients and PU development were notl necessarily significant;
however, it may be necessary to improve insufficient quality of
nutritional management by health professionals in the home care
system for PU prevention,

There were several lirnitations in this study. First, although the
participating offices werg randomly selected from throughout the
country, it may be necessary to cross-validate the results because
enly about 40% of all offices participated in this study. Second, some
data about nutritional management were missing, This could have
been due to the methodology of the mailed questionnaire survey
andfor the limitations of collecting the ohjective data in the home
care setting. In this setting, standardized nutritional assessment is
not required by the our long-term care insurance, resulting in the
low response rate for objective energy intake. Therefore, partici-
pating nurses comprehensively evaluated malnutrition, which may
include various types of nutritional status, Further research using
available standardized tools will be needed to evaluate each
different nutritional criterion separately. Finally, the multivariate
analyses for the performance of nutritional assessment adjusting
other PU risk assessments couid not be conducted due to multi-
colinearity. This is because PU risk assessment was

a comprehensive process that included nutritional assessment, it
may be necessary in a future study to examine each contribution of
the performance of different risk assessments.

In conclusion, malnutrition was the most important of the
factors associated with the development and severity of PUs in the
home care setting; Ensuring adequate dietary intake was a signifi-
cant preventive factor for PU development, as was the performance
of a nutritional assessment by a health professional. Because the
management of pressure distribution has improved greatly in
recent years, nutritional management represents the next impor-
tant point for PU prevention in home care.
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Estimation of Protein Requirements According to Nitrogen
Balance for Older Hospitalized Adults with Pressure Ulcers
According to Wound Severity in Japan

Shinji lIizaka, RN, PhD,* Junko Matsuo, RN, PhD," Chizuko Kownya, RN, PhD,* Rie Sekine, RD,*
Junko Sugama, RN, PhD," and Hiromi Sanada, RN, PhD*

OBJECTIVES: To estimate protein requirements in older
hospitalized adults with pressure ulcers (PrU) according to
systemic conditions and wound severity.

DESIGN: Secondary nitrogen balance study over 3 days.
SETTING: Long-term care facility.

PARTICIPANTS: Twenty-eight older adults with PrU
using a urinary catheter.

MEASUREMENTS: Nitrogen balance over 3 days was
evaluated from habitual nitrogen intake measured using a
food weighing record and nitrogen excretion from urine,
feces and wound exudate. Nitrogen intake required to
maintain nitrogen equilibrium was estimated as an average
protein requirement using a linear mixed model.

RESULTS: Nitrogen intake at nitrogen equilibrium was
0.151 gN/kg per day (95% confidence interval = 0.127-
0.175 gN/kg per day) for all participants. The amount of
protein loss from wound exudate contributed little to total
nitrogen excretion. A Charlson comorbidity index of 4 or
greater (the median value) was related to lower nitrogen
intake at nitrogen equilibrium (P = .00S5). Severe PrU with
heavy exudate amounts and measured wound areas of
7.9 cm? or greater (the median value) were related to
higher nitrogen intake at nitrogen equilibrium in individu-
als with a Charlson comorbidity index of 3 or less (both
P =.04). Larger wound area (correlation coefficient
(r)=0.55, P=.003) and heavier exudate volume
(r = 0.53, P =.004) were associated with muscle protein
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hypercatabolism measured according to 3-methylhistidine/
creatinine ratio.

CONCLUSION: The average protein requirement Iis
0.95 g/kg per day for older hospitalized Japanese adults
with PrU, but protein requirements depend on an individ-
ual’s condition and wound severity and range from 0.75
to 1.30 g/kg per day. Severe PrU can require higher pro-
tein intakes because of muscle protein hypercatabolism
rather than direct loss of protein from wound exudate.
J Am Geriatr Soc 60:2027-2034, 2012.

Key words: aged; dermatology; nutrition; nursing;
wound care

Pressure ulcers (PrU) and malnutrition are two major
concerns for hospitalized older adults.> Malnutrition
often coexists with PrU in older adults and is a critical fac-
tor in delayed healing of PrU.>~ Meeting requirements for
protein intake is of particular importance for preservation
of body muscle mass and rapid healing of PrU.%7 Accord-
ing to international guidelines,®® the current recommended
protein intake for individuals with PrU is generally 1.25 to
1.5 g/kg per day,®” but there are three concerns regarding
this recommendation.

