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Abstract

Purpose Hypertension is the most frequent co-morbidity in active Cushing’s syndrome (CS) and regarded as a major cardio-
vascular risk factor. It is unknown whether blood pressure and related parameters, such as kidney function, recover in the
long-term following remission of CS.

METHODS Blood pressure and related co-morbidities were analyzed in a cohort of 81 patients with CS (Cushing’s disease:
52, ectopic CS: 8, adrenal CS: 21) from a single tertiary care center. Patients were longitudinally evaluated at baseline, at
7.1 years (6.3—7.4) and at 14 years (13.5-14.4) after biochemical remission. Data were compared to a control group matched
for BMI, age and sex (n=243) from the “Cooperative Health Research in the Region of Augsburg” study (KORA) in a 1:3
fashion.

RESULTS Patients with CS showed a higher median blood pressure and lower median glomerular filtration rate (GFR) com-
pared to the matched controls, at baseline, 7 and 14 years after biochemical remission. Although the prevalence of hyperten-
sion and chronic kidney disease increased over time in the KORA cohort, patients treated for CS had a significantly higher
prevalence of both comorbidities. Notably, the number of patients on antihypertensive medication declined in the Cushing’s
cohort, resulting in significantly higher rates of uncontrolled hypertension at follow-up.

CONCLUSION The prevalence of hypertension and impaired kidney function remained elevated in patients with CS years
after biochemical remission, potentially contributing to an unfavorable long-term clinical outcome. This highlights the criti-
cal need for increased monitoring and treatment of co-morbidities in patients with CS following surgical remission.
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Abbreviations

ACS Adrenal Cushing’s syndrome
ACTH  Adrenocorticotropic hormone
ADX Adrenalectomy

BADX bilateral adrenalectomy

BP Blood pressure

BMAD Bilateral macronodular adrenocortical disease
BMI Body mass index

CD Cushing’s disease

CS Cushing’s syndrome

CUSH  Cushing’s cohort

DST Dexamethasone suppression test
DDD Defined daily doses

ECS Ectopic Cushing’s syndrome
GFR Glomerular filtration rate
IQR Interquartile range

KORA  KORA cohort

LNSC  Late-night salivary cortisol
PDD Prescribed daily doses

RFM Relative fat mass

TSS Transsphenoidal surgery
UAE Urinary albumin excretion
UFC Urinary free cortisol
Introduction

Endogenous Cushing’s syndrome (CS) is a group of endo-
crine diseases with high morbidity and mortality [1, 2]. A
recent meta-analysis including 20 cohorts representing over
3500 patients demonstrated a threefold higher risk of death
across all subtypes. Most patients in the analysis died from
cardiovascular disease [3].

In overt CS, hypertension is one of the most frequent co-
morbidities affecting 80-95% of all patients [1, 2, 4]. In the
general population, hypertension is a major cardio-vascular
risk factor and the leading cause for mortality worldwide
[5]. In patients with CS, previous studies indicated a high
rate of hypertension even years after biochemical cure of
hypercortisolism [4, 6, 7]. On the other hand, blood pres-
sure gradually increases with age, causing hypertension to
progressively occur over time, independent of underlying
hormonal diseases. To our knowledge, it has not been inves-
tigated in a large cohort, whether blood pressure remains
elevated long after biochemical remission in patients with
CS compared to an aging control group.

Hypertension and chronic kidney disease display a
mutual relationship: Similar to blood pressure, the glo-
merular filtration rate (GFR) as a surrogate of kidney func-
tion, changes with age. Although some data have indicated
impaired kidney function in overt CS [8, 9], there is a lack
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of data on the long-term development of kidney function
after remission of hypercortisolism.

To address these open questions, we compared the long-
term development of blood pressure and associated param-
eters including kidney function in a large, single center
cohort of patients after remission of CS with a control group
with a similar ethnic and environmental background in a
population-based longitudinal study.

