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ACTH-cortisol dissociation in patients with Kawasaki
disease: a retrospective study
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Abstract. ACTH-cortisol dissociation is recognized in patients with critical illnesses. Cytokines, including tumor necrosis
factor-α and interleukin-6 induce hypercortisolemia by enhancing the ACTH-independent synthesis and secretion of cortisol
and by reducing cortisol breakdown. Subsequently, hypercortisolemia suppresses ACTH secretion by negative feedback
inhibition. ACTH-cortisol dissociation in patients with systemic inflammatory diseases has not been reported. Here, we
examined whether ACTH-cortisol dissociation is recognized in patients with Kawasaki disease (KD) associated with
hypercytokinemia, as well as the possible cytokine involvement in ACTH-cortisol dissociation, retrospectively. The levels of
serum cortisol, plasma ACTH, and cytokine-induced proteins, i.e., plasma C-reactive protein (CRP), serum ferritin, and
urinary β2-microglobulin (U-β2MG), in 232 patients with KD were measured at diagnosis. Quartile groups based on cytokineinduced protein levels were formed (Q1, Q2, Q3, and Q4). We found a low median plasma ACTH [median (range): 8.9 (<2.0–
332.0) pg/mL] but a high median serum cortisol level [median (range): 25.8 (1.4–99.8) μg/dL] in the entire study population.
The median serum cortisol levels were significantly higher in the CRP-Q4, ferritin-Q4, and U-β2MG-Q4 groups than in the
CRP-Q1, ferritin-Q2, and U-β2MG-Q1 groups, respectively (p < 0.01; p < 0.01; p < 0.001). The median plasma ACTH levels
were significantly lower in the CRP-Q4 and ferritin-Q4 groups than in the CRP-Q1 and ferritin-Q1 groups, respectively (p <
0.001; p < 0.001). ACTH-cortisol dissociation was identified in patients with KD. Our findings suggest that inflammatory
cytokines are involved in ACTH-independent hypercortisolemia in patients with KD. ACTH-cortisol dissociation in other
systemic inflammatory diseases needs further investigation.
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HYPERCORTISOLEMIA in patients with critical ill‐
nesses has traditionally been attributed to stress-induced
activation of the hypothalamic-pituitary-adrenal (HPA)
axis and increased ACTH-driven cortisol synthesis and
secretion [1]. However, low plasma ACTH levels have
been reported in patients with a critical illness in the
presence of elevated circulating cortisol levels [2], called
the “ACTH-cortisol dissociation.” Cytokines, neuro‐
transmitters, and neuropeptides are reported to be
involved in ACTH-independent hypercortisolemia [2, 3].
Subsequently, elevated serum cortisol levels suppress
plasma ACTH secretion via negative feedback inhibi‐
tion. Cytokines, including tumor necrosis factor (TNF)-α
and interleukin (IL)-6, cause ACTH-independent hyper‐
cortisolemia by increased adrenocortical synthesis and
secretion of cortisol and by reduced cortisol metabolism
[4].
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Kawasaki disease (KD) is an acute systemic vasculitis
that mainly affects infants and children and can lead to
serious complications, such as coronary artery dilatation
and aneurysm. Although its pathogenesis remains
unknown, KD is one of the systemic inflammatory
diseases. Systemic inflammatory diseases are caused by
excessive inflammatory cytokine production due to
defective inflammatory regulation in innate immunity,
e.g., systemic onset juvenile idiopathic arthritis and peri‐
odic fever syndrome [5]. Some patients with systemic
inflammatory diseases may be critically ill. Studies on
ACTH-cortisol dissociation in patients with systemic
inflammatory diseases are lacking.
Various inflammatory cytokines, such as TNF-α, IL-1,
IL-2, IL-6, and interferon (INF)-γ, are elevated in
patients with KD [5, 6]. C-reactive protein (CRP), ferri‐
tin, and β2-microglobulin (β2MG) are cytokine-induced
proteins and they reflect the expression of IL-6, TNF-α,
and INF-γ, respectively [7-9]. Furthermore, in our
previous study on serum cortisol levels in children with‐
out known adrenal dysfunction during an acute illness
[10], a patient with KD whose serum cortisol level was
high at diagnosis, suffered from heart failure. High
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serum cortisol level [11-13] and low ACTH/cortisol ratio
[14] have been reported to be associated with adverse
outcomes or high mortality in patients with several dis‐
eases. Therefore, the levels of cytokine-induced proteins,
cortisol, and ACTH have been used as indexes for deter‐
mining the severity of KD at the Toho University Omori
Medical Center in recent years.
Here, we assessed ACTH-cortisol dissociation in
patients with KD associated with hypercytokinemia and
evaluated the association between ACTH-cortisol disso‐
ciation and cytokine-induced proteins, retrospectively.

