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Abstract

Aim: To examine the hypothesis that Collagen Peptide (CP) is effective in the treatment of Pressure
Injuries (PI) in older adult inpatients.

Methods: This study was a retrospective chart review conducted at a single institution. All consecutive
patients who developed PI before or after admission to a single institution between January 2013
and September 2015 were enrolled. Data collected were: 1) characteristics; 2) blood test, CRP, and
serum Alb during the period of PI treatment (PPT); 3) PI, evaluated by the DESIGN-R scoring
system; 4) nutrition, body weight, BMI at baseline, and energy and protein intake during PPT; and
5) outcomes, the change in DESIGN-R score during PPT (AD), AD/PPT. Subjects were divided
into two groups: with or without CP supplement. All collected data were compared for PI patients
in Method 1: PPT < 28 days vs. >28 days and Method 2: PPT < 28 days treated with CP vs. non-CP.

Results: Among 2,245 included patients, the prevalence of PI and incidence of hospital-acquired PI
were 2.93% and 1.69%, respectively. Result 1: PI patients with PPT < vs. >28 days had the following
characteristics: > 89 years old, lower Alb, and a less severe PI expressed as a DESIGN-R score <10.
The outcomes, expressed as PPT/AD and AD/PPT, were also significantly better. Result 2: the CP-
group had a more severe PI and, paradoxically, a significantly lower Alb and Hb at baseline.

Conclusion: From our results, two conclusions were drawn: (1) PI inpatients who healed within
28 days were > 89 years old, had a lower Alb, and had better outcomes, expressed by a significantly
shorter PPT/AD. (2) PI inpatients treated with CP, who had a more severe PI and, paradoxically,
a significantly lower Alb and Hb at baseline, healed within 28 days. In conclusion, CP could be a
strategic agent for PI treatment for inpatients > 89 years old, a lower Alb and Hb, and a DESIGN-R
score <10 at baseline.

Keywords: Pressure injury; Collagen peptide; Albumin; DESIGN-R

Introduction

Older adult inpatients have multifactorial comorbidities, medications, and/or physical
impairments, leaving them at high risk of pressure injuries. These factors might confer a risk of
immobility, due not only to organ-localized functional impairments of bone, muscle, or articular
lesions, but also to systemic functional impairments in mental and cardiopulmonary functions and/
or perfusion. All these factors have the potential to result in the development of a Pressure Injury
(PI). PI is both a physical and a socio-economic burden. In particular, treatment of PI in older
patients requires a multifactorial strategy that includes a local dressing and cleansing treatment and
general repositioning, early mobilization, and nutrition care [1]. In addition, guidelines state that
supplementation with a solution containing 61 g protein per liter (24 energy percent) was more
successful in decreasing total pressure injury area than a formula with 37 g protein per liter (14
energy percent) in a geriatric population [2]. One interpretation of this finding is that nutritional
support is effective when patients are malnourished. These guidelines also recommend treatment
with energy of 30 to 35 kcal/kg body weight-1 day-1 and 1.25 g to 1.5 g protein/kg body weight-1
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day-1. In addition, another systematic review reported that arginine-
enriched supplements improved the PUSH score [3]. To date,
however, use of a nutritional supplement with a Collagen Peptide
(CP)-enriched formula for patients with PI has not been extensively
examined. Under this context, we examined our hypothesis that CP
is more effective in healing PI in older adult inpatients than arginine-
enriched nutritional supplementation.