Methods
Study design

We conducted a retrospective cohort study, using data from
the German Cushing’s registry CUSTODES. Patients were
diagnosed and treated for CS at the Endocrine Department
of the University Hospital LMU Munich, Germany and
gave written consent to being included in the German Cush-
ing’s registry (Ethical approval: Ethics Committee LMU
University Munich, No. 152—10). Diagnosis and differ-
ential diagnosis of CS as well as biochemical control and
remission following surgery were established according to
the Endocrine Society Clinical Practice Guidelines [10] and
a recent Pituitary Society consensus [11], based on the pres-
ence of relevant clinical features and biochemical confirma-
tion as described in detail in a previous study [12]. Patients
were selected from the registry after successful treatment
of CS when follow-up of at least 7 years after remission of
hypercortisolism was available. Patients with mild autono-
mous cortisol secretion, CS caused by aggressive malignant
tumors and patients with recurrence of hypercortisolism
were excluded. Out of 107 patients, who met the selec-
tion criteria, 26 patients with a BMI over 35 kg/m? were
excluded due to a lack of matching controls.

Data from patients with CS were compared to con-
trols from the KORA (Cooperative Health Research in
the Region of Augsburg) study. Patients were matched 1:3
based on BMI and age at baseline and on sex.

KORA is a prospective adult cohort study in the Region
of Augsburg, Germany for population-based health research
with randomly selected participants from population regis-
tries. Participants were recruited (KORA S4, N=4,261 par-
ticipants aged 25 to 74 years) in 1999-2001 and followed
up after 7 years in 2006-2008 (F4, N=3,080) and after 14
years in 2013-2014 (FF4, N=2,279), (Ethical approval:
Ethics Committee of the Bavarian Chamber of Physicians
(S4: EC No. 99186, F4 and FF4: EC No. 06068). Recruit-
ment and eligibility criteria for the KORA studies have been
described elsewhere [13, 14].
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Table 1 Clinical characteristics at baseline of the cohort of patients
with cushing’s syndrome (CUSH) and controls (KORA) in percentage

or as median and IQR

Characteristics at CUSH KORA P value

baseline

N 81 243 n/a

Age at baseline (years) 44 (36-53) 44 (34-53) 0.9583

Sex (female) 75.3% 76.1% 0.8807

BMI (kg/m?) 26,2 25,8 0.6955
(23,1-29,4) (22,9-29,2)

HbAlc (%) 58(5.5-6.7) 5.5(53-5.7) <0.0001

Triglycerides (mg/dl)  117.5 109.5 0.7842
(74.6-181.5) (83.0-150.0)

Cholesterol (mg/dl) 203.0 218.2 0.6299
(174.0-244.0)  (196.2-247.5)

LDL cholesterol (mg/  123.0 126.1 0.0810

dl) (97.8-148.5) (104.2-156.3)

HDL cholesterol (mg/  59.0 59.8 0.3628

dl) (48.5-63.0) (49.2-74.3)

Smoking 17.3% 19.5% 0.7424

Hypertension 84.9% 23.9% <0.0001

Diabetes mellitus 32.6% 1.3% <0.0001

Hypercholesterolemia  16.6% 18.6% 0.7589

Antihypertensive drugs 60.8% 10.7% <0.0001

Antidiabetic drugs 19.1% 1.0% <0.0001

Lipid lowering drugs ~ 17.7% 9.1% 0.0779

Abbreviations: IQR: interquartile range, BMI: body mass index

Table 2 Parameter of cortisol metabolism and hormone substitution at
baseline, 7 years and 14 years after biochemical remission in patients
with cushing’s syndrome (CS, CUSH) in percentage or as median and

IQR

CUSH Atbaseline  After 7 years After 14
years
N (CD/ACS/ECS) 81(52/21/8) 81 (52/21/8) 42 (27/10/5)
Basal cortisol inug/dl  23.02 6.0 53
(16.4-30.9) (1.5-10.3) (3.6-10.0)
24-hour UFC index 4.1(2.2-6.1) 0.5(0.2-1.0) 0.9
(0.3-1.3)
LNCS in ng/ml 7.6 1.1(0.8-1.9) 1.35
(4.4-15.0) (0.9-2.7)
1 mg DST, Cortisol in  15.0 1.0 (0.7-2.0) 1.25
ug/dl (8.4-24.0) (0.7-1.9)
Cortisol lowering 3.2% n/a n/a
drugs
Adrenal insufficiency  n/a 44.4% 47.6%
Hormone substitution ~ 9.8% 23.2% 17.3%
Thyroid axis 1.2% 3.7% 6.2%
Somatotropic axis 8.6% 22.2% 13.6%

Gonadotropic axis

Abbreviations: IQR: interquartile range, LNSC: late-night sali-
vary cortisol, DST: Dexamethasone suppression test, UFC index:
24 h-urinary free cortisol value divided by assay specific upper limit
of normal. In patients with adrenal insufficiency (n=36 at year 7 and
n=20 at year 14), only basal cortisol levels were assessed

Description of the cohorts

In total, 81 patients with CS were analyzed (Cushing’s

cohort, CUSH) and compared to 243 matched controls from
the KORA study (KORA cohort, KORA). Characteristics of
the two cohorts at baseline are reported in Table 1.

