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Nutrition and Wound Healing

You can’t build cells with antibiotics, dressings or debridement!

; Amino Acids

Nucleic Acids, RNA, DNA
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- KEY CONCEPT -
WEICHT DOES NOT MATTER

PEOPLE OF ANY BODY SIZE OR
TYPE CAN BECOME
MALNOURISHED!

LEAKY GUT
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Nutritional Therapy: Top Ten Tenets

For Wound Care
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1 - GLYCEMIC CONTROL

It's essential to healing

Routine HbA1c screening
for all chronic wounds

CutisCare Connection Call 4
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GliyiceimiicEContEel S —

M & Hyperglycemia delays healing, contributes to
' infection, wound dehiscence, and amputation.

& The importance of glycemic control is
underestimated. It is often viewed as
merely desirable, when in fact it is essential.

Target is HbA1c <7% (~Glucose150 mg %)

Diabetesll;.;ﬁ.
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I RECONSTRUCTIVE

The Role of Chronic and Perioperative Glucose
Management in High-Risk Surgical Closures:
A Case for Tighter Glycemic Control

Matthew Endara, M.D.

Derck Masden, M.D.
Jesse Goldstein, M.D.

Background: The exact risk that poor glucose control introduces to patients
undergoing surgical closure has yet (o be fully defined.

Methods: The authors pectively analyzed a prospectively collected da-

Stephen Gondek, MD., | \1oce of patients seen at their wound care center to evaluate the effects of

) MPH. § hronic and perioperative glucose control in high-risk patients undergoing

John Steinberg, D.PM. |y ical wound closure. Hemoglobin Alc and blood glucose levels for the 5

Christopher Auinger, M.D. | days before and afier surgical closure were recorded and compared with the

Washingion, D.C.; Battiwors, Ma; | primary endpoints of dehiscence, infection, and reoperation. Univariate and

Philaephia, Pa.; and Boston, Mas. | multivariate analyses were performed.
Resulis: Seventy-nine patients had perioperative glucose levels and 64 had
@ hemoglobin AIC levels available for analysis. Preoperative and postoperative

hyperglycemia (defined as any blood glucose measurement above 200 mg/dl)
as well as clevated AIC levels (above 6.5 percent or 48 mmol/ml) were sig-
nificanty associated with increased rates of dehiscence (odds ratio, 3.2,
1= 0.048; odds ratio, 3.46, = 0.028; and odds ratio, 3.54, fi= 0.040, respec-
tively). Variability in preoperative glucose (defined as a range of glucose levels
exceeding 200 points) was significantly associated with increased rates of re-
operation (odds ratio, 4.14, p= 0.025) and trended toward significance with
increased rates of dehiscence (p= 0.15). In multivariate regression, only peri-
operative hyperglycemia and elevated Ale were significandy associated with
increased rates of dehiscence.

Conclusions: In primary closure of surgical wounds in high-risk patients, poor

glycemic control is significantly associated with worse outcomes. Every effort

should be made to ensure tight control in both the chronic and subacute
perioperative periods. (Plast, Reconstr. Surg. 132: 996, 2013.)
SRR | CLINICAL QUESTION/LEVEL OF EVIDENCE: Risk, 11

trol plays in optimizing patient outcomes ing in patients with ulcers and contributes to
has been accepted in practically all facets of  increased rates of infection.” Poor glycemic con-
medicine, Large population studies have proven  trol has also been associated with increased rates

The important role that tight glucose con-  that hyperglycemia interferes with wound heal-
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IniflelcitiiohsRiSik

diabetes

Nielson CP 1989 Aug;38(8):1031-5

Neutrophilic function is reduced in pro-
portion to an increase in the glucose level,
and 200 mg/dL is the threshold of
neutrophil dysfunction.

The respiratory burst was reduced 28%
after a 30 min exposure at 200 mg/dL.

