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Abstract
Context  Cushing syndrome (CS) is associated with different hematological abnormalities. Nevertheless, conflicting data 
about erythropoiesis in CS have been reported. Furthermore, it is unclear whether CS sex and subtype-specific alterations 
in red blood cells (RBC) parameters are present.
Objective  To investigate sex and subtype-specific changes in RBC in patients with CS at initial diagnosis and after remission.
Design  Retrospective, monocentric study including 210 patients with CS (women, n = 162) matched 1:1 for sex and age to 
patients with pituitary microadenomas or adrenal incidentalomas (both hormonally inactive). RBC parameters were evalu-
ated at initial diagnosis and after remission.
Results  Women with CS had higher hematocrit (median 42.2 vs 39.7%), hemoglobin (14.1 vs 13.4 g/dl) and mean corpus-
cular volume (MCV) (91.2 vs 87.9 fl) compared to the controls (all p < 0.0001). Women with Cushing disease (CD) showed 
higher hematocrit, RBC and hemoglobin levels than those with ectopic Cushing (ECS) (all p < 0.005). Men with CS had 
lower hematocrit (42.9 vs 44.7%), RBC count (4.8 vs 5.1n*106/µl) and hemoglobin (14.2 vs 15.4 g/dl), but higher MCV (90.8 
vs 87.5 fl) than controls (all p < 0.05). In men with CS, no subtype-specific differences were identified. Three months after 
remission hemoglobin decreased in both sexes.
Conclusion  CS is characterized by sexual and subtype-specific differences in RBC parameters. Compared to controls, 
women with CS showed higher hematocrit/hemoglobin levels, whereas men had lower hematocrit/hemoglobin, which fur-
ther decreased directly after remission. Therefore, anemia should be considered as complication of CS in men. In women, 
differences in RBC parameters may help to differentiate CD from ECS.

Keywords  Anemia · Glucocorticoid excess · Hemoglobin · Hypercortisolism · Hypogonadisms · Major cardiovascular 
event · Menstrual cycle · Red blood cells · Sex

Introduction

Endogenous Cushing syndrome (CS) is a rare condition 
resulting from an adrenocorticotropin (ACTH)-dependent 
or ACTH-independent hypercortisolemia. Apart from well-
known clinical features such as hypertension, osteoporosis, 
and muscle atrophy [1], glucocorticoid excess is associated 
to hematological alterations like neutrophilia, lymphopenia 
and eosinopenia [2].

Although it is known that glucocorticoids play in vitro 
and in vivo an important role in stimulating erythropoie-
sis [3–5] and that patients with adrenal insufficiency are 
characterized by normocytic normochromic anemia [6], 
only few studies on erythropoiesis in CS patients have 
been performed [5, 7]. In a recent study, high numbers of 
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erythrocytes were identified in patients with overt CS [5], 
and in two reports polycythemia has been described as one 
of the first manifestations of CS [8, 9]. On the contrary, an 
Italian study evaluating a cohort of 80 patients with active 
Cushing disease (CD), reported anemia and low numbers of 
red blood cells (RBC) in men, while women did not show 
any relevant alterations [7].

For these reasons, it is currently unclear whether and what 
alterations in RBC parameters develop in a sex-dependent 
manner. Furthermore, since the studies on erythropoiesis 
and CS have been performed on CD patients, it remains 
unknown if there are some CS subtype specific differences. 
Finally, it is not clear if and eventually how fast the RBC 
parameters normalize after recovery from CS.

The aim of our study was to investigate RBC parameters 
in a large cohort of patients with CS, evaluating potential 
subtype-specific and sex-dependent discrepancies, in com-
parison with matched patients diagnosed with a hormonally 
inactive pituitary microadenomas (without any pituitary 
insufficiency) or hormonally inactive adrenal incidentalo-
mas. Furthermore, the reversibility of RBC changes after 
surgical remission were evaluated during follow-up at dif-
ferent time points.

Subjects and methods

Study design and population

A retrospective study in patients with endogenous CS who 
were treated at the Division of Endocrinology and Diabetes 
of the University Hospital Würzburg between January 2000 
and June 2022 was performed. Patients were identified via 
chart review and matched 1:1 according to age and sex to 
patients with hormonally inactive pituitary microadenomas 
(without pituitary insufficiency) or endocrine inactive adren-
ocortical incidentalomas, who served as control group. Diag-
nosis of ACTH-dependent CS (including Cushing disease, 
CD and ectopic CS, ECS) and ACTH-independent CS (due 
to cortisol-producing adrenocortical adenomas, CPA and 
carcinomas, ACC) was made according to established diag-
nostic criteria [10, 11]. In the control group, cortisol hyper-
secretion was excluded following the diagnostic algorithm 
suggested by the current guidelines [11, 12]. Particularly, in 
patients with adrenal incidentaloma also mild autonomous 
cortisol secretion was excluded (e.g. 1 mg dexamethasone 
suppression test, DST, below 1.8 µg/dl, urinary free cortisol 
between 8 and 70 µg/24 h, and late night salivary cortisol 
between 0 and 0.15 µg/dl) [12].

All patients with RBC count parameters at the time of 
the initial diagnosis of CS were considered eligible. Patients 
were excluded if one of the following conditions was pre-
sent in a time interval of 4 weeks before blood sampling: 

(i) supplementation with iron, vitamin B12, and/or folate, 
(ii) piles or gastric ulcera, (iii) overt hypothyroidism, (iv) 
hematological or malignant diseases (except if they were 
causative for the CS), (v) renal disease, and (vi) administra-
tion of chemotherapy.