The cohort of patients with CS comprised 52 patients
with Cushing’s disease (CD), 8 patients with ectopic CS
(ECS) and 21 patients with adrenal CS (ACS, 17 with
unilateral adenoma, 4 macronodular bilateral hyperpla-
sia). Detailed information about treatment modalities and
duration of hypercortisolism are provided as supplemen-
tal material (Supplemental Text 1). All patients achieved
long-term remission of Cushing’s syndrome. A subset of
patients developed permanent primary adrenal insufficiency
after bilateral adrenalectomy (19% at 7 years, 26% at 14
years) or secondary adrenal insufficiency after success-
ful treatment of hypercortisolism (26% at 7 years, 21%
at 14 years). All Patients with adrenal insufficiency were
treated with hydrocortisone (20 mg; 15-25 mg correspond-
ing 0.26 mg/kg; 0.19-0.31 mg/kg at 7 years, and 20 mg;
20-25 mg corresponding 0.29 mg/kg; 0.16-0.33 mg/kg at
14 years) and those with primary adrenal insufficiency also
received fludrocortisone (0.1 mg; 0.05-0.1 mg at both 7 and
14 years), following standard healthcare guidelines. Param-
eters of cortisol metabolism and hormone substitution at
baseline, 7 years and 14 years after biochemical remission
are reported in Table 2.

Data collection

Data from patients with CS were evaluated before treatment
of CS (baseline) and after median of 7.1 years (6.3—7.4) and
14 (13.5-14.4) years after biochemical remission, respec-
tively, and then compared to matched controls from the
KORA cohort. The data included weight (kg), height (cm),
body mass index (BMI; kg/m?2), waist circumference (m),
blood pressure (average between the second/third office
blood pressure measurement, mmHg), glycated hemoglo-
bin (HbAlc, %), fasting triglycerides, total cholesterol,
high-density lipoprotein (HDL)-cholesterol, low-density
lipoprotein (LDL)-cholesterol (mg/dl for all lipid param-
eters), creatinine (mg/dl), estimated glomerular filtration
rate (GFR, MDRD formula in ml/min/1.73m2), current
co-morbidities, and medication status. The ratio between
the prescribed daily doses (PDD) and defined daily doses
(DDD) was calculated as an estimate of therapeutic inten-
sity (PDD/DDD). Relative fat mass (RFM) was calculated
as RFM =64 - (20 x height/waist circumference in meters)
+ (12 x sex (0 for male, 1 for female)) [15].

Blood pressure was measured on the day of consultation
after sitting in an upright position, using an automatic digital
sphygmomanometer and recorded as systolic over diastolic.
Patients were categorized as hypertensive based on out-
patient systolic blood pressure (SBP) measurements >140
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mmHg and/or diastolic blood pressure (DBP) >90 mmHg,
or if they reported taking antihypertensive medication [5].
Uncontrolled hypertension was defined as SBP>140 and/
or a DBP>90 mmHg. Patients were instructed to take their
medication on the morning of their visit. Patients were cat-
egorized as diabetic according to the use of antihyperglyce-
mic drugs or a HbAlc >6.5%. Hypercholesterolemia was
diagnosed in patients taking lipid lowering drugs or having
an LDL-cholesterol >130 mg/dl (3.4 mmol/l).

In patients with CS, serum cortisol was measured by
chemiluminescence immuno-assay (Liaison, DiaSorin Cat#
313261, RRID: AB_2893155), 24-h urinary free cortisol
(UFC) measured by the same chemiluminescence immuno-
assay after extraction with dichloromethane, late-night
salivary cortisol measured by chemiluminescence immu-
noassay (Immunodiagnostic Systems Cat# 1S-4900, RRID:
AB 3095089), ACTH measured by chemiluminescence
immuno-assay (Liaison, DiaSorin Cat# 313221, RRID:
AB 3095090).

