
Brotzer et al. BMC Nephrol          (2021) 22:360  
https://doi.org/10.1186/s12882-021-02541-5

RESEARCH

Adrenal function testing in dialysis patients – 
a review of the literature
Lara Brotzer1,2, Manuela Nickler3, Min Jeong Kim3, Beat Mueller1,2 and Claudine A. Blum1,2* 

Abstract 

Background: Secondary adrenal insufficiency is a frequent issue in patients with renal replacement therapy. There 
are concerns about metabolism and clearance for adrenocorticotropic hormone (ACTH) and cortisol in addition to 
hemoconcentration as confounding factors during hemodialysis (HD). Therefore, ACTH testing is currently performed 
before or in between HD sessions. This review of the literature aims to evaluate the current evidence for validity of 
testing for adrenal insufficiency in patients on chronic renal replacement therapy.

Methods: A literature search of PubMed database for interventional and observational clinical trials was performed. 
Case reports and reviews were excluded. The search included all articles published until July 2020.

Results: Of 218 potentially eligible articles, 16 studies involving 381 participants were included. Seven studies 
performed an ACTH test before HD or in between HD sessions. There was no data available regarding ACTH testing 
during HD. But there was evidence of decreased cortisol levels during HD as compared to afterwards. All included 16 
studies measured basal cortisol, and seven studies performed an ACTH test. Seven trials had comparable data of base‑
line cortisol for a quantitative analysis. Standardized mean difference of overall cortisol was 0.18 nmol/l (95%CI − 0.08 
to 0.44) in the case group.

Conclusions: In patients undergoing renal replacement therapy, basal serum cortisol values are comparable to 
healthy volunteers. There is limited data on the validity of stimulated cortisol in these patients, especially during HD.

Trial registration: Registration no. CRD42 02019 9245.
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Background
Secondary adrenal insufficiency (AI) due to long-term glu-
cocorticoid medication in patients on hemodialysis (HD) is 
a diagnostic challenge, as many kidney diseases are treated 
with corticosteroids, and immunosuppressive therapy after 
renal transplantation often includes prednisolone [1–6]. 
This is further complicated, as AI and renal replacement 
treatment may both lead to the same unspecific symptoms 
like fatigue and orthostatic hypotonia [1, 3, 7–9].

Undetected adrenal insufficiency may be life-threat-
ening. Therefore, testing adrenal function in HD 
patients, especially after glucocorticoid therapy or in 
chronic hypotensive patients is a common procedure 
[10, 11]. The adrenocorticotropic hormone (ACTH) test 
is a standard test for diagnosing AI. The 250 μg ACTH 
test is more suitable for primary AI, while the low-dose 
(1 μg) ACTH test is more sensitive for secondary AI 
[12]. Both tests are usually carried out in the morning, 
as the daily physiological value of baseline cortisol is 
highest at this point [13]. Importantly, peak cortisol val-
ues after ACTH stimulation are not dependent of diur-
nal rhythms.
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For patients on HD, who usually spend three half-days 
per week in the hospital or in community-based centers, 
additional appointments and time-consuming tests are 
cumbersome. Furthermore, finding an accessible suita-
ble additional vein for venous puncture is often difficult 
in these patients. Therefore, performing testing for AI 
during ongoing HD would facilitate the procedure [14, 
15]. There are concerns about metabolism and clearance 
for adrenocorticotropic hormone and cortisol in addi-
tion to hemoconcentration due to removal of plasma 
water (ultrafiltration) as a confounding factor during 
HD. Some [16–18], but not all studies [19], report that 
free plasma cortisol is transferred into the dialysate dur-
ing HD, which leads to a decrease in plasma cortisol 
concentration. Due to these concerns, the ACTH test 
is routinely performed before or between HD sessions. 
The ACTH test has not been especially validated in 
patients on HD and continuous ambulatory peritoneal 
dialysis (CAPD).

This review of the literature aims to evaluate the cur-
rent evidence for validity of testing for AI in patients on 
chronic renal replacement therapy.

Methods
Search strategy and study selection
We intended to perform a systematic review. This arti-
cle therefore adheres to the “Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses” (PRISMA) 
guidelines and to the ethical standards of the Declara-
tion of Helsinki. No ethical approval was necessary, 
as it is a systematic review of already published stud-
ies. A review protocol was generated and registrated at 
https:// www. crd. york. ac. uk/ prosp ero/ (registration no. 
CRD42020199245).

PubMed/Medline was used as the main source of infor-
mation. The search has been performed since start of 
database to July 2020. Studies were identified using fol-
lowing keywords, crossed with connectors AND or OR: 
“ACTH testing”, “chronic renal replacement” (see Addi-
tional File for detailed search string). We reviewed bibli-
ographies of reviewed articles and searched clinical trials 
for ongoing or unpublished trials. Two hundred fifteen 
potentially eligible publications were found with our sys-
tematic search. Additionally, three records were retrieved 
in the references of another one.

