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Abstract

Adrenocorticotropic hormone (ACTH) has historically been considered an unstable hormone after venous sampling, necessitating strin-
gent conditions for the transport of blood samples to the laboratory to ensure accurate measurement. However, recent investigations 
suggest that ACTH may be more stable than previously assumed, raising the possibility of more flexible handling conditions. This prompt-
ed us to conduct a systematic review using the MEDLINE database to ascertain the stability of ACTH in blood samples. We included 9 
studies in our final analysis from 405 reports. Our findings reveal that all studies reported a mean percentage difference (PD%) in ACTH 
concentrations relative to baseline below the 10% threshold when uncentrifuged tubes were stored under refrigerated conditions for 2, 
4, 6, and 8 hours. In contrast, the mean PD% exceed the 10% threshold in 5 out of 7 studies investigating a storage duration of 24 hours 
under refrigerated conditions. Nearly all studies reported a mean PD% in ACTH concentrations relative to baseline below 10% when un-
centrifuged tubes were stored at room temperature for 2, 4, and 6 hours. However, for storage durations of 8, 12, and 24 hours at room 
temperature, most studies observed a mean PD% exceeding 10%. In summary, our findings suggest that ACTH remains stable in uncen-
trifuged tubes containing EDTA for 6 h at room temperature and at least 8 h under refrigerated conditions. Our findings can assist clinical 
laboratories in reviewing their acceptance criteria for sample transport regarding time and temperature.
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Highlights 

•	 Adrenocorticotropic hormone (ACTH) remains stable in uncentrifuged EDTA tubes for 6 h at room temperature
•	 ACTH is stable for at least 8 h in EDTA tubes kept under refrigerated conditions
•	 Handling conditions that are less stringent than those typically required by clinical laboratories are permitted

Introduction

Human adrenocorticotropic hormone (ACTH) is a 
39-amino acid peptide hormone produced by cells 
of the anterior pituitary gland. It acts as the prima-
ry stimulant of glucocorticoid synthesis and secre-
tion by the adrenal cortex. Accurate measurement 
of circulating ACTH concentrations is pivotal for di-

agnosing disorders related to the hypothalamic-
pituitary-adrenal axis, such as adrenal insufficiency 
and Cushing’s syndrome (1,2).

The preanalytical phase is particularly critical for 
ACTH analysis. In fact, it has long been suggested 
that ACTH may be unstable in whole blood after 

Supplementary material available online for this article.
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venous sampling, especially because of its degra-
dation by blood cell proteases (3-5). Controlling 
the time and temperature of blood specimens be-
fore the centrifugation step therefore looks crucial 
to mitigate ACTH degradation. In fact, clinical lab-
oratories often advocate for stringent conditions 
regarding the duration and temperature of trans-
port to the laboratory of blood samples. For in-
stance, a review of the preanalytical instructions 
issued by 33 university hospitals and private clini-
cal laboratories across France revealed that 76% of 
them request transport under refrigerated condi-
tions, while the remaining 24% accept transport at 
room temperature (RT) (personal unpublished re-
view based on laboratory websites, conducted on 
March 7, 2024). The recommended maximum du-
ration of transport of blood samples is heteroge-
neous, with 12% of laboratories suggesting a max-
imum of 30 min, 15% advising up to 2 h, 36% ex-
tending the limit to 4 h, while only 37% have ac-
ceptance criteria greater than 4 h. 

In contrast to these current practices, recent pub-
lished data suggest that ACTH may exhibit more 
stability in whole blood than previously assumed. 
In particular, two studies recently demonstrated 
that the storage of whole blood for 8 or 12  h at 
4  °C did not impact plasma ACTH concentrations 
(6,7). In addition, Dong et al. recently found that 
ACTH was also stable in whole blood for 6 h at 22 
°C (7). These recent findings raise questions about 
current practices in clinical laboratories, and this 
prompted us to conduct a systematic literature re-
view to elucidate the stability of ACTH concentra-
tion in whole blood regarding storage duration 
and temperature. Such approach may contribute 
to the harmonization of preanalytical instructions 
across clinical laboratories (8).

Materials and methods

The protocol for this systematic review was regis-
tered in the PROSPERO database 
(#CRD42024540452), and is presented according to 
the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) 2020 state-
ment (9).

