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Abstract
Hypothalamus-pituitary-adrenal axis assessment in patients with cirrhosis is challenging. The phenotype of fatigue, hypotension, electrolyte 
disarray, and abdominal pain characterizing primary adrenal insufficiency (AI) overlaps significantly with decompensated liver disease. Reliance 
on total cortisol assays in hypoproteinemic states is problematic, yet abnormal stimulated levels in cirrhosis are associated with poor clinical 
outcomes. Alternative measures including free plasma or salivary cortisol levels have theoretical merit but are limited by unclear prognostic sig-
nificance and undefined cirrhosis-specific reference ranges. Further complicating matters is that AI in cirrhosis represents a spectrum of impair-
ment. Although absolute cortisol deficiency can occur, this represents a minority of cases. Instead, there is an emerging concept that cirrhosis, 
with or without critical illness, may induce a “relative” cortisol deficiency during times of stress. In addition, the limitations posed by decreased 
synthesis of binding globulins in cirrhosis necessitate re-evaluation of traditional AI diagnostic thresholds.
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Hypoproteinemic states represent a challenge when assessing 
hypothalamus-pituitary-adrenal (HPA) axis functionality [1]. 
This scenario is common in cirrhosis and further compli-
cated by significant overlap between clinical manifestations 
of adrenal insufficiency (AI) and decompensated liver disease. 
Additionally, AI exists along a spectrum in patients with cir-
rhosis and thus it is incumbent on the evaluating physician 
to determine whether adrenal function is sufficient, relatively 
insufficient (RAI), or absolutely insufficient (absolute AI).

Relative adrenal insufficiency was originally described in 
the critically ill population and is currently termed critical 
illness-related corticosteroid insufficiency (CIRCI). Marik 
et al. first reported the condition in patients with cirrhosis 
in 2005, naming it the “hepato-adrenal syndrome” [2]. At 
baseline, patients have adequate adrenal reserve to meet 
homeostatic demands but are unable to either produce ex-
cess cortisol or respond at the tissue receptor level to in-
creased cortisol production. However, there is significant 
heterogeneity in the existing literature with regard to the 
diagnosis and characterization of AI (i.e., is it relative or 
absolute?). Many authors acknowledge the challenge posed 
by measuring serum total cortisol (TC) in cirrhosis yet there 
is insufficient evidence for current guidelines to provide re-
commendations regarding optimal diagnostic strategies and 
clinical thresholds [3].

The prevalence of AI in cirrhosis is variable (15%-72%) 
and dependent on patient and methodologic factors [2, 4-12]. 

Negative prognostic implications are associated with RAI 
by TC criteria in both critical and noncritical illness [2, 6-9, 
11, 13-15]; however, whether free plasma or salivary cortisol 
levels portend similar outcomes is unknown. A  fragmented 
approach to the diagnosis and characterization of AI in cir-
rhosis has slowed its widespread recognition and contributed 
to current clinical confusion.

Another challenge unique to cirrhosis is that the devel-
opment of AI may be both multifactorial and multilevel in 
nature [6, 16-19]. Trying to segregate a specific case into a 
purely primary or secondary (or tertiary) process may not be 
possible given clinical heterogeneity. Finally, patients with cir-
rhosis are at increased risk to develop critical illness, which 
is an established AI risk factor in the general population 
[20]. Discriminating whether AI in this scenario is related 
to the underlying liver disease or current illness state may 
not be possible. However, given that AI develops in stable 
outpatients [4, 5, 21-24], longitudinal study is necessary to 
understand whether AI is a dynamic or static organ dysfunc-
tion in cirrhosis.

In this review, we summarize the literature on AI in cir-
rhosis across all severity of illness given significant het-
erogeneity in patient characteristics and HPA assessment 
technique. Importantly, we highlight the diagnostic and man-
agement controversies that present a unique partnership op-
portunity for endocrinologists and hepatologists to provide 
state-of-the-art care.
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Abnormal HPA Axis Functionality and Cortisol 
Metabolism in Liver Disease
Adrenal insufficiency is an underrecognized endocrine dys-
function spanning the spectrum of liver disease. Although its 
pathophysiology is complex and will be discussed in greater 
detail in a later section, abnormal pituitary (and/or hypo-
thalamic) ACTH secretion may play role. Montagense et al. 
reported differences in free cortisol secretion rhythm, such 
that the morning peak was delayed in patients with cirrhosis, 
particularly those with decompensated disease [25]. Though 
limited by sample size and no concurrent measurement of 
ACTH, these findings provide evidence for pituitary dysfunc-
tion being a sequela of cirrhosis. Emerging evidence suggests 
that liver transplantation absolves these abnormalities, sup-
porting the pivotal role of the liver in maintaining normal 
endocrine function [26].

