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Background: Bariatric surgery is currently the most effective method of sustainable weight loss for the morbidly obese patient. In the months to years that
follow, many patients develop nutritional deficiencies of proteins, vitamins, and
minerals as they present for plastic surgery and body contouring operations.
Methods: The aim of this review is to highlight the nutritional deficiencies of
postbariatric patients as related to their planned body contouring surgery. This
review was prepared by an extensive search of the PubMed and Ovid databases
for terms such as “bariatric surgery,” “nutritional deficiency,” “wound healing,”
and “immune response.”
Results: The current review indicates that many of the deficient macronutrients
and micronutrients of postbariatric patients are implicated in wound healing
and optimal immune response.
Conclusions: Although the optimal nutrient intake to promote wound healing is unknown, it is clear that proteins, vitamin A, vitamin C, vitamin B
complex, arginine, glutamine, iron, zinc, and selenium can have significant
beneficial effects on wound healing and optimization of the immune system.
Furthermore, vitamin B complex can reduce homocysteine levels, which is
inversely associated with the risk of venous thrombosis and endothelial cell
dysfunction. The authors’ preliminary experience with a nutritional blend
that contains all of the aforementioned ingredients has significantly reduced
their complication rates. (Plast. Reconstr. Surg. 122: 1901, 2008.)

O

besity has reached epidemic proportions,1
with 66.3 ⫾ 1.1 percent of American adults
classified as either overweight or obese,
32.2 ⫾ 1.2 percent classified as obese, and 4.8 ⫾
0.6 percent classified as morbidly obese.2 Bariatric
surgery is the most effective strategy for obesity
management because of its ability to provide sustained weight loss. Weight loss surgery produces
weight loss within 12 to 18 months by means of
restrictive intake, malabsorption, or both.3 More
importantly, patients who lose weight with bariatric surgery are more likely to maintain most of the
lost weight and benefit from amelioration of obesity-related comorbidities.4 The more common
procedures include laparoscopic adjustable banding
and Roux-en-Y gastric bypass. Other procedures include vertical banded gastroplasty and biliopancreFrom the Hurwitz Center for Plastic Surgery.
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atic diversion and biliopancreatic diversion with
duodenal switch.5
The popularity of gastric bypass surgery has
led to a large population of postbariatric patients
seeking plastic and body contouring surgery.6 Although a number of surgical procedures have
been developed and modified to treat the severe
deformities of massive weight loss patients, optimal surgical results can only be obtained in the
absence of obesity-related comorbidities, and in
physiologically and nutritionally repleted patients.
Given that weight loss surgery procedures significantly alter the nutritional status of the patient,
many postbariatric patients develop chronic nutritional deficiencies that require continued
management.7 Reports of significant nutrition
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and/or metabolic morbidity raise the possibility of
much subclinical nutritional morbidity that is both
undetected and unreported, and subsequently untreated. The aim of this article is to highlight the
potential impact of nutritional deficiencies of weight
loss surgery patients on their subsequent plastic surgery procedures.

1 year. Many patients began to gain weight after
the second year and on average gained approximately 25 lb by the fifth postoperative year, possibly because of dilatation of the gastric pouch and
gastrojejunal anstomosis.9,10 Afterward, weight loss
remains relatively stable from the fifth year to the
14th year.8 Similar data have been reported by other
investigators (Table 1).11–19

PATIENTS AND METHODS
This review was prepared by an extensive
search of the literature using the PubMed and
Ovid databases for broad search terms including
“bariatric surgery” and “nutrition deficiency.” A
list of the nutritional deficiencies of postbariatric
patients was then complied. Individual searches
were performed to identify the role of each nutrient in wound healing, immune response, and
physiologic status relating to trauma and surgery.
Weight Loss Patterns after Bariatric Surgery
Before planning body contouring surgery, it is
important to appreciate the pattern of weight loss
after weight loss surgery. Longitudinal data by Pories et al.8 indicate that weight loss starts immediately and continues at a relatively fast pace for 12
to 18 months using a standardized Roux-en-Y gastric bypass procedure. The average 300-lb patient
experienced an average absolute weight loss of
125 lb or 75 to 80 percent loss of excess weight at

