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Abstract

Background This review has been developed following a panel discussion with an international group of experts

in the care of patients with obesity in the critical care setting and focuses on current best practices in malnutrition
screening and assessment, estimation of energy needs for patients with obesity, the risks and management of sarco-
penic obesity, the value of tailored nutrition recommendations, and the emerging role of immunonutrition. Patients
admitted to the intensive care unit (ICU) increasingly present with overweight and obesity that require individualized
nutrition considerations due to underlying comorbidities, immunological factors such as inflammation, and changes
in energy expenditure and other aspects of metabolism. While research continues to accumulate, important knowl-
edge gaps persist in recognizing and managing the complex nutritional needs in ICU patients with obesity. Avail-
able malnutrition screening and assessment tools are limited in patients with obesity due to a lack of validation and
heterogeneous factors impacting nutrition status in this population. Estimations of energy and protein demands are
also complex in patients with obesity and may include estimations based upon ideal, actual, or adjusted body weight.
Evidence is still sparse on the role of immunonutrition in patients with obesity, but the presence of inflammation that
impacts immune function may suggest a role for these nutrients in hemodynamically stable ICU patients. Educational
efforts are needed for all clinicians who care for complex cases of critically ill patients with obesity, with a focus on
strategies for optimal nutrition and the consideration of issues such as weight stigma and bias impacting the delivery
of care.

Conclusions Current nutritional strategies for these patients should be undertaken with a focus on individualized
care that considers the whole person, including the possibility of preexisting comorbidities, altered metabolism, and
chronic stigma, which may impact the provision of nutritional care. Additional research should focus on the applica-
bility of current guidelines and evidence for nutrition therapy in populations with obesity, especially in the setting of
critical illness.
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Introduction

Patients admitted to the intensive care unit (ICU)

increasingly present with obesity, with rates reported

between 28.2% and 36% [1-3]. In 2000, the World Health

Organization (WHO) recognized obesity (BMI> 30 kg/

m?) as a distinct disease, describing the condition as a
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[5-9] have all affirmed the classification of obesity as a
disease. The WHO defines obesity as a condition in which
excess or abnormal body fat accumulation increases
health risks [4, 10]. Specifically, overweight and obesity
are important contributors to morbidity and mortality
due to increased risks of hypertension, dyslipidemia, type
2 diabetes, coronary heart disease, stroke, certain types
of cancer, and other chronic conditions [4]. The Obesity
Society issued a statement emphasizing the definition of
obesity as a multicausal, chronic disease associated with
structural abnormalities, physiologic derangements, and
functional impairment accompanied by an increased risk
of morbidity and early mortality [6]. Furthermore, nutri-
tional deficiencies and malnutrition are likely underdiag-
nosed in patients with overweight and obesity related to
the lack of highly sensitive and specific assessment tools
and established diagnostic criteria.

The ongoing COVID-19 pandemic provides a unique
lens through which to view obesity risks to the overall
population and the complex presentation and clinical
needs of patients with obesity [11]. Obesity is common
in patients hospitalized with COVID-19. Of more than
148,000 patients who received a diagnosis of COVID-19
in US emergency departments or inpatient units between
March and December 2020, 50.8% had obesity [12]. A
meta-analysis of available data from January 1, 2020, to
August 11, 2020, found that pooled mortality rates among
patients hospitalized with COVID-19 were approaching
19%, and obesity was identified as a significant risk fac-
tor for mortality for these patients [13]. Meanwhile, the
pandemic has not only negatively impacted the care of
hospitalized patients with obesity but may also be con-
tributing to population-wide weight gain [14]. In patients
with preexisting obesity, the COVID-19 pandemic has
been associated with increasingly unhealthy eating pat-
terns [15]. Even in those without preexisting overweight
and obesity, issues resulting from self-quarantine such
as inadequate sleep, snacking, lack of dietary restraint,
stress-related eating, and reduced physical activity may
be contributing to weight gain [16, 17].

Traditional diagnostic assessment tools like body mass
index (BMI) may fail to exhibit linear patterns between
individual BMI determinations and cardiometabolic
health status [18] or associated risk in critical illness
[19]. Although controversial, current research describes
a J-shaped relationship between BMI and mortality risk
in critical illness, suggesting that patients who are over-
weight or who have moderate obesity have a lower mor-
tality risk than those with a normal range BMI or severe
obesity [20, 21]. These findings, termed the obesity para-
dox, may be subject to selection bias related to the possi-
bility that some of these individuals may have had a better
nutrition status than those with a low BMI [22]. The data
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suggest that more precise measures of body composition
and nutrition status may offer greater insight when deter-
mining individual morbidity risks, especially during criti-
cal illness.

