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Abstract Acute kidney injury is a heterogeneous clini-
cal syndrome encompassing a spectrum of risk factors and
acute insults, occurring in multiple settings and affect-
ing both short-term and long-term outcomes. Obesity has
become an epidemic. The available literature suggests that
AKI is common in critically ill surgical or medical obese
patients and that obesity is a novel risk factor for this acute
renal syndrome. The pathophysiology of obesity-associated
AKI is not completely understood. Obesity-related fac-
tors combined with the burden of other comorbidities in
elderly obese patients may interact with known precipi-
tating factors such as hypotension, nephrotoxins or sepsis
and increase the susceptibility of this population to AKI.
Whether or not obesity may counterintuitively be protective
and associated with better survival of critically ill patients
with AKI (“reverse epidemiology”) is a subject for debate.
Further investigations exploring the role of novel biomark-
ers and optimal management are needed urgently.
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Introduction

Abnormal or excessive body fat accumulation presents a
serious health hazard with increasing incidence [1]. The
WHO defines obesity as a BMI equal or greater than 30 kg/
m?. The WHO classification of severity of obesity (Table 1)
[2] is the most widely used score in clinical trials. This is in
part due to its relative simplicity. However, the validity of
BMI as an ideal score of obesity is questionable, because it
does not account for differences in body composition (i.e.,
nonfat solid mass, extra- and intracellular water mass, vis-
ceral vs. subcutaneous adipose mass), and the cutoff val-
ues of BMI used to define a patient as obese can be differ-
ent for different ethnic populations. The waist-to-hip ratio,
sagittal abdominal diameter and radiology imaging studies
reflect body composition better, and they have been found
to have stronger associations with clinical outcomes than
BMI [1, 3, 4]. However, only a limited number of studies in
the critical care setting have used these non-BMI measures.

Overweight and obesity pose major risk factors for fatal
non-communicable diseases, including diabetes mellitus,
cardiovascular disorders, some cancers and chronic kidney
disease (CKD). These medical conditions go along with the
compromised quality of life, lifelong disability, premature
deaths and burgeoning health care costs. Once considered
a problem only in high-income countries, overweight and
obesity are now dramatically on the rise in low- and mid-
dle-income countries as well [1].

Obesity: a novel risk factor for acute kidney injury
in critically ill patients

With the wide spread obesity “epidemic,” intensive care

units (ICU) have to treat an increasing number of obese
critically ill patients. Today, 20-30% of the ICU patients
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Table 1 WHO classification of overweight and obesity by BMI

Body mass index Classification Old definition

18.5-24.9 Normal weight

25.0-29.9 Overweight

30.0-34.9 Class I obesity

35.0-39.9 Class II obesity Severe obesity
40-49.9 Class III obesity Morbid obesity

fall into the category “obese” and 7% into the category
“morbidly obese” [5-8].

In spite of the increasingly recognized fact that obese
patients are more likely to suffer from AKI, the incidence
of AKI in critically ill obese patients is largely unknown.
There is a consistent signal that the incidence of ICU AKI
increases with BMI.

Recently, a secondary analysis of a single-center cohort
including 15,470 critically ill patients found that AKI inci-
dence rates ranged from 18.6% in normal weight, to 20.6%
in overweight, 22.5% in class I obesity, 24.3% in class 11
obesity and 24.0% in class III obesity. In this analysis,
each increase in BMI by 5 kg/m? was associated with a
10% risk for more severe AKI [9]. In another analysis of
445 patients undergoing cardiac surgery, each increase in
BMI by 5 kg/m? was associated with a 26.5% risk for AKI
[10]. In patients with ARDS, the incidence of AKI is even
higher. The retrospective study of a cohort of 751 patients
with ARDS found AKI (defined and graded by the RIFLE
classification system) in 61.9%. The incidence increased
significantly with increasing BMI categories [11]. A mul-
ticenter analysis of 53 institutions in Austria assessed the
impact of BMI on the development of AKI in ICU patients.
The risk of AKI necessitating renal replacement therapy
showed a U-shaped distribution with the lowest risk (5.4%)
in patients with normal BMI and the highest (11.8%) in the
morbidly obese group [12].