Body Composition after Bariatric Surgery
Similar to the composition of body mass lost
with dietary restriction, the composition of the
weight lost after Roux-en-Y gastric bypass is approximately 79 percent fat and 21 percent fat-free
mass at 1 year.20 This indicates an appropriate
physiologic weight loss. However, a small proportion of the Roux-en-Y gastric bypass patients are
frequently admitted to the hospital for complications related to excessive lean body mass loss and
malnutrition.21 Compared with the nonmalnourished patient, total body weight loss in the malnourished group was 25.9 percent versus 25.7 percent, and body fat loss was 24.4 percent versus 36.2
percent; however, a higher body cell mass loss of
29.4 percent versus 18.8 percent was noted.21 Recognition of the malnourished patient and prevention of protein wasting is of paramount importance in preparation of postbariatric patients for
subsequent plastic surgery procedures. Typically,

Table 1. Longitudinal Data on Weight Loss Patterns
Study Design

Sample Size

Case series

123 GB

Case series

713 GB

Observational two-cohort

841 RYGBP and 194 VBG

Prospective controlled

34 RYGBP
156 GB

Retrospective controlled

154 RYGBP

Case series

608 RYGBP

Case series

1025 RYGBP

Case series

39 RYGBP

Case series

157 RYGBP

Case series

100 RYGBP

Case series

500 RYGBP

Weight Change

1 yr, 36%
9 yr, 21%
2 yr, 53%
6 yr, 57%
2 yr, 78%
10 yr, 65%
16 yr, 60%
1 yr, –38%
10 yr, –25%
1 yr, –21%
10 yr, –13%

1 yr, –35%
5–7 yr, –31%
10–12 yr, –28%
2 yr, –38%
4 yr, –35%
1 yr, –36%
3 yr, –30%

RYGBP, Roux-en-Y gastric bypass; GB, gastric bypass; VBG, vertical banded gastroplasty.
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Excess Weight Loss

Reference
11
12
4
13

1 yr, 62%
14 yr 50%
2 yr, 70%
10 yr, 55%
14 yr, 49%
1 yr, 66%
5–7 yr, 59%
10–12 yr, 52%
2 yr, 72%
4 yr, 63%

14
8
15
16
17

1 yr, 78%
7 yr, 67%
1 yr, 77%
5 yr, 80%

18
19
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these patients show excessive weight loss of more
than 100 percent of excess weight at 18
months.22,23
Postbariatric Oral Guidelines
At the present time, postbariatric patients are
not prescribed a specific diet, but are given a set
of instructions to prevent complications of anatomical restructuring and physiologic alterations
of the weight loss surgery.24 Patients are instructed
to eat slowly, to chew well, to eat three to five small
meals per day, and to not drink liquids with meals.
Patients are also advised to consume protein-containing foods at every meal and to take nutritional
supplements to reduce the risk of developing nutritional deficiencies. According to the studies of
Coughlin et al.,25 the energy intake for the first and
third postoperative month is less than 500 kcal/
day with less than 20 g/day of protein. These increase by the sixth month to approximately 1000
kcal/day, with 38 g of protein. At 1 year, the energy
intake remains at approximately 1000 kcal/day,
but the protein intake increase to 60 g/day. Similarly, Dias et al.26 have shown that the daily energy
intake at 3, 6, 9, and 12 months was 529.4 ⫾ 47.4,
710.9 ⫾ 47.6, 833.2 ⫾ 72.0, and 866.2 ⫾ 95.1
kcal/day (mean ⫾ SEM). Protein intake was increased in the same proportion at 6 and 9 months
but reduced at 12 months. Thus, patients do not
meet standard recommendations regarding calories and proteins, even at the end of the first year.26
With regard to supplemental nutrition, Brolin
and Leung27 noted that 98 percent of surgeons
recommended multivitamin supplements to their
patients. In contrast, iron, protein, vitamin B12,
and calcium supplements were recommended by
64, 56, 50, and 33 percent of the surgeons, respectively. Even when appropriate recommendations are made, intake of most vitamins and minerals are below 50 percent of the recommended
daily average28 and compliance is often poor in
these patients.29 Thus, it is not surprising that
many macronutrient and micronutrient deficiencies have been noted with the various weight loss
surgery procedures, as reviewed recently by AghaMohammadi and Hurwitz.7
Protein-Calorie Malnutrition
Up to 25 percent of weight loss surgery patients are at risk of developing protein-calorie malnutrition for many months after surgery,7 because
their protein intake remains significantly lower
than the daily recommended guidelines (1.5 g/kg
ideal body weight) for a low-energy restrictive