Guidelines are available for the nutrition care of criti-
cally ill patients with obesity, but underlying research
in this area is limited. Societies such as the American
Society for Parenteral and Enteral Nutrition (ASPEN),
the Society of Critical Care Medicine (SCCM), and the
European Society for Clinical Nutrition and Metabolism
(ESPEN) have published recommendations for this popu-
lation and often recommend an individualized approach
to most aspects of nutritional care in patients with obe-
sity (Table 1) [23—-25]. A recently published update to the
2016 ASPEN/SCCM guidelines evaluated five questions
central to nutritional therapy for all critical care patients.
The guidelines did not specify recommendations for
patients with obesity and instead, concluded that clinical
judgment and close monitoring continue to be needed
in the absence of consistent evidence [26]. Practitioners
should also consider that a variety of factors can compli-
cate the delivery of optimal nutritional care to patients
with obesity. These patients may present with altered
nutrient processing and pharmacokinetics, especially in
the critical care setting, which potentially complicates
both medication delivery and nutritional management
efforts [26-32]. A summary of potential factors compli-
cating the care of patients with obesity in critical illness is
illustrated in Fig. 1.

While research continues to accumulate, important
knowledge gaps persist in recognizing and managing the
complex nutritional needs in ICU patients with obesity.
This paper is the result of an international advisory board
consisting of experts in obesity care in the ICU working
to address these gaps from dietitian, physician, pharma-
cist, and nursing perspectives. The advisory board aimed
to identify key knowledge gaps, challenges, clinical con-
siderations, and outstanding questions when providing
optimal nutritional care for critically ill patients with
obesity. Consequently, this review will focus on current
best practices in malnutrition screening and assessment,
estimation of energy and protein needs, the risks and
management of sarcopenic obesity, the value of tailored
nutrition recommendations, and the emerging role of
immunonutrition for patients with obesity.

Malnutrition screening and assessment

Malnutrition screening and assessment is a key challenge
in patients with overweight and obesity, and it may not
be routinely performed. Thus, malnutrition as a diagnosis
may be underestimated for these patients. Patients with
malnutrition and obesity were less likely to have a malnu-
trition diagnosis coded than patients with malnutrition
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Patients with obesity have an
increased risk of comorbidities

(i.e., sleep apnea, type 2

Diabetes Mellitus, hypertension)

Excess adiposity may present
challenges to accurate
nutrition-focused physical exam

Bariatric equipment may
not be available

Sarcopenia may be
underrecognized in this
patient population

Repositioning and ambulation
may be more difficult for
nursing staff to perform
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Available nutrition guidelines are
inconsistent posing challenges to the
calculation of calorie and protein needs

o———— Patients with obesity may be
less likely to receive
malnutrition screening,
assessment and diagnosis

Stigma and bias may
influence the quality of
care provided

Patients with obesity may
present with altered
pharmacokinetics and/or
response to
supplementation

Fig. 1 Factors complicating the care of critically ill patients with obesity. Created with BioRender.com

and a BMI in the normal or underweight categories
[33]. The limitations of available tools should be recog-
nized when implementing routine screening and assess-
ment of these patients. A summary of the possible uses
and limitations of selected tools, including the Malnutri-
tion Screening Tool (MST), the Malnutrition Universal
Screening Tool (MUST), the modified NUTrition Risk in
the Critically ill (mNUTRIC) score, Nutrition-Focused
Physical Exam (NFPE) and Subjective Global Assess-
ment, is presented in Table 2 [24, —39].

Many screening tools consider low BMI when calculat-
ing nutritional risk. It is essential to understand that BMI
as a sole indicator is not directly predictive of poor out-
comes, especially among critically ill patients with obe-
sity [40]. Therefore, tools such as MUST, which include
BMI as a marker of risk, may be of limited value [22, 33].
For example, in one retrospective study of mechanically
ventilated patients admitted for more than 7 days to the
ICU, refeeding hypophosphatemia/syndrome, which is
commonly seen in malnourished individuals, occurred
in almost 37% of subjects, but baseline characteristics,
including BMI, were poor predictors of risk [41].

The Nutrition-Focused Physical Exam (NFPE) can be
used to assess nutritional status in patients found to be
at risk of potential macro- or micronutrient deficits,
including in patients with obesity. During the NFPE, the
clinician 1) assesses the patient’s general appearance
and compares initial impressions with available patient
data from medical records or other sources; 2) evalu-
ates the patient’s current body habitus and compares
usual BMI and weight changes with these findings; and

3) performs a hands-on assessment of subcutaneous
fat mass, muscle mass, and edema and evaluates skin,
hair, nails, and the oral cavity to note clinical signs of
micronutrient deficiencies or excesses [37, 42—44]. Risk
factors for micronutrient deficiencies in patients with
obesity may include history of bariatric surgery, under-
lying fatty liver disease, and the use of certain medica-
tions for common comorbidities such as hypertension
[45]. Finally, this assessment may also include measures
to identify signs of poorly managed chronic conditions
such as dyspnea and acanthosis nigricans. Although the
NFPE may be routine in some settings, excess adipos-
ity may present barriers to accurately assessing muscle
wasting or fat loss.