Eligibility assessment was performed by two review-
ers (LB and CAB), and disagreements were solved by 
assessment through a third reviewer (MN). In a first 
step of exclusion, reviewers screened titles and abstracts 
for inclusion and exclusion criteria. Remaining articles 
were reviewed by full text screening. Inclusion criteria 
were human studies with adult patients on HD or CAPD 

undergoing testing for evaluation of AI. Exclusion cri-
teria were: (1) not meeting inclusion criteria/ different 
subjects; (2) animal studies or in  vitro studies; (3) case 
reports, reviews; (4) children under 18 years. There was 
no language restriction, restriction in publishing status or 
restriction in type of literature.

ACTH testing or similar testing for adrenal function in 
patients with HD were compared. The primary outcome 
was comparability of adrenal function testing to refer-
ence values. Furthermore, the mean difference between 
cortisol values was compared.

Data collection process
Data was extracted by two reviewers. From each included 
article was the following information extracted: first 
author, year, country, study design, number of partici-
pants, sex, mean age, sort of renal replacement, type of 
renal disease, type of adrenal disease, performed ACTH 
test, timing of ACTH test, other test of adrenal function, 
outcome tested and effect size.

Risk for bias assessment of individual studies 
and across studies
For assessing the risk of bias we used the “Scottish Inter-
collegiate Guidelines Network” (SIGN) system. The 
risk of bias was recorded using checklists and divided 
into “high”, “acceptable” and “unacceptable” quality (see 
Tables  1 and 2). Due to small selection, all 16 studies, 
regardless of quality, were used for further analysis.

We also consulted the Cochrane Handbook for System-
atic Reviews of Interventions.

Data synthesis and statistical analysis
A minimum of five trials were required for the quantita-
tive analysis (meta-analysis).

Dichotomous data was expressed as risk ratios (RR) with 
95% Confidence Intervals (CI), continuous data as standard 
mean differences (SMD) with 95% CI. As a test of hetero-
geneity, the variation in SMD across studies attributable to 
heterogeneity  (I2) was computed [34]. As there was sig-
nificant heterogeneity across studies  (I2 > 75%), data of the 
fixed-effect model was omitted due to overestimation of 
effect size. Data was pooled using a random effects model. 
For each study, the effect size was plotted by the inverse of 
its standard error [18]. The symmetry of these “funnel plots” 
were assessed both visually and formally with Egger’s test to 
see if the effect decreased with increasing sample size.

The statistical analysis was conducted using Stata soft-
ware v15.1 (Stata Corp., College Station, TX, USA). All 
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significance tests were two-sided, and p-value of < 0.05 
was considered to be statistically significant.

Results
After screening 218 identified titles and abstracts for 
exclusion criteria, 192 articles were excluded. The 
remaining 26 articles were reviewed by full text screen-
ing, whereby another 10 articles were ruled out. In 
total, 16 articles were eligible for the qualitative analy-
sis. Of these, three were observational studies, three 
case series, and 10 case-control studies (see also Study 
Flow Chart in Fig. 1 and Additional Table 1 and Addi-
tional Table 2 in the Additional File).

The 16 identified studies included 381 participants (five 
to eighty). The studies were published between 1974 and 
2019 in twelve different countries (see Table 3).

Whereas most studies gave information on the time 
of day, fasting was rarely mentioned, and the influence 
of the menstrual cycle or of oestrogens on test results 
in female subjects was infrequently considered (see also 
Additional Table 3 in the Additional File).

Qualitative analysis
Whereas most studies had the aim of investigating the 
responsiveness of the hypothalamo-pituitary-adrenal axis 
in asymptomatic patients on HD, three studies tested for 

Fig. 1 PRISMA flow chart of systematic search
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Table 3 Study Basics Part I

ACTH Adrenocorticotropic hormone, AI Adrenal insufficiency, UFC Urin free cortisol, CRH Corticotropin-releasing hormone, HD Hemodialysis, CHDF continuous 
hemodiafiltration, Cort/Cr UFC/creatinine ratio
a Metyrapone test detected steroid-induced AI in 2 patients
b Performed in all patients 1 day after last HD, but in 10 patients also on HD day

Author,Year Country ACTH test Cosyntropin 
dose

baseline 
cortisol

measured 
ACTH

n (%) of 
detected AI

of which 
primary AI

other tests

Barbour GL, 
1974 [20]

USA Yes 25 U Yes No 0 0

Akmal M, 1977 
[26]

USA Yes 250 μg i.m. Yes Yes 0 0 metyrapone  testa, 
pre−/postHD 
serum cortisol & 
ACTH

Deck KA, 1979 
[21]

Germany No Yes No 0 0

Ramirez G, 1982 
[27]