Methods

This study was conducted as a retrospective chart-review at a
single institution. All consecutive patients that developed PI before
or after admission between January 2013 and September 2015 were
enrolled. Exclusion criteria were (1) liver dysfunction, defined by a
serum AST or ALT above 1.5 times the upper institutional limit or a
total bilirubin concentration > 1.5 mg/dL; and (2) renal dysfunction,
defined as a serum creatinine concentration > 1.5 mg/dL. This study
was approved by the ethics committee of the studied institution.
Given the nature of this study, the requirement for informed patient
consent was considered not necessary. Data from all subjects were
collected during the period of PI Treatment (PPT) between the
start and end day of PPT. The collected data were categorized
into the following five parameters: (1) characteristic parameters,
including age, sex, primary diagnosis, and Charlson Comorbidity
Index (CCI) to estimate the severity of comorbidities at admission
[4], body weight, body mass index (BMI, kg/m*) at baseline and
at the end of PPT, body weight change during PPT; (2) blood test
parameters, including highest C-Reactive Protein (CRP), frequency
of CRP > 6.0 mg/dL, a level reported for a biomarker for bacterial
infection in older inpatients [5], and the lowest serum Albumin (Alb)
concentration during PPT; and (3) a Pressure Injury (PI) parameter,
including site of PI and the DESIGN-R score. This scoring system
was developed to predict the clinical course of healing using the
following six acronym components: Depth (D), Exudates (E), Size
(S), Inflammation/Infection (I), Granulation tissue (G), and Necrotic
tissue (N). Pockets (P) is additionally added to the acronyms when an
undermining pocket is identified during repeated weekly evaluations.
The R in “DESIGN-R” is for rating system [6]. All scores of E, S, 1,
G, N, and P, except D, were summed to indicate the severity of PI,
with a larger score indicating a greater severity and zero indicating
that the PI was completely healed. Then, the cumulative energy and
protein intake during the first 14 and 28 days of PPT were divided by
AD to evaluate the efficacy of nutritional supplementation with CP
compared to without CP. This indicates the number of days required
to reduce by one point the DESIGN-R score, expressed in units of
kcal or g /AD. In other words, a smaller energy or protein amount to
achieve a one-point reduction of DESIGN-R score is more effective
or efficacious; (4) nutritional parameters, including energy and
protein intake during PPT, whereby energy and protein intakes were
summed in cumulative amounts during the first 14 and 28 days of
PPT, and then the calculated energy and protein deficits were defined
as actual intake minus the target amount. Energy and protein deficits
were expressed as AE and AP, respectively. Here, targets of energy
and protein intake were set at 25 kcal/kg and 1.0 g/kg of actual body
weight per day, respectively; and (5) outcome parameters, including
(a) time-related outcomes, calculated as PPT divided by AD (days/
points), the total length of stay in hospital (days) after the start of PPT
(LOS) [7,8]. LOS was divided by AD (days/points); and (b) nutrition-
related outcomes, including energy and protein efficacy to achieve PI
healing. Cumulative energy and protein intakes were divided by AD
to determine how much energy and protein was necessary, and both

were expressed in units of kcal or g/points of AD, respectively. Under
these circumstances, the following two assumptions were set: local
perfusion and the impairment of mobility. Both must be considered
as major risk factors for PI [9]. In the present study, both factors were
the same in all subjects, because all subjects had to use mobility aids,
such as a walking stick, frame, or wheelchair, or were bedridden. In
addition, their nursing care was considered to be similar because they
were all cared for under a standardized protocol, and all nursing care
was supervised by nursing staff that were registered by the Wound,
Ostomy, Continence (W.O.C.) association. In addition, the contents
of CP and non-CP formulae were shown (Table 3).

Subject divisions

Subjects were divided by two methods into two groups according
to two categories. The first category was by the duration of PPT,
such as PPT <28 or <14 days. The second category was the use of CP
supplement. In these two analyses, all subjects were compared in all
collected data to identify the factors that shorten PPT and to examine
the efficacy of CP supplement in PI treatment. A high efficacy of CP
supplement was expected in older patients, especially for less severe
PI with PPT <28 days. In the subject categorization, PI patients
with PPT < 3 days were included in the non-CP group because this
period was considered to be too short to examine the efficiency of
a particular nutritional supplement. CP supplement is commercially
available and is designed to provide an additional amount of 10 g of
CP per package. Nutritional information about the CP and non-CP
nutritional supplements is shown in Supplementary (Table 1).

Method 1: Comparison of all data in PI patients with PPT < 28
vs. >28 days

Allincluded subjects were divided into two groups, PI that healed
< 28 days vs. >28 days, to recognize which factors were associated
with shorter PPT. These two groups were then compared for all
collected data, including outcome parameters and energy or protein
intake efficacy (Figure 1).

Method 2: Comparison of subjects with PPT < 28 days treated
with CP vs. without CP (non-CP)

Data of subjects with PI that healed within 28 days of PPT
observed in Method 1 were compared with data in patients treated
without CP to examine the efficacy of CP as a strategic agent for PI
treatment (Figure 1).