Eligibility criteria 

Table 1 shows the study characteristics used to de-
cide whether a study was eligible for inclusion in 
the review, according to the Population, Interven-
tion, Comparison, Outcome, Study (PICOS) search 
question format. 

Information sources and search strategy 

The search procedure was conducted using the 
PubMed/MEDLINE database. The search strategy 
was as follows: ((ACTH[Title/Abstract]) OR 
(adrenocorticotrop*[Title/Abstract])) AND 
((stability[Title/Abstract]) OR (storage[Title/Ab-
stract])). In addition, the references cited in the in-
cluded studies were examined to select additional 
reports for screening. All reports published up to 
April 1, 2024, were included for further screening.

Selection and data collection process 

Two authors independently screened the titles 
and abstracts, excluding reports and studies based 
on the predefined inclusion and exclusion criteria. 
The remaining studies were integrally read to de-
finitively judge on their inclusion. Disagreements 
on the eligibility of studies were resolved through 
discussion and consensus between authors. Data 
from each report were independently collected in 
Excel sheets by two authors. No automation tool 
was used in the selection process or in data collec-
tion.

Data items (outcomes) 

The primary outcome was the difference between 
the baseline concentration of circulating ACTH 
and the concentration after storage of whole 
blood in each condition, expressed as percentage 
difference (PD%). Data on the precision of the PD% 
in concentrations were also collected.

Study risk of bias assessment 

The risk of bias in the included studies was inde-
pendently evaluated by two authors using an 
adapted version of the quality grading tool devel-
oped by Gomez-Rioja et al. for stability studies (10). 
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PICOS parameter Inclusion criteria Exclusion criteria

Population

Human blood samples from individuals of any age, 
gender, ethnicity, health conditions, and ACTH 

concentrations.
Any collection tubes with any additives.

Any analytical methods.

Non-human blood.
Biological matrices other than blood (e.g., quality 

control materials).

Intervention
Short-term storage of whole blood (≤ 24 h) 

at a temperature higher than 0 °C before 
centrifugation.

Immediate centrifugation after blood collection (i.e., 
studies with storage of serum or plasma).

Long-term storage (> 24 h) and/or at a negative 
temperature.

Comparison
Circulating ACTH concentrations at baseline 

(immediately centrifuged and analyzed or frozen 
after venipuncture).

Outcomes

The primary outcome was the difference in 
ACTH concentration after storage (expressed in 

percentage difference from baseline). Any measure 
of the precision of the percentage difference in 

ACTH concentrations was collected (e.g., standard 
deviation or interquartile range).

Reports were excluded if the calculation of the 
percentage difference (PD%) in ACTH concentrations 

following storage was not directly available in the 
article.

Study design Articles published in peer-reviewed journals.
Any date of publication.

Articles not published in English, case reports, 
meta-analysis, reviews, expert opinions, conference 

reports.

ACTH - adrenocorticotropic hormone. 

Table 1. Eligibility criteria for the selection of studies

Two criteria were omitted from the original quality 
grading tool as they were deemed inappropriate 
for our study: total drawn volume and time before 
centrifuging. Regarding the criterion “type of cen-
trifugation”, when the authors did not specify ad-
herence to the tube manufacturer’s instructions, 
we then considered as recommended the follow-
ing centrifugation conditions: ≤ 1300xg for 10 min 
for tubes from Becton Dickinson (Franklin Lakes, 
USA), 1800-2200xg for 10-15 min for Vacuette 
tubes from Greiner Bio-One (Kremsmünster, Aus-
tria), and 2000xg for 15 min or 2500xg for 10 min 
for tubes from Sarstedt (Nümbrecht, Deutschland) 

(11-13).

The maximum score of the adapted version of the 
quality grading tool was 25 points (10). Studies 
were classified into four quality grades: excellent if 
the total score exceeded 18.75 points, acceptable 
between 12.5 and 18.75 points, doubtful between 
6.25 and 12.5 points, and unacceptable if the score 
was lower than 6.25 points (10). Any discrepancies 

in judgement between the two authors were re-
solved through discussion.

Effect measures

The effect measure of the primary outcome was 
the relative difference, expressed as PD%, be-
tween the baseline concentration of circulating 
ACTH and the concentration for each storage con-
dition of uncentrifuged tubes.