The subjective global assessment (SGA) tool, vali-
dated for different populations including critical care
patients, focuses on essential clinical variables that
can be obtained from the patient or family members of
those who cannot provide their nutritional history. The
SGA is a low-cost, noninvasive tool based on a patient’s
medical history and physical examination. Due to these
characteristics, it has become a commonly used tool for
hospitalized patients in various clinical situations. This
instrument has also been shown to be a good prognos-
tic assessment tool. One cross-sectional study found
that SGA was a reliable tool for identifying malnutri-
tion in patients with overweight and obesity requiring
mechanical ventilation [46]. Another study indicated
that critically ill patients, including those with obesity
and diagnosed as malnourished by SGA, presented



Page 6 of 14

Dickerson et al. Critical Care 2022,26(1):283

SSO| SSew 1ej 10
3]2sNW BuISsasse Aj21eindde 01 siallleq Juasald Aew Aysodipe $sa5x3

euwapa paziesauab yum syuapied ul ynoyyip aiow oq Aewl 3d4N

01 2Jedwiod
01 9|qe|IBAR 10U S| Jd4N duljaseq e ji buibuajjeyd ajow aq Ay

asiadxa/buluresn salinbay

sabueyo uonls
-odwod Apog BullspIsuod Inoyum abueyd yblram pue |\g uo saiiay

UOIINU[BW UM 350U3 A|11essadau Jou ‘Adesayy
UOIMIINU WO} 1Y2USq 1SOW PInom oym syuaiied Ajauspl 0} papusiy|

91e|Nd[ed 031 }NDLYIP IOW

UOILANUI_W YIM 350U} A|1iessadau Jou ‘Jioddns
UOIIINU WOJ) 1Y2URq 1SOW PINOom oym sjuaiied Ajauspl 0} papusiy|

[9€] 21035 (DIYLNNW)

[1! Aj[e3111D Y3 Ul sty UoL NN Pay!pow a3 ueyl Aujeniow Aep-gz
Bunoipaid ul anjea onsoubold Jamo) ‘ssaul|l [eD1d 01 DY1dads 10N
91ED]UNWWOD 01

3|GeUN 24 OYM 350U} 1O} [B3PI 10U ‘Pep paliodal-1ualied salinbay
painided aq 10u Aew 1eyl

SSau||I 93nde 01 A1RPUOIIS J0 sad13deld AYieayun ybnoiyi 3usied Aq
pauueld, usaq aney Aew ‘pauueidun, se paguISIp si $so| 1YBISp
[5€] AUsaG0 Yam suuaiied 1oy AILSUDS

10U ‘sabueyd uonisoduwod Apog BulspISUOD INOYIM |\g UO 3119y

2122UNWWIOD O} 3|Geun aie Oym
950U 10} [P9pI 10U 05 ‘Juanied sy} wolj eiep papiodal-j|as salinbay

SSO|
1yb1am 1uada1 AjUo ‘sebueyd uosoduwod Apog J3PISUOd 10U $30(Q

S3IDUBDYSP JUBHINU
-0J21W JO SUBIS [BD1UI]D 4O SSISSe 0} PYIPOU 3 OS|e Aew Id4N YL

[£€] uonunujew
40 sisoubelp uoINU Y} 10} (BLISPS PUB SSBU 3|2SNW PUe 184 JO
SSOJ) B1I911ID U[R1I3D 123]|0D 01 Id4N 241 95I0pua NIJSY pue gNV

101BDIpUI UE S [IA/g MO] UO AJ24 10U $30(

[£€] pavioddns s| uonnujew jo

sisoubelp uolINU e ‘quasald a1e 310w 1O OM] §| 'SN1e}s [PUORDUN
BujulPaP PUB ‘UOIIRINWINDDR PINY ‘SSeU 3]2SNUI JO SSO| ‘SSO| 18} SNO
-3UeINdgNS ‘93elul A1e1aIp Ul UoIIdNPaI ‘sso| IyDBlam :uoiINujew
AJIUSPI 0 PSSSISSE 9 BLIDIID XIS PUIWILIOIAI NIJSY PUe dNV

[2] soulPPING WDDS/NIASY 9107 Ag pasiopud

plemIoybieils pue 32INb 210j21911 ‘95easIp JO A1LISASS

pue ‘axe1ul pooy padnpal ‘g MO| JO SSO| Iyblam uo paseq ysiy
[€2] saulPPING WDDS/NIASY 9107 Ag pasiopud

sbuimas a211oe.d Jo sbuel e uj Jejjiwie

1uaned ay) wouy e1ep palodal-J|9s ainbal 1ou seoQg

101BDIpUl U SE || Ng MO] UO Aj24 10U $90(

pappe g 10U Aewl

10 Aew 9-UpyN3Ia1ul {UOISSILPE N 21042q [e)dsoy ul sAep ‘2102s
JUBWISSaSSY 24Njie4 UebIQ [elUSNDSS ‘21005 || Uolen|eAs yijeaH
J1uoIyD pue ABoJoISAYd 21Ny ‘saIplgqiowod ‘abe uo paseq 3siy

plemiojybielis pue 3dInb 210j213Y1 109449 35835IP

21nde pue ‘sso| 1ybam pauueidun ‘||Ng UO paseq paiendjed siysly

[i7€] Bumas ao1oe1d Jo a6e Jusiied Jo ssa|piebai

PaPUSWILIOD3] ‘DpeIb 3DUSPIAS JIe) B PIAISdaJ AJUO 1B S|00] JSY10
yum pasedwod buliel,buons/poob, e paAlRday ‘dNY Aq pasiopul

101BDIpUl U SE | Ng MO] UO Aj24 10U s90(

19151UlWpe 01 plemiofybiens pue ydinb

s131 0s ‘a1nadde Jood pue ‘sso| 1yblam Jo Junowe ay3 ‘HBuUIAI INO
-yum 1ybiam 1sof Juaiied ay3 JaYlaym Uo paseq pale|nd|ed siisiy

