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Chronic kidney disease is a progressive dis-
ease characterized by structural and function-
al changes in the kidney due to various causes,
especially diabetes mellitus and hypertension.
Chronic kidney disease is diagnosed with a glo-
merular filtration rate below 60 mL/min/1.73 m?
for at least 3 months. Chronic renal failure,
which has a prevalence of 11-13% in the gen-
eral population, is divided into 5 stages and
the majority of patients are in stage 1 [1-4].
Many physiological pathways may change as
renal function decreases. For example, there
may be changes in erythropoietin, growth hor-
mone, parathyroid hormone, cortisol, thyroid
hormones or sex hormones. Chronic kidney
disease (CKD) is a recognized public health
problem, with mortality rates exceeding rates
in the general population. The annual mortal-
ity rate for dialysis patients is 21.2% [5]. The
end-stage renal failure stage is the period in
which the glomerular filtration rate is < 14 mL/

* The study was initiated by the authors.

min/1.73 m? and patients are followed closely in
terms of initiation of renal replacement thera-
py. Symptoms and signs such as hypotension,
nausea and dizziness are frequently detected
in patients undergoing hemodialysis as renal
replacement therapy and these symptoms are
also frequently observed in case of adrenal in-
sufficiency [6, 7]. Treatment of adrenal insuf-
ficiency in hemodialysis patients and reduction
or disappearance of these symptoms and signs
will provide an increase in the quality of life of
patients during hemodialysis sessions and in
the interdialytic period.

The adrenal glands are an endocrine organ
consisting of cortex and medulla located at the
upper pole of both kidneys. The cortex secretes
androgens, cortisol, aldosterone and estrogen,
while the medulla secretes dopamine, adrena-
line and noradrenaline. Overactive or underac-
tive adrenal glands cause various symptoms.
A hyperplasia or adenoma of the adrenal glands
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can cause excessive secretion of the hormone
cortisol, while sometimes the adrenal glands
can secrete hormones at low levels or not at all
due to primary or secondary causes. In case of
adrenal insufficiency (AI), symptoms and signs
such as fatigue, diffuse weakness, abdominal,
muscle and joint pains, craving for salty food,
dizziness, nausea-vomiting, decreased appetite,
weight loss, darkening of the skin, low blood
pressure, decreased axillary and pubic hair
growth in the women, and decreased libido
[8, 9].

Hypotension is a frequently observed clini-
cal manifestation in patients with adrenal in-
sufficiency, with a subset presenting with ortho-
static hypotension. In such cases, the underlying
etiology is primarily attributed to sodium and
intravascular volume depletion resulting from
aldosterone deficiency, secondary to impaired

secretion by the zona glomerulosa of the adrenal
cortex. In physiologically intact individuals, hy-
potensive episodes elicit a compensatory adrenal
response aimed at restoring arterial pressure
to homeostatic levels. Conversely, in individuals
with inadequate adrenal reserve, this compen-
satory mechanism is blunted, thereby necessi-
tating pharmacological intervention to achieve
hemodynamic stability. Early identification of
this patient group, followed by appropriate cor-
ticosteroid replacement therapy such as hydro-
cortisone, which exerts both glucocorticoid and
mineralocorticoid effects may lead to significant
improvements in symptom burden, intradialy-
tic blood pressure control, and overall dialysis
adequacy [10].

This study was performed to clarify the
characteristics of adrenal insufficiency in pa-
tients undergoing hemodialysis.

MATERIALS AND METHODS

In this retrospective, single-center study,
patients aged >18 years who received regular he-
modialysis treatment at Karabuk Training and
Research Hospital between January and June
2020 were evaluated. The study was approved
by Karabuk University Non-Interventional
Clinical Research Ethics Committee Decision
No: 2021/562. Written informed consent was
taken from all the participants.

Patients with symptoms such as general fa-
tigue and loss of appetite, unexplained systolic
blood pressure (BP) below 100 mmHg, blood
glucose levels below 70 mg/dL, showing signs of
adrenal insufficiency and sent to the endocrine
outpatient clinic with a pre-diagnosis of pos-
sible AI were included in the study.