Statistical analysis

Correlations between the number of days for healing of Pressure
Injuries (PPT) and changes in DESIGN-R score during PPT (A
DESIGN-R) were analyzed by linear regression analysis. Data are
presented as median and interquartile range for continuous variables
and as number and percentage for categorical variables. The two
groups in the three methods were compared using the Mann-Whitney
U test for continuous data and Fisher’s exact test for categorical data.
The nonparametric test was used for continuous variables because the
relatively small sample size would underestimate the distributional
assumptions of parametric tests. Statistical analyses were performed
using SPSS Statistics software version 21 (IBM, Armonk, NY, USA).
P<0.05 was considered to be statistically significant.

Results

Subject characteristics for all patients are summarized in (Table
1). The median age of all subjects was 88 years old (82, 93) and body
weight at baseline was 40.4 kg (35.6, 47.2), expressed as median
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Subjects enrolled in the present study

Inclusion criteria:

-PI co-existence during hopitalization
-admission to a single institute

-admitted between Jan..2013 and Sep.2015

Exclusion criteria

mg/dl

-liver dysfunction : one of AST, ALT> 1.5 times of upper limits or total bilirubin concentration >1.5

-renal dysfunction : serum creatinin concentration >1.5 mg/d|
=missing any collected data (n=2)
=Subjects without improving PI (n=3)

Data from all subjects collected were described below in five domains

Parameters  [included indeces

1, demographifage, sex, primary diagnosis, and Charlson comorbidity index (CCI)

2, blood test  |highest / lowest Alb, highest CRP, frequency of CRP 2 6.0 mg/dl during PPT

3, Pressure injyDESIGN-R, NPUAP staging scoring system

of AD), and CP eficacy, cumulative CP / AD (grams / points of AD)

4, nutrition energy / protein, CP intake
5a) time-related outcomes: PPT (days), improvement of DESIGN-R scores during PPT ( AD, points ),
5, outcome Sb)nutriton-related outcomes: energy and protein efficacy, expressed in AE/PPT, AP/PPT (kcal or grams/point

Subjects to analyze

Method 1

All subjects was divided by Pl
treatment: 2 28 vs. 28 days <

Method 2

Among subjects whose Pl
treatment was < 28 days,
subjects was divided by with
vs. without CP supplement.

All collected data was compared between
two groups in method 1 and 2

Figure 1: Comparison of all data in PI patients with PPT < 28 vs. >28 days.

Abbrevations: Alb: Serum Albumin (mg/dl); AL T: Alanine Transaminase; AST: Asparagine Transaminase; CP: Collagen Peptide; CRP: C-reactive Protein;
NPUAP: National Pressure Ulcer Advasatory Panel; PPT: Length of Pl Treatment

~
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Figure 2: An association of PPT with the change of DESIGN-R scores in two groups, CP- and non-CP group.
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(QRI), respectively (Table 1). During the study period, of the 2,245
patients admitted to this institute, 66 were PI inpatients of which 28
were Hospital-Acquired PI (HAPI) patients, who developed PI after
admission. The prevalence of PI and incidence of HAPI were 2.93%
and 1.69%, respectively.

Result 1
Result of Method 1: Comparison of all data in PI patients with
PPT < 28 days vs. >28 days

A comparison of all data between the two groups, showed that
median age was, paradoxically, older for PPT < 28 days than for

>28 days (89 vs. 84, p=0.005, (Table 1). Similarly, serum albumin
at baseline was significantly lower in the former group (3.1 vs. 3.6
mg/dL, p=0.012). PI severity shown by DESIGN-R score at baseline
was significantly smaller (less severe) in the former group (5 vs.
19, p<0.001). From the aspect of nutritional efficacy, PPT/AD was
significantly different in both groups (1.57 vs. 6.27, p<0.001 for PPT/
AD; 0.636 vs. 0.160, p<0.001 for AD / PPT; Table 1).

Result 2

Result of Method 2: Comparison of subjects with PPT < 28 days
treated with CP vs. non-CP.
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Table 1: Comparison of two groups - Group Healed within 28 days vs. over 28 days.