First, this recommendation is mostly based on expert
opinions or the extrapolation of a few indirect studies,
which originally aimed to reveal the effect of oral nutri-
tional supplements on PrU healing without a clear definition
of the requirement.®*! According to the dietary reference
intakes for healthy people,'>* protein requirements are
generally determined to minimize the risk of nutritional
deficiency. Because individuals have different requirements,
the estimated average requirement is defined to meet
requirements for 50% and the recommended dietary allow-
ance for 97.5% of the population, based on the distribution
of individual requirements. For this purpose, the nitrogen

JAGS 60:2027-2034, 2012
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balance method is regarded as the standard method.'*™3

Many nitrogen balance studies have been conducted for
healthy older adults (average requirements are 0.58-0.85 g/
kg per day)'®'*1317 and older hospitalized adults (1.06 g/
kg per day),'® but there have been no studies measuring
nitrogen balance for older adults with PrU.

In nitrogen balance studies, complete calculation of
nitrogen loss across all routes is essential to avoid underes-
timation of protein requirements.’>'® A concern regarding
PrU is nitrogen loss from wound exudate. A previous
study revealed that the amount of protein loss from PrU
exudation was 0.2 g/d on average, increasing to a maxi-
mum of approximately 2.0 g/d with increasing PrU sever-
ity in the exudate.’® Although it was still lower than that
in acute wounds,?®?! the influence of this route on sys-
temic nitrogen balance remains unclear.

The second concern is a lack of adequate data on the
influence of comorbidities on differences in protein
requirements in older adults with PrU. Restriction of pro-
tein intake will be required in some systemic conditions
such as renal insufficiency for individuals with PrU to
avoid detrimental effects on systemic conditions, because
they are often severely ill with various comorbidities,%#2*

The third concern is that the current recommendation
was determined independently of variation in PrU severity.
Previous studies have reported that greater stress caused
by surgery, acute wounds, or chronic wounds resulted in a
greater degree of muscle protein breakdown, negative
nitrogen balance, and thus greater dietary protein require-
ment.?%*27 Although the current guidelines for PrU men-
tion the need to increase the amount of protein intake in
individuals with PrU with extreme levels of exudate based
on expert opinion,®” no clinical studies have been per-
formed to comprehensively evaluate protein metabolism
and then protein requirements according to PrU severity.
Because nitrogen balance is methodologically limited in
the direct evaluation of protein synthesis or break-
down,'®'? urinary excretion of 3-methylhistidine (3MeH)
is frequently measured as an indicator of muscle protein
catabolism,”®

PURPOSES

The purposes of this study were to estimate the average
protein requirement for maintenance of nitrogen balance
and to examine the effects of systemic and wound condi-
tions on protein requirements for older hospitalized adults
with PrU.

METHODS

Study Design

A cross-sectional, 3-day secondary nitrogen balance survey
was conducted between August 2009 and August 2011.
There are two methods to determine nitrogen balance,**™8
Alchough the primary method can estimate individual pro-
tein requirements by experimentally providing several lev-
els of protein intake for a individual, it is usually not used
for hospitalized individuals, who cannot tolerate radical
changes in intake level. Therefore, the secondary method
was selected,’® whereby nitrogen balances are evaluated

under habitual nutritional intake in an observational sur-
vey and protein requirements can be obtained for a group.

The ethical committee of the Graduate School of Med-
icine, University of Tokyo approved the survey protocol.
Weritten informed consent was obtained from participants
or their proxies.

Participants

Older adults with PrU were recruited from a long-term
care hospital in Japan. A long-term care hospital is a spe-
cialized facility for older adults who require chronic medi-
cal care for long periods. It was selected because many
patients received a dietary plan during their hospital stay
that was long enough to ensure steady periods of nutri-
tional intake. Individuals who had at least one PrU, were
aged 65 and older, used a urinary catheter as usual care to
complete 24-hour urine collection, and had been on a
nutritional plan for at least 1 week to assume a nutrition-
ally steady state were included.