Patient demographic data, cortisol levels,
ACTH stimulation test results, BMI, CKD
etiology, Dialysis duration, Current smoker,
Alcohol Use, TSH level, Parathyroid hormone
level, CaxP, Kt/V were obtained from the
electronic database of Karabuk Training and
Research Hospital.

Patients who were evaluated in the endo-
crine clinic were divided into two categories ac-
cording to basal cortisol levels:

High Basal Cortisol Levels (> 15 pg/dL):
The diagnosis of AI was not considered in pa-
tients with cortisol levels > 15 pg/dL. Therefore,
these patients were excluded from the study.

Intermediate Basal Cortisol Levels (5—15 pg/
dL): Patients with cortisol levels of 5—15 pg/dL
were subjected to the low-dose 1 pg ACTH
stimulation test and cortisol levels at 30 and
60 minutes after intravenous (iv) administra-
tion of low-dose 1 pg ACTH. Patients with cor-
tisol levels > 18 pg/dL were excluded from the
study because Al was excluded. Patients corti-
sol levels < 18 pg/dL were considered to have
Al and these patients were included in the
study.

Statistical Analysis. Demographic data were
analyzed according to the distribution of the
data and divided into two as parametric and
non-parametric data.

Parametric data among the groups were
compared with Student T-test and non-para-
metric data were compared with Mann-Whitney
U-test. Chi-square test was used to compare
categorical data between both groups. Which
independent predictor was for adrenal insuf-
ficiency was examined including the data with
significant differences among the groups and
the results close to significance in the multi-
variate logistic regression analysis. IBM SPSS
Software v22 software was used to analysis the
statistical data and as a result of the analyses
values P < 0.05 were considered statistically
significant.
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Table 1
Baseline demographic and clinical characteristics of patients
with and without adrenal insufficiency
Adrenal Insufficiency
Variables P
Yes (n=298) No (n =129)
Gender, n (%)
Female 1(12.5) 52 (40.3) 0.151
Male 7 (87.5) 77 (59.7)
Age (years), median (range) 65 (48-77) 64 (38—86) 0.938
Dialysis duration
(months), median (range) 78 (12-194) 65 (7-240) 0.285
BMI (kg/m?2), median (range) 28.3 (18.2—-37.6) 25.7 (19.3-35.3) 0.139
Ca X P, n (%)
> 55 1(12.5) 30 (23.3) 0.683
<55 7 (87.5) 99 (76.7)
Table 2
Kt/V levels among patients with and without adrenal insufficiency
Adrenal insufficiency
Variables P
Yes (n=8) No (n=129)
Kt/V, n (%)
<12 3 (37.5) 22 (17.1) 0.160
>1.2 5 (62.5) 107 (82.9)
Kt/V, median (range) 1.35 (1.10-1.40) 1.5 (1-2.5) 0.018

RESULTS AND THEIR DISCUSSION

Between January-June 2020, 243 patients
aged >18 years who underwent hemodialysis
treatment in Karabuk Training and Research
Hospital were evaluated. Among these patients,
137 patients who were sent to the endocrine
outpatient clinic with a pre-diagnosis of pos-
sible AT were included in the study. According
to the basal cortisol value, the diagnosis of Al
was excluded in 92 patients and the low-dose
1 pg ACTH stimulation test was performed in
45 patients with suspected Al and 8 of these
patients were diagnosed with Al.

Of the 8 patients diagnosed with AI, the
demographic characteristics of the patients are
presented in Table 1. The mean duration of di-
alysis was 65 (7-240) months (see Table 1).

No statistically significant difference was
found between age, gender, BMI, hemodialysis
duration, Ca X P in the group with and without
Al (P > 0.05) (Table 2).

When the Kt/V value of 1.2 was taken as
the cut off between patients with and without
Al, although the patient ratios between the two
groups were similar, in terms of Kt/V value,

the median Kt/V value was significantly lower
in the group with Al compared to those without
(see Table 2).