The analysis of RBC parameters in CS patients included 
4 time points: at initial diagnosis and during the follow-up 
at 3, 12, and ≥ 24 months after biochemical remission (only 
considered as surgical removal of the causative tumor). At 
time of diagnosis, patients were also stratified based on the 
duration of the disease, considered as the time between the 
beginning of symptoms typical of CS (including hyperten-
sion, hyperglycemia, muscle atrophy, weight gain and cen-
tripetal obesity, hypokalemia) and CS subtype. Patients were 
then divided in short or long exposure of cortisol excess 
using the median time of the duration of the disease as cut-
off. For the post-operative follow-up analysis, patients with 
supra-physiological doses of glucocorticoid replacement 
therapy (i.e., > 30 mg hydrocortisone-equivalent per day), 
incomplete recovery from CS (as outlined by pathological 
biochemical tests), and/or cytotoxic treatment (e.g. mitotane 
or chemotherapy) were excluded.

Due to the well-known effects of menstrual cycle and 
testosterone levels on erythropoiesis and RBC parameters, 
these possible confounders were also analyzed at the time 
of diagnosis of CS. According to menstrual cycle, female 
patients were stratified into four groups: (i) normal menstrual 
cycle (with and without contraceptives), (ii) oligomenorrhea 
(defined as a menstrual cycle of either less than 24 days or 
more than 39 days), (iii) amenorrhea (iv) menopause. Male 
patients were sorted according to gonadal function at the 
time of the diagnosis of CS: (i) age-specific normal levels 
of gonadotropins and total testosterone, (ii) low levels of 
gonadotropins and total testosterone [13].

All patients provided written informed consent to at least 
one of two disease-specific clinical registries (European Net-
work for the Study of Adrenal Tumors, ENSAT, registry 
and/or Network of Excellence for Neuroendocrine Tumors, 
NeoExNET, Registry). Both registries were approved by the 
local Ethics Committee of the University Hospital Würzburg 
(88/11 for the ENSAT registry and 85/12 for the NeoExNET 
registry).

Hormonal analysis

The hormonal analyses were performed with commercially 
available analytical procedures: the Immulite system (Sie-
mens) for plasma ACTH and serum cortisol, a manual lumi-
nescence immunoassay (IBL) for the evaluation of salivary 
cortisol, and a manual radioimmunoassay (Immuntech) for 
the analysis of 24 h-urinary free cortisol (UFC), as previ-
ously reported [2, 14].
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Red blood cells analysis

Analysis of the RBC parameters, including hematocrit 
(HCT), RBC count, mean corpuscular volume (MCV), 
hemoglobin (Hb), mean corpuscular Hb (MCH), and mean 
corpuscular Hb concentration (MCHC), was performed with 
GenS Beckman (until 2009), Sysmex XE-2100 (from 2009 
until 2017), and Sysmex XN-9000 (from 2017 onwards). 
The analytical systems did not differ significantly in terms 
of measurement results and reference values.

Statistical analysis

Categorical variables are expressed as numbers with per-
centage and were compared with the Chi-square (χ2) test. 
Continuous variables were tested for Gaussian distribu-
tion with the Shapiro–Wilk test. Normally distributed data 
are presented as mean and standard deviation (SD), while 
not-normally distributed data are shown as median and 
interquartile range (IQR). Parametric and non-parametric 
data were analyzed with Student’s T-tests or ANOVA fol-
lowed by Tukey post-hoc test or Mann–Whitney U test 
or Kruskal–Wallis test followed by Dunn’s post-hoc test, 
respectively, and reported as mean ± standard deviation. 
Correlation (r) between continuous variables was deter-
mined by Pearson’s or Spearman´s correlation coefficient for 
normally or not normally distributed variables, respectively. 
For the multivariate regression analysis, the Bonferroni cor-
rection was used. To identify the change in RBC parameters 
after biochemical remission, mean delta change (evalu-
ated in percentage) from baseline was calculated. For this 
analysis, only individuals with RBC parameters available at 
baseline and at follow-up were included. A p-value < 0.05 
was considered statistically significant. Statistical analysis 
was performed with SPSS version 26 (IBM Corporation, 

Armonk, NY, USA) and GraphPad Prism version 8 (Graph-
Pad Software, San Diego, CA, USA).

Results

Characteristics of the study population

218 patients with endogenous CS were identified. Among 
these, 8 patients (including 7 women; 5 with CD and each 1 
with ECS, CPA, and ACC) were excluded because of sup-
plementation with vitamin B12 (n = 3), iron (n = 2), folate 
(n = 1) or biochemical evidence of overt hypo- or hyperthy-
roidism (n = 2) at the time of the initial diagnosis. Hence, the 
final study population comprised 210 patients [CD, n = 85 
(40%); ECS, n = 31 (15%); CPA, n = 46 (22%); ACC, n = 48 
(23%)]. Clinical characteristics of the study population are 
summarized in Table 1.

These 210 patients were matched according to sex and 
age with 117 patients with hormonally inactive pituitary 
adenomas (without hormonally deficiency) and 93 hormo-
nally inactive adrenal incidentalomas. Median BMI was 
similar between CS patients and controls (29.0 vs 28.0 kg/
m2, p = 0.18).

Characteristics of the female population 
with Cushing syndrome

The female population with CS included 162 patients (CD, 
n = 66 (41%); ECS, n = 20 (12%); CPA, n = 40 (25%); ACC, 
n = 36 (22%)).

A significant, but weak positive correlation between both 
24 h-UFC and serum cortisol after 1 mg- DST with MCV 
(24 h-UFC: r = 0.234, 1 mg-DST: 0.229 both p < 0.05) and 
MCH (24 h-UFC: r = 0.241, 1-DST: 0.236, both p < 0.05) 

Table 1   Clinical characteristics 
of the study population with 
Cushing syndrome at baseline

ACTH, adrenocorticotropic hormone; BMI, body mass index; DST, dexamethasone suppression test; IQR, 
inter quartile range; n.s., p value not statistically significant; SD, standard deviation

Women (n = 162) Men (n = 48) p-value

General characteristics
 Age at initial diagnosis of CS (years) [mean, (SD)] 49 (15) 48 (13) n.s
 BMI (kg/m2) [median, (IQR)] 29.4 (9.5) 28.7 (5.8) 0.037