Data on the precision of PD% values were ex-
pressed as standard deviation (SD). In cases where 
SD was not directly reported in the studies, it was 
calculated from other measures such as standard 
error mean, interquartile range and median, or er-
ror bars in graphs. Standard error mean was con-
verted to SD using the following formula: SD = 
standard error mean x √n, where n represents the 
sample size. The approach outlined by Shi et al. 
was followed when SD was estimated from inter-
quartile range, median and mean (14).
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Establishing the maximum permissible difference 
indicative of a significant change in PD% is chal-
lenging in the case of ACTH. Such limit is typically 
determined from the total or acceptable change 
limits according to ISO 5725-6, based on analytical 
and within-subject biological variation (15). Unfor-
tunately, biological variation data for ACTH were 
not available in either the EFLM biological varia-
tion database or the Ricos’ database (16,17). There-
fore, we chose to adopt a threshold of 10% as 
maximum permissible difference for the mean 
PD%. This 10% threshold was widely used in previ-
ous studies focusing on ACTH stability (6,7,18-22). 

Synthesis methods

Data were classified into two groups according to 
whether they were from ACTH stability studies at 
RT or under refrigerated conditions. For each tem-
perature condition, they were subsequently 
grouped according to duration storage. Since the 
degradation of ACTH is time-dependent, data 
from the single study examining 3 h storage dura-
tion was grouped into the “2-h” subgroup (7). 

Forest plots were used to visually display results of 
individual studies and syntheses, and they were 
generated using GraphPad Prism (version 9.5.0) 
(GraphPad Software, Boston, USA).

Results

Study selection 

The PRISMA flowchart depicted in Figure 1 illus-
trates the selection of studies. A total of 405 re-
ports were identified through our systematic 
search strategy. The vast majority (N = 382, 94%) 
were excluded based on the initial screening of 
their titles and abstracts due to their lack of adher-
ence to our inclusion criteria.

Among the studies assessed for eligibility (N = 20), 
two were excluded as they examined the stability 
of ACTH concentration in plasma after immediate 
centrifugation following blood collection, but not 
in uncentrifuged tubes (23,24). Two additional 
studies were excluded because they specifically 
investigated long-term plasma storage at - 20 and 
- 70 °C (4,25). Some other studies were eliminated 

due to their focus on the stability of ACTH using 
internal quality control rather than freshly collect-
ed blood samples, the effects of repeated freezing 
and thawing of plasma, or the impact of hemolysis 
on ACTH stability (26-28). Lastly, two studies were 
excluded because PD% was not directly reported 
in the original articles, and only mean concentra-
tions were provided (29,30).

Ultimately, our systematic review included 11 stud-
ies, with almost half of them (N = 6, 55%) being 
published within the last decade. Table 2 summa-
rized the main characteristics of these studies. In 
total, 151 blood samples were analyzed. Among 
the 11 included studies, ten studies provided sta-
bility data under refrigerated conditions, with 9 
studies indicating a storage temperature of + 4 °C 
and one study reporting storage in ice/water. Ad-
ditionally, nine studies presented stability data at 
RT, with two studies not specifying the exact tem-
perature and the remaining studies reporting tem-
peratures ranging from 22 to 25 °C. The RT condi-
tion in the study by Bosse and Bayard was not ana-
lyzed, as the collection tubes were actually kept in 
a cooling container (6). However, this study was re-
tained because it also included a storage condi-
tion at 4 °C in a refrigerator, which fully met our in-
clusion criteria. 

Ethylenediaminetetraacetic acid (EDTA) tubes 
were used in 9 of the 11 selected studies, while 
heparinized tubes were used in two studies. 

ACTH measurements were performed using auto-
mated methods from Roche (Basel, Switzerland) in 
5 of the 11 selected studies, Nichols (San Juan Cap-
istrano, USA) in two studies, Siemens (Erlangen, 
Deutschland) in one study, and Diasorin (Saluggia, 
Italy) in one study, and using manual radioimmu-
noassays in two studies. 