USA No Yes Yes 0 0 metyrapone test, 
dexamethasone 
suppression test, 
insulin‑induced 
hypoglycemia/ 
insulin tolerance 
test, CRH test

Zager PG, 1985 
[28]

USA No Yes Yes 0 0 ACTH infusion 
after Dexametha‑
son overnight 
before HD

Siamopoulos 
KC, 1988 [29]

Greece No Yes Yes 0 0 CRH on a non‑HD 
day

Watschinger B, 
1991 [30]

Austria No Yes Yes 0 0 CRH

Grant AC, 1993 
[31]

UK No Yes Yes not specified 0 basal plasma 
ACTH precursors, 
CRH

Vigna L, 1995 
[22]

Italy Yes 250 μg Yes Yes 0 0 CRH

Tsubo T, 1996 
[23]

Japan No Yes No 0 0 cortisol at 
2 h/12 h/24 h/48 h 
from start of 
CHDF; Epinephrin, 
Norepinephrin, 
Dopamine

Clodi M, 1998 
[32]

Austria Yes 1, 5, and 250 μg Yes Yes 0 0

Oguz Y, 2003 
[33]

Turkey Yesb 250 μg Yes No 0 0 UFC, midnight‑
to‑morning Cort/
Cr increment, 
Dexamethason 
suppression test

Arregger AL, 
2014 [9]

Argentina No Yes No 10 (20%) 4 (40%) basal saliva 
cortisol

Sakao Y, 2014 
[24]

Japan Yes 250 μg Yes Yes 5 (100%) 1 (20%) CRH test

Koh TJK, 2016 
[25]

Canada, Singa‑
pore

No Yes No 5 (100%) 0

Valentin A, 2020 
[6]

Denmark Yes 250 μg Yes No 1 (3%) 0

Total 7 16 9
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adrenal insufficiency due to clinical suspicion. The case 
series of Sakao et al. reported AI as a secondary cause for 
hypercalcemia [24]. Arregger et  al. and Koh et  al. per-
formed adrenal function testing due to hypotension in 
HD patients [9, 25].

Pharmacokinetic aspects of serum cortisol, ACTH and CRH
Only Deck et al. investigated the change in cortisol with 
respect to HD. They measured the plasma clearance 
rate of radioactive cortisol in seven patients during and 
after HD. Plasma clearance rate was 30–63% higher dur-
ing HD in five out of seven cases, resulting in decreased 
plasma cortisol during and increased plasma cortisol 
after HD. At the same time, the dialyzability of cortisol 
was low due to its high binding to transcortin. Therefore, 
the loss of cortisol in the dialysate hardly contributed to 
the change in plasma cortisol levels. Deck et al. were not 
sure about the exact cause of the increased plasma clear-
ance rate of cortisol. An increased metabolism during 
HD due to increased protein binding or a change in the 
cortisol metabolism itself were discussed [21].

Akmal et  al. also pointed out that the cortisol levels 
increased after the end of HD [26]. They assessed changes 
in cortisol pre- and post-HD in 21 HD patients and found 
that values post-HD about doubled as compared to pre-
HD values. Furthermore, they compared serum cortisol 
and serum ACTH (both pre- and post-HD) in five patients 
without steroids and two patients who received large doses 
of steroid for about 6 weeks (no steroids during last 2 weeks 
before the test). After HD, there was an increase in cortisol 
and ACTH in all five non-steroid patients. The other two 
steroid patients had reduced values of ACTH and cortisol 
and were diagnosed with steroid-induced AI [26].

Tsubo et  al. found that during continuous haemodia-
filtration in intensive care patients, there were no signifi-
cant changes in plasma cortisol levels [23].

Siamopoulos et  al. investigated the kinetics of exog-
enous CRH in HD patients and patients with end-stage 
renal failure before initiation of renal replacement ther-
apy. In patients without HD, CRH values were in upper 
normal range. They postulated that accumulated uremic 
toxins could inhibit the enzymes which degrade CRH. 
Therefore, clearance rate would be lower and CRH levels 
would increase. On the other hand, HD could benefit the 
degradation of CRH by eliminating these inhibiting tox-
ins. CRH in HD patients was still in a normal, but lower 
range. They concluded that the kidney was not primarily 
responsible for the degradation of CRH [29].

ACTH testing
ACTH testing was performed in seven of the retrieved 16 
studies, but in none of these during ongoing HD [6, 20, 
22, 24, 26, 32, 33].