Subtype of Cushing syndrome
 Cushing´s disease (%) 66 (41%) 19 (40%) n.s
 Ectopic Cushing´s syndrome (%) 20 (12%) 11 (23%) n.s
 Cortisol-producing adrenal adenoma (%) 40 (25%) 6 (12%) n.s
 Adrenocortical carcinoma (%) 36 (22%) 12 (25%) n.s

Biochemical analysis
 Serum cortisol after 1-mg DST (µg/dl) [median, (IQR)] 17.4 (14.0) 19.3 (17.8) n.s
 24 h-urinary free cortisol (µg/d) [median, (IQR)] 255.7 (394.4) 297.5 (595.3) n.s
 Late-night salivary cortisol (µg/dl) [median, (IQR)] 0.6 (0.7) 0.9 (2.0) n.s
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was identified (Fig. 1.A). No further correlations between 
24 h-UFC, serum cortisol after 1 mg-DST, and other RBC 
parameters were found.

The menstrual cycle status at the time of blood sampling 
was known in 148 of 162 female patients (91%). 57 patients 
reported a normal menstrual cycle or took contraceptive at 
that time; the reminders reported oligomenorrhea (n = 26) 
and amenorrhea (n = 9) or were in the menopause (n = 56). 
As shown in Supplemental Fig. 1A, postmenopausal women 
had significant lower RBC counts compared to those with 
normal menstrual cycle, oligomenorrhea, and amenorrhea 
(median 4.5 vs 4.8 vs 4.9 vs 4.8 n*106/µl, all p < 0.05). No 
differences were observed in the other evaluated parameters 
(Supplemental Fig. 1A).

Women with CS were matched with 162 women of the 
control group. CS patients showed higher HCT (median 42.2 
vs 39.7%, p < 0.0001), Hb (14.1 vs 13.4 g/dl, p < 0.0001), 
MCV (91.2 vs 87.9 fl, p < 0.0001), MCH (30.6 vs 29.8 pg, 
p < 0.0001) compared to controls (Table 2).

After exclusion of patients with ACC and aggressive 
neuroendocrine neoplasms, 115 female patients with 
CS remained. In this subgroup, we observed the same 

differences to the control group as above mentioned, with 
the exception of RBC count, which was higher in CS than 
in controls (Table 3).

Slightly more CS patients than controls were under anti-
coagulants (12 vs 5, p = 0.13) and under antiplatelets drugs 
(12 vs 7, p = 0.34).

Twenty-four CS patients experienced a major cardiovas-
cular event within 6 months from diagnosis (Supplemental 
Table 1). Among these, 2 (8.3%) women had a supraphysi-
ological HCT at diagnosis of CS, both suffering from ACC 
and deep vein thrombosis (Supplemental Table 1).

To identify if there was a change in RBC parameters 
related to the duration of hypercortisolism, the interval 
from appearance of typical CS symptoms until diagno-
sis of CS was considered. Information about the time of 
emerging of CS symptoms was available in 94 women. Of 
those, median time from first symptoms until diagnosis of 
CS was 12 months. Using the median as a reference, no 
difference in RBC parameters was observed in patients 
with a time to diagnosis of maximum 12  months and 
patients with longer exposure to hypercortisolism (Sup-
plemental Fig. 2A.)

Fig. 1   Correlation between 24-urinary free cortisol levels and red 
blood cells parameters in females (A) and males (B) at the time of 
diagnosis of Cushing syndrome. A Significant positive correlation 
between 24-urinary free cortisol levels and mean corpuscular volume 
as well as mean corpuscular hemoglobin in females with Cushing 

syndrome. B Significant negative correlation between 24-urinary free 
cortisol levels and hematocrit, red blood cells count, and hemoglobin 
in males with Cushing syndrome. Correlation (r) was determined by 
Spearman´s correlation. A p-value < 0.05 was considered statistically 
significant
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Characteristics of the male population 
with Cushing´s syndrome

The male population comprised 48 patients (CD, n = 19 
(40%); ECS, n = 11 (23%); CPA, n = 6 (12%); ACC, n = 12 
(25%)).

A significant, but weak correlation between 24 h-UFC 
and HCT (r = -0.426, p = 0.01), RBC count (r = -0.477, 
p = 0.004) and Hb (r = -0.347, p = 0.038) was identified 
(Fig. 1.B). Results of the 1 mg-DST were available in 33 
out of 48 patients (69%) and did nor correlate with any of 
the RBC parameters.

Testosterone levels were available in 34 patients 
(71%). Of note, none of the patients was under testoster-
one replacement therapy at the time of the RBC count. 
14 patients had a normal age-adjusted testosterone level 
at baseline, while 20 had a biochemical evidence of 

secondary hypogonadism. The latter patients had sig-
nificantly lower HCT (median 40.8 vs 44.2%, p = 0.036) 
and Hb (13.1 vs 15.0 g/dl, p = 0.047) levels compared to 
those with normal testosterone (Supplemental Fig. 1B). 
Considering these results and because of the already 
reported effects of testosterone on RBC parameters [15, 
16], a multivariate regression analysis evaluating the 
impact of 24 h-UFC and testosterone on RBC parameters 
was performed. The multivariate regression confirmed a 
significant impact of 24 h-UFC and testosterone on HCT 
(r = 0.565, p = 0.012) and Hb (r = 0.488, p = 0.05), while 
a tendency was observed for the RBC count (r = 0.480, 
p = 0.06).