Cortisol secretion is non-linear in healthy individuals, 
oscillating in circadian and ultradian (60- to 90-minute 
cycles) fashion with an early morning peak and nocturnal 
nadir [27]. Disruption of normal circadian rhythm is common 
in decompensated cirrhosis yet whether it exerts a significant 
effect on cortisol secretion is unsettled [25]. One small study 
suggested no change in patients with cirrhosis compared with 
controls, although most patients had compensated disease 
[28]. Conversely, another small study noted that patients with 
cirrhosis had a delayed peak free plasma cortisol (FPC); this 
effect was more pronounced in those with decompensated 
disease [29].

Metabolism of cortisol is also abnormal in cirrhosis. The 
11 beta-hydroxysteroid dehydrogenase (11β-HSD) enzyme 
(types 1 and 2, both contained within hepatic and renal cells) 
shuttles cortisol between its biologically active and inert form 
(cortisone). Animal and human studies demonstrate that liver 
disease is associated with reduced 11β-HSD enzyme levels 
and thus an increase in circulating glucocorticoids [30, 31]. 
Additionally, cortisol elimination is impaired in cirrhosis and 
parallels liver disease severity [32].

Altered Binding Globulin Production in 
Cirrhosis
Endocrine dysfunction in cirrhosis is also a byproduct of 
impaired hepatic synthetic function. The liver produces all 
hormonal binding globulins, thus there is a global decrease 
(SHBG excepted) in cirrhosis. This is particularly relevant 
when evaluating the adrenal axis because 90% of cortisol is 
bound to either corticosteroid-binding globulin (CBG; 70%) 
or albumin (20%). Decreased levels of both are well estab-
lished in cirrhosis [33, 34], yet whether differential loss exists 
is unknown. Interestingly, CBG and albumin levels are only 
weakly correlated [1].

The molecular and thus functional characteristics of al-
bumin are altered in cirrhosis. Effective albumin concen-
tration describes the observation that a higher proportion 
of albumin in patients with cirrhosis may be dysfunc-
tional and is associated with severity of liver disease as 
well as clinical outcomes, including mortality [35]. 
Nonetheless, whether the hypoalbuminemia and associ-
ated intrinsic molecular dysfunction unique to cirrhosis 
impair cortisol-binding remains an avenue for future  
research.

Pathophysiology of AI in Cirrhosis
Causal pathways of AI in cirrhosis are incompletely 
understood but appear multifactorial [6, 36]. Traditional 
etiologies of absolute AI can occur, but this represents a 
minority of cases as the sequelae of liver disease disrupts 
normal adrenal function. Adrenal steroidogenesis is de-
pendent on hepatic cholesterol trafficking via high-density 
lipoprotein (HDL). The latter is principally composed of 
apolipoproteins, including apo-A1. It is well-established 
that apo-A1 and HDL levels correlate with hepatic syn-
thetic function [37-39]. Similarly, impairment of lecithin-
cholesterol acyltransferase (LCAT) enzymatic activity 
appears to parallel liver disease severity [40, 41]. Given 
that LCAT binds to apo-A1 to facilitate the esterification 
of free cholesterol and form a mature HDL particle, there 
is significant interdependence among all three factors (Fig. 
1). Dyslipidemia in liver disease, manifest by reduction in 
HDL levels, has been associated with AI [6-8]. Although 
postulated as a potential contributory mechanism, evidence 
for direct causality is lacking. In the noncirrhotic state, low 
HDL does not alter HPA response to ACTH stimulation 
testing [42]. However, whether there is differential effect of 
this substrate deficiency in patients with cirrhosis, particu-
larly in response to stress, is unknown. Furthermore, low 
CBG levels in cirrhosis could confound the relationship be-
tween HDL and AI, yet the literature is inconsistent about 
its plausibility [5, 6, 9, 43].

Besides dyslipidemia, several other mechanisms (Fig. 2) are 
conceptually valid for implication in the development of AI in 
cirrhosis but require further study:

 1)  Deficient intrinsic adrenal enzymatic activity leading 
to either excess precursor steroids (in relation to cor-
tisol) or pathway shunting,

 2)  Altered vascular tone in the setting of splanchnic 
vasodilation and low effective circulating volume 
leading to chronic adrenal hypoperfusion, and

 3)  Suppressive effects of pro-inflammatory cytokines 
on HPA axis hormonal secretion [11, 36].