(3d4N) Wexa [ed1sAyd pasnd0j-uonINN
JUDWISSISSY

2007 2402S Ys1 uonIANN

21005 (DIY LNNW) ||t A|[E2R1D Y1 Ul s14 UORILAN PIUIPOW

(LSNIN) |00} BUIUD3IDS [BSIDAIUN UOLIIINUIRIA

(LS [001 Bujua31Ds UORLINURA

suoneywr

SIYaUIQ/SAINQLNY

Bujuaaidsg

Aysaqo yum siuaiied uj uoliedyjdde Jj1ay1 01 SUOIRWI| PUB S|00) JUSWSS3SSe pue Bujuaa1ds UOLINU[eW Pa1d3jas ¢ djqeL



Page 7 of 14

Dickerson et al. Critical Care 2022,26(1):283

Buibew) duLUOS3I d13BUBRW [/ ‘HUN 31BD dAISUIUI )Df ‘AydeiBowoy paIndwod ) ‘xapul ssew Apoq [pyg ‘UOIILIINN [eID3UT PUE [RI3UdIRd 104 A}B1D0S URDLIBWY NIJSY ‘S2139191Q pue uonLINN Jo Awapesy gny

01 a1edwod 0}
3|ge|IBAR JOU S| JUDWISINSESW SUI[3SeJ B §I SAIIBWIONI SS3| 3G Al

opeypo|q Je|
-N2SNWOIN3U PUB UOIeP3s 01 anp siuaned nD| Auew ui 3|qises) 10N

syuaned ND AUBW Ul SN1LIS UORIINU JO 2INSEaW 31eINJde
U 10U ‘91042124 puU UoIIWWE(Ul PUe UoieIpAY Aq paduanjul

syuaned NDJ Auewl 10} 3|ge|ieAe 10 3]|qISea) 3G 10U Aey
SPOY1SUI JUSIUSAUODU|
dAISUdX]

Ausodipe
4O JUNOWe 3y} 0} BuIPIODI. 3|SNUU SSISSE 01 NP 3G Ae|y

Bululel) pue as1adxe salinbay

K190 1M 250y3 Buissasse Ul paywi

uoleIPAY Ag pasuanu|

3NSSI1 92SNU WOl 250dipe S3e1UalayIp 01 3|qeun

A11S9G0 J9PISUOD JOU OP S3N|BA JJOIND

Buibua|eyd JUaWISSISSE d1eINDOR el Aew Bujuonisod 1uaned
anbiuyda} J0SSasSe pue ewRPa AQ paduaN|ul|

sjusied D] Auew 1oy 3|qe|ieAe IO 3|qIsea) 9 10U Aew
—[YIA PUB 1D “YXQ-SSew 9|2snW JO siuawaInseaw pauayald ay)

painided

90 10U Aewl sSau||I 91nde 03 A1epuU03s 40 sa10eid Ayyeayun
ybnoly1 panalyde Ing 1uaned ayi Ag,|BUOII|OA, U93Q dARY ABW 1eY]
50| 1yBIam ‘2102191 ,/[eUOILI|OA-UOU,, SB PIGLIDSOP SI $SO| 1YDIap

1e3)Dun SI ANSG0 yum syualied ul AN ‘210421aY1 [p€] uou
-3}11> PasN U1Jo 1S0W 3y} JO SUO 3¢ 0} payiodal usaq sey |Ng MO

sseul 14 10
3]2snw BuIssasse Aj21eindde 01 sialleq juasald Aew Alsodipe ssa5x3

21e2]UNWWOD 0} djgeun
21 OYM 35OV 10} [edpI Jou ‘erep pariodal-juaned uo Al Aepy

SAI123(QNS SI 3 ‘paredipul se asnedaq bujulely salinbay

A1l[eUOIIDUNY BPSNW SISSISSY

SAISUadXaU|

3|qe|ieAR AjUOWIWIOD

SSeuw 9[2snWl Uo Uoniewlojul po|ielsp seplAoid

SSBW 92SNW $35595Se 'BUIIIS [BDIUID Ul PAIdNPUOD A|ise]

Bumss [ed1Uld Ul Pa1dNPUOD Ajise]

HuIIS [BDIUID Ul PRIONPUOD A|Ise]
AIsuUadxaU|

[8€],,pasn aq Aeul S3DUBIJWINDIID

J|B2 1O 3|2SNW WB-PIW 31| S2INSeaW d11aWodoiylue piepuels Jo
uoleuluIexa [edisAyd ‘eoualayald [euoibal AG 10 3|ge|ieAR J0U USYAN
YA 10 ‘1D “(YI9) SIsAjeue 2ouepadud] [e21103[301G 331 SPOYISW UoN
-1sodwod Apogq Jayio buisn splepuels buipuodsallod 1o (YxQ) A1
-wondiosqe ABIaua-jenp, Yybnoiyl passasse 9 Aew ssewd 3IsNIA