Total < 28 days 28 days< p*
parameters (n=66) (n=45) (n=21)
Demographics Sex, male n (%) 26 (39) 16 (36) 10 (48)
Age (Year) 88 (82, 93) 89 (86, 94) 84 (75, 88) 0.005
ccl 6(5,7) 6 (5, 8) 6(5,7) 0.55
Blood test Hb, highest during PPT (g/dl) 9.9(8.3,11.5) 10 (8.6, 11.5) 9.8(7.4,11.6) 0.563
Serum albumin, highest during
PPT (g/d) 3.3(2.9,3.7) 3.1(2.7, 3.6) 3.6 (3.1, 4.0) 0.012
Z;;‘I‘)m albumin, lowest during PPT 2.7 (2.6,3.1) 2.9 (2.6,3.2) 2.6 (2.3,2.7) 0.042
Pressure injury DESIGN-R score at baseline 8 (4,17) 5 (4, 10) 19 (15, 23) <0.001
Pl area (cm?) 2.1(0.5,14.4) 1.1(0.4,7.0) 11.2 (1.5, 22.2) 0.005
Nutrition Body weight at baseline (kg)* 40.4 (35.6,47.2) 41.2(35.2,47.7) 41.0(35.7,45.8) 0.99
Body weight at PI healing (kg)* 30.6 (34.5,45.8) 38.7 (34.2,47.3) 39.6 (34.7, 43.6) 0.654
BMI at PI healing (kg/m?)* 18.8 (17.4,19.9) 18.8(18.0,20.3) 18.1(16.2, 19.9) 0.2
Body weight change between at Pl ) : . } .
development and healing (kg) 0.1 (-1.1, 0.0) 0(-1.0, 0.0) 0.8 (-3.7,1.1) 0.359
Body weight change until Pl
healing (%) -0.3(-2.9, 0.0) 0(-2.9,0.0) -1.9(-7.6, 2.6) 0.425
Cumulative intake / DESIGN-R  Energy efficacy / AD (keal /5304 (765 4113) 1018 (604, 2317) 5531 (3554, 8334) <0.001
score point)
Energy efficacy / AD / body
weight (kcallpoint / kg ) 52 (20, 105) 25 (13, 55) 140 (94, 178) <0.001
;;‘i’r:f')” efficacy / AD (g / 85.3 (26.6, 164.6) 39.1 (23.2, 90.2) 226.4 (147.9,312.9)  <0.001
Protein efficacy / AD / body
weight 2.1(0.7,4.1) 1(0.5,2.1) 5.6 (3.7, 7.4) <0.001
(g / point/ kg )
Outcome PPT 13 (8, 52) 9(6, 13) 80 (52, 161) <0.001
| t of DESIGN-R
mprovement o score 7 (4, 14) 5(4, 8) 15 (12, 21) <0.001
(AD)
PPT / AD (days/ point ) 2.20 (1.19,4.83) 1.57(0.84,2.50) 6.27 (3.61,9.21) <0.001
X . 0.455 0.636
efficacy, AD/PPT (points/day) (0.208, 0.844) (0.400, 1.191) 0.160 (0.109, 0.277) <0.001
Length of hospitalization (days) 61 (14, 241) 33 (13, 181) 202 (102, 509) <0.001

Abbreviations: Alb: albumin, BMI: body mass index, CCl: Charlson comorbidity index, CRP: C-reactive protein, DTI: Deep tissue injury, HAPI: Hospital-acquired

pressure injury, HD: Hemoglobin, PPT; period of PI treatment (days)
*median (QRI)

**cumulative energy deficit defined as difference between target and real energy intake, where target energy amount was set at 25kcal / kg of present body weight /day
***cumulative protein deficit defined as difference between target and real protein intake, where target energy amount was set at 1.0 gram / kg of present body weight

/day

A comparison of all data between the subjects treated within 28
days that were divided into two groups was conducted: treated with
or without CP (CP- and non-CP groups, respectively). The CP-group
had a more severe PI demonstrated by their DESIGN-R score at
baseline (9 vs. 4 points, p=0.003, Table 2) and a significantly lower
Alb and Hb and a significantly higher frequency of CRP > 6.0 mg/
dL at baseline. In addition, the correlation lines of PPT expressed
on the x-axis and A D on the y-axis for the CP and non-CP groups
intersected at day 46 (Figure 2).

Discussion

Is there an effective nutritional supplement for treating
PI?