Cirrhosis is a pro-inflammatory state and differential pro-
files of cytokine expression correlate with disease severity 
[17]. Levels of TNF-alpha and IL-6 were compared in one 
study of noncritically ill patients with cirrhosis both with 
and without RAI. Patients with RAI had numerically su-
perior but nonsignificantly higher pro-inflammatory cyto-
kine levels in this exploratory analysis [9]. This finding 
requires further investigation, including broadening 
to measurement of other cytokines. Nonetheless, there 
exists the potential for significant confounding, as acute 
illness (particularly critical illness) increases levels of pro-
inflammatory cytokines.

In addition to their direct suppressive effects on all 3 
levels of the HPA axis, pro-inflammatory cytokines re-
duce peripheral tissue glucocorticoid sensitivity [44]. 
The concept of multilevel impairment is further sup-
ported by Fede et  al. The previously mentioned authors 
showed that AI in cirrhosis could be reversed with pro-
longed, supra-physiologic ACTH stimulation, suggesting 
an amalgam of both partial primary and secondary  
insufficiency [45].
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Measurement of Total Cortisol and ACTH 
Stimulation Testing in Liver Disease
Measurement of TC levels in cirrhosis is controversial. 
Given impaired binding globulin synthesis, standard diag-
nostic testing modalities may be inaccurate. Current 
Endocrine Society guidelines exclusively support use of TC 
when evaluating a patient for primary AI [3]. In the setting 
of cirrhosis, however, the generalizability of these recom-
mendations falters. First, lower baseline and stimulated TC 

levels may overestimate the presence of AI [36]. Second, the 
pathophysiology of AI in cirrhosis may be multilevel and/or 
situational.

Measurement of cortisol levels is assay dependent. The gold 
standard, liquid chromatography-tandem mass spectrometry 
(LC-MS), is most specific and yields lower TC levels than im-
munoassays [46]. Although LC-MS use is ideal, it is more ex-
pensive and less widely available in routine clinical practice 
(vs a research setting). Clinicians therefore need to heed these 

Figure 1. Lipid metabolism and the adrenal gland. The liver is the principal site of apolipoprotein synthesis. One of the key apolipoproteins, ApoA1, 
comprises a large fraction of high-density lipoprotein (HDL) particles. The hepatically derived lecithin-cholesterol acyltransferase enzyme (LCAT) binds 
to ApoA1 on HDL and esterifies free cholesterol. Once this process is complete, the HDL particle is mature and can be trafficked to peripheral tissues. 
Within the adrenal gland, cholesterol is offloaded, and uptake occurs through the mitochondrial steroidogenic acute regulatory protein (StAR), which is 
the rate-limiting step in the production of steroid hormones (A). In cirrhosis, this process is disrupted by decreased hepatic synthesis of both ApoA1 and 
LCAT, leading to impaired formation of adequate mature HDL molecules to provide adequate substrate for normal adrenal steroidogenesis. However, 
whether this leads to a clinically significant decrease in cortisol production is unknown (B).

Figure 2. Pathogenesis of adrenal insufficiency in cirrhosis. The development of adrenal insufficiency in cirrhosis may be multifactorial. Contributions 
from dyslipidemia are described in detail in Figure 1.
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limitations and interpret cortisol levels cautiously to avoid 
misdiagnosis. Consequently, recalibration of the TC threshold 
to define sufficient adrenal response is necessary.

Currently, an early-morning TC level of <138 nmol/L is sug-
gestive of AI and confirmed with a peak TC level < 500 nmol/L 
after ACTH stimulation [3]. However, these values are based 
on historical immunoassays using polyclonal antibodies to 
cortisol, which are less specific given cross-reactivity with 
other serum steroids. Newer methods to measure TC levels, 
including more specific monoclonal antibodies or the gold 
standard LC-MS, net TC levels approximately 22% to 39% 
lower than historical levels [47]. Given this significant vari-
ation, a new baseline TC threshold of <55 nmol/L or a peak 
TC between 386 and 414 nmol/L to define AI has been pro-
posed in the general population when using newer generation 
immunoassays or LC-MS [47]; formal adoption remains 
pending.

Further complicating matters is the lack of validated 
cirrhosis-specific and/or hypoproteinemic TC reference 
ranges. Additionally, these values would require adjustment 
for disease severity. A recent study by Lovato et al. demon-
strated that albumin, CBG, TC, and maximal cortisol secre-
tion rate (CSRmax; the CSR obtained under maximal ACTH 
stimulation) were all inversely related to Child-Pugh classifi-
cation. Importantly, both albumin and CBG levels were cor-
related with stimulated TC levels, whereas CSRmax was not 
[32]. These findings highlight that, although adrenal dysfunc-
tion is common in cirrhosis, measurement with a protein-
dependent assay such as TC is imprecise.