levels. The first, second, third, and fourth quartile groups
were named Q1, Q2, Q3, and Q4, respectively. The
serum cortisol and plasma ACTH levels were compared
among these quartile groups.
Plasma CRP, serum ferritin, U-β2MG, and serum
cortisol levels were compared between patients whose
ACTH levels were below the test sensitivity level of
2.0 pg/mL (undetectable ACTH group) and those with
ACTH levels ≥2.0 pg/mL (detectable ACTH group).
U-β2MG generally tends to decrease at a urinary pH
<5.5 [20]. We therefore excluded the patients with a
urinary pH <5.5 from the U-β2MG analysis.

Materials and Methods
Study population
Four hundred and forty-six patients with KD who
required intravenous immunoglobulin therapy were
admitted to the Toho University Omori Medical Center
from January 2014 to December 2019. KD diagnosis was
based on the criteria of the Diagnostic Guidelines for KD
(the 5th revised edition) [15]. We included patients with
KD whose serum cortisol and plasma ACTH levels could
be obtained because they were diagnosed between 0900
h and 1700 h. We excluded patients with concomitant
medical disorders (pituitary, adrenal, or renal diseases)
and those who had received steroids. This study was
approved by the Ethics Committee of the Toho Univer‐
sity Omori Medical Centre (approval no. M20029 18254
16202). The need for informed consent was waived in
view of the retrospective study design.
Study design
Blood sampling via venipuncture and urinary sam‐
pling was performed at the time of KD diagnosis
between 0900 h and 1700 h. The plasma CRP, serum fer‐
ritin, serum cortisol, plasma ACTH, and urinary β2MG
(U-β2MG) levels were measured. Considering the re‐
ported loss of circadian and ultradian rhythms during an
acute illness [16-18], serum cortisol and plasma ACTH
levels might not be influenced by clock-time in patients
with KD.
Patients were classified into mild (<5 points) and
severe (≥5 points) groups based on the KD scoring sys‐
tem for the prediction of non-responsiveness to initial
intravenous immunoglobulin therapy [19]. The variables
in this system included days of illness at initial treatment,
chronological age, neutrophil percentage, platelet count,
and the plasma levels of sodium, aspartate aminotrans‐
ferase, and CRP. Plasma CRP, serum ferritin, U-β2MG,
serum cortisol, and plasma ACTH levels in the mild and
severe groups were compared.
Patients were categorized into quartile groups accord‐
ing to the plasma CRP, serum ferritin, and U-β2MG

Assays
Serum cortisol levels were measured using an electrochemiluminescence immunoassay (Roche Diagnostics
GmbH, Mannheim, Germany) with a sensitivity of
0.054 μg/dL and the intra- and inter-assay coefficients of
variability of <15% and <10%, respectively, at two dif‐
ferent concentrations. The plasma ACTH levels were
measured using an electro-chemiluminescence immuno‐
assay (Roche Diagnostics GmbH) with a sensitivity of
1.0 pg/mL and the intra- and inter-assay coefficients of
variability of <10% and <25%, respectively, at two dif‐
ferent concentrations. Plasma CRP levels were measured
using a latex immunoassay (Eiken Kagaku Co., Ltd.,
Tochigi, Japan), whereas plasma ferritin levels were
measured using an electro-chemiluminescence immuno‐
assay (Roche Diagnostics GmbH). U-β2MG levels were
measured using a latex immunoassay (Nittobo Medical
Co., Ltd., Fukushima, Japan).
Statistical analysis
All statistical analyses were performed using the
StatMate V software (ATMS Co., Ltd., Tokyo, Japan).
Plasma ACTH levels with a sensitivity <2.0 pg/mL were
replaced with 2.0 pg/mL during analysis. The chisquared test was used for the categorical analysis. The
Mann–Whitney U test was used to determine the differ‐
ences between two groups, whereas the Kruskal–Wallis
H test was used to determine the differences among four
groups, followed by a Dunn’s post hoc test. p < 0.05 was
considered statistically significant. All data are expressed
as median (range), except for the undetectable ACTH
value.