A higher incidence of AKI in obesity has been described
in surgical patients undergoing orthopedic [13, 14], cardiac
[10, 13, 15-18], bariatric [19-24] or trauma surgery [25]
or in medical patients with ARDS [11] or pancreatitis. The
incidence of AKI following bariatric surgery varied between
2.8 and 17.5% depending on the definition of AKI, type of
surgery and the population studied. It is noteworthy that the
reported rates of AKI in morbidly obese patients are sig-
nificantly higher in elective bariatric surgery than in normal
weight patients undergoing elective orthopedic surgery [26].

Obesity not only is associated with a higher incidence of
AKI, but has been identified as an independent risk factor
for AKI in trauma [25], ARDS [11], general ICU popula-
tions [12], cardiac [10], gastrointestinal [13] and bariatric
surgery [20]. These studies controlled for confounders (dia-
betes, hypertension, chronic kidney disease, blood product
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transfusion), leading to the hypothesis that additional obe-
sity-related factors may increase risk for AKI in critically
ill patients.

Obesity-related AKI: proposed mechanisms

The exact mechanisms associating obesity and AKI have
not been fully understood [27], and pathophysiology of
obesity-associated AKI may be multifactorial. A complex
interplay of different mechanisms may increase the surgi-
cal or medical patient’s susceptibility to obesity-associated
AKI (Fig. 1). Among them are obesity-induced risk factors
such as glomerulopathy, low-grade inflammation, endothe-
lial dysfunction, augmented oxidative stress, activation of
the renin—angiotensin—aldosterone system and increased
sympathetic nervous system activity. Furthermore obesity-
associated risk factors can be identified (metabolic syn-
drome, hypertension, cardiovascular disease). As in any
other patient group, hypotension, sepsis and nephrotoxins
may precipitate AKI in obese critically ill patients.

The specific hemodynamic and structural changes in
the kidneys of obese patients are collectively called obe-
sity-related glomerulopathy [28]. The early hemodynamic
changes in kidney function are characterized by an increase
in glomerular filtration rate and effective renal plasma
flow, accompanied by increments in filtration fraction and
albumin excretion. These hemodynamic changes are asso-
ciated with glomerulomegaly, mesangial expansion and
podocyte injury. The major pathophysiologic mechanisms
of the effects of obesity on renal hemodynamics are affer-
ent arteriolar vasoconstriction as well as an added role of
efferent arteriolar vasoconstriction due to the stimulation
of the renin—angiotensin—aldosterone system (RAAS). The
long-term prognosis of obesity-related glomerulopathy is
poor. Obesity related glomerulopathy is a distinct form of
secundary focal segmental glomerulosclerosis. The hemo-
dynamic effects of overweight on kidney function and albu-
minuria are magnified in the presence of hypertension or
diabetes [28].

Obese patients undergoing surgery present a unique
extra-renal comorbidity profile which includes a high
prevalence of diabetes, hypertension, hyperlipidemia, and
osteoarthritis; thus, those patients are commonly prescribed
drugs which include angiotensin-converting-enzyme inhib-
itors (ACE-I), diuretics and nonsteroidal anti-inflammatory
agents.

In a retrospective analysis of 351,000 patients from the
American College of Surgeon National Surgical Quality
Improvement database, Glance and colleagues [29] showed
a two- to threefold increased risk of postoperative AKI in
the obese population and shed light on the perioperative
comorbid status as a determinant of postsurgery AKI. The
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Fig. 1 Pathophysiology of
obesity related AKI in critically
ill patients
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risk was almost seven times higher compared to normal
weight individuals if the patient had metabolic syndrome.
Excess abdominal fat increases abdominal pressure, and
obese ICU patients are at an increased risk for intra-abdom-
inal hypertension, which may cause renal dysfunction from
both renal venous congestion and poor arterial perfusion.
However, it is not clear whether intra-abdominal hyperten-
sion in the setting of critical illness will have the same renal
damaging effects in obese as non-obese patients [4].
Finally, the adipose tissue is not inert. Obesity is asso-
ciated with increased levels of pro-inflammatory cytokines
[30], endothelial dysfunction [31] and oxidative stress
[10], as well as with increased activity of the sympathetic
nervous system, and stimulation of the renin—angiotensin—
aldosterone system [32]. The exact relationship between
these obesity-induced factors and postoperative AKI has
not been completely understood [27]. A recent study by
Billings et al. [10] found that markers of oxidative stress are
stronger predictors of postoperative AKI than inflammatory
markers in obese patients undergoing cardiac surgery.