Procedures

Dietary assessment under habitual intake and 24-hour
urine collection were conducted for 3 consecutive days
after at least 1 week after admission to ensure repeatabil-
ity, Evaluations for nutritional status and wound status

‘were conducted on 1 of these 3 days. Blood sampling was

performed within 1 week of urine collection. During the
study period, each participant received standardized care
for PrU based on the Japanese guidelines.?’ Participants
received an individualized nutritional plan determined by a
local doctor and a dietitian based on the participant’s con-
dition or disease type.

Data Collection

Demograpbic Daia

Information on age, sex, independence level determined
according to the Japanese Ministry of Health, Labor, and
Welfare, and comorbidities evaluated using the Charlson
comorbidity index® was collected from medical charts.

Nuiritional Status and Systemic Condition Daia

Current body weight was collected from the medical chart
from the preceding 2 weeks. To calculate body mass index
(BMI), height was estimated from knee height measured
by a trained researcher using a formula validated for
elderly Japanese individuals.®’ Serum levels of albumin,
prealbumin, C-reactive protein, blood urea nitrogen, and
creatinine were measured according to the laboratory’s
standard procedures (SRL Inc., Ishikawa, Japan). Esti-
mated glomerular filtration rate (eGFR) was calculated
according to the formula recommended by the Japanese
Society of Nephrology.®* Renal insufficiency was defined
as an eGFR of less than 60 mL/min per 1.73 m™.

Wound Siatus

A researcher determined wound locations, measured
wound area, and amount of protein loss from wound
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exudation and used the DESIGN-R tool to evaluate PrU
severity, 3334

The DESIGN-R tool was developed to evaluate PrU
severity using seven items: depth, exudate, size, inflamma-
tion and infection, granulation tissue, necrotic tissue, and
pocket (undermining).**** A total DESIGN-R score rang-
ing from O (healed) to 66 (greatest severity) was calculated
from six items excluding depth to determine the overall
severity of the PrU and was classified into three categories:
slight (a total score of <9), moderate (10-18) and severe
(>19).3%3* Depth score was independently classified into
two groups. Superficial PrU included persistent redness
and dermal wounds, and deep PrU included wounds
extending to the subcutaneous tissue, muscle, or bone and
unstageable wounds. The predictive validity and interrater
reliability of the DESIGN-R tool have been confirmed in
previous studies.>*>* The standardized protocol to evalu-
ate DESIGN-R was developed based on the Japanese
guideline.?® Another researcher independently checked the
DESIGN-R score of the primary researcher.

The wound area was measured by tracing the wound
margin using a commercially available measurement sys-
tem (VISITRAK; Smith & Nephew Wound Management,
Tokyo, Japan).®® The wound area was calculated for the
total area including undermining.

Protein loss from wound exudation (g/d) was calcu-
lated by multiplying exudate volume and total protein
level.”® Exudate was collected under a transparent occlu-
sive dressing covering the wound surface (OpSite Wound
Dressing; Smith 8 Nephew Wound Management). After
several hours, the retained fluid within the film was col-
lected. The collected samples were centrifuged to remove
cell debris (8,000 x g for 5 minutes). The volume was
measured using a micropipette to the nearest 10 pL and
was converted to volume per day (mL/d). When exudate
was difficult to collect, its volume was estimated using a
equation validated from a previous study that included
some of the same population.*® The total protein level in
the exudate was measured using the Biuret method (SRL
Inc.). If the total protein level was not measurable because
of a small sample volume, the level was estimated as 70%
of the serum level.’”

To analyze nitrogen balance statistically according to
wound severity for individuals with multiple PrU, the sub-
scores for exudate, size, granulation tissue, and pocket of
the DESIGN-R tool; total wound area; and measured exu-
date volume were summed for each wound in a partici-
pant, whereas the highest score was selected for other
subscores of the DESIGN-R tool.