[8€] (Ssew 32snW padnpal pue ‘|Ng Mo|

'ss0] yB1am [puORI|OA-UOU) eLIRILD didAlousyd pue (Uone|iuIsse

10 &e1ul AIe13Ip PEdNPal pUe UoeWILIR|JUI) UolLINUeW JO ABO
-|ond 01 3INGLIUOD ABW 1Y) SI0IDB) SPN|DU] LIDID JUSWISSISSY

Al

-|exow pue suonedljdwod 1oy ANAnRdIpald poob yim ‘nD) buipnpul
‘SBUIDS SNOLIBA Ul P3SN U3( sey ‘Buluoseal |edjuld uo paseg

101eDIpUl U SE [|Ng MO] UO Aj24 10U s90(

wexa [ed1sAyd pue ‘s1010ej 21j0grIBW ‘SIUPICIOWOD
'UoIDUNY/SANIAIDE ‘Bxe1ul Aleialp 10eduwil Aew 18y} swodwiAs
'3%{eIU] pooy A103s1Y 1yDBIam ‘Iyblam apn|dul BLISIID JUSWSSISSY

Anawoweukg

(unaJAyIsues ‘UlUNg|e) siaiaweled [ed1wayd0lg

95UBUOS3I DllduUbeW pue Aydesbowo]

Aydesbouosen|n

souepadwiolg

Alswodolyiuy

(WD) uoniANUely Uo aaieniu| diysiapea [eqoD

VYOS pajelauab-juaiied pue (YHs) JUswissasse [eqolb aAnds(gns

suoneywr

S1yauaq/saInquny

Buruaaidsg

(penunuod) zajqeL



Dickerson et al. Critical Care 2022,26(1):283

with higher ICU readmissions as well as increased mor-
tality [47].

Other assessment instruments like anthropometry and
bioimpedance are influenced not only by the hydration
status of the patients but also by the cutoffs for normal-
ity that may not be appropriate for patients with obe-
sity. Ultrasonography, which can be done at the bedside,
seemed to be a promising assessment of the muscle,
which is a compartment of the nutritional status, but it
requires training and may be technically challenging in
patients with obesity. Furthermore, sophisticated tools
such as tomography and magnetic resonance may not
be routinely available unless performed for diagnosis of
the current condition, but even if so, they require soft-
ware and expertise to interpret results. Muscle function
associated with the nutritional status is also difficult to
assess once patients are under sedation or neuromuscu-
lar blocker therapy. Biochemical parameters like albumin
and transthyretin are influenced by the inflammatory sta-
tus of the patient and, therefore, not useful indicators of
nutritional status [48]. More recently, the Global Lead-
ership Initiative on Malnutrition (GLIM) has been pro-
posed as a framework for the diagnosis of the nutritional
status; however, it has not been adequately validated to
advocate its use in patients with obesity [49, 50].

Current guidelines for screening and assessment

Notably, the 2019 ESPEN guidelines did not recommend
any specific tool to be used in critically ill patients and
instead stated that “Every critically ill patient staying for
more than 48 h in the ICU should be considered at risk
for malnutrition [23]” Meanwhile, the 2016 American
Society of Parenteral and Enteral Nutrition (ASPEN)
and the Society of Critical Care Medicine, as well as the
updated ASPEN guidelines do not address the topic [24,
26]. Neither guideline specifically highlights whether or
how screening and assessment practices should differ for
patients with obesity.

Clinical considerations

Available malnutrition screening and assessment tools
were not specifically developed for patients with obesity.
Overall, assessments should consider the possibility of
underlying malnutrition, signs and symptoms of micro-
nutrient deficiencies, and poor muscle quality despite the
presence obesity should be considered [45, 51]. There-
fore, a good clinical assessment along with an adequate
physical examination is required for proper nutritional
diagnosis. It is also important to monitor patients for
refeeding syndrome, as they may have risk factors unre-
lated to BMI.
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Estimating energy needs for patients with obesity
There is no current consensus among clinicians and a
lack of definitive research on how best to estimate energy
needs for patients with obesity in critical care settings.
Frequently, measured energy expenditure in critically ill
patients with obesity is higher than patients of lower BMI,
and energy expenditure tends to increase with increasing
BMI [52]. Patients with obesity expend more energy due
to higher weight burden. Current evidence supports that
increased daily activity increases overall energy expendi-
ture compared to a sedentary lifestyle for those with
obesity [53]. Thus, an individualized approach is needed
[54]. Indirect calorimetry is the most accurate measure of
energy needs and is the reference standard for critically
ill patients. There are limitations to its use in critical care;
however, recent technological advances allow for broader
use of indirect calorimetry in the intensive care unit [55,
56]. Predictive equations are also available, including the
Penn State and Modified Penn State equations which
were developed in critically ill cohorts, including patients
with a wide range of BMIs [57-59]. In general, predic-
tive equations demonstrate a low to moderate level of
performance but may still be useful as a starting point in
some clinical settings due to the inherent time and logis-
tic limitations of routine indirect calorimetry [55, 56]. A
recent analysis compared measured energy expenditure
to weight-based equations recommended in the 2016
ASPEN/SCCM guidelines. They reported clinically sig-
nificant variations and concluded that “a one-size-fits-all
approach to estimation of energy expenditure at a single
time point is likely to be inappropriate in critical illness
[24, 52] Finally, there is no consensus on whether actual,
ideal, or adjusted body weight should be used to calculate
energy needs when using these equations, especially for
critically ill patients with obesity [23-25, 60].