Acute kidney injury in critically ill, obese patients: the
diagnostic challenge

Current definitions and staging systems of AKI (RIFLE,
AKIN or KDIGO) are based on changes in serum creati-
nine and reductions in urine output as surrogates of the
decline of glomerular filtration rate (GFR). The AKIN and
KDIGO criteria avoid using GFR as a marker in AKI as
there is no dependable way to measure GFR. Furthermore,

cardiovascular events

estimated GFR rates are unreliable when used in the non-
steady state conditions found in AKI. The limitations of
current consensus criteria for AKI should be kept in mind
when interpreting renal function in obese patients [33].

The use of a weight-adjusted urine output as threshold
for diagnosing AKI makes sense, but can lead to over diag-
nosis (false-positive diagnosis) of AKI in obese patients.
Therefore, the European Renal Best Practice (ERBP) state-
ment suggests “ideal” body weight, i.e., age, length and
gender-normalized weight [34].

The use of serum creatinine defined AKI may be more
valid in the obese population. Studies have demonstrated an
association of raised serum creatinine levels with increased
mortality among obese patients with ARDS [11]. However,
single-point measurements of serum creatinine have impor-
tant limitations in critically ill, morbidly obese patients for
several reasons: (1) All serum creatinine-based definitions
require the measurement of “baseline” pre-insult renal func-
tion. Ideally, this value reflects the patient’s steady state kid-
ney function just before the renal insult. However, informa-
tion on baseline kidney function is not always available. At
present, there is no recognized standard to determine base-
line renal function. (2) Obese patients have higher serum
creatinine concentrations due to higher creatinine generation
rates compared to non-obese controls with comparable GFR.
(3) Renal excretion rates of creatinine in obese patients are
higher due to hyperfiltration and enhanced tubular creati-
nine secretion. (4) Creatinine-based criteria for AKI do not
take into account renal functional reserve, as serum creati-
nine increases only after 50% of the nephrons have been lost
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[35]. (5) The diagnosis of AKI may be delayed or missed
in patients with significant fluid volume overload. (6) The
serum creatinine concentration may take 24-36 h to rise
after a definite renal insult. (7) Serum creatinine concentra-
tions do not provide any information about the specific etiol-
ogy of AKI. Taken together, serum creatinine-based criteria
may delay or miss the diagnosis of AKI in critically ill obese
patients with glomerular hyperfiltration.

Estimation of pre-insult or post-AKI GFR with equa-
tions based on serum creatinine concentrations and demo-
graphic and/or anthropometric data is subject to systemic
bias when adjustments for body composition are not made
for the obese population. These methods of measured or
estimated GFR were established in lean individuals. The
true creatinine clearance and Cockcroft—Gault formula may
grossly overestimate GFR when measured body weight
is used as parameter. They should not be used in obese
individuals. The MDRD and CKD-EPI equations do not
include total weight and appear to be more dependable in
obesity [32, 33, 36].

It is unknown whether novel biomarkers for AKI com-
bined with traditional markers of renal function (creatinine)
allow the detection of subtle changes in tubular damage
before rises of serum creatinine. There are limited data on
the performance of the novel biomarkers in obese patients
with AKI. Urinary neutrophil gelatinase-associated lipoca-
lin (NGAL) was evaluated as a predictive marker of AKI in
clinically severe obese patients who underwent bariatric sur-
gery. Two out of twenty-three patients developed AKI during
the immediate postoperative period. In both patients, urinary
NGAL excretion increased before the values of serum cre-
atinine increased and led to an earlier diagnosis of AKI [37].

Outcomes of critically ill patients
and obesity-associated perioperative AKI

Postoperative AKI is common and potentially lethal in
patients with a high burden of comorbidities. The sequelae
of postoperative AKI are characterized by an increase in in-
hospital morbidity and mortality, prolonged hospital stay,
incident chronic kidney disease or accelerated progression
of preexistent CKD to end-stage renal disease [38]. Survi-
vors, particularly with CKD and its associated cardiovascu-
lar disorders often have a reduced quality of life and con-
sume substantially greater health care resources than the
general population. This is mainly due to rehospitalizations
and unplanned intensive care unit admissions [38].

Current literature investigating the effects of obesity-
related AKI on ICU mortality or long-term survival is
conflicting. The secondary analysis of 5232 patients with
AKI requiring RRT from 53 Austrian ICUs indicated an
apparently contradictory pattern of perioperative outcomes
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in obese ICU patients, now known as the obesity paradox.
Risk-adjusted hospital mortality followed a U-shaped pat-
tern, with the highest mortality in underweight and mor-
bidly obese patients and with the lowest mortality in obese
patients (BMI > 30). The authors concluded that obese
patients seem to have a substantial survival benefit com-
pared to underweight or normal weight patients [12]. More-
over, the retrospective study of patients with ARDS showed
that the proportion of ARDS patients with AKI who died
decreased as BMI increased [11].