Sakao et  al. and Valentin et  al. both performed a 
stimulation test with 250 μg ACTH. The study from 
Valentin et  al. was the only case-control study which 
allegedly detected adrenal insufficiency in HD patients 
based on lab value (insufficient response to ACTH, 
cutoff defined at 420 nmol/l) [6]. In their cohort of 
patients on HD not treated with prednisolone, only 3% 
of cases (1/30) had hypoadrenalism. In the case series 
of Sakao et  al., all five participants (100%) obviously 
had an AI, of which four had secondary AI and one 
had primary AI due to unilateral adrenalectomy [24]. 
In the other five studies which performed an ACTH 
test, there were no HD patients diagnosed with AI. In 
the cases, cortisol increased significantly after ACTH 
stimulation, and there was no significant difference to 
controls [20, 22, 26, 32, 33].

Clodi et  al. described the time of the peak of serum 
cortisol after stimulation with different doses of exog-
enous ACTH [32]. The test was performed in seven HD 
patients (before HD), seven CAPD patients, and seven 
healthy controls. On one hand, there was a significant 
increase in serum cortisol after stimulation in all three 
groups but with different peak times (30 min after 1 μg, 
60 min after 5 μg and 120 min after 250 μg). On the other 
hand, they also described a trend towards blunted and 
delayed cortisol release following 1 μg ACTH in HD 
patients.

CRH stimulation test
Grant et  al. and Vigna et  al. both performed a stimula-
tion test using 100 μg synthesized corticotropin releas-
ing hormone (CRH) [22, 31]. They investigated the time 
of the peak of ACTH and cortisol after injection. The 
control groups in both studies reached the ACTH peak 
30 min after CRH administration. While HD and CAPD 
patients in the study of Grant et al. also showed the peak 
of ACTH after 30 min, the peak of HD patients in Vigna 
et  al. occurred later (after 60 min). There was no differ-
ence in time of cortisol peak between the case and con-
trol groups in each study, as well as between the two 
studies (Grant: 30 to 60 min, Vigna: 60 min).

Four other studies also conducted a CRH stimulation 
test with different results [24, 27, 29, 30]. Siamopoulos 
et al., Ramirez et al. and Vigna et al. all reported increased 
stimulated plasma cortisol in controls and cases [22, 
27, 29]. While an increase of ACTH was shown in the 
study of Ramirez et al. [27], Siamopoulos’ study showed 
blunted values [29]. Watschinger et  al. also showed a 
slightly blunted response of plasma ACTH to CRH [30]. 
Contrarily, in the case series of Sakao et  al., peak levels 
of ACTH and cortisol were both lower than two-fold of 
their basal values in four out of five cases. These patients 
were therefore classified as having AI [24].
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Zager et  al. showed that the reaction of cortisol and 
other adrenal hormones after infusion of ACTH in 
CAPD patients was comparable to healthy subjects [28].

Other tests
Ramirez et al. performed an insulin tolerance test in nine 
HD patients (between HD) and thirteen healthy con-
trols. Plasma glucose, cortisol and ACTH were meas-
ured. Patients with renal failure showed prolonged and 
sustained hypoglycemia with plasma cortisol remaining 
within the normal range. Contrarily, healthy controls 
showed a physiological increase in plasma cortisol due 
to hypoglycemia and then gradually returned to base-
line levels. The same observation was made for ACTH 
plasma concentration. The reaction of plasma cortisol 
and plasma ACTH concentration was also tested using a 
metyrapone test. There was no difference in the increase 
of plasma ACTH or plasma ACTH values between HD 
patients and healthy controls. HD patients and controls 
had a reduction of plasma cortisol after stimulation. Post-
metyrapone cortisol was higher in HD patients than con-
trols but without statistical significance [27].

In contrast to the other studies, the control group of 
Valentin et  al. did not consist of healthy people, but of 
kidney transplant patients receiving low-dose predniso-
lone treatment. It was the only study in which the control 
group had a higher incidence of secondary AI (43.3%) 
than HD patients (3.3%). This can be explained by the fact 
that kidney transplant patients were subjected to years of 
steroid therapy, which led to a secondary AI, while HD 
patients included in this study were not treated with sys-
temic glucocorticoids [6].

Quantitative analysis: baseline serum cortisol
For the quantitative meta-analysis, seven case-control 
studies with 210 patients had comparable data of base-
line serum cortisol [9, 26, 27, 29, 31–33] (see Table  4). 
All selected studies had a control group for comparison. 
Cases were patients on HD. As there were only three 
studies giving comparable data on stimulated cortisol 
levels after ACTH testing, we did not perform a meta-
analysis of stimulated cortisol There were too few studies 
to perform the same evaluation for CAPD patients.

The meta-analysis showed no statistically significant 
difference in basal cortisol of HD patients compared to 
the control group. (SMD 0.18; 95% CI -0.08, 0.44; see 
Fig. 2).

Risk of bias assessment
The risk of bias was considered in all 16 studies using the 
SIGN checklists. The overall quality of two out of three 
observational studies and one out of three case series was 

assessed as unacceptable (see also Tables 1 and 2). There 
was no high-quality study among them. Only one case-
control study was considered unacceptable. The remain-
ing nine case-control studies were of high quality or 
acceptable.