Despite its flaws, TC remains the preferred modality to 
assess adrenal functionality in clinical practice. Notable 
strengths include its wide availability, rapidity of results to 
inform bedside decision-making, and physician familiarity. 
In addition, TC levels carry prognostic significance in pa-
tients with decompensated cirrhosis. Relative adrenal insuffi-
ciency, as defined by a delta cortisol (peak minus baseline) of 
<250 nmol/L, independently predicts mortality, highlighting 
the importance of both diagnosis and appropriate manage-
ment [6-9].

Two dosages of Cosyntropin have been used to assess for 
AI in both the general population and hypoproteinemic states. 
Current guidelines recommend use of standard-dose (SD-SST; 
250 µg) Cosyntropin in both scenarios rather than the low-
dose (1 µg) alternative [3]. Proponents of the latter in patients 
with cirrhosis argue that the lower Cosyntropin dose improves 
diagnostic sensitivity, particularly in noncritically ill states 
where the standard dose may be excessively supraphysiologic 
[22, 48]. Low-dose Cosyntropin stimulation testing (LD-SST) 
has compared favorably with SD-SST in meta-analysis, but 
significant limitations include a lack of validation of LD-SST 
in acutely ill patients or abnormal sleep-wake cycles, as may 
occur in patients with cirrhosis and hepatic encephalopathy 
[49]. Additionally, preparation of 1  µg of Cosyntropin re-
quires careful technical skill to ensure proper dilution and 
injection, inviting potential error in both administration and 
result interpretation [50]. Given these significant limitations, 
SD-SST remains the standard of care.

Adrenal Function in Critical Illness and 
Liver Disease
Critical illness represents another scenario rife with contro-
versy when assessing adrenal functionality. In the general 

population, there is a lack of consensus regarding optimal as-
sessment. Some authors argue for use of either a random TC 
level < 276 nmol/L or a delta TC < 250 nmol/L as being diag-
nostic [51, 52]. Although critically ill hypoproteinemic pa-
tients are expected to have random TC levels > 262 nmol/L, 
the validity of using baseline and Cosyntropin-stimulated 
TC levels in this population is questioned [53]. Hamrahian 
et al. found that nearly 40% of critically ill patients with al-
bumin ≤ 2.5 g/dL had peak TC levels < 510 nmol/L despite 
normal and stimulated FPC levels [54]. The same study also 
noted that in the hypoproteinemic subpopulation, basal FPC 
accounted for 19% to 62% of measured TC [54]. Thus, a 
threshold random FPC level of ≥ 50 nmol/L has been pro-
posed as a binding-protein independent marker of adequate 
adrenal function [53].

Although FPC levels offer attractive diagnostic advantages 
in patients with cirrhosis and hypoproteinemia, its wide-
spread adoption is limited by current lack of validation of the 
50 nmol/L threshold and slow turnaround time. At present, 
we prefer use of delta TC. The rate of change, rather than 
achievement of a specific peak TC level, is at least partially in-
dependent of underlying hepatic synthetic function and may 
more readily identify patients with RAI [6]. However, whether 
basal levels of TC and/or the degree of hypoalbuminemia af-
fect its diagnostic accuracy are unclear in both the critically ill 
and noncritically ill populations.

Low CBG levels may also play an important role in pa-
tients with cirrhosis and critical illness. Inflammatory states 
such as sepsis induce conformational change in CBG such 
that its affinity for cortisol decreases, allowing for molecular 
uncoupling and enhancing cortisol delivery to tissues [55, 56]. 
However, CBG levels decline proportional to illness severity 
and are a poor prognostic marker [56]. In the noncirrhotic 
population, a recent study found CBG levels < 200 nmol/L 
were independently predictive of short-term mortality in pa-
tients with septic shock [57]. Although not explicitly studied, 
reasonable inference suggests that in patients with cirrhosis 
(with low basal CBG levels) and critical illness, tissue delivery 
of cortisol may be inadequate to meet increased local de-
mands. Moreover, the ACTH-cortisol dissociation phenom-
enon in critical illness demonstrates that despite maximal 
levels of endogenous cortisol, ACTH levels are frequently 
lower than anticipated and may reflect suppression of pulsa-
tile ACTH and cortisol secretion [58]. Although prior studies 
of AI in critically ill patients with cirrhosis did not measure 
ACTH levels [2, 11, 12, 15], noncritically ill patients with 
RAI have similar or lower ACTH levels compared with pa-
tients with preserved adrenal function [5, 7].