However, there has been no satisfactory or clear expla-
nation for this observation in obese ICU patients with AKI.
Generally, the obesity paradox has been criticized on the
grounds of being an artifact arising from biases in observa-
tional studies (BMI, traditional markers of AKI definition
and grading, or other confounders) [39]. Another concern is
the reverse causation due to illness-induced weight loss. That
is, it may not be low BMI that is increasing the risk of mor-
tality (and thereby indicating that obesity is associated with
a lower risk of death), but rather unintentional weight loss
before death in sicker patients being a risk factor for mortal-
ity. Classifying those individuals as lean greatly inflates the
mortality rate in the normal and underweight categories of
BMI, while lowering the risk in the higher BMI categories.

Recently an analysis by Danziger et al. [9] found that
in-hospital and 1-year survival rates associated with an epi-
sode of AKI in medical and surgical ICU patients were sim-
ilar across all body mass index categories. The retrospec-
tive cohort study by Tolpin et al. [40] on 10,863 patients
undergoing primary coronary artery grafting surgery with
cardiopulmonary bypass reported that obese patients with
preoperative renal insufficiency had higher rates of post-
operative myocardial infarction or low cardiac output syn-
drome as well as increased hospital stays than non-obese
patients with preoperative renal insufficiency. In contrast,
obese patients with normal preoperative renal function
were associated only with an increased risk of postopera-
tive wound infections. The observational Australian multi-
center study reported that AKI in bariatric surgery patients
requiring critical care support led to a prolonged hospitali-
zation and was associated with higher mortality [41].

Currently, the balance of limited evidence does not point
to a higher or lower mortality in patients with obesity-
associated AKI. The discrepancy in reported data may be
explained by differences in the study design or patient char-
acteristics. In addition, there is no “standard” obese patient,
as obese patients differ in BMI and burden of co-morbid-
ities that may influence outcomes. This was evidenced by
Glance et al. [29] who identified a subpopulation of obese
patients with metabolic syndrome that had a dramatically
higher risk of complications after non-cardiac surgery. In
particular, obese patients with metabolic syndrome expe-
rienced a two- to threefold higher risk of cardiovascular
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events, a 1.5- to 2. 5-fold higher risk for pulmonary compli-
cations, a twofold higher risk for neurologic complications,
a three- to sevenfold higher risk of AKI and twofold higher
risk of death. Therefore, in balance, patients’ BMI may be
one of the many factors that could affect outcomes in criti-
cally ill patients with AKI.

Prevention of AKI in obese surgical or medical
patients

Recognition of obesity as a novel risk factor for AKI and
heightened awareness of the increased susceptibility of
patients with AKI should result in early and concrete
changes in patient care. The early recognition of renal fail-
ure by a combination of novel biomarkers and conventional
serum markers may help to prevent a more severe course of
AKI. However, this remains speculative as there are only
limited data on the performance of the novel biomarkers in
obese patients with AKI. Attention to mitigating periopera-
tive risks by minimizing exposure to nephrotoxins, optimi-
zation of the hemodynamic correction of fluid depletion
without causing fluid overload and frequent re-assessment
of the response to these interventions may help in reducing
the risks of AKI in obese patients.

Resuscitation of obese patients with hemodynamic insta-
bility poses additional challenges in the absence of meas-
urements of actual body weight. Prescription of essential
drugs on formula-based weight adjustment or non-weight-
based dosing can lead both to under- or overdosing.

Conclusions

Obesity is associated with an increased prevalence of AKI
in a variety of medical and surgical patient groups, and
obesity is an independent risk factor for AKI in patients
admitted to intensive care, critically ill patients after sur-
gery and those with ARDS. The complex pathophysiology
of postoperative AKI and obesity has not been fully under-
stood, but may involve obesity-related risk factors, patient-
associated extra-renal and renal comorbidity and intra-
operative factors. Whether or not obese patients with AKI
have a lower risk of dying during critical illness compared
with normal or underweight individuals remains unclear
and preventing strategies to mitigate the higher risk are
speculative and yet to be tested.
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