The Kt/V value of patients with Al was de-
termined as 1.35 according to ROC analysis
(73 % sensitivity, 69.2% specificity, area 0.749
(95% CI 0.636-0.862). A Kt/V value below 1.35
was found to be an independent predictor for
Al (OR;59.5 95%CI: 1.402-2524, P = 0.033)
(see Table 2).

No statistically significant differences were
observed between patients with and without AI
in terms of thyroid function, smoking or alco-
hol use, CKD etiology, or parathyroid hormone
levels. However, the small sample size in the
Al group may limit the power of these compari-
sons (Table 3).

Adrenal insufficiency commonly presents
with symptoms such as nausea, vomiting, fa-
tigue, weight loss, and hypotension. Although
rare in patients undergoing hemodialysis (HD),
these symptoms may overlap significantly with
those observed in this population, leading to
underdiagnosis of the condition [11].
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Table 3
Thyroid function, lifestyle factors,
and chronic kidney disease etiology in patients
with and without adrenal insufficiency
Adrenal Insufficiency
Variables P
Yes (n=198) No (n =129)
TSH level, n (%)
Upper normal 1(12.5) 13 (10.1) 0.591
Normal 7 (87.5) 115 (89.9)
Current smoker, n (%)
Yes 0 (0) 18 (14) 0.597
No 8 (100) 111 (86)
Alcohol Use, n (%)
Yes 0 (0) 7 (5.4) 1
No 8 (100) 122 (94.6)
CKD etiology, n (%)
HT 0 (0) 11 (8.5) 1
DM 8 (100) 118 (91.5)
Parathyroid hormone
level (pg/mL), median(range) 517 (4-1065) 599 (191-2000) 0.982

Studies evaluating the hypothalamic-pi-
tuitary-adrenal (HPA) axis in CKD remain
limited. In one study, 100 HD patients were
screened. After excluding those receiving cor-
ticosteroid therapy or with morning cortisol
levels > 18 pg/dL, 68 patients were evaluated.
Of these, 17 with symptoms suggestive of Al
and low cortisol levels were further assessed
with corticotropin-releasing hormone (CRH)
and ACTH stimulation tests. Al was ultimately
diagnosed in 7 patients [11].

Another study demonstrated that relying
solely on subjective symptoms, clinical find-
ings, or adrenal imaging is insufficient for
diagnosing Al in HD patients. In this cohort,
a morning serum cortisol cut-off of 8.45 pg/dL
provided the highest sensitivity and specificity
for diagnosis [11].

An autopsy-based study examined 30 ad-
renal glands from 15 HD patients and found
amyloid deposition in 26 glands [12]. Similarly,
B2-microglobulin deposition has been docu-
mented in the myocardium, tendons, and joint
cartilage of long-term HD patients. However,
significant amyloid deposition in adrenal vas-
culature remains rare, and thus, the direct re-
lationship between amyloid accumulation and
adrenal insufficiency remains unclear [13].

Several case reports have described Al in
HD patients, particularly in that undergoing
home dialysis, receiving immunosuppressive

therapy, or presenting with unexplained hypo-
tension [14]. For instance, in 2003, a patient
with hypercalcemia (calcium: 14.9 mg/dL)
and normal PTH and bone turnover markers
was diagnosed with isolated ACTH deficiency.
Cortisol levels normalized following ACTH
stimulation, despite normal pituitary imaging
findings [15].

Another case described Al in a patient
on HD for four years, who developed the con-
dition after fluconazole treatment for pre-
sumed fungal meningitis. This suggests that
Al may be unmasked by drugs that interfere
with cortisol synthesis in susceptible indivi-
duals [16].

In our study, AI was confirmed in 8 of
45 patients who underwent ACTH stimulation
testing. A Kt/V value below 1.35 was found to
be an independent predictor of AI among HD
patients. Based on these findings, we recom-
mend that adrenal function should be evalua-
ted via morning cortisol measurements and dy-
namic testing when necessary in patients with
unexplained hypotension, anorexia, or weight
loss despite adequate dialysis.