Heterogeneity and publication bias
There was a high heterogeneity among the studies 
 (I2 = 84%). The funnel plot for basal cortisol was sym-
metrical except two extreme outliers, thus showing het-
erogeneity. Formal testing by the Egger’s test refuted the 
H0 hypothesis of small study effects (p = 0.016) [35]. (See 
also Fig. 3).

Discussion
To the best of our knowledge, this is the first attempt to 
generate a systematic review and meta-analysis on the 
validity of adrenal function testing in patients undergoing 
renal replacement therapy.

First, we found limited data available regarding tests of 
adrenal function during HD. All published studies have 
performed the tests before or in between HD sessions. 
Only Deck et al. dealt with the clearance of cortisol dur-
ing HD. The study showed lower cortisol levels during 
HD as compared to after HD. This effect is most likely 
explained by the dialyzation of free cortisol [36], as com-
pared to protein-bound cortisol, and there is evidence 
that this decrease in plasma cortisol leads to a counter-
regulatory ACTH secretion and thus to an increase of 
cortisol production during the next four hours [16–18].

Second, there is little data on ACTH testing before HD 
or on a non-HD day [6, 20, 22, 24, 26, 32, 33]. ACTH - 
stimulated cortisol significantly increased in most stud-
ies. But there was a trend to blunted and delayed cortisol 
responses after low-dose, i.e. 1 μg, ACTH testing in HD 
patients.

Third, all sixteen studies had basal cortisol levels, but 
only some of them also measured basal ACTH. The basal 
cortisol was used more often for evaluation of an intact 
hypothalamo-pituitary-adrenal axis in patients on renal 
replacement therapy, despite its inherent limitations for 
interpretation.

The meta-analysis of baseline serum cortisol levels 
revealed no significant difference between cases and con-
trols regarding basal serum cortisol, showing that basal 
cortisol values are comparable to reference values in 
patients undergoing HD. There was, however, a signifi-
cant heterogeneity of studies, differing sometimes greatly 
in terms of study population regarding the age and gen-
der of the participants, type of renal disease, the HD 
duration since start, etc. Vigna et al. justified the differing 
results of several studies with these confounders [22].
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A major limitation is that the current data shows com-
parability of cortisol to reference values and feasibility of 
ACTH testing in asymptomatic patients undergoing HD 
without clinical suspicion of AI, but not of true cases of 
AI, be it primary or secondary AI, except in three case 

series. Therefore, there remains very limited availability 
of data on the validity of ACTH testing for diagnosing 
adrenal insufficiency in patients on HD.

If confirming or excluding adrenal insufficiency in 
patients on HD is necessary, current evidence suggests 

Table 4 Study Basics Part II

HD Hemodialysis, CAPD Continuous ambulatory peritoneal dialysis, CHDF Continuous hemodiafiltration

Controls were healthy subjects except Valentin et al. which were renal transplant patients
1 pre−/post-HD serum cortisol in 14 patients, serum cortisol and adrenocorticotropic hormone (ACTH) (pre−/post-HD) on additional group of 7
2 Two controls and 2 uraemic patients for volume distribution, 20 for 17-OHCS measurements
3 Metyrapone test
4 Insulin-induced Hypoglycemia
5 Corticotropin Stimulation test
6 Fifty-six patients with chronic kidney insufficiency were part of this study, but only 16 were on HD

Author (Year) Study design N total N cases N controls female 
gender cases, 
n (%)

female 
gender 
controls, n 
(%)

mean age 
cases (range 
or SD)

mean age 
controls 
(range or SD)

Type of renal 
replacement

Barbour GL, 
1974 [20]

observational 
study

7 7 0 0 n.a. unknown n.a. HD

Akmal M, 1977 
[26]

case‑control 
study

17 11 6 5 (46%) unknown 47.8 29.6 HD

Deck KA, 1979 
[21]

observational 
study

7 7 0 2 (29%) n.a. 28–38 n.a. HD

Ramirez G, 
1982 [27]

case‑control 
study

20 10 10 0 0 51.5 (28–65) 40.4 (27–61) HD

Ramirez G, 
1982 [27]

case‑control 
study

22 9 13 0 0 55.2 (38–65) 37 (25–61) HD

Ramirez G, 
1982 [27]

case‑control 
study

10 5 5 0 0 48 (38–61) 53.6 (49–61) HD

Zager PG, 1985 
[28]

case‑control 
study

13 6 7 3 (50%) 0 58.8 ± 9.8 23 ± 3.6 CAPD

Siamopoulos 
KC, 1988 [29]

case‑control 
study

19 13 6 6 (46%) 3 (50%) 48.4 ± 10.4 46.2 ± 3.5 HD

Watschinger B, 
1991 [30]