diet.30 Protein-calorie malnutrition is defined by a
history of inadequate protein and energy intake,
unintentional weight loss, or low body weight for
height. Roux-en-Y gastric bypass patients commonly consume inadequate protein and less than
1000 kcal/day during the first year.31 The reduced
protein intake may contribute to an excess loss of
lean tissue and malnutrition.22,23
In the postbariatric body contouring patient,
protein deficiency impairs wound healing because
protein is needed for fibroblast proliferation, angiogenesis, and collagen production (Table 2).32,33
Haydock and Hill34 have reported significantly
lower healing rates in 21 subjects with mild protein-calorie malnutrition (defined as 90 to 95 percent usual body weight) and nine subjects with
moderate to severe protein-calorie malnutrition
(⬍90 percent of usual weight), compared with 36
well-nourished subjects (defined as those with
⬎95 percent of usual weight).34 In addition, any
consequent edema adversely affects perfusion of
the healing tissues.35 Another factor to consider is
the association of severe protein-calorie malnutrition with immunosuppression (Table 2),36 – 41
which in turn correlates clinically with increased
wound complication rates and increased wound
failure after clean surgical procedures.39 – 41
In the context of weight loss surgery, previous
studies have indicated that a minimum of 60 to 70
g/day of protein is needed to avert protein-calorie
malnutrition.42,43 A higher protein intake is desirable during the time of stress and extensive wound
healing of a postbariatric procedure. Although
not directly related, several studies have shown
that higher protein intakes, ranging between
1.2544 and 2.1 ⫾ 0.9 g of protein per kilogram,45
can enhance the healing process of pressure ulcers.
Vitamin B6, Vitamin B12, and Folate Deficiencies
Vitamin B complex and folate deficiencies are
fairly prevalent after bariatric operations.46 – 49 Folate deficiency has an incidence of 9 to 35 percent
after bypass operations.50 The incidence of vitamin B6 deficiency is approximately 17.6 percent51
and that of vitamin B12 deficiency ranges from 3.6 to
37 percent at 1 year after Roux-en-Y gastric bypass.7
In most Roux-en-Y gastric bypass patients, folate and vitamin B12 deficiencies are asymptomatic
or subclinical. However, those with severe deficiency can present with megaloblastosis. Megaloblastosis is a generalized disorder that also affects
nonhematopoietic cells, such as gastrointestinal
mucosal cells, which have megaloblastic features.
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Associated
Nutrient
Deficiency
Wound Healing

Effect of Deficiency on
Immune System

Effect of Deficiency on
Immune Response
Comments

Zinc,
Required for fibroblast
Altered T-cell subsets,
Decreased skin test reactivity;
PCM leads to increased
magnesium,
proliferation,
increased T-cell
decreased cytokine response;
susceptibility to
selenium,
angiogenesis, and collagen
function, decreased
risk of bacterial, viral,
infections and greater
copper, iron,
production
phagocytic activity,
parasitic, opportunistic
morbidity from
vitamin A
decreased complements,
infections
infections
increased IgA; IgG is
normal or increased
Vitamin C
Required for the
Decreased plasma
Decreased phagocytic activity,
Enhances phagocytosis
(regulator of
hydroxylation of proline
glutathione
increased risk of infections
and complement
redox and
and lysine in collagen
activity; regulates the
metabolic
synthesis
phagocytic process by
checkpoints)
decreasing free
radical production
and thus potentially
reduces the severity of
the endotoxin
response
Vitamin A
Zinc
Increases the inflammatory Lymphopenia, decreased Decreased neutrophils,
Supplementation
response in wounds,
mucosal barrier
macrophages, and NK cell
improves levels of
macrophage influx and
function
function; impairs both TH1serum IgA, CD40,
activation, fibroplasia,
and TH2-mediated immune
ligand-activated IgG
collagen synthesis, and
responses
and also leads to
epithelialization
reduced inflammatory
cytokines
Increased IgE levels,
Increased PGE2 production,
Supports monocyte/
Vitamin E
Selenium
Supports monocyte/
decreased antioxidant
increased viral virulence
macrophage-mediated
(strong
macrophage-mediated
defense
responses; influences
antioxidant)
responses; influences
T-cell function by
T-cell function by
down-modulating
down-modulating PGE2
in elderly
PGE2 in elderly
Iron (critical
Zinc
Required for the
Decreased T-cell response Decreased IL-2 production and Decreases risk of
for immune
hydroxylation of specific
Decreased IgG levels,
cytokine response
parasitic and
function)
prolyl and lysyl residues
decreased phagocytic
opportunistic Candida
in collagen
activity
species infections
Zinc (essential Rarely iron,
Required for nucleic acid
Reduced TH1 cytokines
Decreased skin test reactivity,
Prolonged zinc
for activity of
copper
metabolism, protein
(IL-1) and thymic
decreased cytokine response
deficiency leads to
thymic
synthesis, synthesis of
hormone activity,
reprogramming of the
hormones
structural proteins such as
lymphopenia thymic
immune system
and many
collagen, function of
atrophy
through activation of
enzymes)
several hundred zinc
the HPA axis and
metalloenzymes and zinc
chronic production of
finger proteins, DNA
glucocorticoids;
synthesis, and for normal
accelerate apoptosis
insulin-like growth factor
among early T and B
production
cells