Statistical analysis

A propensity score matching method was applied to balance
the groups based on relevant covariates (age, sex, and BMI)
to establish comparability between patients and controls.
Propensity scores were estimated using a logistic regres-
sion model, where group membership (patients vs. controls)
served as the dependent variable. Matching was performed
using the nearest-neighbor method at a ratio of 1:3. A caliper
of 0.1 standard deviations of the propensity score was speci-
fied as a tolerance threshold to ensure high-quality match-
ing and to minimize systematic differences between groups.
Observations without suitable matches within the defined
caliper were excluded from the analysis.

Data for descriptive statistics are presented as median and
interquartile range (IQR). Normal distribution was assessed
by Shapiro Wilk normality test. Statistical differences of the
variables were assessed using student’s t test and mixed-
effects analysis for parametric, or Mann-Whitney test and
Kruskal-Wallis test for nonparametric variables. Fisher’s
Exact test was used for categorical variables. Spearman cor-
relation was used to estimate association between variables.
Odds ratios (ORs) and 95% confidence interval were calcu-
lated from a logistic regression model. All statistical tests
were two-sided; a P value of <0.05 was considered to indi-
cate statistically significant differences. Statistical analysis
was performed using standard statistical software (Prism
10.3.0, GraphPad Software, Boston, MA, USA).
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Results
Longitudinal data of the Cushing’s cohort

Patients with CS experienced a significant reduction in
elevated systolic and diastolic blood pressure after 7 and
14 years (both p<0.0001). Initially, hypertension affected
84.9% of patients, but this ratio significantly (p<0.0001)
decreased to 52.8% after 7 years, and to 48.7% after 14 years.
The proportion of patients using antihypertensive medica-
tion also dropped from 60.8% at baseline to 40.6% after 7
years and to 29.0% after 14 years (p=0.0065). Correspond-
ingly, the median number of antihypertensive drug classes
reduced from 3 (range: 1-4) at baseline to 2 (range: 1-3)
at 7 years and to 1 (range: 1-2) after 14 years (p=0.0114).
The median PDD/DDD was 1.04 at baseline (0.94-2.00),
went down to at 0.88 (0.59—1.27) after 7 years, and was 0.46
(0.31-1.06) after 14 years (p=0.0458). Glomerular filtra-
tion rate (GFR) declined in patients after remission of CS
from 86.09 ml/min/1.73m? (73.26-100.05) at baseline to
81.45 ml/min/1.73m? (68.31-91.00) after 7, and 74.91 ml/
min/1.73m? (66.49-85.51) after 14 years (p=0.0006). Uri-
nary albumin excretion (UAE) was higher before treat-
ment of hypercortisolism (7.5 mg/g Crea, 0.58-32.78) and
decreased to 3.5 mg/g Crea (0.5-6.23) after 7 and 3.8 mg/g
Crea (0.5-13.6) after 14 years (p=0.0020).

In a subgroup analysis, patients with adrenal insufficiency
receiving standard replacement therapy were compared to
those with normal adrenal function. No statistically signifi-
cant differences were observed between the two groups in
terms of blood pressure, BMI, or the prevalence of arterial
hypertension (see Supplemental Fig. 1). Additional sub-
group analyses comparing the different etiologies of Cush-
ing’s syndrome showed no significant differences in blood
pressure, GFR, or BMI development after 7 and 14 years
among the groups (see Supplemental Fig. 2).

Analyses of blood pressure and related co-
morbidities of the Cushing’s cohort vs. the KORA
cohort

In both groups, BMI was similar at baseline. While BMI
declined in patients with CS, it increased in the KORA
cohort over time (Fig. 1A). Patients with CS had higher
baseline blood pressure and heart rate than matched controls
from the KORA cohort. Despite reduction in blood pressure
following treatment for CS, levels remained significantly
elevated compared to the control group (KORA cohort) at
7 and 14 years (Fig. 1B and C; Supplemental Tables 2—4).
Correspondingly, although the prevalence of hyperten-
sion declined after CS treatment, it remained significantly
higher than in the KORA group, which experienced an
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Fig. 1 BMI (A), systolic (B) and diastolic
(C) blood pressure in the Cushing’s
cohort (CUSH) and controls from the
KORA study (KORA) at baseline,

7 years and after 14 years after bio-
chemical remission of CS. Box plots are
displaying the 90/10 percentile at the
whiskers, the 75/25 percentiles at the
boxes, and the median in the center line
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increase in hypertension cases over time (Fig. 2A; Supple-
mental Tables 2—4).