Nutritional Intake

Nutritional intake was assessed using a 3-day food weigh-
ing record. Researchers weighed all foods using a digital
scale to the nearest 1 g before and after meals and calcu-
lated the proportion of dietary intake. A dietitian in the
hospital calculated the nutritional composition of all
menus using the Standard Tables of Food Composition in
Japan (Fifth Revised and Enlarged Edition). For partici-
pants who received nutrients enterally and parenterally,
the content and volume of all supplements and infusions
were recorded. For nutrients administered orally and

enterally, the digestion and absorption efficiency for pro-
tein was assumed to be 90% based on the dietary refer-
ence intake for Japanese,'* whereas that for amino acids
administered parenterally was 100% to adjust for the dif-
ferences in nutritional routes. Daily protein intake was
divided by 6.25 and converted to nitrogen intake (gN).
Energy and nitrogen intake were expressed per 1 kg of
body weight. The nonprotein calorie:nitrogen ratio (INPC:
N) was calculated to evaluate the energy—protein balance.

Nitrogen Excretion

Nitrogen excretion through urinary, fecal, miscellaneous
including sweat or skin, and wound exudate loss was cal-
culated. A 24-hour urine collection was performed for
3 days using a plastic bag connected to a urinary catheter.
On each day, duplicate samples (each approximately
10 mL) were collected from pooled urine after stirring
adequately and stored at —80°C for later use. The mean
value of duplicates was used for further analysis to reduce
measurement errors. The concentration of urinary urea
nitrogen was measured using the urease method (SRL
Inc.), Total urinary nitrogen excretion (gN) was calculated
as urinary urea mnitrogen excretion (gN) times 1.25. Uri-
nary creatinine was measured to evaluate the accuracy of
the 24-hour urine collection, Because most participants
were bedridden and had functional fecal incontinence,
nitrogen excretion from the fecal and miscellaneous
sources such as sweat were estimated at 0.018 and
0.008 gN/kg per day, respectively.’>*® Nitrogen loss from
wound exudation (g/N) was calculated as protein loss
from exudate (g) divided by 6.25. Total nitrogen excretion
from the above routes were expressed as gN/kg of body
weight per day.

Nitrogen Balance

Nitrogen balance was calculated for each day as follows:
nitrogen  balance  (gN/kg) = nitrogen intake  (gIN/
kg) — total nitrogen excretion (gN/kg). The nitrogen
intake required to maintain nitrogen equilibrium was
regarded as the average requirement of protein intake in
this population.

Muscle Protein Catabolism

The concentration of 3MeH was measured using high-per-
formance liquid chromatography according to the labora-
tory’s protocol (SRL Inc.) on the second day of a 3-day
urine collection. Urinary excretion of 3MeH were normal-
ized according to creatinine excretion (3MeH/Cr) to stan-
dardize differences in muscle mass.?%3®

Statistical Analysis

Descriptive data were expressed as mean + standard devia-
tion or n (%). All analyses were conducted using SAS ver-
sion 9.2 (SAS Institute, Inc., Cary, NC). Interday reliability
was evaluated for dietary and urinary nitrogen using intra-
class correlation coefficients (ICC) between 3 days.
Nitrogen intake to achieve nitrogen equilibrium was
estimated from a linear mixed model with evaluation days
as a repeated variable (SAS MIXED procedure). Nitrogen
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balance parameters including obligatory nitrogen loss
(ONL, gN/kg per day), utilization efficiency, and nitrogen
intake at nitrogen equilibrium with their 95% confidence
intervals (95% Cls) were estimated as the absolute values
of the y-intercept, slope, and x-intercept, respectively,
using the ESTIMATE statement. The model included a
dichotomized variable of systemic conditions or wound
severity to explore the differences in parameters. The cut-
off point was set at the median value in this survey unless
there was a clinical reference value.

The associations between 3MeH/Cr and variables of
wound severity were evaluated using Pearson correlation
coefficients (#) and partial correlations adjusted for sys-
temic conditions.

RESULTS

Twenty-eight participants with 36 PrU were recruited and
entered into analysis. The length of stay was more than
30 days for 20 of 28 participants. Mean age was
86.0 £ 8.2, 18 were female (Table 1), and 26 were

Table 1. Demographic Characteristics and Nutritional
Status (N = 28 Participants; N = 36 Pressure Ulcers)

Varlable Value

Location, n?

Depth, n®

1.7 £6.3

Measured exudate volume, mL

SD = standard deviation.
* Wound variables were evaluated for all wounds in a participant.

bedridden. Twenty-eight ulcers were deep, and mean
DESIGN-R total score was 18.3 + 10.0.