Nutrition and Wound Healing

Clin Orthop Relat Res (2014) 472:3305-3310
DOT 10.1007/511999-014.3538.5
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Clinical On.hopaedlcs
and Related Research
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| SYMPOSIUM: 2013 MUSCULOSKELETAL INFECTION SOCIETY ‘

Robert Waldrap MD, Alex McLaren MD,
Francis Calara BSE, Ryan McLemore PhD

Published online: 6 March 2014
© The Association of Bone and Joint Surgeons® 2014

Abstract

Background Hyperglycemia is a risk factor for nosoco-
mial infections with known host effects. Increased glucose
levels also increase pathogenicity of infecting microbes
through greater biofilm formation. The dose response of
biofilm formation to glucose concentration is not known.

Questions/purposes  We asked: What is the relationship
between the amount of biofilm formed by Staphylococcus
epidermidis and Staphylecoccus awreus and change in
glucose concentration in the clinically important range of
20 o 300 mg/dL?

Methods  This experiment studied biofilm formation by §
epxdernudir and § aureus in Lennox broth medium sup-

Biofilm Growth Has a Threshold Response to Glucose in Vitro

Biofilms were heat fixed, stained with 0.1% crystal violet,
and washed with deionized water. The dye was then
extracted with 30% acetic acid. Visual light absorption of
the extracted crystal violet dye at 600 nm was used to
quantify the biofilm biomass. The effect of glucose con-
centration on the amount of biofilm mass produced was
analyzed using ANOVA and Tukey's test.

Results Biofilm mass was increased at higher glucose
concentration for both species with a threshold response at
0 to 20 and 160 to 200 mg/dL for § epidermidis and 200 to
240 mg/dL for § aureus.

Conclusions  Increased biofilm growth by § awreus and S
epidermidis has a threshold response at clinically important

d with i glucose from 0
fo 320 mg/dL. in 20 mg/dL. intervals. Biofilm was grown
for 24 hours for § epidermidis and 48 hours for § aureus.

Clinical Relevance Postoperative hyperglycemia may
increase the risk for implant infection through mCIemed
th i of i wound in
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1 - GLYCEMIC CONTROL

2 — SUGAR SUBSTITUTES

It's complicated

CutisCare Connection Call 8
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2 - Sugar Free Pitfalls

Until recently, the general belief was that non-nutritive
sweeteners (NNS) were healthy substitutes because they
provide sweet taste without calories or glycemic effects.

However, data from several studies found they are
associated with increased risk of obesity, metabolic
syndrome, and type 2 diabetes.

CutisCare Connection Call 9
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Nutrition and Wound Healing

Clinical Care/Education/Nutrition/Psychosocial Research

ORIGINAL

Diabetes Care. 2013

ARTICLE

Sucralose Affects Glycemic and
Hormonal Responses to an Oral

Glucose Load (Splenda)

BurtOon M. WICE, PHD
SAMUEL KLEIN, MD

M. YanINA PEPINO, PHD
COURTNEY D. TIEMANN, MPH, MS, RD
BrUCE W. PATTERSON, PHD

OBJECTIVE —Nonnutritive sweeteners (NNS), such as sucralose, have been reported to have
metabolic effects in animal models. However, the relevance of these findings to human subjects is
not clear. We evaluated the acute effects of sucralose ingestion on the metabolic response to an
oral glucose load in obese subjects.

RESEARCH DESIGN AND METHODS —Scventeen obese subjects (BMI 42.3 = 1.6
kg/m?) who did not use NNS and were insulin sensitive (based on a homeostasis model assess-
ment of insulin resistance score =2.6) underwent a 5-h modified oral glucose tolerance test on
two separate occasions preceded by consuming either sucralose (experimental condition) or
water (control condition) 10 min before the glucose load in a randomized crossover design.
Indices of B-cell function, insulin sensitivity (S)), and insulin clearance rates were estimated by
using minimal models of glucose, insulin, and C-peptide kinetics.

RESULTS—Compared with the control condition, sucralose ingestion caused 1) a greater
incremental increase in peak plasma glucose concentrations (4.2 = 0.2 vs. 4.8 = 0.3 mmol/L;
P=0.03),2)a20 * 8% greater incremental increase in insulin area under the curve (AUC) (P <

0.03),3)a 22 % 7% greater peak insulin secretion rate (P < 0.02), 4) a 7 = 4% decrease in insulin
cloarance (P = N N4Y and SY a 22 + IN% Aorreace in Q. (P = N N1 Thore were na cianificant

glucose absorption by upregulating the ex-
pression of sodium-dependent glucose
transporterisoform 1 (5,10,11) and increas-
ing the translocation of GLUT2 to the apical
membrane of intestinal epithelia (12).