Compared to the control group, male CS patients showed 
significant lower levels of HCT (median 42.9 vs 44.7%, 
p = 0.027), RBC count (4.8 vs 5.1 n*106/µl, p = 0.001), Hb 
(14.2 vs 15.4 g/dl, p = 0.001), and MCHC (33.6 vs 34.6 g/

Table 2   Comparison between patients with endogenous Cushing syndrome and controls (matched by sex and age)

Controls were derived from a patient population with both non-secreting pituitary microadenomas or adrenal incidentalomas. Data are shown as 
median (interquartile range)
CS, Cushing syndrome; IQR, interquartile range; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; 
MCV, mean corpuscular volume; n.s., p value not statistically significant

Women Men

CS patients (n = 162) Controls (n = 162) p-value CS patients (n = 48) Controls (n = 48) p-value

Hematocrit, % 42.2 (5.5) 39.7 (3.7)  < 0.0001 42.9 (7.3) 44.7 (4.1) 0.027
Red blood cell 

count, n*106/µl
4.6 (0.6) 4.5 (0.5) n.s 4.8 (0.8) 5.1 (0.5) 0.001

Hemoglobin, g/dl 14.1 (1.7) 13.4 (1.2)  < 0.0001 14.2 (2.6) 15.4 (1.4) 0.001
MCV, fl 91.2 (8.0) 87.9 (5.1)  < 0.0001 90.8 (6.5) 87.5 (5.4)  < 0.0001
MCH, pg 30.6 (2.8) 29.8 (2.0)  < 0.0001 31.1 (3.2) 30.0 (2.0) 0.020
MCHC, g/dl 33.5 (1.3) 33.9 (1.1) n.s 33.6 (1.8) 34.6 (1.0)  < 0.0001

Table 3   Case–control analysis between patients with endogenous Cushing syndrome without ACC and aggressive neuroendocrine neoplasms, 
and those with both non-secreting pituitary microadenomas and adrenal incidentalomas (matched by sex and age)

Data are shown as median (interquartile range)
Controls were derived from a patient population with both non-secreting pituitary microadenomas or adrenal incidentalomas. Data are shown as 
median (interquartile range)
CS, Cushing syndrome; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; MCV, mean corpuscular 
volume; n.s., p value not statistically significant

Women Men

CS patients (n = 115)  Controls (n = 115)  p-value CS patients (n = 32)  Controls (n = 32) p-value

Hematocrit, % 43.0 (4.2) 39.7 (3.5)  < 0.0001 44.1 (5.8) 45.3 (4.0) 0.007
Red blood cell 

count, n*106/µl
4.7 (0.5) 4.5 (0.5) 0.008 4.8 (0.5) 5.1 (0.4) 0.001

Hemoglobin, g/dl 14.3 (1.5) 13.4 (1.3)  < 0.0001 14.9 (2.3) 15.6 (1.0)  < 0.0001
MCV, fl 92.1 (7.8) 87.5 (5.0)  < 0.0001 89.8 (6.2) 87.6 (5.6) 0.004
MCH, pg 30.7 (2.6) 29.7 (2.0)  < 0.0001 30.4 (3.2) 30.0 (1.0) n.s
MCHC, g/dl 33.5 (1.3) 34.0 (1.2) 0.055 33.6 (1.8) 34.0 (1.0) 0.008
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dl, p < 0.0001), but higher levels of MCV (90.8 vs 87.5 fl, 
p < 0.0001) and MCH (31.1 vs 30.0, p = 0.020 pg) (Table 2). 
Comparable alterations were identified if ACC and aggres-
sive neuroendocrine neoplasms were excluded. The only 
exception were the levels of MCH, which were similar in 
patients and control groups (Table 3).

Slightly more CS patients than controls were under anti-
coagulants (5 vs 2, p = 0.43) and under antiplatelets drugs (7 
vs 5, p = 0.76). Major cardiovascular events were observed 
in 9 CS patients within 6 months from initial diagnosis. Of 
note, none of them had a supraphysiological HCT at CS 
diagnosis (Supplemental Table 1). Twenty out of 48 patients 
(42%) with CS (5 CD, 5 ECS, 1 CPA, 9 ACC) had Hb levels 
lower than the age-adjusted normal range. Excluding ACC 
and aggressive neuroendocrine neoplasms, 11 of 32 patients 
(34%) had low Hb levels.

Information about the duration of cortisol excess before 
the diagnosis of CS was available in 33 men. As for the 
women, median time from first symptoms until diagnosis of 
CS was 12 months. Also for the men with CS, no difference 
in terms of RBC parameters according to the short and long 
exposure of hypercortisolism was observed (Supplemental 
Fig. 2B).

Cushing syndrome subtype specific analysis

Cushing syndrome subtype specific analysis in the female 
population

The RBC parameters were analyzed not only according to 
sex, but also according to the different CS subtypes (Fig. 2). 
Among female patients with ACTH-dependent CS, those 
with CD had higher HCT (median 43.3 vs 36.1%), RBC 
count (4.8 vs 4.0 n*106/µl), and Hb (14.3 vs 12.2 g/dl) than 
those with ECS (p < 0.0005 in all cases). No statistical 
difference between CD and ECS was identified for MCV, 
MCH, and MCHC. The ACTH-independent CS subtypes 
did not differ in any of the RBC parameter. Considering 
only the 115 patients without ACC and aggressive neuroen-
docrine neoplasms (66 CD, 9 ECS, 40 CPA), HCT (38.7%), 
Hb (13 g/dl), and RBC (4.2 n*106/µl) increased in ECS, 

but all three were still significantly lower than in their CD 
counterparty (always p < 0.005).

The mean and reference values of RBC parameters 
(according to the mean age of each CS subtype) for the RBC 
parameters is reported in Supplemental Table 2. The number 
of CS women with pathological RBC parameters, divided by 
CS subtype, is reported in the Supplemental Table 3.

Cushing syndrome subtype specific analysis in the male 
population

Both the analysis of the different RBC parameters in ACTH-
dependent and ACTH-independent CS subtypes (Fig. 3) and 
the analysis of the 32 CS patients without ACC and aggres-
sive neuroendocrine neoplasms (19 CD, 7 ECS and 6 CPA) 
did not reveal any significant difference among the groups.

Compared to women with CS, men with CS had a higher 
proportion of pathological levels for HCT, RBC count and 
Hb (Supplemental Table 3).