Impairment of steroidogenesis in critical illness is not limited 
to glucocorticoid deficiency. Accumulating evidence suggests 
that adrenal androgenesis is also negatively impacted. Several 
studies demonstrate decreased dehydroepiandrosterone sul-
fate (DHEAS) levels and an increased cortisol to DHEAS ratio 
associates with increased mortality [59-61]. This important 
prognostic finding was also demonstrated in a more recent 
cohort of patients with cirrhosis [62]. Whether this represents 
adrenal steroidogenesis pathway shunting or differential ef-
fects of disease is unclear, but its presence supports the concept 
of a functional adrenal exhaustion. Interestingly, low DHEAS 
levels have also been reported in noncritically ill patients with 
nonalcoholic steatohepatitis and advanced fibrosis, although 
whether these carry similar prognostic implications are un-
known [63]. Although promising, more research is needed to 
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understand whether DHEAS is an independent risk factor for 
mortality in both critical and noncritical illness.

Alternative Methodologies to Assess Adrenal 
Function in Cirrhosis
Limitations of TC measurement in cirrhosis have led to con-
sideration of binding globulin-independent markers of ad-
renal function (Table 1). The CSRmax previously mentioned 
is a calculated parameter that has been reported in several 
populations, including cirrhosis, but requires mathemat-
ical modeling and is best used for research rather than at 
bedside [32, 64-66]. Because FPC is biologically active and 
unbound to CBG or albumin, some advocate for its use in 
cirrhosis. Proponents of FPC argue that AI is overdiagnosed 
in cirrhosis when standard TC thresholds are used to inter-
pret ACTH stimulation testing [5, 22, 67]. It is important to 
note, however, that the concept of AI in liver disease repre-
sents a spectrum of adrenal impairment. Current literature is 
not dogmatic in its characterization, as the terms AI and RAI 
are often used interchangeably. An abnormal stimulated TC 
response in a patient with cirrhosis therefore could represent 
one of three possibilities:

 1)  True (absolute) AI: a nonsituational reduction in 
 adrenal steroid secretion,

 2)  Relative AI: an inadequate adrenal response to 
stressful stimuli [6], or

 3)  False positive: an artifact of decreased hepatic 
binding globulin synthesis.

Scenarios 1 and 3 may be distinguished by FPC measurement, 
as multiple studies have shown appropriate responses to 
ACTH stimulation testing [5, 22, 67]. Its utility in RAI (scen-
ario 2) remains ill-defined, however. Interestingly, basal levels 
of TC and FPC are similar in patients with and without RAI 
and correlate well [1, 5, 6, 68]. However, the clinical signifi-
cance of FPC is unknown; outcomes-based literature where 
FPC is measured primarily define RAI with respect to TC re-
sponse [6, 8, 9].

Several other drawbacks to FPC prevent its adoption as the 
gold standard for adrenal function assessment in cirrhosis. 
Similar to TC, a unique FPC threshold for patients with 

cirrhosis is not established; most authors use a stimulated 
peak FPC level < 33 nmol/L stimulation [5, 22, 67]. Direct 
measurement of FPC is also problematic in clinical practice. 
Patient samples are frequently sent to an external reference 
laboratory given the analytic requirement for LC-MS. Thus, 
the increased expense and reporting delay of up to 1 to 2 
weeks precludes use in urgent clinical situations where gluco-
corticoid replacement therapy is being considered. Estimated 
FPC levels can be obtained, most commonly using the Coolens 
formula, although this is more imprecise and primarily used 
in research [69].

In response to the issues with both TC and FPC meas-
urement in patients with cirrhosis, salivary cortisol (SC) is 
a proposed alternative. When using basal SC < 5.0 nmol/L, 
peak SC < 35 nmol/L, or delta SC < 8.3 nmol/L thresholds, 
all of which are derived from the noncirrhotic population, the 
prevalence of AI is less robust [70]. Although acquisition of 
SC is straightforward, its prognostic significance is unknown. 
Salivary sample collection typically requires a period of oral 
rest, which can introduce minor logistical challenges in cer-
tain patients. Additionally, SC and TC level correlation may 
be dependent on the degree of hypoalbuminemia present [70, 
71]. Further validation is required to make a definitive con-
clusion. In summary, SC has potential to be a valuable tool 
to assess adrenal function in patients with cirrhosis, but add-
itional research is needed before it can be recommended as a 
first-line test.

Whom and How to Test for AI in Cirrhosis
Prevalence of AI in cirrhosis parallels disease severity [8, 68, 
72]. Adrenal dysfunction may also be situational according 
to present illness state. Clinicians should therefore use a diag-
nostic approach that is able to distinguish between absolute 
and relative AI because this has therapeutic implications.