The relevance of the findings from
studies conducted in cell systems and
rodent models to human physiology is
not clear because the NNS data obtained
from studies conducted in people often
fail to replicate the metabolic outcomes
observed in vitro and in animal models
(rev. in 13). The results from most (14-18),
but not all (19,20), studies conducted in
people have found that NNS do not affect
plasma glucose, insulin, or GLP-1. How-
ever, these studies did not exclude people
who regularly consumed NNS, which
could have chronic effects on glucose me-
tabolism (5,10,11) that would blunt any
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Nature Reviews Endocrinology 10, 637 (2014)

Not so sweet—artificial sweeteners can cause
glucose intolerance by affecting the gut microbiota

Claire Greenhill of NAS in obesity, C57Bl/6 mice were fed be linked to susceptibility to the metabolic
a high-fat diet with or without saccharin, syndrome,” say Segal and Elinav.

Although NASSs are not absorbed, they do contact
the gut microbiota, which is now known to have a
range of important effects on human physiology.

TR TTCTEISEa 0 EPIGENTIC PIOPOT oS OVl . T G TG TR T
the past few decades, which is probably receiving NAS and the control mice no fasting blood levels of glucose. Similarly to
linked to changes in human nutrition. longer had different levels of glucose the findings in mice, 168 ribosomal RNA
A notable change over this period is the intolerance, both in the lean and obese gene sequencing showed that participants
increased use of NAS in common foods, states. This result suggests that glucose who consumed NAS had a different
in an effort to reduce caloric intake and intolerance induced by NAS is mediated microbiota composition compared
normalize blood levels of glucose, by changes to the gut microbiota. Faecal with those who did not consume NAS,

However, “the safety and efficacy transplantation was used to determine independently of BMI.
of NAS use remains controversial and whether the gut microbiota had a causal When seven healthy human volunteers

dietary sugar alternative meant to
stave off the risk of obesity and

diabetes appear to increase disease
risk due to microbial alterations

CutisCare Connection Call 11
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“our results link NAS consumption, dysbiosis and
metabolic abnormalities, thereby calling for a

reassessment of massive NAS use.”

European Journal of Ciinkcal Nutrition (2012) 66, 972

GUT bacteria and aspartame: why are we surprised?

direct contact with the sweetener and its metabolic compounds.
During obesity or periods of weight management regimes, where
patients might use APM (as part of their management program),
It Is perhaps more crucial to have optimum bacterial community

That artificial sweeteners can modify the gut
microbiome is no surprise. Even small
concentrations can affect the gut biology
with subsequent physiologic effects.

L T e e T e T — -
frequently been under vigorous scientific discussion. Currently, E-mail: resia.pretorius@up.ocza
it Is still approved by the FDA, as well as the EFSA; even though
on consumption, each molecule of APM releases a molecule o: REFERENCES
methanol, which metabolizes into a molecule of formaldehyde.

ainin P 1 Wu GO, Chen J, Hoffmann C, Bittk Chen YY, SA ef of Linkd
Formaldehyde (which is a highly reactive substance) is classified as e mh;m clcbrmeogy s oberiees .

a known human carcinogen, with no safe level of consumption.  ; gaonng U, Micrabiology. The guts of dietary habits. Science 2011; 334: 4546,
Therefare. it Is not unewnectad that verv small amounts of the s w et e el ae e o e+ ol et 8 e
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European Jounal of Clinical Nutrition (1012) 66, 972

GUT bacteria and aspartame: why are we surprised?
(NutraSweet | Equal)

direct contact with the sweetener and its metabolic compounds.
During obesity or periods of weight management regimes, where
patients might use APM (as part of their management program),
It Is perhaps more crucial to have optimum bacterial community

Each molecule of aspartame releases a
molecule of methanol which metabolizes to
formaldehyde which kills gut bacteria —
changing the gut microbiome.

frequently been under vigorous scientific discussion. Currently, E-mail; resia. pretorius@up.oc.za
it Is still approved by the FDA, as well as the EFSA; even though
onconsumpﬁon.eachmoleculeofAPMreieasesamolxuleo; REFERENCES
methanol, which metabolizes into a molecule of formaldehyde.