Changes in red blood cells parameters 
after remission from Cushing syndrome

Red blood cells parameters changes in the female 
population after remission from Cushing syndrome

24 patients were excluded from the follow-up analysis due to 
supplementation with iron, vitamin B12 or folate after sur-
gery. Follow-up data at 3, 12, and ≥ 24 months after remis-
sion were available from 75, 63, and 52 female patients with 
CS in remission.

At 3 months after surgery, a decrease in HCT (-7.5%), 
RBC count (-4.3%), Hb (-8.3%), and MCV (-3.7%) was 
identified (Fig. 4.A), and this pattern persisted until the 
last follow-up (Fig. 3.A). While the change in HCT and Hb 
was more pronounced during the first three months from 
remission, MCV levels progressively decreased over time 
(− 3.7%, − 5.7%, and − 5.8% at 3, 12 and ≥ 24 months, 
respectively). On the contrary, after a first decrease of RBC 
count at 3 months from remission, it increased again up 
to reach levels similar to baseline (+ 0.5% at 12 months 
and + 0.4% at ≥ 24 months compared to baseline).

During follow-up no differences in terms of RBC param-
eters were observed when the different surgical treatments 
(e.g. pituitary adenomectomy, pulmonary lobectomy, adre-
nalectomy) were compared.

Red blood cells parameters changes in the male population 
after remission from Cushing syndrome

For the follow-up analyses 2 patients were excluded due 
to intake of vitamin B12 and due to newly diagnosed 
hypothyroidism. Accordingly, follow-up data at 3, 12, 

Fig. 2   Evaluation of red blood cells parameter in females according 
to the different subtypes of Cushing syndrome. Among the adreno-
corticotropic (ACTH)-dependent (ACTH-dep.) Cushing’s syndrome 
(CS) subtypes, female patients with Cushing disease (CD) presented 
significantly higher hematocrit, red blood cell count, and hemoglobin 
compared to those with ectopic Cushing syndrome (ECS). No differ-
ence was identified for mean corpuscular volume, mean corpuscular 
hemoglobin, and mean corpuscular hemoglobin concentration. The 
ACTH-independent (ACTH-indep.) CS subtypes (including cortisol 
producing adenoma, CPA, and adrenocortical carcinoma, ACC) did 
not differ in any RBC parameters. p value format: ***p < 0.001; n.s., 
p not statistically significant

◂
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and ≥ 24 months were available for 23, 17, and 14 male 
patients with CS in remission.

HCT, RBC count, Hb, and MCV decreased in the first 
3 months from CS remission (− 8.3%, − 5.8%, − 9.3% and 
− 3.1%, respectively, Fig. 4.B). Except for MCV, which  
decreased at every time point, all parameters increased 
by the end of the follow-up. Particularly, the increase of 
HCT was more pronounced at ≥ 24 months (+ 4.5% from 
baseline), whereas the increase of RBC count (+ 4.9% at 
12 months and + 4.5% at ≥ 24 months) and Hb (+ 2.7% at 
12 months and + 3.8% at ≥ 24) was constant over the time. 
As for females with CS, there were no statistical differences 
in terms RBC parameters related to any surgical treatment.

Discussion

Our large and comprehensive monocentric study on the asso-
ciation of glucocorticoid excess and RBC in 210 patients 
with CS shed light on a topic that was largely neglected in 
the past and, due to conflicting data, not well understood. We 
describe a relevant sexual dimorphism characterized by an 
increase in HCT and Hb in women with CS, whereas men 
with CS showed lower HCT and Hb levels. Furthermore, we 
performed for the first time a CS subtype specific analysis 
of the erythropoiesis and identified significant differences in 
RBC parameters between the ACTH-dependent forms of CS.

Considering that sex-specific discrepancies are increas-
ingly reported in the context of hypercortisolism and CS [7, 
17–20] and that CS subtype specific changes in RBC are 
unknown, the primary aims of this study were to analyze 
changes in RBC parameters in an heterogenous cohort of 
CS patients, particularly focusing on sex- and CS subtype-
specific differences.

Generally, glucocorticoids are known to stimulate eryth-
ropoiesis, thereby increasing the number of RBC [3, 5, 21]. 
Concordantly, a recent analysis performed on 13 patients 
with CD revealed an increase in HCT due to cortisol-induced 
erythrocytosis [5]. Nevertheless, the largest study on eryth-
ropoiesis and CS (where only patients with CD were taken 
into account) did not report an increase in Hb and HCT [7].

In our current analysis, an increase in HCT was identi-
fied only in women with overt CS. These results are in line 
with previous data [5] and explain why glucocorticoids rep-
resent a therapeutic option in certain types of anemia [22, 
23]. Considering that high HCT is associated to an elevated 

risk of cardiovascular events [24], also typical of CS [1], we 
analyzed the HCT of patients with history of cardiovascular 
episodes. Despite being higher than in controls, the median 
HCT levels measured in CS women did not exceed the nor-
mal range, questioning the contribution of HCT to major 
cardiovascular events in this patient population. Accord-
ingly, only 2 women with history of cardiovascular events 
had supraphysiological HCT levels (both slightly over 48%). 
These two patients had a malignant adrenocortical tumor, 
which could per se increase the risk of venous thromboem-
bolism [25, 26]. Moreover, none of the male CS patients 
with a positive history of cardiovascular events had supra-
physiological HCT levels at CS diagnosis.

We also observed that females with ECS had lower HCT, 
RBC, and Hb than those with CD. One explanation might 
be the presence of malignant disorders in the ECS popula-
tion. For instance, 5 out of 18 ECS patients had Hb levels 
below 12 g/dl along with an ectopic ACTH-secretion due 
to aggressive malignant neuroendocrine neoplasm (2 small 
cell lung cancers, 2 high grade neuroendocrine neoplasms 
of the pancreas and 1 atypical pulmonary carcinoid); all of 
them died within three years from the initial diagnosis of 
CS. Similarly, 5 ACC patients with Hb levels below 12 g/dl 
had metastatic disease already at the time of initial diagnosis 
and died within the first 2 years. This is in line with former 
publications where lower HCT and Hb in neuroendocrine 
neoplasms [27] and anemia in cancer patients [28, 29] were 
described as predictors of poor prognosis.