To date, one systematic review and two internationally available
guidelines have analyzed the effectiveness of nutritional supplements
for treating patients with PI [1-3]. The systematic review, reported
by the Cochrane Library in 2014, found that nutritional intervention
was effective in the treatment but not prevention of PI [3]. Since then,
global PI guidelines have been developed by collaboration between
the European Pressure Ulcer Advisory Panel (EPUAP), the National
Pressure Ulcer Advisory Panel (NPUAP), and the Pan Pacific

Pressure Injury Alliance (PPPIA) [1], and guidelines developed by
the nutritional association have analyzed the nutritional management
for adult patients with PI [2]. These guidelines and systematic reviews
concluded that not protein but energy addition onto standard hospital
diets might be effective for treatment but not prevention of PI as a
nutritional intervention. Therefore, two questions should be raised
before designing a nutritional strategy: 1) Is CP an effective treatment
for PI? 2) What kinds of PIs are treated most effectively with CP? To
answer them, our results must be analyzed further.

Is CP an effective treatment for PI?

To answer the first question above, Method 2 examined the
efficacy of CP-enriched supplementation. The solid and dotted lines
in (Figure 2) show the relationships between periods of PI treatment
and PI improvement rate expressed as a change of DESIGN-R score
for PI patients treated with CP and non-CP supplements. In this figure,
a higher value on the y-axis means a faster healing of PI during the
same period shown in the x-axis. From this understanding, patients
with PI treated with CP seem to have improved more quickly. In other
words, PI patients might have achieved an improvement in their PI
with CP supplements more quickly than without CP. However, this
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Table 2: Comparison of nutritional and outcome parameters between CP and non-CP group: treated within 28 days.

PPT <= 28 days
Total CP non-CP p*
Parameters (n=45) (n=16) (n=29)
Demographics  Sex, male n (%) 16 (36) 3(19) 13 (45) 0.08
Age (years) 89 (86, 94) 93 (88, 94) 88 (83, 93) 0.091
ccl 6 (5, 8) 5 (5, 6) 7(5,8) 0.004
Blood test Hb, highest during treatment period* (g/dl) 10.0 (8.6, 11.5) 9.5(8.4,9.5) 10.4 (8.6, 11.9) 0.031
Serum Alb, highest during PPT (g/dl) 3.1(2.7, 3.6) 2.7 (2.6, 3.3) 3.3(3.1,3.7) 0.01
Serum Alb, lowest during PPT (g/dl) 2.9(2.6,3.2) 2.6 (2.6,2.8) 3.0(2.8,3.3) 0.004
Pressure injury Pl severity at baseline DESIGN-R 5 (4, 10) 9(7,13) 4(4,7) 0.003
Pl area* (cm?) 1.1 (0.4, 7.0) 5.5 (0.9, 23.5) 0.6 (0.4, 2.3) 0.029
Nutrition Body weight at healing (kg) 38.7 (34.2, 47.3) 34.7(33.1,43.3)  42.0(37.4,48.2) 0.042
Body weight change between at Pl development and healing (kg) 0.0 (-1.1, 0.0) -1.0(-1.1,-0.1) 0.0 (-0.3, 0.0) 0.014
Daily body weight change during PPT (kg/day) 0.000 (-0.091, 0.000) 'O'Oif ég)%'; 06, o.oog ég)%)ozs, 0.048
Body weight change until Pl healing (%) 0.0 (-2.9, 0.0) -2.9(-2.9,-0.3) 0.0 (-0.6, 0.0) 0.008
Total intake of collagen peptide (g) 110 (68, 120) 110 (100, 128) 10 (3, 25) 0.002
_Cumulative energy / protein  Cumulative energy intake / day (kcal/ 897 (544, 1068) 568 (534, 948) 999 (711, 1100) 0.041
intake day)
Cumulative energy deficit (kcal) -1161 (-3393, 178)  -3393 (-3701, -425)  -324 (-2943, 515)  0.031
Cumulative protein deficit (g) -46.6 (-178.2,13.7) -175.3 (-201.5, 11.3) -18.8(-113.0,23.6) 0.107
g::::::::'r:ﬁicades' Collagen peptide / AD ( g/point ) 112 (5.3, 19.1) 14.7 (7.2, 19.8) 2.3(0.3, 4.6) 0.003
Cumulative energy / AD (kcal/point ) 1018 (604, 2317) 774 (602, 1536) 1179 (634, 2492)  0.129
ii:f;g}g’;;”)ergy/ body weight / AD 25 (13, 55) 22 (12, 45) 25 (13, 64) 0.226
Cumulative protein /AD (g/point ) 39.1(23.2, 90.2) 25.7 (23.0, 61.5) 552 (27.7,92.4)  0.118
Cumulative protein/body weight / AD 1.0 (0.5, 2.1) 0.7 (0.5, 1.8) 1.0 (0.6, 2.3) 0.131
(g/kg/point )
Qutcome Length of hospitalization (days) 33 (13, 181) 38 (13, 196) 30 (13, 99) 0.682
Improvement of DESIGN-R score (AD) 5(4,8) 9(7,13) 4 (3, 6) <0.001
Length of PPT (days) 9 (6, 13) 11 (10, 13) 7 (5, 12) 0.006
PPT / A D (days/ point ) 1.57 (0.84, 2.50) 1.57 (0.74, 2.00) 1.80(0.92, 2.71) 0.476
efficacy, AD / PPT (points/day) 0.636 (0.400,1.191) 0.636 (0.500, 1.358) 0.556 (0.369, 1.100) 0.476
Frequency of CRP >= 6.0 mg/dl, n (%) 18 (40) 11 (69) 7 (24) 0.003