In the CS cohort, the percentage of patients on antihyper-
tensive medication declined after treatment of hypercorti-
solism, whereas it increased with age in the KORA cohort.
At the start, CS patients used antihypertensive medications
at a rate five times higher than KORA patients. This gap
decreased to twice as high after seven years, and by 14
years, the difference was no longer statistically significant
(Fig. 2B; Supplemental Tables 2—4). Despite similar antihy-
pertensive treatment at 14 years, uncontrolled hypertension
remained significantly more prevalent among CS patients
across all time points, with nearly one-third still affected
at follow-up compared to consistently lower levels in the
KORA cohort.

Kidney function measured by GFR was significantly
lower in patients with CS at baseline and decreased in both
cohorts with time. It remained lower in patients with CS at
7 years and at 14 years (Fig. 3A; Supplemental Tables 2—4).
The prevalence of chronic kidney disease was significantly
higher in the Cushing’s cohort at baseline and after 7 years
(Fig. 3B; Supplemental Tables 2—4).

Parameters associated with hypertension and renal
impairment in the Cushing’s cohort

To identify parameters associated with hypertension in the
Cushing’s cohort we used Spearman’s rank-order correla-
tion. There was no significant relationship between systolic
blood pressure at 7 and 14 years of follow-up with morning
serum cortisol concentrations, cortisol after dexamethasone
suppression, and late-night salivary cortisol at any time
point and duration of untreated cortisol excess. Likewise,
BMI, RFM, GFR, heart rate, glucose, HbA lc, insulin, total
cholesterol, HDL-cholesterol, triglycerides, AST and UAE
were not associated with systolic blood pressure (data not
shown).

A moderate association was found between systolic
blood pressure at 7 years and both age at baseline (r=0.303,
p=0.0087) and baseline LDL-cholesterol levels (r=0.387,
p=0.0422). GGT levels at 7 years were positively asso-
ciated with systolic blood pressure at 14 years (r=0.459,
p=0.0366). GGT at 14 years also showed a significant
positive correlation with systolic (»=0.375, p=0.0045) and
diastolic blood pressure (r=0.433, p=0.019) at the same
time point. Additionally, AST levels after 14 years were
correlated with both systolic (r=0.475, p=0.0091) and
diastolic blood pressure (r=0.575, p=0.0011), suggesting
a co-occurrence of elevated blood pressure and metabolic
dysfunction-associated steatotic liver disease in the post-
remission phase of CS.
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Logistic regression showed significant association
between hypertension at 7 years and age at baseline (OR
1.123;1.085-1.201; p<0.0001), RFM at 7 years (OR 1.175;
1.068-1.321; p=0.0025), and BMI at 7 years (OR 1.138;
1.017-1.293; p=0.038). Simple logistic regression also
indicated a significant association between the prevalence
of hypertension at 7 years and the presence of dyslipidemia
(OR=2.853; 95% CI: 1.050-8.090; p=0.0430).

Notably, reducing blood pressure medication after remis-
sion of CS was associated with an almost five-fold increased
risk of uncontrolled hypertension after seven years (OR
4.571; 1.454-15.42; p=0.0108) and an approximately
seven-fold increase in risk at 14 years (OR 6.667; 1.091.
—47.64; p=0.0435).

There was no significant relationship between GFR at 7
and 14 years of follow-up with laboratory markers of corti-
sol metabolism, blood pressure, glucose, insulin, total cho-
lesterol, HDL-cholesterol, triglycerides, GGT, ALT, AST or
urinary albumin excretion (UAE) in Spearman’s rank-order
correlation.

A moderate negative correlation was observed between
LDL-cholesterol levels at both 7 and 14 years and GFR at
14 years (r =—0.424, p=0.0494 and » =—0.373, p=0.0356,
respectively). Additionally, HbAlc at 7 years showed an
inverse correlation with GFR at the same time point (» =
—0.415, p=0.0007).