Nevertheless, if the aggressive neuroendocrine neoplasms 
were excluded from the analysis, “non-aggressive ECS” 
still showed significant lower levels of HCT, RBC and Hb 
than the CD patients. Non-aggressive neuroendocrine neo-
plasms have already been associated with anemia [30, 31]. 
Although the idea that RBC analysis may allow for a first 
subtype differentiation in cases with ACTH-dependent CS 
subtypes is intriguing, this finding has to be confirmed in 
larger populations.

An increase in MCV was identified both in females and 
males with CS. To date, no data on the trophic effect of 
cortisol on RBC is available. One scenario may be related 
to a glucocorticoid-induced asymptomatic inflammation of 
the gastric mucosa followed by malabsorption of vitamin 
B12 and folate and consequent macrocytosis. In our series, 
however, vitamin B12 and folate was analyzed in a small 
subgroup of patients (n = 12), and all of them demonstrated 
normal values. Moreover, a series of 20 CS patients under-
going gastrointestinal endoscopy did not reveal an increased 
number of peptic ulcer [32]. Besides, many CS patients suf-
fer from hepatic steatosis [33], and macrocytosis has been 
observed in this setting [34]. However, a final explanation 
for the increased MCV levels in CS patients cannot be pro-
vided yet.

Fig. 3   Evaluation of red blood cells parameter in males according 
to the different subtype of Cushing syndrome.  No significant differ-
ences  between the adrenocorticotropic (ACTH) dependent (ACTH-
dep.) and ACTH-independent (ACTH-indep.)  Cushing subtypes 
were observed among the  evaluated parameters. Abbreviation: ACC, 
adrenocortical carcinoma; CPA, cortisol producing adenoma; n.s., p 
not statistically significant

◂



110	 Journal of Endocrinological Investigation (2024) 47:101–113

1 3



111Journal of Endocrinological Investigation (2024) 47:101–113	

1 3

We identified that males with CS had lower levels of 
HCT, RBC, and Hb than the control group, thereby confirm-
ing the results of a previous study on CD patients only [7]. In 
contrast, this observation was not made in females. We also 
observed that reduced RBC parameters in CS male patients 
were associated with low testosterone levels. As testosterone 
stimulates erythropoietin and directly acts on the hematopoi-
etic stem cells [15, 35], anemia is a common feature of male 
hypogonadism [16]. Our results suggest that the gonadal 
status in men could have a major influence on hematologic 
function than hypercortisolism. Moreover, considering that 
hypogonadotropic hypogonadism affects 50–75% of males 
with CS [1], the risk of anemia should therefore be carefully 
evaluated in men with CS.

Another relevant aspect is that HCT, Hb and RBC wors-
ened in men after the first months from remission. Of note, 
although different type of surgeries were performed, in none 
of the cases was reported a major intra/postoperative bleed-
ing. At least in some patients, the Hb decreased by up to 
20%. Accordingly, it is crucial to consider the risk of anemia 
due to hypogonadotropic hypogonadism, particularly in the 
first months after curative surgery for CS. Moreover, some of 
the typical post-remission symptoms that are experienced by 
CS patients (like fatigue and low quality of life [36]) might 
be potentially improved by normalizing testosterone levels. 
On the other hand, it is important to consider that testoster-
one replacement therapy, if not correctly administrated, can 
increase the already high risk of thrombosis in CS patients. 
Furthermore, both HCT, RBC, and Hb on the one hand, and 
testosterone levels on the other, usually recover over time (as 
already reported elsewhere [37]).

Some important limitations of our study have to be 
acknowledged, e.g. its retrospective nature, the small num-
ber of patients in whom iron status, vitamin B12, folate have 
been analyzed (n = 22 (10%), all of them with normal lev-
els), and the large proportion of patients with insufficient 

data during follow-up. Moreover, although the menstrual 
state of the women was known in 91% of the case, the exact 
day of the menstrual cycle at the time of RBC analysis was 
not available. Furthermore, considering that our center is a 
referral center for adrenal tumors, the prevalence of CS due 
to ACC is overestimated compared to other Cushing’s sub-
types. Nevertheless, our single center study includes a large 
cohort of patients with well-defined subtypes of endogenous 
CS and a homogenous approach to diagnostic workup, treat-
ment, and data collection. Additionally, to avoid the problem 
and the bias of the high prevalence of ACC, an analysis 
without CS cancer patients was performed.

In conclusion, we here illustrate how RBC parameters 
are influenced by endogenous glucocorticoid excess, sex, 
and CS subtype (particularly in females). The most impor-
tant alterations in women are an increase in HCT and Hb, 
independently from gonadal status, whereas men show a 
decrease in HCT, Hb and RBC count, mostly related to the 
additional effects of concomitant hypogonadism. This indi-
rectly shows a stronger effect of testosterone than cortisol 
on erythropoiesis. While increased HCT levels do not result 
in more major cardiovascular events in women, the risk of 
anemia in men needs to be carefully evaluated, especially 
during the first months after remission.
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Fig. 4   Changes in red blood cells parameters in patients with Cushing 
syndrome after remission in A women and B men. Changes in red 
blood cells parameters were calculated as mean delta change (in per-
centage) from baseline after 3, 12 and ≥ 24 months from remission of 
Cushing syndrome. A In women with CS in remission, a decrease in 
hematocrit (HCT), hemoglobin (Hb), and mean corpuscular volume 
(MCV) was observed over time, with a more pronounced decrease 
of HCT and Hb during the first three months from remission, and a 
more pronounced decrease of MCV in the long-term follow-up. After 
a first decrease of red blood cells (RBC) count at 3  months from 
remission, an increase was observed over time, reaching levels similar 
to baseline. B In men, a decrease in HCT, Hb, RBC count and MCV 
was identified at 3 months from CS remission. Over time, HCT, Hb, 
and RBC increased over the time (at 12 and at 24 or more months), 
whereas MCV decreased at  every time point. Differences of each 
time point (3, 12, and ≥ 24  months) with baseline were calculated 
using the Mann Whitney U test in both women (A) and men (B) and 
indicated as followed if significantly different: *p < 0.05, **p < 0.005, 
***p < 0.0001.