Current guidelines on energy provision

The 2013 ASPEN obesity guidelines suggest that if indi-
rect calorimetry is unavailable, energy requirements
should be based on the Penn State University 2010 pre-
dictive equation, or the modified Penn State equation
if the patient is over the age of 60 years [25]. The 2016
ASPEN/SCCM guidelines echoed the preference for indi-
rect calorimetry and stated that, if unavailable, a simple
weight-based equation be used [24]. Specifically, these
guidelines suggest that enteral nutrition be provided
within 24—48 h of admission to patients with obesity and
suggest an energy provision of 11-14 kcal/kg actual body
weight for individuals with a BMI of 30-50 kg/m? and
22-25 kcal/kg ideal body weight for individuals with a
BMI greater than 50 kg/m? [24]. In 2019, ESPEN released
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guidelines suggesting clinicians add 20%-25% of the dif-
ference in actual body weight minus ideal body weight
added to ideal body weight when calculating energy
requirements for patients with obesity [23] as estimating
caloric intake on ideal body weight may underestimate
energy expenditure for those with obesity. It should be
noted that all available guidelines are based on a low qual-
ity of evidence, and none contemplate which ideal body
weight calculation to use. The current ESPEN guidelines,
for instance, discuss three different methods for calculat-
ing ideal body weight [23], with no consensus for clini-
cians on which might be optimal for their patients.

In the absence of consistent guidelines to estimate
energy needs for these patients, clinicians should use an
individualized approach that considers current guide-
lines, the amount of metabolically active tissue the
patient may have (which will influence the degree of
hypermetabolism) and the need to respond to chang-
ing nutritional requirements and metabolic aberrations
throughout the course of care. Patients should be closely
monitored, and nutrition regimens should be adjusted
accordingly for outcomes such as hyperglycemia, hyper-
capnia, and other metabolic disturbances.

Clinical considerations

It is important to understand the limitations of avail-
able tools when calculating energy needs and their low
applicability to patients with obesity. If utilized, predic-
tive equations should only be one aspect of a nutrition
assessment for these complex patients and limitations
should be recognized. Clinical staff should review indi-
vidual nutritional requirements and consider factors that
affect energy needs on a regular basis such as changes
in clinical status including fever and infection, major
postoperative procedures, and increased mobility and
physical activity. This is necessary as patients’ needs can
frequently and rapidly change over the course of criti-
cal illness. Finally, regardless of BMI and the determined
energy target, it is important to recognize that hospital-
ized patients, especially those in the ICU, frequently do
not consume or receive the amount of nutrition pre-
scribed [52, 61]. Ultimately, the nutritional management
of critically ill patients with obesity should be undertaken
with the intention of reducing net protein catabolism
without concurrent feeding complications and worsening
of physical function and clinical outcomes.

Protein requirements in the ICU

Factors such as advanced age, immobility, inflammation,
insulin resistance, and medications may increase the pro-
tein requirements of critically ill patients [24, 62]. These
factors, along with chronic low protein provision in many
patients with obesity, may contribute to the loss of lean
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body mass and the development of sarcopenic obesity, as
well as ICU-acquired weakness. Sarcopenia and cachexia
are both more common than previously recognized in
critically ill patients with obesity [63, 64]. Sarcopenic
obesity is estimated to impact 11% of community-dwell-
ing older adults and 16% of older adults in the hospital
setting, suggesting that additional screening for earlier
diagnosis is needed to provide effective intervention and
improve outcomes [65]. Meanwhile, there is no consen-
sus on protein requirements in patients with obesity,
leaving clinicians to depend on limited evidence and cur-
rent guidelines. Ultimately, muscle mass loss may still
occur in critically ill patients despite the delivery of what
may be determined as adequate protein provision.

Current guidelines for protein provision

To address protein requirements, the ESPEN 2019 guide-
lines suggest that protein delivery should be guided by
urinary nitrogen losses or lean body mass assessments.
Use of urinary nitrogen losses to estimate nitrogen bal-
ance can be challenging as it requires an accurate 24-h
record of nutritional intake and urine collection. It is dif-
ficult to obtain a precise 24-h urine collection especially
for those without an indwelling urinary catheter. Intes-
tinal drainages and stool losses cannot be measured and
requires an assumption of estimated integumentary and
urinary non-urea nitrogen losses. Finally, nitrogen bal-
ance is reflective of the net difference between nitrogen
intake and nitrogen losses. It is limited in that it cannot
detect whether anabolism or catabolism is being influ-
enced by the nutrition therapy [66]. The ESPEN 2019
guidelines recommend assessment of lean body assess-
ment via ultrasound, computed tomography scan, mag-
netic resonance imaging, dual-energy absorptiometry, or
bioelectrical impedance [23].

If these tools are unavailable, the progressive delivery
of 1.3 g/kg of protein per day based on adjusted body
weight is recommended [23]. Likewise, the 2013 ASPEN
guidelines suggest beginning with 1.2 g protein/kg actual
weight, or 2-2.5 g/kg ideal body weight of protein for
patients who are overweight or have obesity, with adjust-
ments based on results of nitrogen balance studies [25].
The 2016 ASPEN/SCCM obesity guidelines suggest 2 g
protein/kg ideal body weight for patients with BMI of
30-40 kg/m?* and up to 2.5 g/kg ideal body weight for
those with a BMI > 40 kg/m? [24].