Protein

Primary
Nutrient
Deficiency

Table 2. Impact of Macronutrients and Micronutrients on Wound Healing and Immune Response Activity

68, 99, 101,
103–106

44, 93, 94

87–89

76–84

67–71

32, 33, 36–41
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Wound Healing

Effect of Deficiency on
Immune System

Plays significant roles in
wound healing as a major
respiratory fuel source in
gluconeogenesis; serves as
a nitrogen donor for the
synthesis of amino acids,
as a precursor for the
synthesis of nucleotides in
cells, including fibroblasts
and macrophages

Decreased antioxidant
host defense system
affecting leukocyte and
NK cell function
Increased zinc
Decreased IL-2 response
Indispensable amino acid in Stimulation of the T-cell
collagen synthesis and
responses; T
wound healing; at
lymphocytes are
pharmacologic levels (17–
essential for normal
24.8 g of free arginine per
wound healing;
day), significantly increases
stimulation of
macrophage-induced
the amount of total protein
bacterial killing
deposition at the wound
site; increases plasma
mediated by NO
insulin-like growth factor,
the peripheral mediator of
growth hormone activity

Associated
Nutrient
Deficiency

Lymphopenia and neutropenia

Increased viral virulence

Effect of Deficiency on
Immune Response

97, 98

References

111
Catabolized by immune 146–158
cells to NO or
ornithine; NO is a
powerful vasodilator,
an autocrine stimulator
of fibroblast-contractile
and collagen-synthesis;
ornithine can be used
for collagen synthesis
or converted to
polyamines important
for cellular
proliferation and
differentiation
Glutamine levels fall
159–167
rapidly after an injury,
and supplementation
appears to improve
protein synthesis and
decrease length of
hospital stay

Comments

IL, interleukin; Ig, immunoglobulin; HPA, hypothalamic-pituitary-adrenal; NK, natural killer; NO, nitric oxide; PCM, protein-calorie malnutrition; PG, prostaglandin.