◂

https://doi.org/10.1007/s40618-023-02128-x


112	 Journal of Endocrinological Investigation (2024) 47:101–113

1 3

as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Pivonello R, Isidori AM, De Martino MC, Newell-Price J, Biller 
BM, Colao A (2016) Complications of Cushing’s syndrome: state 
of the art. Lancet Diabetes Endocrinol 4(7):611–629

	 2.	 Detomas M, Altieri B, Chifu I, Remde H, Zhou X, Landwehr LS, 
Sbiera S, Kroiss M, Fassnacht M, Deutschbein T (2022) Subtype-
specific pattern of white blood cell differential in endogenous 
hypercortisolism. Eur J Endocrinol 187(3):439–449

	 3.	 Bauer A, Tronche F, Wessely O, Kellendonk C, Reichardt HM, 
Steinlein P, Schutz G, Beug H (1999) The glucocorticoid receptor 
is required for stress erythropoiesis. Genes Dev 13(22):2996–3002

	 4.	 Hattangadi SM, Wong P, Zhang L, Flygare J, Lodish HF (2011) 
From stem cell to red cell: regulation of erythropoiesis at multiple 
levels by multiple proteins, RNAs, and chromatin modifications. 
Blood 118(24):6258–6268

	 5.	 Varricchio L, Geer EB, Martelli F, Mazzarini M, Funnell A, 
Bieker JJ, Papayannopoulou T, Migliaccio AR (2022) Hypercor-
tisolemic Cushing’s patients possess a distinct class of hemat-
opoietic progenitor cells leading to erythrocytosis. Haematologica 
108:1053–1067

	 6.	 Baez-Villasenor J, Rath CE, Finch CA (1948) The blood picture 
in Addison’s disease. Blood 3(7):769–773

	 7.	 Ambrogio AG, De Martin M, Ascoli P, Cavagnini F, Pecori GF 
(2014) Gender-dependent changes in haematological parameters 
in patients with Cushing’s disease before and after remission. Eur 
J Endocrinol 170(3):393–400

	 8.	 Gursoy A, Dogruk Unal A, Ayturk S, Karakus S, Nur Izol A, Bas-
cil Tutuncu N, Guvener DN (2006) Polycythemia as the first mani-
festation of Cushing’s disease. J Endocrinol Invest 29(8):742–744

	 9.	 Dusek T, Kastelan D, Solak M, Basic Kinda S, Aganovic I, Korsic 
M (2008) Polycythemia as the first manifestation of Cushing’s 
disease. J Endocrinol Invest 31(10):940

	10.	 Nieman LK, Biller BM, Findling JW, Newell-Price J, Savage MO, 
Stewart PM, Montori VM (2008) The diagnosis of Cushing’s syn-
drome: an Endocrine Society Clinical Practice Guideline. J Clin 
Endocrinol Metab 93(5):1526–1540

	11.	 Fleseriu M, Auchus R, Bancos I, Ben-Shlomo A, Bertherat J, 
Biermasz NR, Boguszewski CL, Bronstein MD, Buchfelder M, 
Carmichael JD et al (2021) Consensus on diagnosis and manage-
ment of Cushing’s disease: a guideline update. Lancet Diabetes 
Endocrinol 9(12):847–875

	12.	 Fassnacht M, Arlt W, Bancos I, Dralle H, Newell-Price J, Sah-
dev A, Tabarin A, Terzolo M, Tsagarakis S, Dekkers OM (2016) 
Management of adrenal incidentalomas: European Society of 
Endocrinology Clinical Practice Guideline in collaboration with 
the European Network for the Study of Adrenal Tumors. Eur J 
Endocrinol 175(2):G1–G34

	13.	 Travison TG, Vesper HW, Orwoll E, Wu F, Kaufman JM, Wang Y, 
Lapauw B, Fiers T, Matsumoto AM, Bhasin S (2017) Harmonized 
reference ranges for circulating testosterone levels in men of four 

cohort studies in the United States and Europe. J Clin Endocrinol 
Metab 102(4):1161–1173

	14.	 Detomas M, Altieri B, Deutschbein T, Fassnacht M, Dischinger U 
(2022) Metyrapone versus osilodrostat in the short-term therapy 
of endogenous Cushing’s syndrome: results from a single center 
cohort study. Front Endocrinol (Lausanne) 13:903545

	15.	 Byron JW (1970) Effect of steroids on the cycling of haemopoietic 
stem cells. Nature 228(5277):1204

	16.	 Fonseca R, Rajkumar SV, White WL, Tefferi A, Hoagland HC 
(1998) Anemia after orchiectomy. Am J Hematol 59(3):230–233

	17.	 Zilio M, Barbot M, Ceccato F, Camozzi V, Bilora F, Casonato A, 
Frigo AC, Albiger N, Daidone V, Mazzai L et al (2014) Diagno-
sis and complications of Cushing’s disease: gender-related differ-
ences. Clin Endocrinol (Oxf) 80(3):403–410

	18.	 Liu X, Zhu X, Zeng M, Zhuang Y, Zhou Y, Zhang Z, Yang Y, 
Wang Y, Ye H, Li Y (2015) Gender-specific differences in clini-
cal profile and biochemical parameters in patients with Cushing’s 
disease: a single center experience. Int J Endocrinol 2015:949620

	19.	 Huan C, Qu Y, Ren Z (2014) Gender differences in presentation 
and outcome of patients with Cushing’s disease in Han Chinese. 
Biomed Mater Eng 24(6):3439–3446