In simple logistic regression, the probability for chronic
kidney disease after 7 years was associated with RFM after
7 years (OR 1.117; 1.010-1.263; p<0.0476). There was
also a strong association between the prevalence of chronic
kidney disease and the prevalence of diabetes mellitus after
7 years (OR 10.95; 2.221-64.21; p=0.0042).

Discussion

This is the first study to investigate blood pressure and kid-
ney function in a cohort of patients with CS for up to 14
years post-treatment in comparison to an BMI-, age- and
sex-matched control group with a similar ethnic and envi-
ronmental background. We identified two main findings:
Firstly, blood pressure remained notably higher in
patients treated for CS than in an appropriate population-
based control group, with a greater prevalence of both
hypertension and uncontrolled hypertension after 7 and 14
years. Although hypertension rates increased in the control
group, blood pressure remained stable through increased
antihypertensive treatments. In contrast, fewer patients
with CS continued blood pressure medication post-surgery,
resulting in higher rates of uncontrolled blood pressure over
time. Secondly, kidney function, assessed by GFR, remained
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Fig. 2 Prevalence of arterial hypertension (A),
prevalence of uncontrolled hypertension (B) and
rate of antihypertensive drug treatment (C) in the
Cushing’s cohort (CUSH) and controls from the
KORA study (KORA) at baseline, 7 years and
after 14 years after biochemical remission of CS

Prevalence of uncontrolled hypertension [%] Prevalence of arterial hypertension [%]

Antihypertensive drug treatment [%]
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Fig. 3 Glomerular filtration

rate (GFR, A) and prevalence

of possible chronic kidney
disease (defined as GFR <60 ml/
min/1.73m?) (B) in the Cush-
ing’s cohort (CUSH) and controls
from the KORA study (KORA)
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lower in the CS group, with CKD impacting approximately
one in six patients after 7 and 14 years.

The persistence of co-morbidities and cardiovascular
risk factors following remission of CS has serious health
implications and has been the focus of recent research [1, 2].
Hypertension after CS remission has been examined in five
prior studies [4, 6, 7, 16, 17] with a median follow-up time
ranging from one to elven years. Prevalence of hypertension
at last follow-up varied from 22% [17] to over 60% [4]. Only
one study from Terzolo et al. compared the rate of hyperten-
sion to a control group who had surgery for non-functioning
adenomas/NFA. They found that only 22% of patients with

@ Springer

7-year follow up 14-year follow up
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I:l KORA controls
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CS in remission remained hypertensive, matching the NFA
control group, and concluded that successful surgery may
reduce cardiovascular risks and mortality [17]. Conversely,
our analysis showed a significantly higher rate of post-sur-
gery hypertension compared to the control group. This dis-
crepancy may be due to Terzolo’s study involving younger
patients (median age of 36), an older control group (median
age of 49) and a shorter follow-up period (4.7 years) than
ours. Overall, our findings align with previous studies, indi-
cating that the vascular impact of hypercortisolism cannot
be fully reversed when cortisol levels are normalized [4, 7,
18].
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This raises the question of why hypertension persists
despite biochemical remission. Although our study did
not aim to answer this directly, some findings may provide
directions for future research.

In our regression analysis, arterial hypertension was asso-
ciated to measures of body composition (BMI and RFM) in
patients with CS. RFM, which uses waist circumference for
a more precise estimate of body fat [15] showed that each
one-unit increase correlated with an 18% higher hyperten-
sion risk. Given the strong link between visceral obesity
and hypertension [19], weight reduction and reversal of
Cushing-associated sarcopenia may help reduce persistent
high blood pressure in patients after cure of hypercorti-
solism. Arterial stiffness and atherosclerotic vascular dam-
age could be additional reasons why some patients continue
to have high blood pressure after remission of CS [20, 21].
The associations between blood pressure, baseline age, and
LDL-cholesterol suggest that dyslipidemia- and age-related
vascular changes may also play a role in persistent hyper-
tension after CS remission aligning with previous reports
[4, 18]. It would be valuable for future research to examine
measures of arterial damage such as pulse wave velocity
and plaque load in patients after recovery from Cushing’s
syndrome in comparison to an adequate control group.

Furthermore, positive correlations between GGT, AST,
and blood pressure suggest a link between hepatic steatosis
and vascular risk. Together, these findings expose a broader
metabolic phenotype after remission of CS and highlight the
need for continued multidisciplinary management.