Muscle protein synthesis following protein administra-
tion is blunted in critical illness [67]. However, indirect
evidence, using nitrogen balance determinations, indi-
cates that this anabolic resistance can be mediated by
increasing protein intake in critically ill trauma patients
with or without obesity [26, 27, 68]. Current guidelines
reflect evidence that higher levels of protein delivery
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have been associated with positive patient outcomes
in retrospective and prospective observational studies
and small randomized controlled trials, which have not
been definitively determined in adequately sized rand-
omized controlled trials. One prospective cohort study
in mechanically ventilated critically ill patients (mean
BML: 2646 kg/m?) found that optimal nutritional ther-
apy, including adequate protein and energy delivery, was
associated with a 50% decrease in 28-day mortality. Ade-
quate energy delivery without meeting protein targets,
however, was not associated with mortality risk [69]. In
another study of 1,171 critically ill patients with a mean
BMI of 28 kg/m?, increased protein intake was associ-
ated with a modest reduction in mortality risk [70]. Thus,
higher protein delivery, which may be achieved with the
use of high protein formula or protein modular supple-
ments, may be preferred. For instance, a double-blind,
randomized trial found that a very high-protein enteral
formula (32% kcals from protein) compared to a con-
ventional, standard high-protein content formula (20%
kecals from protein) demonstrated the ability to deliver
adequate protein requirements without increased energy
intake in critically ill patients who were overweight [71].

Clinical considerations

A personalized approach to nutrition is key to deliver-
ing adequate protein while reducing the risk of excessive
energy provision for critically ill patients with obesity to
reduce morbidity and mortality risks [72]. A practical
approach to developing this type of nutritional regimen
would be the use of high protein, low calorie enteral for-
mulas with the addition of bolus protein supplements if
necessary for those require enteral nutrition therapy.
For parenteral nutrition, a low dextrose, high amino acid
content formula would be prescribed. However, other
aspects must be taken into consideration, such as renal
and hepatic function. As previously discussed, frequent
reassessment of clinical status and nutritional needs is
vital in these vulnerable patients.

Nutrition strategies for patients with obesity

in the ICU

Considering previously discussed nutrition require-
ments in the critical care setting for all patients,
including those with obesity, and understanding
the importance of avoiding overfeeding, a tailored
approach with fewer calories and more protein seems
reasonable. Although data are currently limited and
only available from small study populations, hypoca-
loric, high-protein nutrition therapy has been found
to decrease net protein catabolism in hospitalized
and critically ill patients with obesity [26, 73-76].
One such study indicated improved clinical outcomes
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with hypocaloric high-protein feeding compared to
eucaloric feeding [73]; however, other studies [74,
75] indicated no difference. More recently, the aug-
mented versus routine approach to giving energy trial
(TARGET) evaluated energy provision of 1.0 kcal/mL
versus 1.5 kcal/mL in 3957 patients in the setting of
critical illness. There was no significant difference in
all-cause mortality at 90 days, infectious complications,
or adverse events in the overall study group or in the
subgroup with obesity [77]. However, interpretation of
these data is tempered, as both groups potentially may
have received inadequate protein intakes (~1.1 g/kg
ideal body weight or ~ 0.8 g/kg actual weight daily).

Anabolic resistance, as assessed by nitrogen balance
or whole-body protein dynamics using isotopes, associ-
ated with aging can be overcome with sufficient protein
intake during critical illness [27] even during hypocaloric
energy intake for critically ill older patients with obesity
[28]. The extent of obesity also appears to influence the
amount of protein required as those patients with class
IIT obesity needed more protein to achieve an equivalent
nitrogen balance compared to those with class I and II
obesity [78].

Current guidelines

Based on this and other evidence, 2016 guidelines from
ASPEN/SCCM suggest fewer calories and a high-protein
diet for patients with obesity [24, 25]. Specifically, based
on expert consensus, the guidelines state, “if available, an
enteral formula with low caloric density and a reduced
NPC:N [nonprotein calorie:nitrogen ratio] be used in the
adult obese ICU patient [24]”

Clinical considerations

Like other aspects of nutritional management in criti-
cally ill patients with obesity, clinicians should consider
an individualized approach to nutritional management
that achieves a higher protein intake without overfeed-
ing energy. While fewer calories are appropriate, a high-
protein nutrition regimen may be preferred for many
critically ill patients with obesity. While debate ensues
regarding the duration and ideal protein delivery during
hypocaloric feeding, a target of 2 to 2.5 g/kg ideal body
weight per day is considered reasonable in critically ill
patients with obesity. While all calculations of ideal body
weight have certain limitations, the Hamwi formula may
be used in this setting [79]. Monitoring patients for ade-
quate protein is another area of controversy and chal-
lenges, especially if a 24-h urine collection is required for
nitrogen balance analysis. Limited data are available on
proper interpretation of nitrogen balance results, and it
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is still unclear how these findings correlate with clinical
outcomes.