	20.	 Deutschbein T, Reimondo G, Di Dalmazi G, Bancos I, Patrova 
J, Vassiliadi DA, Nekic AB, Debono M, Lardo P, Ceccato F et al 
(2022) Age-dependent and sex-dependent disparity in mortality 
in patients with adrenal incidentalomas and autonomous cortisol 
secretion: an international, retrospective, cohort study. Lancet 
Diabetes Endocrinol 10(7):499–508

	21.	 Stellacci E, Di Noia A, Di Baldassarre A, Migliaccio G, Battistini 
A, Migliaccio AR (2009) Interaction between the glucocorticoid 
and erythropoietin receptors in human erythroid cells. Exp Hema-
tol 37(5):559–572

	22.	 Vlachos A, Muir E (2010) How I treat Diamond–Blackfan anemia. 
Blood 116(19):3715–3723

	23.	 Maceckova Z, Kubickova A, De Sanctis JB, Hajduch M (2022) 
Effect of glucocorticosteroids in Diamond–Blackfan anaemia: 
maybe not as elusive as it seems. Int J Mol Sci 23(3):1886

	24.	 Barbui T, Carobbio A, Rumi E, Finazzi G, Gisslinger H, Rodeghi-
ero F, Randi ML, Rambaldi A, Gisslinger B, Pieri L et al (2014) In 
contemporary patients with polycythemia vera, rates of thrombo-
sis and risk factors delineate a new clinical epidemiology. Blood 
124(19):3021–3023

	25.	 Badesha AS, Khan T, Abdellatif E (2022) Iliac vein deep vein 
thrombosis as an atypical presentation of an adrenocortical carci-
noma. BMJ Case Rep 15(5):e248708

	26.	 Durmusoglu J, Timmers H, van Houten P, Langenhuijsen JF, 
Hermus A, van de Ven AC (2020) Venous thromboembolism in 
patients with adrenocortical carcinoma after surgery. Endocr Con-
nect 9(9):874–881

	27.	 Halperin R, Ahron-Hananel G, Badarna M, Greidinger D, Uri I, 
Percik R, Tirosh A (2021) Plasma hemoglobin and red blood cell 
mass levels as dynamic prognostic markers for progression and 
survival in pancreatic neuroendocrine tumors. Horm Metab Res 
53(12):810–817

	28.	 Gvirtzman R, Livovsky DM, Tahover E, Goldin E, Koslowsky 
B (2021) Anemia can predict the prognosis of colorectal cancer 
in the pre-operative stage: a retrospective analysis. World J Surg 
Oncol 19(1):341

	29.	 Vignjevic Petrinovic S, Jaukovic A, Milosevic M, Bugarski D, 
Budec M (2022) Targeting stress erythropoiesis pathways in can-
cer. Front Physiol 13:844042

http://creativecommons.org/licenses/by/4.0/


113Journal of Endocrinological Investigation (2024) 47:101–113	

1 3

	30.	 Cheng J, Patel G, Dawood A, Aqeel A (2022) Gastric and duode-
nal neuroendocrine tumor incidentally found on endoscopy during 
the evaluation of iron-deficiency anemia. Cureus 14(2):e22208

	31.	 Xu B, Wang Y, Li X, Lin J (2017) Nonfunctional pancreatic neu-
roendocrine tumor masked as anemia: a case report. Medicine 
(Baltimore) 96(27):e7441

	32.	 Hatipoglu E, Caglar AS, Caglar E, Ugurlu S, Tuncer M, Kadioglu 
P (2015) Peptic ulcer disease in endogenous hypercortisolism: 
myth or reality? Endocrine 50(2):489–495

	33.	 Rockall AG, Sohaib SA, Evans D, Kaltsas G, Isidori AM, Mon-
son JP, Besser GM, Grossman AB, Reznek RH (2003) Hepatic 
steatosis in Cushing’s syndrome: a radiological assessment using 
computed tomography. Eur J Endocrinol 149(6):543–548

	34.	 Maruyama S, Hirayama C, Yamamoto S, Koda M, Udagawa A, 
Kadowaki Y, Inoue M, Sagayama A, Umeki K (2001) Red blood 
cell status in alcoholic and non-alcoholic liver disease. J Lab Clin 
Med 138(5):332–337

	35.	 Bachman E, Travison TG, Basaria S, Davda MN, Guo W, Li M, 
Connor Westfall J, Bae H, Gordeuk V, Bhasin S (2014) Testoster-
one induces erythrocytosis via increased erythropoietin and sup-
pressed hepcidin: evidence for a new erythropoietin/hemoglobin 
set point. J Gerontol A Biol Sci Med Sci 69(6):725–735

	36.	 Santos A, Resmini E, Martinez Momblan MA, Valassi E, Martel 
L, Webb SM (2019) Quality of life in patients with Cushing’s 
disease. Front Endocrinol (Lausanne) 10:862

	37.	 Luton JP, Thieblot P, Valcke JC, Mahoudeau JA, Bricaire H (1977) 
Reversible gonadotropin deficiency in male Cushing’s disease. J 
Clin Endocrinol Metab 45(3):488–495

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Erythropoiesis in Cushing syndrome: sex-related and subtype-specific differences. Results from a monocentric study
	Abstract
	Context 
	Objective 
	Design 
	Results 
	Conclusion 

	Introduction
	Subjects and methods
	Study design and population
	Hormonal analysis
	Red blood cells analysis
	Statistical analysis

	Results
	Characteristics of the study population
	Characteristics of the female population with Cushing syndrome
	Characteristics of the male population with Cushing´s syndrome
	Cushing syndrome subtype specific analysis
	Cushing syndrome subtype specific analysis in the female population
	Cushing syndrome subtype specific analysis in the male population

	Changes in red blood cells parameters after remission from Cushing syndrome
	Red blood cells parameters changes in the female population after remission from Cushing syndrome
	Red blood cells parameters changes in the male population after remission from Cushing syndrome


	Discussion
	Anchor 25
	References