Mean energy intake was approximately 24.5 kcal/kg
per day, and mean protein intake was approximately
0.95 g/kg per day, corresponding to 0.150 gN/kg per day
of nitrogen intake (Table 2). Average protein intake over
3 days was strongly correlated with energy intake
(r=0.91, P <.001). Mean total nitrogen excretion was
approximately 0.150 gN/kg per day. Mean nitrogen bal-
ances were almost neutral over 3 days, ranging from
—0.003 to 0.001 gN/kg per day. The ICCs of all dietary
intakes and urine samples over 3 days were greater than
0.9, indicating almost perfect interday reliability. Almost
half of participants had a positive nitrogen balance
(n=13 for days 1 and 3, and 14 for day 2). Average
nitrogen balance over 3 days was correlated with average
protein intake (r=0.65, P <.001), energy intake
(r = 0.45, P = .02) and NPC:N (r = —0.54, P = .003).

In Figure 1A, the estimated ONL was 0.095 glN/kg
per day (95% CI = 0.061-0.128 gN/kg per day), utiliza-
tion efficiency was 0.629 (95% CI = 0.439-0.818), and
nitrogen intake at nitrogen equilibrium was 0.150 gN/kg
per day (95% CI = 0.126-0.174 gN/kg per day) when the
nitrogen balance did not include loss from exudation for
all participants. When loss from wound exudation was
added, nitrogen intake at nitrogen equilibrium was
0.151 gN/kg per day (95% CI = 0.127-0.175 gN/kg per
day) (Figure 1B). Table 3 shows the parameters of the
scatter plots for nitrogen balance according to systemic
conditions. Nitrogen intake at nitrogen equilibrium was
0.186 gN/kg per day (95% CI = 0.154-0.217 gN/kg per
day) in participants with a Charlson comorbidity index of
3 or less, which was significantly higher than the
0.122 gN/kg per day (95% CI = 0.092-0.151 gN/kg per
day) in those with a score of 4 or greater (the median
value) (P = .005). Moreover, nitrogen intake at nitrogen
equilibrium tended to be higher in participants with an
eGFR of 60 mL/min per 1.73 m® or greater than in those
with an eGFR of less than 60 mL/min per 1.73 m®
(P =.09).

The parameters for nitrogen balance according to
wound severity were then evaluated. To avoid confound-
ing with systemic condition, the analysis was performed
only for participants in good condition in terms of comor-
bidity and renal function (Table 4). For participants with
a Charlson comorbidity index of 3 or less, nitrogen intake
at nitrogen equilibrium was higher for PrU with a heavy
exudate amount (P = .04) or wound areas of 7.9 cm? or
larger (P = .04) than for PrU with none to a moderate
amount of exudate or wound areas less than 7.9 cm?,
respectively. Similar results were obtained for participants
with normal renal function (P = .004 for exudate amounts
and P = .007 for wound areas). There were no significant
differences in ONL or slope between any groups.

The 3MeH/Cr was positively associated with
DESIGN-R exudate score (r = 0.41, P =.03), size score
(r = 0.36, P = ,06), pocket score (r = 0.39, P =.04), and
total score (r = 0.46, P =.01); measured wound area
(r = 0.55, P = .003); measured exudate volume (r = 0.53,
P = .004), and the amount of protein loss from exudation
(r=0.56, P =.002). These associations were unchanged
when comorbidity or inflammatory status was adjusted.
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Table 2. Daily Nutritional Intake and Nitrogen Excretion and Interday Reliability

Day 1

Day 2

Day 3

Varlable

Mean * Standard Devlation

Intraclass Correlation Coefilclent

g 35.7 £ 16.7

Nitrogen balance, gN/kg

35.4 + 17.6

34.9 + 161 .960

A Nitrogen balance (gN/kg/day)
0.20 ]

0.15 lod

O dayl
Eday2
Aday3

0.00

03 04
-0.05

-0.10 A

0.15 4

-0.20 -

Obligatory nitrogen loss: 0.095 (0.061 — 0.128) gN/kg/day
Utilization efficiency: 0.629 (0.439 —0.818)
Nitrogen intake at nitrogen equilibrium: 0.150 (0.126 — 0.174) gN/kg/day