Risk of bias

Table S1 (see Supplementary material) presented 
the assessment of risk of bias in the 11 selected 
studies. The quality grade was deemed acceptable 
for 6 of them, doubtful for 3, and unacceptable for 
the remaining 2 studies. The two studies deemed 
to be of unacceptable quality were excluded from 
the analysis.

https://www.biochemia-medica.com/assets/images/upload/Clanci/35/Supplementary_files/02__Dib_Supplement.docx
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ACTH stability under refrigerated conditions 

Six studies provided data on the stability of ACTH 
concentration in uncentrifuged tubes stored un-
der refrigerated conditions for a storage duration 
of 2 and 4 h, 2 studies for 6 h, 3 studies for 8 h, 2 
studies for 12 h, and 7 studies for 24 h. All of these 

studies utilized collection tubes containing only 
EDTA. As shown in Figure 2, all stability studies re-
ported a mean PD% in ACTH concentrations rela-
tive to baseline that remained below the 10% 
threshold when uncentrifuged tubes were stored 

Figure 1. PRISMA 2020 flow diagram
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Study Sample 
size

Collection 
tube

Time of 
storage

Temperature 
of storage

Analyzer
/ method

Baseline ACTH 
concentrations

Reference

Dong, 2024 3 EDTA-K2
* 3, 6, 12

and 24 h 4, 22 °C Immulite 2000 XPi 
(Siemens) N.R. 7

Bosse, 2024 15 EDTA-K2
(Greiner)

1, 2, 4,
and 8 h

4 °C and
Crioplast at 

22 °C

Liaison
(Diasorin) 17.6 ± 7.4 pg/mL 6

Nandakumar, 
2020 19

EDTA-K2 
(Becton 

Dickinson)
2 and 4 h 4 °C Elecsys Cobas 6000 

(Roche)

12 samples: 
< 20 pg/mL
5 samples: 

20-40 pg/mL
2 samples: 

> 40 pg/mL

37

Chakera, 2017 15 EDTA* 1, 6, 24 
and 48 h 4, 20 °C Modular E170 

(Roche)

Median (range): 
18.9 (7.7-759.6) 

pg/mL
22

Wu, 2017 21 EDTA-K2
* 2, 4, 8,

and 24 h 4, 22 °C Modular E602 
(Roche) 7.2-63.3 pg/mL 18

Christensen, 
2016 30 EDTA-K2

* 2, 4, 24,
and 48 h

RT,
ice/water Cobas e601 (Roche)

28 samples within 
the reference 

range (7.4-63 pg/
mL). 

1 sample: 6.0 pg/
mL

20

Oddoze, 2012 10
EDTA-K3
(Becton 

Dickinson)

4, 8, 12, 16 
and 24 h 4, 25 °C Cobas e601 (Roche) N.R. 38

Reisch, 2007 19 EDTA
(Sarstedt)

1, 2, 4, 24 
and 48 h 4, 22 °C Advantage

(Nichols) 5-774 pg/mL 21

Ellis, 2003 10 EDTA* 0.5, 6, and 
24 h 4, 24 °C Radio-immunoassay

(Nichols) 7.3-45 pg/mL 19

Diver, 1994 6 Lithium 
heparin*

6, 24, 48, 
and 168 h 4 °C, RT Allegro HS

(Nichols) 92-94 pg/mL 32

Lambert, 1985 3 Heparin* 1, 2 and 4 h 22 °C Radio-immunoassay 152-212 pg/mL 31

*Manufacturer not provided. ACTH - adrenocorticotropic hormone. EDTA - ethylenediaminetetraacetic acid. N.R. - not reported. RT 
- room temperature.

Table 2. Characteristics of the selected studies

under refrigerated conditions for 2, 4, 6, and 8 h. In 
contrast, in 5 out of 7 studies examining a storage 
duration of 24 h, the mean PD% exceeded the 10% 
threshold, with values ranging from - 16.0% (95% 
confidence interval (CI): - 22.0 to - 10.0) to + 3.3% 
(95% CI: - 43.9 to 50.5).