We recommend a low threshold for provisional diagnosis 
of RAI in patients with cirrhosis and hemodynamic instability, 
particularly in the setting of critical illness. Because RAI is 
well documented in decompensated liver disease with and 
without critical illness, we hypothesize that its presence may 
be a byproduct of both underlying conditions. However, a 
lack of longitudinal study regarding the timeline (or actuality) 
of adrenal function recovery limits further inference.

Table 1. Relative comparison of cortisol forms to assess adrenal insufficiency in cirrhosis

Diagnostic 
methodology 

Pros Cons Suggested clinical use 

Total cortisol • Ubiquitous  
• Acquisition and interpretative ease  
• Rapid results  
• Prognostic significance

• Binding globulin dependent  
• Assay-dependent levels (liquid chromatography-

mass spectrometry gold standard)  
• Lack of cirrhosis-specific reference ranges  
• Various diagnostic thresholds used in literature

Routine, interpret with 
caution

Free plasma cortisol • Binding globulin independent  
• Measures biologically active cortisol  
• Basal levels correlate well with total 

cortisol

• Slow turnaround time  
• Lack of widespread availability  
• Unknown prognostic significance

Adjunctive, if availablea

Salivary cortisol • Acquisition ease • Slow turnaround time  
• Lack of widespread availability  
• Unknown prognostic significance

Not currently 
recommendedb

aAble to distinguish absolute vs relative adrenal insufficiency.
bCurrently used primarily in research setting; additional evidence required before ready for routine use.
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Assessment of the HPA axis in critical illness is difficult, as 
previously described. In short, we advocate for SD-SST ad-
ministration and use of the delta TC < 250 nmol/L threshold 
to define RAI (CIRCI) at this time. Our rationale for this 
conditional recommendation is 2-fold. The supraphysiologic 
dose of ACTH and assessment of a rate of change rather than 
peak levels may mitigate some of effect of impaired hepatic 
synthetic function. Importantly, this diagnostic approach also 
has better clinical validation as prior studies in patients with 
sepsis or variceal bleeding and RAI had worse clinical out-
comes including increased vasopressor dependency and short-
term mortality [12, 73]. Other diagnostic thresholds and/or 
use of FPC or SC are significantly limited by lack of validity in 
this population and unclear prognostic significance.

Diagnosis of RAI in noncritically ill patients is equally unset-
tled. The literature is heterogeneous with respect to diagnostic 
methodology and thresholds used. Additionally, no formal 
criteria exist to outline parameters necessitating evaluation. 
Factors predictive for AI in cirrhosis include higher Model for 
End Stage Liver Disease and Child-Pugh scores, ascites, and 
lower albumin levels; interestingly, specific markers of syn-
thetic function such as bilirubin or international normalized 
ratio are not associated [74]. Low HDL levels are also more 
prominent in patients with cirrhosis and AI, although the sen-
sitivity or specificity of specific HDL thresholds have yet to be 
determined [6]. We suggest that patients with decompensated 
cirrhosis and any of the following be evaluated for AI:

 1)  Severe hyponatremia (sodium < 125 mEq/L), par-
ticularly if no alternative explanation is apparent,

 2)  Persistent hypotension, particularly in the outpatient 
setting, and/or

 3)  Unexplained abdominal pain.

In this population, it is important to assess for both primary 
and secondary components to the AI. An early-morning TC 
level can be considered for screening purposes, although its 
use is likely greater in cases where absolute AI is being con-
sider rather than for detection of RAI. First, the high spe-
cificity of basal TC levels < 138 nmol/L (< 55 nmol/L with 
newer assays) for AI is derived from the general population 
and there is a paucity of literature validating its use in patients 
with cirrhosis. Second, whether basal TC levels differ between 
patients with and without RAI is unsettled given conflicting 
reports [6, 7, 48, 75].

Instead, we suggest performing a SD-SST with measure-
ment of both basal and peak stimulated TC and FPC (Fig. 3). 
Optimal timing of administration in patients with liver disease 
is unknown. Recent literature suggests that in the general 
population, stimulation test results are agnostic to time of day 
[76]. However, extrapolation to the cirrhosis population is 
of uncertain validity. Thus, we suggest early morning testing 
when cortisol levels are predicted to be highest. Given the po-
tential influence of degree of illness and circadian rhythm dis-
ruption to affect results, clinicians may also wish to consider 
repeating the SD-SST on a subsequent day to confirm (or re-
fute) initial findings.