Glutamine

Copper
Arginine

Selenium

Primary
Nutrient
Deficiency

Table 2. Continued
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A common basis for megaloblastosis is impaired
DNA and protein synthesis. Folate and vitamin
B12 are required for the formation of S-adenosylmethionine, which is critical for stabilization
of DNA and many proteins, and for synthesis of
other molecules, including creatine, methylcobalamin, phosphatidylcholine, melatonin, norepinephrine, coenzyme Q10, carnitine, polyamines, serotonin, and niacinamide.52,53 Thus,
deficiencies of these vitamins can potentially
contribute to poor cellular proliferation and
repair in the postbariatric body contouring patient. Also, the associated megaloblastic anemia
will adversely affect circulation in the healing
tissues.54,55 Furthermore, anemia-related fatigue
and weakness can exacerbate immobilization of
the postbariatric body contouring patient,
which can increase the risk of deep venous
thrombosis. Given the fact that postbariatric
body contouring patients can lose a significant
amount of blood during multiple procedures, it
is of paramount importance that the patient’s
ability to sustain erythropoiesis is not compromised by inadequate vitamin B12/folate reserves.
Vitamin B6 is an essential cofactor in DNA
synthesis and various transamination, decarboxylation, and synthesis pathways involving carbohydrate, sphingolipid, sulfur-containing amino acids, heme, and neurotransmitter metabolism.
Vitamin B12, folate, and vitamin B6 deficiencies can
contribute to hyperhomocysteinemia, which has a
direct effect on vascular endothelium dysfunction,
an atherogenic process.56 Subjects with hyperhomocysteinemia (⬎15 M) have a two- to three-fold
increase in risk of developing cardiovascular disease or thromboembolic disease.57–59 The latter is
thought to be attributable to stimulation of procoagulant factors and/or impairment of anticoagulant
mechanisms or fibrinolysis by homocysteine.60
Thus, it is not surprising that homocysteine
levels are noted to increase after weight loss
surgery.61,62 Borson-Chazot et al.63 reported raised
plasma homocysteine concentrations in two-thirds
of their vertical ring gastroplasty patients at 1 year,
with clear-cut hyperhomocysteinemia (⬎15 M)
in 32 percent. Furthermore, after weight loss surgery, there is a shift in the micronutrient-to-homocysteine dose-response curve, with higher concentrations of both folate and vitamin B12 required
to maintain normal homocysteine levels.64 Thus,
deficiency of vitamin B6, vitamin B12, and folate in
postbariatric patients can potentially contribute to
a hypercoagulable state in those with hyperhomocysteinemia. Recommendations for postsurgical
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patients range from 500 to 600 g/day of vitamin
B12 and 400 g of folate.51
Thiamine
In postbariatric patients, thiamine deficiency is
likely to be subclinical. Thiamine plays an essential
role in the metabolism of carbohydrates and
branched-chain amino acids65 and thus may have an
important role in the healing process.
Vitamin C Deficiency
The incidence of vitamin C deficiency in Rouxen-Y gastric bypass patients is 34.6 and 35.4 percent
at the 1- and 2-year follow-up, respectively.51 A recent
report has confirmed vitamin C deficiency in those
Roux-en-Y gastric bypass patients who are not on
multivitamin supplementation.28
Although vitamin C deficiency is asymptomatic in postbariatric patients, humans lack longterm storage for vitamin C, and levels decrease
with stress and severe injury.66 This observation
is obviously of concern in postbariatric body
contouring patients because vitamin C plays an
important role in wound healing by increasing
collagen synthesis and angiogenesis.67,68 Vitamin
C deficiency is also associated with capillary leakage caused by decreased collagen production
and susceptibility to wound infections (Table
2).67–71
Although the recommended daily average for
vitamin C is 60 mg/day, in major burn victims, the
requirement may be as much as 2 g/day to restore
tissue levels to normal.72 Levenson and Demetriou73
recommend supplements of 1 to 2 g/day for
wounded patients until convalescence is completed.
Vitamin A Deficiency
Several studies have demonstrated deficiency of
vitamin A in up to 69 percent of postbariatric patients 4 years after surgery, with a clear increase in
deficiency over time.74 Although prophylactic supplementation can prevent deficiency, it is important
to realize that up to 10 percent of those patients who
had distal Roux-en-Y gastric bypass do not respond
to such supplementation.27
Even though the clinical consequences of vitamin A deficiency following bariatric surgery are
few, the continued deficiency will adversely impact
the healing process of the postbariatric body contouring patient. In addition, the stress of surgery
and injuries can lead to increased vitamin A
requirements.65,74,75 Vitamin A is an essential factor
in the healing patient, as it functions as an immu-
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nostimulant, enhancing inflammation-driven
wound healing (Table 2).76 – 84
Although the recommended daily average for
vitamin A is approximately 2000 to 3000 IU,85 this
amount may not be optimal to enhance wound
healing in postbariatric body contouring patients.
Some investigators have recommended 25,000 to
50,000 IU/day orally and 10,000 IU intravenously
for severely to moderately injured patients or for
malnourished patients before and after elective
surgery.73,86
Vitamin E
Vitamin E deficiency is clinically uncommon
in most postbariatric patients who receive vitamin
supplementation.74 Vitamin E plays an important
role in supporting monocyte/macrophage-mediated responses (Table 2),87– 89 but excess supplementation can inhibit collagen synthesis and decrease tensile strength of wounds because vitamin
E has antiinflammatory properties similar to
steroids.90,91
Iron Deficiency
There is a significant risk of iron deficiency,
ranging from 30 to 50 percent, with all types of
bariatric surgery, even in those who are advised to
take a multivitamin daily.7 Patients with iron deficiency may present with microcytic anemia,
which can affect circulation in the healing tissues.
Also, anemia-related fatigue and weakness can exacerbate immobilization of the postoperative postbariatric body contouring patient, which can increase the risk of deep venous thrombosis. Given
the fact that postbariatric body contouring patients can lose a significant amount of blood during surgical procedures, it is important that the
patient’s hemoglobin and hematocrit are optimized in the preoperative setting. In terms of
wound contracture, severe iron deficiency can impair collagen production92 and increase the risk of
opportunistic infections (Table 2).93,94 Thus, any
iron deficiency should be clearly treated, and most
patients would benefit from preoperative oral iron
supplementation. Treatment is usually accomplished with single daily doses of 100 to 200 mg of
elemental iron. Occasionally, patients who are refractory to oral iron supplementation require parenteral iron infusions.95
Zinc Deficiency
A significant deficiency of this trace element is
demonstrated in 36 percent of postbariatric patients
despite vitamin supplementation,96 which often