Formaldehyde (which is a highly reactive substance) is classifiedas ' o Co: " % Heant C Beoae K hen ¥ Kesbaan 75t (g ko
a known human carcinogen, with no safe level of consumption. 3

2 Gophna U. Microbiology. The of dietary habits. Science 2011; 334: 45-86.
Therefare. it is not unexnected that verv cmall amounts of the PSPy .._.3‘:.-..__..-_‘..‘__ abr i gt Nl

Nutrition 29 (2013) 1293-1299

Non-nutritive sweeteners: Review and update

Padmini Shankar Ph.D., RD.**, Suman Ahuja Ph.D.®, Krishnan Sriram M.BBS., FRCS(C), FA.CS.

* Department of Health and Kinesiology, Georgia Southern University, Statesboro, GA, USA
® Department of Cooperarive Research, Human Nutrition/Obesity Research, Lincodn University, Jefferson City, MO, USA
* Division of Swrgical Criticaf Care, Surgical Nutrition Section and Nutrition Suppart Team, Stroger Hospital of Cook County, Chicago, IL, USA

There are mixed reports about the safety of
aspartame. All of the studies funded by
industry vouch for its safety. In contrast,
92% of independent studies report adverse
health effects.

L R e e e e e e
all ages. A systematic review of several databases and reliable websites on the internet was
conducted to identify literature related to NNS. Keywords that were used individually or in
combination included, but were not limited to, artificial sweeteners, non-nutritive sweeteners,
non-caloric sweeteners, obesity, sugar substitutes, diabetes, and cardiometabolic indicators. The

CutisCare Connection Call 13
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1 - GLYCEMIC CONTROL

2 — SUGAR SUBSTITUTES

G Stevia | Monk fruit

Nutritional Therapy: Top Ten Tenets

For Wound Care

Vitamins
Minerals
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3 - Total Protein Requirement

THE PULSE ON PROTEIN

1/3 (ﬂ\ B AR 1 in 3 aduits are

protein deficient

BY THE DECADE: ADULTS MISSING
THE MARK ON DAILY PROTEIN

51-60 years 37.7%
61-70 years 42.5%

70+ years 46.5%

CutisCare Connection Call 15
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S NURERIt EeIn

Historically, clinicians used serum protein levels, including alboumin
and pre-albumin, to determine nutritional status. However, current
research indicates serum protein levels are affected by
inflammation, renal function, hydration, and other factors

During periods of inflammatory stress, albumin and prealbumin
levels drop because they are negative acute-phase reactants.

S NRERIt eI

©® Elevated energy expenditure and catabolism of lean body
mass are associated with chronic inflammation.

® Acute-phase inflammatory response triggers a sequence
of reactions leading to elevated energy expenditure and
nitrogen excretion, which increases energy and protein
requirements concurrently with anorexia and
pathologically altered utilization of nutrients.

G 1.5-2.0 gm/kg/day IBW (100-140 gm)

CutisCare Connection Call 16
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Nutrition and Wound Healing

I

1

3 - Total Protein Requirement

4 - Arginine (CE amino acid)

@ 4 - Arginine (CE amino acid)

Conditionally amino acids are usually not essential, except
in times of illness and stress; hence the term “conditionally
essential” (CE). There are 8 CE amino acids.

Essential amino acids cannot be made by the body and
must come from food. There are 9 essential amino acids.

CutisCare Connection Call
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ol 4 - Arginine (CE amino acid)

® Numerous effects on wound healing and immune function.

® ltis a precursor to proline — required for collagen synthesis
® ltis a precursor for ornithine — required for NO synthesis
® Increased lymphocyte mitogensis and activity occurs.

® Multiple studies show supplemental arginine accelerates
healing by increasing collagen deposition in wounds.

Fralll 4 - Arginine (CE amino acid)

® Impaired healing with diabetes and malnutrition are
associated with fow wound NO levels.

® Inhibition of NO synthesis in wounded animals results in
weaker wounds and decreased collagen synthesis.