Results
Characteristics of patients with KD
Of the 446 patients, 232 patients (131 males and 101
females) whose serum cortisol and plasma ACTH levels
could be obtained were included in the study. The
median age at the time of KD diagnosis was 2.3 (0.2–
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8.6) yr. Moreover, the patients were diagnosed by day
4.0 (1.0–12.0) of the illness; of note, a majority of the
221 patients (95.3%) was diagnosed between days 2.0
and 6.0 of the illness. No patient had a coronary aneu‐
rysm. The median plasma ACTH level was low at 8.9
(<2.0–332.0) pg/mL, whereas the median serum cortisol
level was high at 25.8 (1.4–99.8) μg/dL. Thirty-five
patients (15.1%) had plasma ACTH levels <2.0 pg/mL.
The median plasma ACTH and serum cortisol levels did
not show significant differences based on the days of the
illness at the time of diagnosis (2.0–6.0 days). U-β2MG
levels were analyzed in 170 patients (73.3%).

Serum cortisol, plasma ACTH, and cytokine-induced
protein levels in terms of KD severity
The clinical characteristics of patients in the mild and
severe groups are listed in Table 1. One hundred and
sixty-five patients were classified into the mild group
(71.1%), and sixty-seven patients into the severe group
(28.9%). The median age in the severe group was signifi‐
cantly higher than that in the mild group [3.2 (0.3–8.2)
vs. 2.0 (0.2–8.6) yr, p = 0.003]. The median serum corti‐
sol level in the severe group was significantly higher
than that in the mild group [30.6 (2.0–99.8) μg/dL vs.
24.1 (1.4–65.2) μg/dL, p < 0.001]. In contrast, the
median plasma ACTH level in the severe group was
significantly lower than that in the mild group [6.3
(<2.0–107.0) vs. 11.1 (<2.0–332.0) pg/mL, p = 0.003].
The median plasma CRP, serum ferritin, and U-β2MG
levels in the severe group were significantly higher
than those in the mild group [8.0 (0.0–26.4) vs. 4.9 (0.1–
23.2) mg/dL, 195.3 (37.6–802.8) vs. 126.0 (16.5–536.3)
ng/mL, and 2,393.0 (90.0–102,621.0) vs. 372.0 (0.0–
40,314.0) μg/L, respectively, p < 0.001].
Among the 35 patients with undetectable ACTH, 19

Table 1

patients were classified as mild, whereas 16 patients
were classified as severe. The percentage of the patients
with undetectable ACTH was significantly higher in the
severe group than in the mild group (23.9% vs. 11.5%; p
= 0.026).

Serum cortisol and plasma ACTH levels in the
quartile groups according to the cytokine-induced
protein levels
The patients were stratified into quartile groups (n =
58 per group) according to the levels of plasma CRP
(mg/dL) as follows: Q1, <3.8; Q2, 3.8–6.1; Q3, 6.1–8.9;
and Q4, >8.9. The median serum cortisol levels were sig‐
nificantly higher in Q3 and Q4 than in Q1 [29.2 (4.8–
78.1) and 26.6 (2.0–99.8) vs. 20.0 (1.4–52.2) μg/dL, p <
0.01] (Fig. 1a). The median plasma ACTH level was sig‐
nificantly lower in Q4 than in Q1 [6.3 (<2.0–106.0) vs.
16.9 (<2.0–190.0) pg/mL, p < 0.001] (Fig. 1b).
The patients were stratified into quartile groups (n =
58 per group) according to the serum ferritin levels
(ng/mL) as follows: Q1, <99.1; Q2, 99.1–142.6; Q3,
142.6–195.0; and Q4, >195.0. The median serum cortisol
level in Q4 was significantly higher than that in Q2 [27.4
(6.4–82.7) vs. 21.1 (1.4–78.1) μg/dL, p < 0.01] (Fig. 1c).
The median plasma ACTH level in Q4 was significantly
lower than that in Q3 and Q1 [5.8 (<2.0–89.9) vs. 10.4
(<2.0–247.0) and 21.0 (<2.0–190.0) pg/mL, p < 0.05 and
p < 0.001, respectively], while that in Q2 [8.5 (<2.0–
332.0) pg/mL] was significantly lower than that in Q1 (p
< 0.05) (Fig. 1d).
Further, the patients were stratified into quartile
groups according to the U-β2MG levels (μg/L) as fol‐
lows: Q1, <221.5, n = 43; Q2, 221.5–606.5, n = 42; Q3,
606.5–2,909.3, n = 42; and Q4, >2,909.3, n = 43. The
median serum cortisol level in Q4 [34.6 (15.7–99.8)