Nitrogen intake (gN/kg/day)

B Nitrogen balance (gN/kg/day)
020

0.15 4
0.10 1

0.05 A
<O dayl

T g + Bday2
03 04 4 day3

Nitrogen intake (gN/kg/day)

0.00

-0.05 A

-0.10 1

-0.15 A

-0.20 -

Obligatory nitrogen loss: 0.093 (0.060 — 0.126) gN/kg/day
Utilization efficiency: 0.615 (0.427 — 0.803)
Nitrogen intake at nitrogen equilibrium: 0.151 (0.127 - 0.175) gN/kg/day

Figure 1. Scatter plots of nitrogen balance and nitrogen intake at baseline over 3 days for all participants with pressure ulcers
(N = 28). (A) Nitrogen balance without nitrogen loss from wound exudate. (B) Nitrogen balance with nitrogen loss from wound

exudate. Values represent estimates (95% confidence intervals).

DISCUSSION

This is the first survey to determine protein requirements
for maintenance of nitrogen balance in older hospitalized
Japanese adults with PrU in a long-term care setting
despite small sample size. The purpose of nutritional care
for PrU is to maintain nutritional status according to cata-
bolic status caused by PrU and to promote wound healing
through the supply of adequate nutrients to local site. The
data using secondary and short-term nitrogen balance
method will contribute especially to the first purpose.

The crude average protein requirement for all
participants corresponds to 0.94 glkg per day (95%

CI = 0.79-1.09 g/kg per day). Because interindividual vari-
ance cannot be directly determined in the secondary
design, safe protein intake would be 1.18 g/kg per day
with assumed interindividual variance of 25% (2 standard
deviations in previous reports).’* When these data are
rounded for clinical use, average and safe protein require-
ments for older adults with PrU are 0.95 and 1.20 g/kg
per day, respectively. Safe intake was similar to the lower
limit of the current recommendation for PrU treatment.®
Compared with the average requirements of 0.56 to
0.85 g/kg per day for healthy older people,**” it seems
that the influence of PrU on nitrogen balance can increase
protein requirements, although the value was lower than

—157—



2032 OZAKA ET AL.

NOVEMBER 2012-VOL, 60, NO. 11 JAGS

Table 3. Parameters from a Linear Mixed Model of Nitrogen Balance According to Systemic Conditions

Obllgatory Nlirogen Loss, ghN/
kg per Day

Utllizatlon Efficlency

Intake at Nitrogen Equllibrium,
ghi/kg per Day

Variable n Estimate (95% Cl) P-vaiue

Estimate (95% CI)

P-value P-value

Estimate (95% CI)

<60 8 .088 (.041-.135)

.659 (.361-.956)

119 (.075-.164)

CI = confidence interval.
2 Variables classified according to median value.

Table 4. Nitrogen Intake at Nitrogen Equilibrium According to Wound-Related Characteristics for Participants in

Good Systemic Condition

Charlson Comorbldlty Score <3 Polnts

Normal Renal Function (eGFR >60 mL/min per
1.73 m?%)

Varlable n Estimate (5% CI)®

P-value f

Estimate (95% CI)° P-value

CI = confidence interval.
2 Estimated nitrogen intake at nitrogen equilibrium (gN/kg per day).
® Subcategories of DESIGN-R tool.

that of 1.06 g/kg per day for hospitalized older adults in
rehabilitation units'® and for critically ill individuals
(>2.00 glkg per day).® Moreover, half of participants in
the current survey had a positive nitrogen balance,
whereas most postsurgical individuals have a serious nega-
tive nitrogen balance.?**® In addition to differences in
race, age, participant physical condition, and settings,
wound type may influence these results; a lower protein
requirement than that needed for individuals with critical
illnesses may adequately neutralize the influence of PrU,
which is generally localized damage.®