CutisCare Connection Call 18
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3 - Total Protein Requirement

4 - Arginine (CE amino acid)

5 - Glutamine (CE amino acid)

5 - Glutamine (CE amino acid)
\/

® Glutamine is the most abundant amino acid in plasma and
is a primary energy source for rapidly proliferating cells.

® Glutamine supplementation decreases infectious
complications. (Wischemeyer PE, 2001)

® Glutamine protects against inflammatory injury by
inducing the expression of heat shock proteins - providing
cellular protection from inflammation, injury, and stress.

Nischemeyer PE, 2001_)
\ I \: “
\\mog) ) |

it € §
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Aol 4 - Arginine (CE amino acid)

Heaidll| 5 - Glutamine (CE amino acid)

N

Beyond daily protein requirements, specific
amino acid supplements may provide benefit

Nutritional Therapy: Top Ten Tenets

For Wound Care

Vitamins
Minerals
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No clear consensus

Nutritional Therapy: Top Ten Tenets

For Wound Care

Vitamins
Minerals
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Vitami . .
el 6 - \itamin C

Vitamins . .
Minerals 6 - Vltamln C
RDA to prevent disease vs “optimal” RDA?
Noar RDA Edition Vitamin C RDA for
Publication healthy adult male.
1974 g 45mg
1980 gn 45 mg
1989 10" 60 mg
DRI for Vitamin C,
2000 Vitamin E, Selenium, 90 mg
and Carotenoids. -
Source. Passwater Library ‘1
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Vitami . .
8 6 - Vitamin C

Vitamin C has been shown to:

® Enhance neutrophil migration in response to chemoattractants

® Enhance phagocytosis of microbes

® Stimulate reactive oxygen species (ROS) generation and
killing of microbes.

[ 6 - Vitamin C
\/

® Mice supplemented with vitamin C improved full thickness wound
healing after radiation therapy along with increased collagen and
fibroblast numbers. (Jagetia GC 2007)

® PRCT: Surgical patients with pressure ulcers given large doses of
ascorbic acid had significant acceleration in healing. (Taylor TV 1974)

Overall, vitamin C supplementation has
consistently shown benefit to wound healing.

CutisCare Connection Call 23



Bob Bartlett MD, CPE, FAPWHc Nutrition and Wound Healing

[ 6 - Vitamin C
.

¥ Routine supplementation beyond the RDA
is recommended for cigarette smokers

« Opinions on “optimal” vitamin C suggest
doses 3-5 X the current RDA (90 mg).

@ 500 mg/day slow release

A
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Vitami . .
bt G - \/itamin C

Vitami . \
aslid 7 - \/itamin A
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[ 7 - Vitamin A
\/

Vitamin A has multiple positive effects on wound healing
even in non-deficient states.

® It increases collagen cross-linking and breaking strength.

® |t increases the inflammatory response in wounds through
enhanced lysosomal membrane lability, increased
macrophage influx, and stimulation of collagen synthesis.

® It increases the number of monocytes and macrophages in the
inflammatory phase and facilitating epithelial cell differentiation.

® Importantly, it reverses corticosteroid-i_nduced

Vitamins

Minerals [ 7 - Vltamin A

@ 10,000 units for 4 weeks
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Vitamins

Minerals 6 - Vitamin C

Vitamins

swsg /7 - \/itamin A

Vitamins

Minerals 8 - V|tam|n D

L : v
WY 1
\ “.{\I\\"&%‘k |

Vitamins

EES 8 - Vitamin D

® Vitamin D is more than a simple vitamin. Research has
shown that vitamin D is most likely the oldest hormone

® All human cells have vitamin D receptors and the receptor
effect is cell dependent

® Normal levels of serum vitamin D levels have been shown
to positively affect a number of diseases such as cancer,
heart disease, diabetes, hypertension, autoimmune
diseases, and insufficiency fractures.

\
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Vitami [ 3 z
sl 8 - \/itamin D

® Low levels of vitamin D associated with development of
diabetic foot infections. (Yakob 2014)

® PRCT Vitamin D - Positive effects on T-cell-mediated
immunity, insulin secretion and receptor action, cell
growth and healing. (Asemi 2013)

® Vitamin D restoration of antimicrobial peptide production
and improved in vitro wound-healing assays.(Gonzalez-Curiel 2014)

Effects of vitamin D supplementation on glucose metabolism, lipid concentrations,
inflammation, and oxidative stress in gestational diabetes: a randomized, double-
blind trial. Asemi, Z, et al. Am. J. Clin. Nutr. 2013: 98; 1425-1432.