Abbreviations: Alb: albumin, BMI: body mass index, CCl: Charlson comorbidity index, CRP: C-reactive protein, DTI: Deep tissue injury, HAPI: Hospital-acquired

pressure injury, Hb: Hemoglobin, PPT: Period of Pressure Injury Treatment (days).

trend seems to have switched inversely at day 46, as shown be the
intersection of the two lines in (Figure 2). To sum up these results,
indicators for the effectiveness of nutritional intervention for PI
inpatients showed that CP seems to be more effective in terms of a
larger energy deficit than treatment with non-CP (Table 2). From
these observations, it could be concluded that CP supplementation
seems to be more effective than non-CP in achieving better outcomes
for PI patients.

What kinds of Pls are treated most effectively with CP?

To answer the second question above, compared with PI patients
treated with non-CP in Method 2, subjects treated with CP had the
following characteristics: = 89 years old, a lower hemoglobin and
serum albumin concentration, a lighter body weight, a more severe PI
expressed asa DESIGN-R score > 10, and a larger PI area, all evaluated
at baseline (Table 2). These results might mean that PI patients who
fulfill the above criteria may be candidates for PI treatment followed
by healing within 28 days.

At this moment, the reason why CP might show its efficacy
especially in PI patient’s > 89 years old must be considered. The answer
might be that older adult’s > 89 years old might have a subclinical
CP deficiency, which is discussed later. However, PI patients whose
period of PI healing was within 28 days must be limited to those with
a less severe PI, as expressed by a DESIGN-R score <10 at baseline.
This could be interpreted as meaning that severe PI seems to be out
of the range of treatment with CP because of extensive inflammation
that cannot be handled with a nutritional strategy alone and that
older PI patients with a DESIGN-R score <10 could be candidates
for CP treatment. In other words, PI patients with a DESIGN-R
score <10 at baseline and a PI area < 5.5 cm? (Table 2) might be good
candidates for PI treatment with CP. However, the reason for these
results is not fully understood. One explanation might be that CP
shows its effectiveness only in PI patients who are collagen deficient
in the dermis. With increasing age, collagen density and the ability
of fibroblasts to produce collagen decrease in the dermis [10]. Older
adults seem to have a collagen deficiency in general. This deficiency
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Table 3: Comparison of the contents of CP and non-CP formulae.

CP non-CP
volume, ml 125 125
Energy, kcal 80 100
Protein, gram 12 5
Fat, gram 0 0
Carbohydrate, gram 8 20
Collagen peptide, gram 10 0
Arginine, gram 0 25

has been demonstrated in a human study that resolved the deficiency
by CP ingestion [10]. In addition, another explanation is that the
number of PI patients treated with non-CP was too small, so that
the reliability of the relationship (shown by the dotted line in Figure
2) would be limited. To confirm the efficacy of CP for PI treatment,
patients whose PI treatment is predicted to be longer than 46 days
must be collected.

What indicators show the effectiveness of CP for treatment
of PI?

The present study used novel indicators of the determinants of PI
healing, including the efficacy of energy and protein intake, and the
time to heal a PI (Table 1 and 2). A previous, prospective study with
random allocation of patients reported that patients with PI treated
with a CP-enriched nutritional supplement showed a significant
improvement in PUSH score after 8 weeks of treatment compared
with PI patients receiving a control diet [11].