case‑control 
study

15 7 8 0 0 22–43 unknown HD

Grant AC, 1993 
[31]

case‑control 
study

30 20 10 10 (50%) 5 (50%) 46 (18–69) 42 (19–58) 10 HD, 10 
CAPD

Vigna L, 1995 
[22]

observational 
study

10 10 0 4 (40%) n.a. 53 (22–71) n.a. HD

Tsubo T, 1996 
[23]

case series 10 10 0 5 (50%) n.a. 58.0 ± 3.3 n.a. CHDF

Clodi M, 1998 
[32]

case‑control 
study

21 14 7 0 0 49.0 ± 6.2 HD, 
43.5 ± 4.8 
CAPD

39.6 ± 4.2 7 HD, 7 CAPD

Oguz Y, 2003 
[33]

case‑control 
study

30 16 14 0 0 35.19 ± 14.12 27.43 ± 10.34 HD

Arregger AL, 
2014 [9]

case‑control 
study

80 50 30 23 (46%) 16 (53%) 25–65 43.7 ± 8.8 
(20–58)

48 HD, 2 CAPD

Sakao Y, 2014 
[24]

case series 5 5 0 unknown n.a. 69 ± 7 n.a. HD

Koh TJK, 2016 
[25]

case series 5 5 0 2 (40%) n.a. 20–55 n.a. HD

Valentin A, 
2020 [6]

case‑control 
study

60 30 30 11 (37%) 13 (43%) 59.0 ± 13.1 50.4 ± 13.1 15 HD,15 
CAPD

Total 381 235 146
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measuring a serum morning cortisol in patients on HD 
may be useful, as serum cortisol values are comparable in 
patients on HD to healthy volunteers. Current guidelines 
for diagnosing AI in general [1] suggest that very low val-
ues < 80 nmol/l or values of > 500 nmol/l may already be 

considered sufficient to diagnose or rule out AI. In case of 
a serum cortisol level of < 80 nmol/l, performing an ACTH 
test to confirm the diagnosis of AI should be done to have 
sufficient rationale for permanent glucocorticoid replace-
ment. If serum morning cortisol value is < 500 nmol/l, 

Fig. 3 Funnel plot of basal cortisol, comparable studies

Fig. 2 Mean basal cortisol levels of comparable studies
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thus in most patients, an ACTH test should be performed 
according to general standards, i.e. preferentially in the 
morning due to the circadian cortisol rhythm [1]. Further 
studies are necessary to confirm that the generally used 
cut-off values of the ACTH test for diagnosing and ruling 
out AI are also valid for patients on HD.

Due to the pharmacokinetic evidence and lack of clin-
ical studies, ACTH testing should be performed either 
before HD or on a day without HD. Theoretically, post-
poning the test from before HD to during HD would 
benefit the patient in terms of comfort. The ACTH test 
takes over 1 hour, which the patient must spend in the 
hospital in addition to his time on HD. However, results 
of Deck et al. regarding plasma clearance rate indicate 
that false low cortisol levels may occur during HD, thus 
potentially leading to an overdiagnosing of AI [21]. Fur-
ther studies are required to specifically verify the reli-
ability of an ACTH test or other tests during HD.

Conclusions
In patients undergoing renal replacement therapy, basal 
serum cortisol values are comparable to healthy volun-
teers. There is limited data on the validity of stimulated 
cortisol in these patients, especially during HD.

Abbreviations
ACTH: Adrenocorticotropic hormone; AI : Adrenal insufficiency; CAPD: 
Continuous ambulatory peritoneal dialysis; CI: Confidence interval; CRH: Cor‑
ticotropin releasing hormone; HD: Hemodialysis; PRISMA: Preferred Reporting 
Items for Systematic Reviews and Meta‑Analyses; RR: Risk ratio; SIGN: Scottish 
Intercollegiate Guidelines Network; SMD: Standard mean differences.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12882‑ 021‑ 02541‑5.

Additional file 1: Additional Table 1. Reasons for first step of exclusion 
(titles and abstracts). Additional Table 2. Reasons for second step of 
exclusion (full text). Additional Table 3. Additional baseline information 
with relation to testing.

Acknowledgements
Not applicable.

Authors’ contributions
LB, MN and CB performed the literature research. LB extracted the data, CAB 
assisted in case of doubt. LB and CAB assessed risk of bias. LB and CAB ana‑
lyzed and interpreted the data. LB drafted the manuscript. MJK and BM gave 
expert and financial support. All authors have read and approved the final 
version of the manuscript.

Funding
There was no funding with relation to this analysis.

Availability of data and materials
The data underlying this article are available in the article and in its online 
supplementary material.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
CAB has received travel funding from Novo Nordisk and participated in an 
advisory board meeting for Tolvaptan for Otsuka Pharmaceutical Switzerland, 
in 2019. All other authors report no conflicts of interest.
The results presented in this paper have not been published previously in 
whole or part.

