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Introduction

With the development and extensive application of 
advanced imaging technologies such as ultrasound, 
computed tomography, and magnetic resonance imaging, 
an increasing number of adrenal incidentalomas are 

discovered in association with unrelated disorders, with 
a prevalence of 4–7% (1,2). Up to 50% of patients with 
adrenal incidentalomas may have hypercortisolism; the 
vast majority of such cases are subclinical Cushing’s 
syndrome (SCS) (3,4), which is characterized by abnormal 
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biochemical indices of the hypothalamic–pituitary–adrenal 
(HPA) axis without the overt manifestations (e.g., moon 
face, buffalo hump, central obesity, plethora, striae rubrae, 
proximal myopathy, supraclavicular fat pad, thin skin, easy 
bruising, and unexplained osteoporosis or bone fractures) 
of Cushing’s syndrome (CS) (5-9). Diabetes mellitus (DM), 
cardiovascular events, hypertension, and vertebral fractures 
are common in patients with SCS (8,10,11).

There is no consensus on the clinical management of 
SCS (3,7); because of the absence of classic phenotypic 
features of CS, standard diagnostic tests for the latter 
are not applicable to SCS diagnosis (3). It is also unclear 
which treatment strategy [surgery or conservative (i.e., 
pharmacologic) treatment] should be considered first or 
which therapeutic regimen should be adopted prior to or 
following adrenalectomy (3). Compared to a conservative 
approach, adrenalectomy can effectively al leviate 
metabolic disturbances caused by SCS but may lead to 
adrenal insufficiency (AI) (12-17). Irrespective of cortisol 
level and the severity of hypercortisolism, most clinicians 
administer replacement therapy (RT) before, during, and after 
adrenalectomy (15,18-23); however, some only provide RT 
when serum cortisol concentration is <5 μg/dL (138 nmol/L)  
and/or when cosyntropin stimulation level is <18 μg/dL 
(497 nmol/L) in the morning after adrenalectomy (24), or to 
patients with plasma hypocortisolism or AI post surgery (25,26). 
In our medical team, hydrocortisone (200 mg) is intravenously 
administered once for AI. Given that acute Addisonian crisis 
is potentially fatal if untreated (26,27), timely identification of 
these patients is critical for avoiding adverse events.

The probability of developing postoperative AI is 
greater in patients with preoperative 1-mg dexamethasone 
suppression test (DST) >5 μg/dL (28). Reduced plasma 
adrenocorticotropic hormone (ACTH) concentration is 
a candidate marker for AI (29), but is by itself insufficient 
for diagnosis. Given the relationship between cortisol and 
inflammation as well as metabolism (i.e., of carbohydrates, 
lipids, and proteins), in this study we developed a 
quantitative predictive nomogram for postoperative RT 
based on a combination of multiple clinical indicators. 
We present the following article in accordance with the 
TRIPOD reporting checklist (available at http://dx.doi.
org/10.21037/tau-20-1108).

Methods

Patients and inclusion criteria

This study was conducted in accordance with Declaration 

of Helsinki (as revised in 2013). Following approval by 
Ethics Committee of Zhongshan Hospital affiliated to 
Fudan University in China (No.2010-70), because of the 
retrospective nature of the research, the requirement 
for informed consent was waived. We collected clinical 
information of 40 patients who underwent adrenalectomy 
between August 2016 and August 2019 at the Department of 
Urology of Zhongshan Hospital affiliated with the Medical 
School of Fudan University in China, and who were 
subsequently diagnosed with SCS. The inclusion criteria 
were as follows: (I) adrenal masses detected by imaging; (II) 
no classic clinical manifestations of CS (i.e., dorsocervical 
fat pads, moon facies, abdominal striae, proximal myopathy, 
easy bruising); (III) excess serum or urine cortisol, altered 
circadian rhythm, or failed DST; (IV) underwent surgery 
and had a confirmed diagnosis of adrenal adenoma. The 
study ultimately enrolled 27 patients, who were divided 
into postsurgical AI (n=9) and non-postsurgical NAI (n=18) 
groups after adrenalectomy according to the manifestation 
of specific symptoms. Because of the retrospective nature 
of the research, the requirement for informed consent was 
waived.

Because glucocorticoids can affect inflammation, 
we obtained data on inflammatory markers including 
neutrophil-lymphocyte ratio (NLR), derived (d)NLR, 
lymphocyte–monocyte ratio (LMR), platelet–lymphocyte 
ratio (PLR), a combination of platelet count and NLR, and 
prognostic nutritional index (30).

Statistical analysis

Statistical analyses were performed with SPSS v23 (SPSS 
Inc., Chicago, IL, USA) or R v3.60 software. Data are 
presented as mean ± standard deviation. Comparisons 
between 2 groups were carried out with the t test or chi-
squared test. Kaplan–Meier survival plots were generated 
along with the log-rank statistic using the survival package 
of R software.