The role of immunonutrition and fiber in critically
lll patients with obesity

The excessive visceral fat tissue and adipocyte hyper-
trophy seen in patients with obesity contributes to a
pro-inflammatory environment, including higher lev-
els of hormones like leptin that disrupt T cell func-
tion, which results in a suppressed immune response
to infection [80]. Immune function may be influenced
by nutritional factors such as vitamin D and arginine
status, both of which have been reported to be reduced
in non-ICU patients with obesity [81-84]. Beyond argi-
nine and vitamin D, inflammation may be modulated
by other dietary factors such as omega-3 fatty acids and
fiber; therefore, the use of these immune-modulating
nutrients (also known as immunonutrition) has been
considered in critically ill patients with obesity who are
hemodynamically stable.

The enteric microbiome is integral to the develop-
ment and function of innate/adaptive immune systems
through microbial metabolites and is likewise impacted
by leptin and other hormones that are motivated by a
pro-inflammatory environment [85-87]. These same
pathways are hypothesized to play an important role
in the initial development of obesity as well [88, 89].
Nutrition, including the route of nutrition (enteral ver-
sus parenteral) [90, 91] and nutrition components such
as soluble fiber [92, 93], have been shown to alter the
gut microbiota. The microbiome is, therefore, being
investigated as a target to address inflammation and
obesity, with immunonutrition a potential modulating
factor in this setting.

Current guidelines

Based on expert opinion or very low to moderate quality
of evidence, the 2016 ASPEN/SCCM guidelines suggest
immune-modulating formulas with components such as
arginine and fish oil in the surgical intensive care unit,
for severe trauma patients, and for those with traumatic
brain injury [24]. It is not clear if immunonutrition could
benefit critically ill patients with obesity who do not have
these conditions. The 2016 ASPEN/SCCM guidelines
state, “while an exaggerated immune response in obese
patients implicates potential benefit from immunomodu-
lating formulas, lack of outcome data precludes a recom-
mendation at this time [24]” Regarding soluble fiber, the
2016 ASPEN/SCCM guidelines suggest “a fermentable
soluble fiber additive (e.g., fructooligosaccharides [FOSs],
inulin) be considered for routine use in all hemodynami-
cally stable MICU [medical intensive care unit]/SICU
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[surgical intensive care unit] patients placed on a stand-
ard enteral formulation [24]” This guidance is for the
general ICU patient and the guidelines do not mention
whether fiber provision should differ for patients with
obesity.

Clinical considerations

Although immunonutrition may modulate inflammation
in critically ill patients with obesity, its clinical relevance
has not yet been fully elucidated. Until further evidence
is available, clinicians should use their clinical judgment
and evaluate individual patient situations when consid-
ering immunonutrition adjuncts in critically ill patients
with obesity.

Educational opportunities to support patients
Patients with obesity are complex and present in the crit-
ical care setting with a high degree of variability in base-
line risk for poor outcomes [94-96]. Patient size does
not necessarily predict individual risk. This message and
the need for specialized, individualized nutrition therapy
requires ongoing educational efforts for all clinical staff
involved in the management of these complex patients.

Critical care staff, including physicians, nurses, dieti-
tians, and pharmacists involved in the clinical care of
patients with obesity, require adequate knowledge to
provide optimal nutrition that maintains physical func-
tion and reduces risk of poor outcomes [94—-96]. In addi-
tion, clinicians should consider the unique logistic and
equipment needs for this population, as well as the use
of strategies such as proper patient positioning to reduce
pressure injury risk [97], maintain the airway, and pre-
vent aspiration due to unique anatomical challenges [95,
96]. Repositioning and ambulation may be more difficult
in patients with obesity, however, are important for opti-
mal care and may have important impacts on the nutri-
tion status and needs of the patient [98]. For example,
inadequate repositioning may increase risk for pressure
injury development which can alter the patient’s require-
ment for calories, protein, and micronutrients neces-
sary for wound healing [99]. Early mobilization has been
encouraged for functional recovery and maintenance
of muscle health; therefore, nutrition needs may be
impacted during and following discharge if not routinely
performed [100].

Educational efforts should highlight that weight stigma
and bias may affect the delivery of care [94, 95, 101]. To
treat the whole person, staff should be encouraged to use
person-first language and recognize the possibility that
patients with obesity may have experienced stigma or
negative experiences with healthcare in the past. Finally,
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in addition to using clinical judgment, clinicians should
remain informed of updated guidelines from nutritional
societies and evolving research on the topics discussed in
this review.

Conclusion

Patients with obesity and critical illness present with sev-
eral clinical challenges due to the possibility of underly-
ing comorbidities, systemic inflammation, and a lack of
evidence to routinely guide nutritional management
interventions. Considering the challenges in providing
optimal care for patients with obesity and the lack of
robust evidence, this advisory board’s consensus opin-
ion rests on the importance of individual care with the
principal of first, do no harm. Overall, current nutritional
strategies for these patients should be undertaken with
a focus on individualized care that considers the whole
person, including the possibility of chronic stigma that
could impact the delivery of effective care. Additional
research should focus on the applicability of current
guidelines and evidence for nutrition therapy in popula-
tions with obesity. Future studies should also be under-
taken to determine the potential for strategies that better
address underlying inflammation and other chronic risks
seen in patients with obesity, especially in the setting of
critical illness.
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