Author details
1 Department of Endocrinology, Diabetes & Metabolism, Kantonsspital 
Aarau, Aarau, Switzerland. 2 Departments of General Internal and Emergency 
Medicine, Medical University Clinic, Kantonsspital Aarau, Tellstrasse H7, 
CH‑5001 Aarau, Switzerland. 3 Department of Nephrology, Kantonsspital Aarau, 
Aarau, Switzerland. 

Received: 14 June 2021   Accepted: 22 September 2021

References
 1. Bancos I, Hahner S, Tomlinson J, Arlt W. Diagnosis and management of 

adrenal insufficiency. Lancet Diab Endocrinol. 2015;3(3):216–26.
 2. Chadban SJ, Atkins RC. Glomerulonephritis. Lancet. 

2005;365(9473):1797–806.
 3. Oelkers W. Adrenal insufficiency. N Engl J Med. 1996;335(16):1206–12.
 4. Tomino Y. How to treat patients with chronic kidney disease: with 

special focus on IgA nephropathy. Nephrology (Carlton). 2018;23(Suppl 
4):76–9.

 5. Webster AC, Nagler EV, Morton RL, Masson P. Chronic kidney disease. 
Lancet. 2017;389(10075):1238–52.

 6. Valentin A, Borresen SW, Rix M, Elung‑Jensen T, Sorensen SS, Feldt‑
Rasmussen U. Adrenal insufficiency in kidney transplant patients during 
low‑dose prednisolone therapy: a cross‑sectional case‑control study. 
Nephrology Dial Transpl. 2020;35(12):2191–7.

 7. Almutary H, Bonner A, Douglas C. Symptom burden in chronic kidney 
disease: a review of recent literature. J Ren Care. 2013;39(3):140–50.

 8. Murtagh FE, Addington‑Hall J, Higginson IJ. The prevalence of symptoms 
in end‑stage renal disease: a systematic review. Adv Chronic Kidney Dis. 
2007;14(1):82–99.

 9. Arregger AL, Cardoso EM, Zucchini A, Aguirre EC, Elbert A, Contreras LN. 
Adrenocortical function in hypotensive patients with end stage renal 
disease. Steroids. 2014;84:57–63.

 10. Bleicken B, Hahner S, Ventz M, Quinkler M. Delayed diagnosis of adrenal 
insufficiency is common: a cross‑sectional study in 216 patients. Am J 
Med Sci. 2010;339(6):525–31.

 11. Dineen R, Thompson CJ, Sherlock M. Adrenal crisis: prevention 
and management in adult patients. Ther Adv Endocrinol Metab. 
2019;10:2042018819848218.

 12. Abdu TA, Elhadd TA, Neary R, Clayton RN. Comparison of the low dose 
short synacthen test (1 microg), the conventional dose short synacthen 
test (250 microg), and the insulin tolerance test for assessment of the 
hypothalamo‑pituitary‑adrenal axis in patients with pituitary disease. J 
Clin Endocrinol Metab. 1999;84(3):838–43.

 13. Weitzman ED, Fukushima D, Nogeire C, Roffwarg H, Gallagher TF, Hellman 
L. Twenty‑four hour pattern of the episodic secretion of cortisol in normal 
subjects. J Clin Endocrinol Metab. 1971;33(1):14–22.

 14. Bay WH, Van Cleef S, Owens M. The hemodialysis access: preferences and 
concerns of patients, dialysis nurses and technicians, and physicians. Am 
J Nephrol. 1998;18(5):379–83.

 15. Hagren B, Pettersen IM, Severinsson E, Lützén K, Clyne N. Maintenance 
haemodialysis: patients’ experiences of their life situation. J Clin Nurs. 
2005;14(3):294–300.

https://doi.org/10.1186/s12882-021-02541-5
https://doi.org/10.1186/s12882-021-02541-5


Page 12 of 12Brotzer et al. BMC Nephrol          (2021) 22:360 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 16. Deck KA, Siemon G, Sieberth HG, von Bayer H. Cortisol loss and plasma 
11‑hydroxy‑corticosteroid profile during hemodialysis. Verh Dtsch Ges 
Inn Med. 1968;74:1195–8.

 17. Knapp E, Staudinger E, Dittrich P. Behavior of free plasma cortisol during 
extracorporeal hemodialysis. Klin Wochenschr. 1970;48(20):1243–4.

 18. Wallace EZ, Rosman P, Toshav N, Sacerdote A, Balthazar A. Pituitary‑adren‑
ocortical function in chronic renal failure: studies of episodic secretion 
of cortisol and dexamethasone suppressibility. J Clin Endocrinol Metab. 
1980;50(1):46–51.