We selected prognosis-related clinical parameters by 
univariate Cox proportional hazards regression (CPHR) 
analysis using the survival package of R software. CPHR is 
the most commonly used approach for analyzing survival 
data but is not suitable for multidimensional datasets (31). 
Therefore, using the glmnet package of R software, we 
applied the least absolute shrinkage and selection operator 
(LASSO) method for variable selection and shrinkage, 
which reduced coefficients toward zero along with the 
variance of these estimates (32). Finally, we constructed a 
model based on multiple clinical parameters identified by 
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the LASSO method and multivariate CPHR to predict 
the therapeutic schedules of patients with SCS following 
adrenalectomy, which was visualized as a nomogram using 
the rms package of R software. A time-dependent receiver 
operating characteristic (ROC) curve and calibration curve 
were generated to assess the predictive performance of our 
model using the time ROC and rms packages, respectively, 
of R software. P values <0.05 were considered statistically 
significant except in univariate CPHR analysis, in which the 

significance level was set as P<0.1.

Results

General characteristics of the study population

Based on the above inclusion criteria, 27 patients 
diagnosed with SCS were enrolled in the study; their 
demographic characteristics are shown in Table 1. Most 
patients were female (96.30%, 26/27) and had left adrenal 

Table 1 Clinical characteristics of patients

Parameter All Postsurgical AI Non-postsurgical AI P value

Total number, N 27 9 18

Gender 0.5361

Male, n 1 0 1

Female, n 26 9 17

Age, years 55.15±11.08 53.44±13.43 56.00±10.02 0.5820

Height, cm 157.18±5.55 157.83±5.56 156.88±5.74 0.7392

Weight, kg 63.44±5.60 63.78±3.49 63.28±6.53 0.8635

BMI, kg/m2 25.80±3.26 25.65±1.78 25.87±3.82 0.8958

Systolic BP, mmHg 132.81±35.09 137.89±18.39 130.28±17.36 0.3022

Diastolic BP, mmHg 80.81±23.05 83.11±13.83 79.67±11.11 0.4907

Hypertension 9 (33.33%) 3 (33.33%) 6 (33.33%) >0.9999

Diabetes 2 (7.41%) 1 (11.11%) 1 (11.11%) >0.9999

Tumor location 0.6991

Left 22 (81.48%) 8 (88.89%) 14 (77.78%)

Right 4 (14.81%) 1 (11.11%) 3 (16.67%)

Bilateral 1 (3.70%) 0 (0%) 1 (5.56%)

Primary tumor size, cm 0.7650

≤2.0 8 (29.63%) 2 (22.22%) 6 (33.33%)

2.0–3.0 7 (25.93%) 3 (33.33%) 4 (22.22%)

≥3.0 12 (44.44%) 4 (44.44%) 8 (44.44%)

Mean tumor diameter, cm 3.03±1.37 2.86±0.76 3.12±1.60 0.6502

Operation >0.9999

LTA 21 (77.77%) 7 (77.78%) 14 (77.78%)

LPA 6 (22.22%) 2 (22.22%) 4 (22.22%)

Follow-up time*, h 174.81±84.60 92.44±26.06 216.00±72.37 P<0.0001

Data are shown as mean ± SD or number (%) unless otherwise indicated. *, from the time of operation to the time of discharge or 
replacement therapy. AI, adrenal insufficiency; BMI, body mass index; BP, blood pressure; LPA, laparoscopic partial adrenalectomy; LTA, 
laparoscopic total adrenalectomy.
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gland involvement (81.48%, 22/27). The proportion with 
hypertension and diabetes were 9/27 (AI, n=3 and NAI, 
n=6) and 2/27 (AI, n=1 and NAI, n=1), respectively. In all 
but 2 cases (both with hypertension), the maximum tumor 
diameter was ≥2 cm.

Differences in clinical parameters between NI and NAI 
groups

Nine patients were diagnosed with AI after surgery based on 
symptoms of hypotension, hypoglycemia, fatigue, myalgia, 
lethargy, or fever (33). These patients were immediately 
given hormone RT and constituted the AI group. There 
were no differences in sex ratio, age (54.44±13.42 vs. 
56.00±10.02), body mass index (BMI) (25.65±1.78 vs. 
25.87±3.82), tumor location, or mean tumor diameter 
(2.86±0.76 vs. 3.12±1.60) between AI and NAI groups 
(P>0.05; Table 1). The distribution of surgical approaches 
was also similar between the 2 groups (P>0.05), suggesting 
that total adrenalectomy was not the main cause of AI. In 
terms of cortisol level, only plasma cortisol at midnight 
(00:00) differed significantly between AI and NAI groups 
(P=0.0098), while no differences were observed in plasma 
cortisol levels at 08:00 and 16:00 or urine cortisol level. 
ATCH at 08:00 but not at 16:00 or 00:00 also showed a 
statistically significant difference between groups (P=0.0297; 
Table 2).