Poor systemic conditions, including high burden of
comorbidity and renal insufficiency, were related to lower

protein requirements of approximately 0.12 gN/kg per day,
corresponding to 0.75 g/kg per day of protein. The average
requirement for participants in good condition was approxi-
mately 0.17 giN/kg per day of nitrogen, corresponding to
1.10 g/kg per day of protein. A high burden of comorbidity
was an unexpected factor in lower protein requirements for
PrU because higher protein requirements usually accom-
pany similar conditions such as critical illness or cachexia,*°
Conversely, one siudy reported the disadvantage of high
protein intake in terms of greater mortality in severely
edematous malnourished people affected by famine,*
partly because excessive nitrogen intake may not be effec-
tively used for endogenous protein synthesis and may be
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harmful.*? Anorexia, which may further decrease nitrogen
excretion and protein requirements through the accommo-
dation process, provides a survival advantage in combina-
tion with this condition.**** A recent study also reported
that feeding tubes are not beneficial for PrU healing in nurs-
ing home residents with advanced cognitive impairment,
although the amount of nutritional intake was unclear. This
study may indirectly support the results of the current study
and provide an opportunity to reconsider nutritional sup-
port for people with PrU who are severely ill.** Impaired
renal function, although not clearly significant, was an
expected factor in lower protein requirement. This condi-
tion increases nitrogen retention and decreases urinary
nitrogen excretion due to low eGFR, resulting in an appar-
ent positive nitrogen balance and lower protein require-
ment. High protein intake increased the risk of renal
function deterioration in individuals with renal insuffi-
ciency.**#%** Assessment of the systemic condition should
take priority when protein requirements are determined for
older adults, even those with PrU.

Heavy amounts of exudate and large wound areas
were factors associated with greater protein requirements
for people in good conditions. Because the nitrogen intake
required to maintain nitrogen equilibrium ranged from
0.192 to 0.231 gN/kg per day, the average protein require-
ment was 1.30 g/kg per day for people with severe PrU.
The amount of protein loss from exudate itself did not
directly contribute to greater protein requirement, as a pre-
vious study indicated.”® Conversely, heavy exudate
amounts and large wound areas may be related to muscle
protein hypercatabolism independently from systemic
inflammatory conditions. Therefore, protein requirements
for severe PrU will be greater because of high muscle pro-
tein catabolism rather than the compensation of direct loss
from exudation. Although the details of protein turnover
are not clear, severe PrU will cause muscle protein hyp-
ercatabolism, which provides adequate amino acids at
wound sites to promote protein synthesis for wound heal-
ing.*® The average protein requirement is 0.85 g/kg per
day for individuals with less-severe PrU, which is similar
to that for healthy older people.’* Because an adeguate
protein supply would attenuate protein breakdown,*® set-
ting a higher average requirement for severe PrU is reason-
able for individuals in relatively good systemic conditions.

A limitation of this study was the small sample size,
which may have decreased the statistical power in stratified
analyses. In addition, this survey was conducted in a conve-
nient long-term medical setting. Further studies involving
other settings such as nursing homes or acute care hospitals
are required. Second, estimated values were used for nitro-
gen loss from fecal, miscellaneous, and part of exudate loss
because of difficulty in measurement. Also, resting energy
expenditure could not be measured, although energy bal-
ance has an influence on nitrogen use.!’'* The results
revealed that NPC:N ratio and energy intake influenced
nitrogen balance, indicating that the balance between
energy and protein intake is another factor in maintaining
nitrogen balance, although the effect of protein intake
could not be clearly differentiated from that of energy
intake because of their strong correlation. Furthermore, dif-
ferences in nutritional routes may influence the outcomes
independent of amount of nutritional intake.** Finally,

average protein requirements may not be equivalent to the
optimal level to promote PrU healing because nitrogen bal-
ance reflects protein mass in the whole body and, in this
study, was evaluated over a short period of time. Further
studies will be required to prospectively evaluate the role of
protein requirements for wound healing.

CONCLUSION

Based on the sample of 28 older hospitalized Japanese
adults, the average protein requirement for PrU is 0.95 g/
kg per day. The average requirements depended on partici-
pant condition and wound severity; a high burden of com-
orbidity and renal insufficiency decreased them, whereas
severe PrU increased them, possibly because of muscle pro-
tein hypercatabolism. With these data, even though there
are several limitations, protein requirements can be objec-
tively and flexibly determined for older hospitalized adults
with various PrU severities.
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