manifests itself as hair thinning and loss.95 Zinc is
required for multiple aspects of cellular growth and
replication. Zinc-deficient subjects are at risk of decreased fibroblast proliferation and collagen synthesis, leading to decreased wound strength and delayed epithelization,68 and supplementation has a
positive effect on wound healing.97
Zinc also plays an important role in supporting
the immune system. Both cellular and humoral immune functions are impaired in zinc deficiency, resulting in an increased susceptibility to wound infection and the possibility of delayed healing.98
Furthermore, zinc may have antioxidant and antiatherogenic properties99,100 and plays a vital role in
leukocyte function and cell-mediated immunity.101
Patients receiving trace metals—zinc (20 mg/day)
plus selenium (100 g/day)— or trace metals and
antioxidants had fewer infections over a 2-year
period.102,103 Given the importance of this trace element in both wound healing and the immune system (Table 2),68,99,101,103–106 supplementation of this
element is appealing in all body contouring patients.
Selenium Deficiency
Selenium deficiency exists in 3 percent of post–
bariatric patients despite supplementation.95 Although no clinical consequences of selenium deficiency are noted, this trace element is important for
thyroid function, muscle metabolism,46 and immune
function (Table 2).102,103,107,108
Copper
Clinical copper deficiency presenting as myelopathy is rare after weight loss surgery,109,110 but
subclinical deficiency rates are not known. There
are no specific recommendations on the use of
copper in postbariatric patients. Thus, patients
should be encouraged to take the recommended
daily average for copper. Like zinc, iron, and selenium, copper is important for optimal immune
system function (Table 2).111