Comparisons in terms of severity of Kawasaki disease (n = 232)
Mild (n = 165)

Severe (n = 67)

p value

98:67

33:34

0.158

Age (yr)

2.0 (0.2–8.6)

3.2 (0.3–8.2)

0.003

CRP (mg/dL)

4.9 (0.1–23.2)

8.0 (0.0–26.4)

<0.001

Ferritin (ng/mL)

126.0 (16.5–536.3)

195.3 (37.3–802.8)

<0.001

U-β2MG (μg/L)

372.0 (0.0–40,314.0)a

2,393.0 (90.0–102,621.0)b

<0.001

Cortisol (μg/dL)

24.1 (1.4–65.2)

30.6 (2.0–99.8)

<0.001

ACTH (pg/mL)

11.0 (<2.0–332.0)

6.3 (<2.0–107.0)

0.003

19 (11.5)

16 (23.9)

0.026

Ratio of male to female

undetectable ACTH number (%)

All data are expressed as median (range), except for undetectable ACTH number.
Abbrevations: CRP, C-reactive protein; U-β2MG, urinary β2-microglobulin.
a
n = 117
b
n = 53
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Serum cortisol and plasma ACTH levels in the quartile groups according to the cytokine-induced proteins levels.
(a and b) Plasma CRP, (c and d) serum ferritin, and (e and f) U-β2MG levels. Q1, Q2, Q3, and Q4 represent the first, second, third,
and fourth quartile groups, respectively. The boxes represent the medians and interquartile ranges. The whiskers represent 1.5
times the interquartile range of the data. White dots represent outliers. Data were compared using the Kruskal–Wallis H test
followed by a Dunn’s post hoc for variables. p < 0.05 was considered statistically significant. CRP, C-reactive protein; U-β2MG,
urinary β2-microglobulin.
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μg/dL] was the highest among all groups and showed
statistical significance [vs. Q3: 25.4 (2.0–65.2), p < 0.05;
vs. Q2: 20.6 (8.5–78.1), p < 0.001; and vs. Q4: 21.0 (1.4–
47.6), p < 0.001] (Fig. 1e). There was no significant dif‐
ference in the median plasma ACTH levels between the
four groups [Q1: 12.3 (<2.0–89.9), Q2: 7.7 (<2.0–190.0),
Q3: 6.6 (<2.0–102.0), and Q4: 6.5 (<2.0–90.4) pg/mL, p
= 0.06] (Fig. 1f).

Cytokine-induced proteins and serum cortisol levels
in terms of plasma ACTH levels
The median levels of plasma CRP and serum ferritin
in the patients with undetectable ACTH were signifi‐
cantly higher than those in patients with detectable
ACTH [plasma CRP: 7.6 (0.9–20.6) vs. 5.6 (0.1–26.4)
mg/dL, p = 0.003; and serum ferritin: 156.1 (52.8–536.3)
vs. 140.7 (16.5–802.8) ng/mL, p = 0.044] (Table 2).
There was no significant difference in terms of the
median U-β2MG and serum cortisol levels between the
undetectable ACTH and detectable ACTH groups
[U-β2MG: 1,027.5 (64.0–28,333.0) vs. 549.0 (0.0–
102,621.0) μg/L, p = 0.251; and serum cortisol: 23.8
(1.4–82.7) vs. 26.1 (2.0–99.8) μg/dL, p = 0.225].

Discussion
In patients with KD, we identified ACTH-cortisol dis‐
sociation, i.e., a low median plasma ACTH level in the
presence of a high median serum cortisol level. To the
best of our knowledge, this is the first study reporting
ACTH-cortisol dissociation in patients with systemic
inflammatory diseases. Moreover, our findings suggest
that inflammatory cytokines were involved in ACTHindependent hypercortisolemia in patients with KD. In
the severe group with higher levels of cytokine-induced
proteins than that in the mild group, the median serum
cortisol level was significantly higher, but the median
plasma ACTH level was significantly lower compared
with those in the mild group. The median serum cortisol