This study has several limitations. First,
it is retrospective in nature. However, it may
serve as a basis for future prospective randomi-
zed controlled trials. Second, the low-dose 1 ng
ACTH stimulation test was used to diagnose
Al. Although this test has been shown to be
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more sensitive in some studies, concerns over
dilution accuracy have prevented it from fully
replacing the 250 pg ACTH test [17]. Therefore,
we acknowledge that a 250 pg ACTH test may
be warranted in cases where Al is suspected
but the low-dose 1 pg ACTH stimulation test
yields inconclusive results.

In conclusion, adrenal insufficiency should
be considered in HD patients presenting with
symptoms such as nausea, vomiting, and hy-
potension, especially when dialysis adequacy
is compromised. The Kt/V value may serve as
a practical and independent predictor to guide
further endocrine evaluation.

CONCLUSION

In hemodialysis patients, a Kt/V value be-
low 1.35 should be considered as an indepen-
dent predictor of adrenal insufficiency and the

relationship between Kt/V and adrenal insuf-
ficiency should be clarified with studies includ-
ing a larger number of patients.
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Background. Adrenal insufficiency causes nonspecific symptoms such as general fatigue, signs such as
hypotension, and abnormalities such as hypoglycemia and leads to a poor prognosis. However, all these are also
observed in hemodialysis (HD) patients without adrenal insufficiency. This study aims to investigate the preva-
lence and clinical characteristics of adrenal insufficiency in patients undergoing hemodialysis due to end-stage
kidney failure.

Aims. This study was performed to clarify the characteristics of adrenal insufficiency in hemodialysis patients.

Methods. Between January-June 2020, 243 patients aged > 18 years who underwent hemodialysis treat-
ment in Karabuk Training and Research Hospital were evaluated. Among these patients, 137 patients who were
sent to the endocrine outpatient clinic with a pre-diagnosis of possible adrenal insufficiency were included in the
study. Based on baseline cortisol levels and results of the low-dose 1 ng ACTH stimulation test, patients were
categorized as having or not having adrenal insufficiency. Parametric data among the groups were compared
with Student T-test and non-parametric data were compared with Mann-Whitney U-test. Chi-square test was
used to compare categorical data between both groups. Multivariate logistic regression analysis was also used.

Results. Eight HD patients were diagnosed with adrenal insufficiency. There was no significant difference
between groups in age, gender, BMI, dialysis duration, or Ca x P. However, patients with adrenal insufficiency
had significantly lower Kt/V values (median 1.35 vs. 1.5, p = 0.018). A Kt/V value below 1.35 can be considered
an independent predictor of adrenal insufficiency (OR: 59.5, 95% CI: 1.402—2524, p = 0.033).

Conclusions. Adrenal insufficiency should be considered in hemodialysis patients presenting with non-
specific symptoms such as nausea, vomiting, hypotension, and fatigue. A Kt/V value below 1.35 may serve as an
independent predictor of adrenal insufficiency in this population.

Keywords: adrenal insufficiency, cortisol, end-stage kidney failure, hemodialysis.
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HemocrarHicTs HAJHUPKOBUX 32J103 BUKJINKAE HeCHEIIM(pIUHI CUMIITOMY, TAK]l IK 3arajibHa BTOMA, TaKl
03HAKMH, K I'II0TEH31sd, 1 TAK]l BIIXUJIEHHS, AK TIONIIKeMisd, 1 IPU3BOIUTH JI0 ITIOraHOoro mporuo3dy. Ilpore Bce
11e TAKOJK CIIOCTePIraeThCsa y XBOPUX HA reMoiairiai 6e3 HagHupKoBoi HepocTaTHocTl. Le mocaigsxenns cps-
MOBAaHE HAa BUBYEHHS IIOMIMPEHOCT] Ta KJIIHIYHUX XapaKTePUCTUK HAJHUPKOBOI HEJOCTATHOCTI y MAI[I€HTIB,
SIK1 IPOXOATH I'eMo/IiaJIi3 Yepes3 TepMIiHAaIbHY CTa 1110 HUPKOBOI HEIOCTATHOCTI.