DISCUSSION
Timing for Body Contouring Surgery
On average, Roux-en-Y gastric bypass patients
lose 60 to 70 percent of their excess weight during
the first year after surgery. Many patients regain
some of the lost weight during the ensuing years.
Thus, from the standpoint of plastic surgery, the
best time for body contouring surgery is probably
between 18 and 24 months after bariatric surgery.
This is the time during which patients have lost
most of their excess weight and have significant
tissue excess and laxity. However, this is also the
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period during which most patients have minimal
nutritional reserves following months of continued malabsorption of proteins, vitamins, and minerals. With up to 50 percent of reported vitamin
and mineral deficiencies occurring within the first
year after weight loss surgery,112 it is prudent to pay
serious attention to the patient’s nutritional status
before any body contouring procedures. Body
contouring should be contemplated only when
the patient’s weight has reached a plateau for several months. We consider this period critical for
repleting the nutritional reserves of the patient.
Furthermore, it is essential for the plastic surgeon
to realize that only a few patients will ultimately
achieve a normal weight (i.e., lose 90 to 100 percent of excess weight) and that, more importantly,
3 to 5 percent of patients will lose greater than 100
percent of their excess weight.113,114 The latter
group of patients is considered malnourished and
often has had a complicated postoperative course.
Many of the patients who reach normal weight
and/or become malnourished postoperatively
tend to be in the less than 40 kg/m2 body mass
index weight range category preoperatively.115
Again, it is imperative to recognize this group of
patients preoperatively, because any body contouring operation on a malnourished patient can
potentially lead to more severe complications.
Nutritional Deficiency and Healing in the Body
Contouring Patient
Several studies have demonstrated significant
preexisting nutritional deficiency in medical and
surgical patients.116,117 Furthermore, the incidence
of either infectious or noninfectious complications, mortality, time to return to normal activities,
and length of hospital stay are significantly higher
in the malnourished surgical patients than in wellnourished ones.118 –121 In a recent review, we highlighted the suboptimal nutritional status of morbidly obese patients and, more importantly, the
nutrient deficiencies of postbariatric patients.7 As
plastic surgeons, we are increasingly faced with the
needs of postbariatric patients who have excessive
tissue laxity. Any surgical procedure will require
energy in the form of carbohydrates, protein,
and/or fat for the healing process.122 In rats, reducing caloric intake by 50 percent results in decreased collagen synthesis, matrix protein deposition, and granulation tissue formation.123,124 The
energy intake of the postoperative Roux-en-Y gastric bypass subjects is severely reduced by over 50
percent, averaging 800 to 1200 kcal during the
first 12 months25,26 and increasing to approxi-
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mately 1885 ⫾ 770 kcal by 24 months.125 In addition to the low-calorie intake of postbariatric patients, surgery itself elicits a series of reactions,
including release of stress hormones and inflammatory mediators, increased metabolic rates and
catecholamine levels, loss of total body water, and
cellular protein turnover, resulting in an overall
state of catabolism. For optimal rehabilitation and
wound healing, the body needs to be in an anabolic state. Recent studies have shown that measures to reduce the stress of surgery can minimize
catabolism and support anabolism throughout
surgical treatment and allow patients to recover
substantially better and faster, even after major
surgical procedures.126
Furthermore, the protracted protein-calorie
malnutrition and the associated deficiencies of
vitamins A, C, and B12; folate; iron; zinc; and selenium are expected to adversely affect the healing process of postbariatric body contouring patients. In humans, modest protein-calorie
malnutrition can impair fibroplasia.127 Even a
brief period of decreased nutritional intake preoperatively has a significant effect on postoperative collagen synthesis. Patients who are malnourished before an injury exhibit delayed wound
healing and have increased rates of wound infection
that can be reduced significantly by nutritional repletion before the planned operation.128 –131
In addition to its fundamental role in wound
healing, protein-calorie malnutrition is also the major cause of secondary immune deficiency worldwide. Protein-calorie malnutrition leads to activation
of the hypothalamic-pituitary-adrenal, an increase in
serum glucocorticoid levels,132 atrophy of lymphoid
organs, T-lymphocyte deficiency, and increased susceptibility to bacterial and viral pathogens and opportunistic infections.132,133 The effects of proteincalorie malnutrition on the immune system are
broad, involving all limbs of the immune system,
including mucous membrane defense barrier, altered immune regulation and cellular trafficking,
altered microbial flora, and impaired cellular immune response.133 In postbariatric patients, micronutrient deficiencies of vitamins A, B6, B12, C, and E;
folate; niacin; zinc; iron; copper; and selenium further affect the adaptive antibody and cellular immune response and the innate immune
response.134 –138 This is of major concern when considering the additional effects of surgical trauma on
the immune system, including both the specific and
the nonspecific immune response. Although minor
surgery is suggested to stimulate individual components of the immune system, it is generally agreed
that major surgery causes immunosuppression.139 –141

Volume 122, Number 6 • Impacts of Nutritional Deficiency
Although many plastic surgical procedures
progress uneventfully in postbariatric body contouring patients, a review of 75 of our postbariatric body
contouring patients between 2001 and 2005 confirmed major complications in 66 percent of the
patients, related to wound problems.142 It may be
expected that optimal nutritional status may improve the healing process, wound tension, and scar
quality and reduce potential complications. The primary goal, therefore, should be to provide every
patient with optimal nutrition so that this prioritization of wound healing can occur within an ideal
host environment.