Glucocorticoids are a class of steroid hormones that 
affect inflammation, biomolecule metabolism (carbohydrate, 
lipid and protein), and electrolyte balance. We examined 
whether glucocorticoids differentially affected AI and NAI 
patients and found that only 1 index of inflammation—

namely, NLR—differed between the AI (2.48±0.95) and 
NAI (1.72±0.63) groups (P=0.0198; Table 3). On the other 
hand, multiple metabolic parameters differed between AI 
and NAI patients including total cholesterol (4.90±0.40 
vs. 4.28±0.80, P=0.0391), high density lipoprotein (HDL) 
(1.61±0.30 vs. 1.25±0.27, P=0.0042), and apolipoprotein 
(Apo)A1 (1.63±0.19 vs. 1.37±0.26, P=0.0136) (Table 4). 
There were no differences between AI and NAI groups in 
terms of glucose metabolism, as measured by fasting blood 
sugar (4.99±0.33 vs. 5.17±0.66, P=0.4507), glycosylated 
hemoglobin (GH) (5.64±0.48 vs. 5.88±0.66, P=0.4014), and 
DM (1/9 vs. 1/18, P>0.9999). Similarly, calcium (2.21±0.15 
vs. 2.16±1.05, P=0.8892), sodium (142.44±4.14  vs. 
141.89±3.49, P=0.7196), potassium (4.13±0.42 vs. 4.03±0.88, 
P=0.7510), phosphorous (1.19±0.33  vs.  1.20±0.34, 
P=0.9426), and alkaline phosphatase (60.00±23.37 vs. 
67.11±36.85, P=0.6038) were comparable between the 2 
groups. Notably, over half of SCS patients had fatty liver 
(14/27, 51.85%).

Construction of a prognostic model based on clinical 
parameters

In order to identify SCS patients with postoperative AI who 
would benefit from RT, we considered the time of surgery 
and time discharge or RT as the starting and end points, 
respectively. Parameters for which there was incomplete 
information such as height, weight, BMI, GH, etc. were 
excluded. To avoid excluding some potentially important 
factors, differences with a P value <0.10 were considered 
significant in the univariate CPHR analysis. Nine clinical 

Table 2 Hormone levels of patients at different times of the day

Parameter All Postsurgical AI Non-postsurgical AI P value

ACTH, <7.2 pg/mL

08:00 20/27 9/9 11/18 0.0297

16:00 21/25 8/8 13/17 0.1344

00:00 23/25 8/8 15/17 0.3118

Plasma cortisol level, mmol/L

08:00 372.84±126.43 399.24±82.26 359.63±143.90 0.4537

16:00 303.90±163.84 338.76±125.99 285.45±181.50 0.4411

00:00 210.97±112.12 285.17±122.01 169.23±83.74 0.0098

Urine cortisol, μg/24 h 422.65±216.79 473.55±312.40 386.30±131.91 0.5181

AI, adrenal insufficiency; ACTH, adrenocorticotropic hormone.
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parameters were initially selected—namely, HDL, ApoA1, 
NLR, dNLR, total cholesterol, lymphocyte, homocysteine, 
eosinophil count, and platelet count (Table 5). To avoid bias 
from collinearity among factors, we applied the LASSO 
Cox regression model and penalized maximum likelihood 
method to select factors that could most accurately predict 
RT in patients. A combination of 5 clinical parameters 
(ApoA1, NLR, total cholesterol, platelet count, and 
homocysteine) were identified as the best predictors of 
RT (Figure 1). These were used to calculate a risk score 
by multivariate CPHR (C-index=0.912, P=0.004). Total 
cholesterol had the highest hazard ratio (2660.76, P=0.045), 
followed by NLR (24.60, P=0.018) (Figure 2 and Table 5).  
Elevated total cholesterol (P=0.038), NLR (P=0.019), 
and ApoA1 (P<0.001) were correlated with postoperative 
treatment selection (Figure 3). Based on the median risk 
score (0.86), patients with SCS were stratified into low-
risk (risk score ≤0.86, n=14) and high-risk (risk score >0.86, 
n=13) groups; the latter patients were more likely to require 
RT (Figure 3).

We developed a nomogram based on the above  
5 independent RT-related markers to predict 3-, 4-, and 
5-day NRT probability (Figure 4). The corresponding 
regression coefficients are shown in Table 5.

Prognostic performance of the developed nomogram

The area under the ROC curve (AUC) values in the time-
dependent ROC curve analysis for our nomogram were 
0.833 (95% CI: 66.01–100.00%) for 3-day NRT, 0.945 
(95% CI: 86.19–100.00%) for 4-day NRT, and 0.967 (95% 
CI: 90.80–100.00%) for 5-day NRT (Figure 5), indicating 
a good predictive performance for the model. This was 
confirmed by the calibration curve of the 5 independent 
RT-related markers, which showed a good fit between the 
nomogram-predicted probability of NRT and actual NRT 
(Figure 5).