Jlocmimsxenus 6yJ0 IPoOBeIeHO 3 METOI0 YTOYHEHHS 0COOJIMBOCTEH HAJHUPKOBOI HEIOCTATHOCT1 Y XBOPUX
Ha reMojiaJiai.

Marepianu Ta meroau. Y mepion 3 ciuaa 1mo dyepBenb 2020 pory OyJio omiHeHo 243 mallieHTIB BIKOM
> 18 poKiB, AKI IIPOXOAUJIN JIIKYBAHHS I'eMOI1a/I130M Y HaBYaJIbHO-Tocaiauii dikapai Karabuk. Cepen mux
HAIIEHTIB Y JOCHIsKeHHs 0yJi0 BKIOYeHo 137 malfleHTiB, Skl OyJiv HAIIpaBJieH]l B €HIOKPUHOJOTIUHUH JTUC-
maHcep 3 IoImepeHIM J1arHO30M MOKJINBOI HAJTHUPKOBOI HemoctaTtHocTi. Ha mimcTaBi 6a30BOro piBHS KOPTH-
30JIy Ta pea3yabTaTiB HU3bK0I030BOr0 TecTy Ha cruMysaiio 3 1 Mmxr AKTI mamienTu Oyinu kiaacudikoBaHil Sk
Takl, 0 ManTh a60 He MalTh HAJHUPKOBOI HegocTaTHOCTi. [lapamMeTprynil maHi Misk rpyIliaMu IIOPIBHIOBA KA
3a gormomoromn t-kpurepio CThOIEHTa, a HellapaMeTpUyHl gaHl — 3a momomoron U-kputepio Manua-BiTHi.
Jlyst mopiBHSAHHSA KaTeropiaJbHHUX JaHUX MIK 000Ma IrpylnaMu BUKOPHUCTOBYBAJIM KPUTEpid Xi-KBajIpar.
Takomx BUKOpHCTOBYBaJIX 0AraTOBUMIPHUI JIOTICTUYHUN perpeciiHuil aHa ia.

PesynbpraTu. ¥ BocbMH marieHTiB Ha reMoaiasiial J1arHOCTOBAHO HATHUPKOBY HemocrtaTHicThb. He Gyo
1CTOTHOI PI3HUII MK IpyraMmu 3a BikoMm, crarTio, IMT, rpuBasicrio miamidy abo mokasuukxom CaxP.

[IpoTe mamieHTH 3 HATHUPKOBOK HEIOCTATHICTIO MAaJHW 3HAYHO HHKYl 3HadeHHa Kt/V (memiama 1,35
nporu 1,5, p = 0,018). Buauenna Kt/V auskue 1,35 MoskHA BBaKaTH He3aIeKHUM IPEIUKTOPOM HaJHUPKOBOL
menocraruocti (OR: 59,5, 95% J1: 1,402-2524, p = 0,033).

Bucuogkwu. V marienTis Ha reMoiasiiai, skl MalTh HeCIIeI[u(IYHI CHMITOMY, TAK] IK Hy0Ta, OJII0BAHHS,
apTepiaJibHA MiIOTEeH31s TA BTOMJIIOBAHICTD, CJI1J] BPAXOBYBATH HEJOCTATHICTh HAJHUPKOBHUX 3aJ103. SHAUYEHHSI
Kt/V suskdae 1,35 Moske CIIYy AT He3aJ€KHUM MPEIUKTOPOM HATHUPKOBOI HEJIOCTATHOCTI B I[1H IOMTYJIATIIT.

KnrouoBi cmoBa: HagHUPKOBA HEJOCTATHICTH, KOPTU30J, TEPMIHAJIBHA CTAJIisT HUPKOBOI HEIOCTAT-
HOCTI, TeMOoI1aJIi3.
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