DESIGN-R to evaluate the severity of Pl

Because DESIGN-R has been used in limited areas, it must
be clarified what it is and whether it has been validated in clinical
settings. In a multicenter prospective cohort study, the total score
under this system showed a close, linear correlation with the total
amount of medical resources required for treatment, with a higher
score indicating a greater severity [12]. For example, a two times
score indicates a doubling of the number of days required to use
medical resources, such as human resources or medications; to stay
in the hospital; or to make PI healing completely. In the present study,
we collected DESIGN-R scores at least at the start and the end of PPT,
and the following difference was calculated and abbreviated as AD, in
all subjects:

AD = [DESIGN-R score at the end]-[DESIGN-R score at the
start]

Alongside the AD calculation, PI severity was also evaluated with
the newly introduced NPUAP staging scoring system proposed by the
National Pressure Ulcer Advisory Panel.

Definition of CP

To follow our discussion for CP effectiveness, we would like to
clarify the definition of CP. Collagen is the most abundant protein in
the human body, accounting for approximately 30% of total protein
[13,14]. It exists in various tissues, including the dermis, cartilage,
bone [15], and skin tendons [16]. Its hydrolysate is often termed CP
[17]. The constituent amino acids of CP appear in the blood after one
or two hours of oral ingestion in humans [17]: negligible Proline-
hydroxyproline (Pro-Hyp) levels before oral ingestion were increased
in serum or plasma following ingestion. However, the bioavailability
of Pro-Hyp remains unclear and it has not been proved whether it is

transported directly to the wounded site or to other sites, such as a
central neural site to stimulate to produce wound-healing molecules,
such as arginine dose stimulate hypothalamus to produce growth
hormone for growth and wound healing.

Biodynamics of ingested CP in the human body

Regarding CP dynamics after ingestion by human subjects,
before conducting the present study, three points were raised as
follows: (1) whether or not orally ingested CP, which is digested at
brush borders, might not necessary be converted to the same peptide
after it is absorbed?; (2) even so, is the absorbed CP necessarily be
transported to the wounded site, such as PI?; and (3) even so, is CP
transported to the PI necessarily be used for building collagen by
fibroblasts in the dermis at PI? To address to our first and second
points, a previously reported work showed that ingested CP appeared
in the serum followed by the skin within 30 min. In this study, CP
was in the form of di- and tripeptides. From these observations, it
might be concluded that di or tripeptides involved in CP seem to be
transported by transporters directly existing in the intestinal mucosa
without enzymatic hydrolysis processes similar to those of other di
and tripeptides [18-20]. To address the third point, an animal and
human study successfully showed that dermal fibroblasts and
collagen fibril density were significantly increased in the CP group
compared with a control group in piglets and humans [13]. In
summary, orally ingested CP could be transported by the intestinal
mucosa followed by relocation to the skin and is associated with an
increase of fibroblasts and collagen fibrils in the dermis. These
observations might be interpreted as meaning that orally ingested
CP could be absorbed and transported within 30 min to the skin to
increase the number of fibroblasts and collagen fibrils in the dermis.

Study limitations

This study had several limitations. First, the subjects were not
prospectively allocated, and CP was allocated to patients with a more
severe PI, as shown by the DESIGN-R scores in Table 2 (p=0.003).
As shown in Figure 2, patients treated with CP formula varied widely
in PI severity, so a prospective study design is warranted. Second,
the number of subjects for CP and non-CP treatment was 16 and 29,
respectively. This subjects’ number is the result of retrospective study
fashion. So random allocation will be necessary to draw a definitive
conclusion to improve the clinical outcomes for PI patients.

Conclusion

For all 2,245 included patients admitted during the study period,
PI incidence was 1.69%. From our results, two conclusions were
drawn: (1) PI inpatients healed within 28 days, were > 89 years old,
had a lower Alb, had better outcomes expressed by a significantly
shorter PPT/AD. (2) PI inpatients treated with CP, who had a more
severe PI and, paradoxically, a significantly lower Alb and Hb at
baseline, healed within 28 days. In conclusion, CP could be a strategic
agent for treatment of PI inpatients who are > 89 years old, have a
lower Alb and Hb, and have a DESIGN-R score <10 at baseline.
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