ACTH stability at room temperature 

Four studies provided data on the stability of 
ACTH concentration in uncentrifuged tubes stored 
at RT for a storage duration of 2 and 4 h, 2 studies 
for 6, 8, 12 h, and 7 studies for 24 h. All of these 
studies utilized collection tubes containing only 
EDTA. As illustrated in Figure 3, nearly all studies 
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Figure 2. Forest plots depicting the stability of ACTH in uncentrifuged tubes under refrigerated conditions relative to the duration 
of storage prior to centrifugation. The X-axis represents the mean percentage difference (PD%) compared to the baseline concentra-
tion. Bar errors correspond to 95% confidence intervals (CI). ACTH - adrenocorticotropic hormone. NP - not provided (indicating the 
individual studies where the calculation of the 95% CI was not feasible with the available data).
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Figure 3. Forest plots depicting the stability of ACTH in uncentrifuged tubes at room temperature relative to the duration of storage 
prior to centrifugation. The X-axis represents the mean percentage deviation (PD%) compared to the baseline concentration. Bar er-
rors correspond to 95% confidence intervals (CI). ACTH - adrenocorticotropic hormone. NP - not provided (indicating studies where 
the calculation of the 95% CI was not feasible with the available data, denoted by dots without error bars in the graphs). 
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reported a mean PD% in ACTH concentrations rel-
ative to baseline below the 10% threshold when 
uncentrifuged tubes were stored at RT for 2, 4, and 
6 h. The only exception was the study by Wu et al., 
which reported a mean PD% of - 12.4% (95% CI: - 
18.5 to 6.4) after 4 h of storage (18).

Nearly all studies investigating the stability of 
ACTH after 8, 12, and 24 h of storage at RT report-
ed PD% greater than the 10% threshold.

Discussion

Our systematic review of the literature argues that 
ACTH is stable in uncentrifuged EDTA tubes for 6 h 
at RT and at least 8 h under refrigerated condi-
tions. Although we found that ACTH remains sta-
ble after a 12 h storage under refrigeration, this 
finding is drawn from only two studies, one of 
which did not provide a confidence interval for the 
PD%, while the other reported a wide confidence 
interval for the mean PD%. These limitations make 
it difficult to draw definitive conclusions regarding 
ACTH stability under this storage condition, and 
further stability studies are needed to conclude on 
the ACTH stability in whole blood for storage du-
rations greater than 8 h under refrigerated condi-
tions (33). 

Our findings bring evidence that ACTH is less 
prone to degradation in whole blood than previ-
ously assumed. In 2002, the World Health Organi-
zation reported on the instability of ACTH in whole 
blood at RT, but without specifying the duration of 
stability (34). In 2010, the German Society for Clini-
cal Chemistry and Laboratory Medicine suggested 
stability in whole blood for a large range from 1 to 
4 h at RT, but without providing recommendations 
for the refrigerated condition (35). However, the 
conclusions of the two latter reports were based 
on the review of only 3 and 4 reports, respectively, 
whereas our systematic review encompassed data 
from 9 studies, all conducted since 2010. 

Our work has also limitations that warrant discus-
sion. Firstly, our search strategy was limited to the 
PubMed database and to articles published in 
English. Therefore, it is possible that we may have 
overlooked some eligible stability studies, al-

though PubMed is one of the largest biomedical 
bibliographic databases. Secondly, the number of 
the selected studies was quite limited, making it 
statistically difficult to generate one pooled esti-
mate in a meta-analysis and to study the possible 
moderators. Thirdly, our review did not permit to 
draw conclusions regarding the potential advan-
tages of tubes containing both EDTA and protease 
inhibitors. Two studies provided data on the stabil-
ity in such tubes, but we excluded these studies 
since they did not report directly the PD% (29,30). 
Casati et al. conducted a direct comparison be-
tween storage in EDTA versus EDTA-aprotinin 
tubes (30). They observed a higher decrease in 
ACTH concentrations with EDTA-aprotinin tubes 
compared to EDTA tubes after 2  h of storage in 
ice/water, but without statistical analysis of the dif-
ference (30). Unfortunately, no data were available 
for storage durations greater than 6 h at RT in ED-
TA-aprotinin tubes, for which ACTH degradation is 
unambiguously significant in EDTA tubes. 

In summary, our study provides a comprehensive 
assessment of studies reporting on ACTH stability 
in uncentrifuged tubes. By demonstrating the sta-
bility of ACTH in uncentrifuged EDTA tubes for 6 h 
at RT and at least 8 h under refrigeration, our find-
ings can assist clinical laboratories in reviewing 
their acceptance criteria for sample transport re-
garding time and temperature. Nonetheless, it is 
important to acknowledge that transport time 
and temperature constitute only one aspect of the 
conditions requiring careful management during 
the preanalytical phase (36). Other variables, such 
as recording the timing of blood sampling or he-
molysis, deserve special attention for ACTH analy-
sis (5). 
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