CONCLUSIONS
It is well known that nutrition profoundly influences the process of wound healing, such that
depletion exerts an inhibitory effect and nutritional supplementation has a positive effect. Multiple published studies in gastrointestinal surgery,
cardiovascular surgery, and head and neck surgery
have confirmed a significant reduction in postoperative infectious complications, length of hospital stay, and morbidity and mortality rates in subjects receiving nutritional supplementation. The
greatest improvement in postoperative outcomes
was observed in patients receiving specialized nu-

tritional support preoperatively.118 –121,128 –131 Even
12 hours of preoperative fasting has been associated with prolonged recovery after uncomplicated
surgery.143,144 These observations have led to development of a specific guideline for enhanced
recovery after surgery by the European Society of
Clinical Nutrition and Metabolism.145 The essence
of the guideline is avoidance of long periods of
preoperative fasting, reestablishment of oral feeding as early as possible after surgery, and integration of nutritional support into the overall operative management. In our practice, following a
review of our postbariatric body contouring patients, major complications were noted in 66 percent of our patients.142 We then approached a
number of nutritional manufacturers to formulate
a suitable nutritional supplement for this patient
subpopulation. Since January of 2006, we have
attempted to optimize undernutrition of our body
contouring patients with additional supplements
formulated for post– bariatric surgery patients, using ProMend (Bariatric Advantage, Irvine, Calif.)
or ProCare Surgical Formula (NutrEssential, Inc.,
Wilmington, Calif.) (Table 3). The former is a
supplement of protein, arginine, and glutamine
that is taken in addition to the Bariatric Advantage
multivitamin tablets. The latter is a comprehensive

Table 3. Ingredients of ProCare and ProMend Nutritional Supplements
ProCare

Protein
L-Arginine
Glutamine
Free amino acids
Dietary nucleotides
Vitamin A
Vitamin C (ascorbic acid)
Thiamin (vitamin B1)
Riboflavin (vitamin B2)
Niacin (vitamin B3)
Biotin
Pantothenic acid (B5)
Vitamin K1
Folic acid
Vitamin D3
Vitamin B6
Vitamin B12
Zinc (oxide)
Copper (gluconate)
Calcium (carbonate)
Iron (ferrous fumarate)
Choline (bitartrate)
Selenium (AAC)
Chromium (picolinate)
Omega-3 fatty acids
Grape seed extract
Lycopene 5%

ProMend†

Amount per Serving

% Daily Value

Amount per Serving

% Daily Value

20 g
4g
1g
5g
0.5 g
5000 IU
500 mg
10 mg
5 mg
25 mg
100 g
1.67 mg
16.7 g
200 g
400 IU
2 mg
300 g
20 mg
0.7 mg
100 mg
18 mg
66.7 mg
66 g
25 g
100 mg
10 mg
0.3 mg

40
*
*
*
*
100
834
667
294.1
125
33
17
21
100
100
100
5000
133
35
10
100
*
94
21
*
*
*

10 g
4g
1g
—
—
—
100 mg
—
—
—
—
—
—
—
—
—
—
10 mg
—
—
—
—
—
—
—
—
—

20
*
*
—
—
—
167
—
—
—
—
—
—
—
—
—
—
67
—
—
—
—
—
—
—
—
—

*Daily value not established.
†ProMend Supplement is recommended in addition to Bariatric Advantage multivitamin tablets.
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formula of protein, free amino acids, arginine,
glutamine, and dietary nucleotides, and vitamins
A, C, B6, and B12; folate; thiamine; iron; zinc; and
selenium. Arginine and glutamine have been
deemed essential in many studies to the healing of
wounds and optimization of the immune system
(Table 2).146 –167 Vitamin B12, folate, and vitamin B6
are also supplemented to reduce homocysteine
levels in postbariatric patients and thus the potential hypercoagulable state. We now use three
scoops of ProCare supplement per day in all nonbariatric and bariatric body contouring patients
starting at 3 weeks before the operation and continued until complete healing is achieved. We prefer ProCare because it provides all of the required
nutritional ingredients in one powder form,
rather than multivitamin tablets that may not be
completely absorbed in postbariatric patients.
This regimen provides approximately 90 g of protein and amino acids, in addition to vitamins at
levels indicated for wound healing. A prospective
ongoing study of 37 of our postbariatric body contouring patients who are supplemented with ProCare Surgical Formula indicated wound complication rates of 18.9 percent. This is in contrast to
our 66 percent wound complication rate in those
patients who did not receive supplementation before 2006.142 Both patient groups had an average
of approximately eight procedures per patient at
each surgical stage. Furthermore, we have also
noted significantly fewer minor complications, accelerated wound healing, and higher energy levels
as reported by the patients.
Siamak Agha-Mohammadi, M.B., B.Chir., Ph.D.
Plastic Surgery Body Contouring Center
400 Newport Center Drive, Suite 500
Newport Beach, Calif. 92660
dragha@plasticsurgerycal.com
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