Vitamins | —
sl 8 _ \/itamin D

® In rats, the topical application of vitamin D accelerated
wound healing in a dose-dependent manner. (Tian 1995)

® PRCT: Vitamin D supplementation associated with
improved healing. (Razzaghi 2017)

® Vitamin D promotion of endothelial and keratinocyte cell
migration in a DFU model. (Trujillo 2017)

The effects of vitamin D supplementation on wound healing and metabolic status
in diabetic foot ulcers: A randomized, double-blind, placebo-controlled trial.
Razzaghi R, et al. J Diabetes Complications. 2017 Apr;31(4):766-772.
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Vitamins . =
8 - Vitamin D
\/(Dai et al. Nutrition and Diabetes (2019)9:8
httpsy//doi.org/10.1038/s41387-019-0078-9 Nutrition & Diabetes
REVIEW ARTICLE Open Access

Vitamin D and diabetic foot ulcer: a
systematic review and meta-analysis

Jiezhi Dai', Chaoyin Jiang', Hua Chen' and Yimin Chai'

Abstract

Seven studies (1115 patients) were analyzed.
Severe vitamin D deficiency is significantly
associated with ulceration. Odds Ratio 3.2

Vitami 3 2
8 - Vitamin D
\/’

@ 10,000 units for 4 weeks than
4 000 units there after
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Vitami . .
sl G - \/itamin C

Vitami . .
lted 7 _ \/itamin A

Vitami . .
et S _ \/itamin D

Vitamins |
Minerals N\ .

Vitami .
e R
\/

¥ Zinc serves as a cofactor in 3,000+ enzyme systems
¥ Zinc deficiency is associated with poor wound healing

¥ Zinc-dependent matrix metalloproteinases augment
autodebridement and keratinocyte migration.

¥ Zinc confers resistance to epithelial apoptosis through
cytoprotection against bacterial toxins and reactive
oxygen species

Demographic: A study of 600 nursing home
residents found 50% with low zinc levels.
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Vitamins

Minrals Summary of Zinc Functions

Haemostasis Inflammation Proliferation

PMVIN influx, NETosis
bacterial clearanc-
cytotoxicity / tissue necrosi-
apoptosis / phagocytosi&-
inflammatory resoluti_
tissue debris remova- :
fibroblast & keratinocyte influx / re—epitheiializa_:l \‘

angiogenesis, stem cell activatim

ECM remodeling, scar fon‘natioh_.

ion

Funct

Zinc

Vitamins .
Minerals 9 - ZlnC

@ 5 mg/day
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Nutritional Therapy: Top Ten Tenets

For Wound Care

Vitamins
Minerals

T~

| el 7 T N

10 - Hydration

G 30 mi/kg/day (~ 2 liters)

Increase necessary with elevated temp, vomiting,
sweating, diarrhea, or heavily draining wounds.
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S You can’t build cells with antibiotics & dressings

U oy

Smooth endoplasmic ‘ 9 A N membrane
reticulum . ‘e’ 3

N
/‘\') b
‘ endoplasmic
reticulum
Ribosomes
Golgi apparatus

", w== Secretion being released
{rom cell by exocytosis
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Keep It Simple
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Keep It Simple

M Protein Supplement | Vitamin D | Vitamin C

.
[ % NestléHealthScienceJ

Gluten free / Lactose free

Keep It Simple

CE Amino Acids | CHMB

Abbott
Nutrition

Arginine = Nitric Oxide
Glutamine = Collagen
CHMB* = Protein Synthesis

“*calcium ﬁ-hydrox

y-B-methylbutyrate ‘i
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e

) Glycemic Control (Job 1) | Natural Sugar Substitutes

= .
E‘Mﬁnﬂ 100 gm/day (Minimum) + Arginine & Glutamine

T
=
=
=
-
=

Vitamins
A-C-D

Vitamin A & D 10,000 IU/day | Vitamin C 500 mg/day

2 liters (Qts) / day*
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