Approximately half of the patients in our cohort suf-
fered from primary or secondary adrenal insufficiency after
successful treatment of hypercortisolism with the need of
adrenal hormone replacement therapy. Previous studies
have indicated that excessive hydrocortisone replacement
may lead to elevated blood pressure and changes in BMI in
patients with adrenal insufficiency [22, 23]. However, in our
subgroup analysis, we observed no significant differences in
blood pressure or BMI between patients receiving adrenal
replacement therapy and those who were not. This may be
explained by the cautious dosing of hydrocortisone, reduc-
ing the risk of over-replacement.

A key finding of our study is the reduction in the num-
ber of patients receiving blood pressure medication fol-
lowing surgical remission (Fig. 2B), which has resulted in
an increase in uncontrolled hypertension cases. The prob-
ability for uncontrolled hypertension was about five- to
seven-times higher in patients with a reduction of antihy-
pertensive medication after 7 and 14 years. De-escalation
of antihypertensive drugs is likely triggered by the initial
drop in blood pressure observed after biochemical control
of hypercortisolism, potentially leading to the misconcep-
tion that co-morbidities like hypertension fully resolve with

normalized cortisol levels. Our data uncover an increase in
cases of uncontrolled hypertension, exposing a gap in ade-
quate treatment for patients with CS. Reduced frequency
of healthcare visits post-treatment may further contribute
to this undertreatment. Given insights from our study and
other recent research highlighting cardiovascular morbidity
and higher mortality rates in CS after biochemical remission
[2, 24], patients with CS should be considered as high-risk
cardiovascular patients. Continuous monitoring and com-
prehensive management of cardiovascular co-morbidities
and risk factors should be prioritized in the long-term care
of patients with CS post-surgical cure.

Blood pressure and kidney function are closely inter-
connected, yet there are limited data on kidney health in
patients with CS, and CKD is not typically seen as a co-
morbidity of CS. Our findings indicate that patients with CS
have lower GFR compared to the control group, both ini-
tially and after 7 and 14 years. The further decline in GFR
over time resulted in a significantly higher prevalence of
CKD (defined as GFR<60 ml/min/1.73 m?) 7 years post-
surgical remission. We also observed inverse correlations of
GFR with LDL-cholesterol and HbAlc which might point
to early atherogenic and glycemic effects on renal func-
tion in patients with CS, consistent with patterns seen in
initial diabetic nephropathy [25]. To date, only two studies
have specifically addressed renal function in CS. In 2005,
Haentjens et al. found that patients with active or recently
treated Cushing’s disease had reduced GFR levels compared
to healthy controls [8]. A second study looked at GFR after
adrenalectomy in patients with unilateral adrenal Cush-
ing’s syndrome and found a similar drop in kidney func-
tion to what is seen in primary hyperaldosteronism [9]. The
underlying mechanisms for renal dysfunction in CS remain
largely unclear. While previous studies identified the dura-
tion of uncontrolled hypercortisolism and pre-treatment sys-
tolic blood pressure as predictors of kidney dysfunction, our
analysis did not find significant associations with the dura-
tion of hypercortisolism, blood pressure, or urinary albumin
excretion, a marker of glomerular damage.

The ongoing decline in kidney function can worsen the
already elevated cardiovascular risk in people with CS. This
link between hypercortisolism and kidney health highlights
the need for more research into how CS affects kidney
function.

Conclusion

This cohort study addresses a critical gap in understand-
ing the long-term outcomes following surgical remission
of Cushing’s syndrome. We found that hypertension and
impaired kidney function remain highly prevalent in a

@ Springer



Journal of Endocrinological Investigation

significant number of patients even long after surgical treat-
ment in comparison to a population-based control group.
Nonetheless, in a prominent fraction of patients, blood pres-
sure medication was decreased after surgical remission of
CS, leading to a notable rise in uncontrolled hypertension
cases over time.

Our findings provide further evidence that cardiovascular
effects of hypercortisolism are not entirely reversible with
the normalization of cortisol levels and enhance our under-
standing of the deteriorative long-term cardiovascular con-
sequences of chronic hypercortisolism. Thus, monitoring
and effectively managing persistent co-morbidities should
be prioritized in both clinical practice and research efforts.

Supplementary Information The online  version  contains
supplementary material available at https://doi.org/10.1007/s40618-0
25-02670-w.
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