Table 2

levels were significantly higher in the high-CRP, highferritin, and high-U-β2MG groups than in the low-CRP,
low-ferritin, and low-U-β2MG groups, respectively. The
median plasma ACTH levels were significantly lower in
the high-CRP and high-ferritin groups than in the lowCRP and low-ferritin groups, respectively.
Boonen et al. have reported that inflammatory cyto‐
kines, including TNF-α and IL-6, are positively corre‐
lated with cortisol production, and that cortisol clearance
is reduced by the suppression of 11β-HSD2 activity,
which catalyzes the conversion of cortisol to inactivated
cortisone in critically ill patients [4]. TNF-α, IL-1, and
IL-6 have been reported to enhance steroidogenesis in
the human adrenocortical cell line NCI-H295R [21-23].
In contrast, TNF-α has been observed to suppress the
activity of 11β-HSD2 in the porcine renal epithelial cell
line LLC-PK1 [24], and the mRNA expression of key
proinflammatory cytokines (TNF-α, IL-1β, and IL-6) has
been shown to be upregulated but that of 11β-HSD2
downregulated in the colon tissue from patients with
inflammatory bowel disease [25]. Therefore, we speculated
that the ACTH-independent hypercortisolemia in patients
with KD was due to the increase in synthesis and secre‐
tion of cortisol and to the reduction in cortisol clearance
by inflammatory cytokines.
The low plasma ACTH levels in patients with KD are
presumed to be caused by the negative feedback inhibi‐
tion of hypercortisolemia. In this study, the plasma
ACTH levels in 15.1% of the patients were less than the
test sensitivity level of 2.0 pg/mL, which are extremely
low compared with the levels reported in previous stu‐
dies on ACTH-cortisol dissociation [4, 26, 27]. The
inflammatory cytokine levels are suggested to be higher
in the undetectable ACTH group than those in the
detectable ACTH group because the levels of the
cytokine-induced proteins in the undetectable ACTH
group were significantly higher than those in the detecta‐
ble ACTH group. Therefore, in patients with KD, it is
the inflammatory cytokines, not the ACTH, that may

Cytokine-induced proteins and serum cortisol levels in terms of plasma ACTH levels
ACTH

p value

undetectable (n = 35)

detectable (n = 197)

7.6 (0.9–20.6)

5.6 (0.1–26.4)

0.003

Ferritin (ng/mL)

156.1 (52.8–536.3)

140.7 (16.5–802.8)

0.044

U–β2MG (μg/L)

1,027.5 (64.0–28,333.0)a

549.0 (0.0–102,621.0)b

0.251

Cortisol (μg/dL)

23.8 (1.4–82.7)

26.1 (2.0–99.8)

0.225

CRP (mg/dL)

All data are expressed as median (range).
Abbrevations: CRP, C-reactive protein; U-β2MG, urinary β2-microglobulin.
a
n = 30
b
n = 140
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have remarkably contributed to synthesis and secretion
of cortisol.
The sustained lack of ACTH secretion in patients with
prolonged critical illnesses has been reported to be
caused by the loss of zonational structure, lipid deple‐
tion, and reduced ACTH-related gene expression, thus
contributing to adrenal insufficiency [28]. The sustained
HPA axis suppression has also been reported in a high
proportion of patients with KD treated with intravenous
immunoglobulin and prednisolone, despite the rather
short treatment duration and relatively small amounts of
administered glucocorticoids [29]. Although we did not
study the chronological changes in the serum cortisol and
plasma ACTH levels after the treatment, the ACTHcortisol dissociation might be associated with prolonged
HPA axis suppression. It is thus necessary to investigate
the HPA axis function after treatment in patients with KD.
Nonetheless, there were several limitations in our
study. First, although the association between the levels
of cytokine-induced proteins and ACTH-cortisol dissoci‐
ation was investigated, the levels of inflammatory cyto‐
kines themselves were not measured. Therefore, a
prospective investigation of the ACTH-cortisol dissocia‐
tion and levels of inflammatory cytokines is needed. Sec‐
ond, comparison of the chronological age and plasma

CRP levels between the mild and severe groups was
biased because these were the headings of the KDseverity scoring. However, the comparison among the
quartile groups and that between the undetectable and
detectable ACTH groups suggested the involvement of
cytokines in ACTH-cortisol dissociation in patients
with KD.
In conclusion, we identified ACTH-cortisol dissocia‐
tion in patients with KD, suggesting that inflammatory
cytokines may be involved in ACTH-independent hyper‐
cortisolemia. However, ACTH-cortisol dissociation in
other systemic inflammatory diseases needs to be inves‐
tigated in future studies.
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