As previously described, RAI is heterogeneously defined. 
Interpretation of TC levels should be assay dependent and 
account for the degree of hepatic synthetic impairment. Use 
of delta rather than peak cortisol allows for a more dynamic 
assessment of adrenal responsiveness and is less influenced by 

basal binding protein deficiency. Abnormal TC levels can rap-
idly provide a provisional diagnosis of RAI, although there 
will be a significant number of false positives [5]. Once FPC 
levels are available, these can assist in confirming or refuting 
RAI. There is not enough evidence at present to determine 
the utility of SC or the insulin tolerance test; in addition, the 
latter may be unsafe in patients with decompensated cirrhosis. 
Concurrent measurement of baseline plasma ACTH may be 
helpful to distinguish between primary or secondary contri-
butions to AI, although cautious interpretation is paramount 
given concurrent illness (even if noncritical). Measurement 
of DHEAS levels can also be considered to assess for a cen-
tral (secondary or tertiary) AI component. A  high cortisol 
to DHEAS ratio is suggestive of central AI because adrenal 
androgenesis within the zona reticularis is under strong 
ACTH trophic effect and impaired androgen secretion may 
precede glucocorticoid deficiency [77]. However, this finding 
was noted in a noncirrhotic population administered the 
LD-SST and its external validity is unclear.

In the general population, plasma aldosterone levels and 
renin activity may further distinguish between primary and 
central AI. Conversely, in cirrhosis, the validity of these meas-
urements is unproven as the renin-angiotensin-aldosterone 
system is typically upregulated. Furthermore, concurrent renal 
dysfunction and/or aldosterone antagonists use is common, 
both of which confound interpretation. Presently, we do not 
routinely recommend obtaining aldosterone levels or plasma 
aldosterone levels and renin activity outside of a research con-
text unless hyperkalemia and hemodynamic instability exist 
in the absence of aldosterone antagonist therapy.

Management and Prognosis of AI in Patients 
With Cirrhosis
Proper classification as to the form of AI (absolute vs rela-
tive), in addition to patient context, is vital when devising a 
management strategy. In patients with evidence of absolute 
primary AI (PAI), prompt glucocorticoid replacement should 
be initiated as per current guidelines with a total of 15 to 
25 mg of hydrocortisone in 2 or 3 divided doses [3]. However, 
whether mineralocorticoid replacement (typical doses of 
0.05-0.1 mg/d) is needed in the setting of PAI and cirrhosis 
is unclear. Cirrhotic physiology can mimic mineralocorticoid 
deficiency and concurrent loop diuretic and/or aldosterone 
antagonist use confound the picture. Androgen replacement is 
controversial in women with PAI and has not been adequately 
studied in cirrhosis.

If secondary AI exists, evaluation and treatment of 
any concurrent pituitary hormone deficiencies should be 
undertaken in addition to glucocorticoid administration. 
Mineralocorticoid or androgen therapy is typically unneces-
sary given ACTH does not principally regulate aldosterone 
secretion. The far more common clinical scenario regarding 
management of AI in cirrhosis is when the degree of adrenal 
impairment is “relative.”

In patients with critical illness, glucocorticoid replacement 
has been well studied in the general population. Current 
critical care and Surviving Sepsis Campaign guidelines rec-
ommend use of corticosteroids in patients with septic shock 
unresponsive to volume resuscitation and initial vasopressor 
therapy given improvements in shock resolution, vasopressor-
free days, and short-term mortality [52, 78]. Hydrocortisone 
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use in cirrhosis at standard stress dosage of 200 to 300 mg/d 
in 3 to 4 divided doses has shown more mixed results. As 
seen in Table 2, 4 retrospective observational studies have 
shown a consistent decrease in vasopressor requirements and 
in-hospital mortality, although there has been some signal re-
garding an increase in resistant bacterial infection [2, 11, 13, 
15]. A  single randomized controlled trial showed reduction 
in vasopressor dose and shock reversal, but the study was 
terminated early given increases in shock relapse, gastrointes-
tinal bleeding, and absence of reduction of 28-day mortality 
[14]. Methodologic differences, including study design, likely 
account for these contrasting findings and should serve as 
caution for clinicians.

Another possible explanation for the lack of uniform benefit 
to high-dose hydrocortisone is that limited CBG availability 
may lead to excess renal filtration and urinary excretion of 
cortisol. In patients without significant renal impairment, 
elevated urinary cortisol levels are common in states of 
hypercortisolism [79]. However, older literature suggests that 
patients with liver disease may have reduced urinary cortisol 
excretion [80]. Unfortunately, a lack of concurrent measure-
ment of glomerular filtrate rate clouds the ability to discern 
whether this effect is related to renal impairment or an in-
trinsic effect of the liver disease. This relationship is hard to 
quantify because many patients with cirrhosis and critical 
illness suffer from kidney injury.