 19. Shimamoto K, Ando T, Nakao T, Watarai I, Miyahara M. Permeability of 
antidiuretic hormone and other hormones through the dialysis mem‑
brane in patients undergoing chronic hemodialysis. J Clin Endocrinol 
Metab. 1977;45(4):818–20.

 20. Barbour GL, Sevier BR. Letter: adrenal responsiveness in chronic hemodi‑
alysis. N Engl J Med. 1974;290(22):1258.

 21. Deck KA, Fischer B, Hillen H. Studies on cortisol metabolism during hae‑
modialysis in man. Eur J Clin Investig. 1979;9(3):203–7.

 22. Vigna L, Buccianti G, Orsatti A, Cresseri D, Bianchi ML, Cremagnani L, et al. 
The impact of long‑term hemodialysis on pituitary‑adrenocortical func‑
tion. Ren Fail. 1995;17(5):629–37.

 23. Tsubo T, Hashimoto Y, Araki I, Ishihara H, Matsuki A. Cortisol and cat‑
echolamine kinetics during continuous hemodiafiltration in patients 
with multiple organ dysfunction syndrome. Intensive Care Med. 
1996;22(11):1176–8.

 24. Sakao Y, Sugiura T, Tsuji T, Ohashi N, Yasuda H, Fujigaki Y, et al. Clinical 
manifestation of hypercalcemia caused by adrenal insufficiency in hemo‑
dialysis patients: a case‑series study. Intern Med. 2014;53(14):1485–90.

 25. Koh TJ, Chan CT. Adrenal insufficiency presenting as unexplained hypo‑
tension in nocturnal home hemodialysis. Hemodial Int. 2016;20(3):E10–3.

 26. Akmal M, Manzler AD. Simplified assessment of pituitary‑adrenal axis in a 
stable group of chronic hemodialysis patients. Trans Am Soc Artif Intern 
Organs. 1977;23:703–6.

 27. Ramirez G, Gomez‑Sanchez C, Meikle WA, Jubiz W. Evaluation of the 
hypothalamic hypophyseal adrenal axis in patients receiving long‑term 
hemodialysis. Arch Intern Med. 1982;142(8):1448–52.

 28. Zager PG, Spalding CT, Frey HJ, Brittenham MC. Low dose adrenocortico‑
tropin infusion in continuous ambulatory peritoneal dialysis patients. J 
Clin Endocrinol Metab. 1985;61(6):1205–10.

 29. Siamopoulos KC, Eleftheriades EG, Pappas M, Sferopoulos G, Tsolas O. 
Ovine corticotropin‑releasing hormone stimulation test in patients 
with chronic renal failure: pharmacokinetic properties, and plasma 
adrenocorticotropic hormone and serum cortisol responses. Horm Res. 
1988;30(1):17–21.

 30. Watschinger B, Watzinger U, Templ H, Spona J, Graf H, Luger A. Effect 
of recombinant human erythropoietin on anterior pituitary function in 
patients on chronic hemodialysis. Horm Res. 1991;36(1–2):22–6.

 31. Grant AC, Rodger RS, Mitchell R, Gibson S, White A, Robertson WR. 
Hypothalamo‑pituitary‑adrenal axis in uraemia: evidence for primary 
adrenal dysfunction? Nephrology Dial Transpl. 1993;8(4):307–10.

 32. Clodi M, Riedl M, Schmaldienst S, Vychytil A, Kotzmann H, Kaider A, et al. 
Adrenal function in patients with chronic renal failure. Am J Kidney Dis. 
1998;32(1):52–5.

 33. Oguz Y, Oktenli C, Ozata M, Ozgurtas T, Sanisoglu Y, Yenicesu M, et al. 
The midnight‑to‑morning urinary cortisol increment method is not 
reliable for the assessment of hypothalamic‑pituitary‑adrenal insuf‑
ficiency in patients with end‑stage kidney disease. J Endocrinol Investig. 
2003;26(7):609–15.

 34. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency 
in meta‑analyses. BMJ. 2003;327(7414):557–60.

 35. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta‑analysis 
detected by a simple, graphical test. BMJ. 1997;315(7109):629–34.

 36. Rosman PM, Benn R, Kay M, Wallace EZ. Cortisol binding in ure‑
mic plasma. II. Decreased cortisol binding to albumin. Nephron. 
1984;37(4):229–31.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Adrenal function testing in dialysis patients – a review of the literature
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 
	Trial registration: 

	Background
	Methods
	Search strategy and study selection
	Data collection process
	Risk for bias assessment of individual studies and across studies
	Data synthesis and statistical analysis

	Results
	Qualitative analysis
	Pharmacokinetic aspects of serum cortisol, ACTH and CRH
	ACTH testing
	CRH stimulation test
	Other tests

	Quantitative analysis: baseline serum cortisol
	Risk of bias assessment
	Heterogeneity and publication bias

	Discussion
	Conclusions
	Acknowledgements
	References