Conversely, glucocorticoid therapy could induce iatrogenic 
Cushing syndrome given the previously mentioned reduction 
in both binding globulin levels and 11β-HSD enzymatic ac-
tivity seen in patients with liver and/or renal disease (including 
the hepatorenal syndrome). This has not been well studied but 
excess glucocorticoids are known to alter immune function, 
leading to upregulation of pro-inflammatory cytokines and in-
creased susceptibility to infection [81]. Thus, although gluco-
corticoid therapy can be considered in critically ill patients 
with cirrhosis, further study is needed to specifically elucidate 
optimal subpopulations and duration of therapy [18, 82].

Treatment of RAI in noncritical illness, the most common 
clinical scenario, is controversial. Although RAI is associated 
with increased Model for End Stage Liver Disease score-
independent mortality [6-9], there are no trials assessing the 
efficacy and safety of steroid replacement outside of an in-
tensive care unit setting. Given the lack of evidence to sup-
port routine use, and the potential risk of infection in patients 
already with functional immunodeficiency, a strong motive 
for empiric therapy is necessary. In asymptomatic patients, 
we do not recommend upfront hydrocortisone, but empiric 
replacement may be considered in the future should critical 
illness develop. In patients with potentially attributable symp-
toms, such as persistent hypotension or unexplained abdom-
inal pain, a trial of glucocorticoids may be reasonable to see 
if symptoms improve. Close monitoring for signs of cortisol 
excess or infection is imperative. We caution against use of 
glucocorticoid supplementation in patients who only have 
electrolyte disarray unless all other possible contributors have 
been eliminated. Fatigue as an attributable symptom must be 
present in conjunction with other features suggestive of AI 
given its commonality in chronic liver disease [83].

The longitudinal nature of RAI is not established. Current 
pathogenic understanding suggests an unrelenting nature if 
present in the absence of critical illness. Recently, the develop-
ment of RAI has been considered to represent an organ failure 
akin to the more widely recognized renal dysfunction of cir-
rhosis (the hepatorenal syndrome) [7]. Steroid replacement 
therapy, if tolerated and demonstrative of clinical improve-
ment, should therefore be continued indefinitely or until trans-
plantation. The transition of HPA physiology from a cirrhotic 
to noncirrhotic state has been well-characterized with regard 
to other hormones [26]. Many transplanted patients can be 
successfully weaned from induction steroid therapy within 1 
to 3 months posttransplant, suggesting that cirrhosis-related 
RAI resolves as a consequence of homeostatic normalization 
in the absence of portal hypertension and systemic inflam-
mation. Whether patients with known RAI and treated with 

Figure 3. Novel algorithm for diagnosis and management of adrenal insufficiency in cirrhosis. *Includes outpatients and patients hospitalized 
in a nonintensive care unit setting. †Low threshold to consider trial of HC replacement in setting of unexplained or severe fatigue, hypotension, 
hyponatremia, and/or abdominal pain after exclusion of other reversible causal factors. Abbreviations: FPC, free plasma cortisol; HC, hydrocortisone; 
SD-SST, standard-dose ACTH stimulation test; TC, total cortisol. 
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glucocorticoids before transplantation should be prescribed 
a longer taper given potential HPA suppression is unknown.

In summary, treatment of AI in cirrhosis requires an indi-
vidualized approach given the lack of consensus for optimal 
management. Given the chronicity of disease and need for ex-
pert interpretation of diagnostic tests, we recommend patients 
with cirrhosis and either potential or confirmed AI be man-
aged jointly by a hepatologist and endocrinologist.

Conclusions
Assessment of AI in cirrhosis is difficult and requires careful 
attention to many patient-related variables. Traditional endo-
crinology approaches to the diagnosis and management of 
AI do not account for the physiology in the cirrhotic state. 
Importantly, the majority of AI in cirrhosis is “relative” but 
represents an independent predictor of short- to medium-
term mortality. More research is needed to fully understand 
the mechanisms underlying AI in cirrhosis. Given the lack of 
clear benefit of glucocorticoid replacement in many common 
clinical scenarios, low TC levels in the absence of consistent 
signs and symptoms of AI do not warrant empiric treatment. 
Additionally, clinicians should consider the risks of exogenous 
glucocorticoids, including exacerbating baseline immunodefi-
ciency and/or induction of an iatrogenic Cushing syndrome.
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