Discussion

Although autonomous and uncontrolled cortisol secretion 
without pituitary feedback occurs in SCS, certain signs 
or symptoms related to hypercortisolism such as weight 
gain, skin atrophy, and increased facial fullness are lacking. 
Nonetheless, arterial hypertension, obesity, and impaired 
glucose tolerance/DM are more frequently observed in 
patients with SCS compared to the general population (29).  
Current treatment options for SCS include surgery or 
conservative treatment. The former is considered when the 
tumor size is >2 cm or when there is hypertension or insulin 

Table 3 Inflammatory variables of patients

Parameter All (N=27) Postsurgical AI (n=9) Non-postsurgical AI (n=18) P value

Leucocyte count, ×109/L 6.22±1.82 6.29±2.14 6.18±1.70 0.8937

Neutrophil count, ×109/L 3.61±1.48 3.93±1.70 3.45±1.37 0.4335

Monocyte count, ×109/L 0.68±0.87 0.53±0.17 0.76±1.07 0.5358

Lymphocyte count, ×109/L 1.92±0.53 1.64±0.51 2.06±0.50 0.0548

Platelet count, ×109/L 251.67±70.13 216.89±43.97 269.06±75.18 0.0673

Eosinophil 0.12±0.08 0.09±0.08 0.13±0.07 0.2219

Basophil 0.04±0.03 0.04±0.04 0.04±0.02 0.8455

Albumin, g/L 40.85±3.13 40.78±1.72 40.89±3.69 0.9328

NLR 1.97±0.82 2.48±0.95 1.72±0.63 0.0198

dNLR 1.42±0.55 1.70±0.64 1.28±0.45 0.0583

LMR 3.76±1.45 3.24±1.17 4.02±1.54 0.1942

PNI 50.44±3.52 49.00±2.14 51.17±3.88 0.1328

PLR 139.48±52.44 143.10±53.74 137.67±53.25 0.8054

AI, adrenal insufficiency; NLR, neutrophil-lymphocyte ratio; dNLR, derived neutrophil-lymphocyte ratio; COP-NLR, combination of platelet 
count and neutrophil-lymphocyte ratio; LMR, lymphocyte–monocyte ratio; PNI, prognostic nutritional index; PLR, platelet-lymphocyte 
ratio.
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Table 4 Biochemical parameters in patients

Parameter All (N=27) Postsurgical AI (n=9) Non-postsurgical AI (n=18) P value

TC, mmol/L 4.49±0.74 4.90±0.40 4.28±0.80 0.0391

TG, mmol/L 1.51±1.29 1.07±0.27 1.73±1.53 0.2151

LDL, mmol/L 2.46±0.74 2.81±0.49 2.29±0.79 0.0841

HDL, mmol/L 1.37±0.32 1.61±0.30 1.25±0.27 0.0042

Non-HDL, mmol/L 3.14±0.66 3.41±0.56 3.01±0.69 0.1450

ApoA1, g/L 1.45±0.26 1.63±0.19 1.37±0.26 0.0136

ApoB, g/L 0.87±0.17 0.94±0.11 0.84±0.18 0.1406

ApoE, mg/L 41.74±11.81 42.78±6.20 41.22±13.94 0.7525

Lipoprotein, mg/L 152.41±155.67 102.56±116.01 177.33±169.57 0.2469

Homocysteine, μmol/L 9.65±3.59 8.13±2.70 10.41±3.81 0.1225

Fatty liver 14/27 5/9 9/18 >0.9999

FBS, mmol/L 5.11±0.57 4.99±0.33 5.17±0.66 0.4507

GH, % 5.80±0.61 5.64±0.48 5.88±0.66 0.4014

Calcium, mmol/L 2.18±1.48 2.21±0.15 2.16±1.05 0.8892

Sodium, mmol/L 142.07±5.37 142.44±4.14 141.89±3.49 0.7196

Potassium, mmol/L 4.07±1.26 4.13±0.42 4.03±0.88 0.7510

Phosphorus, mmol/L 1.19±0.51 1.19±0.33 1.20±0.34 0.9426

ALP, U/L 64.74±53.45 60.00±23.37 67.11±36.85 0.6038

AI, adrenal insufficiency; TC, total cholesterol; TG, triglyceride; LDL, low density lipoprotein; HDL, high density lipoprotein; ApoA1, 
apolipoprotein A1; ApoB, apolipoprotein B; ApoE, apolipoprotein E; FBS, fasting blood sugar; GH, glycosylated hemoglobin; ALP, alkaline 
phosphatase.

Table 5 Results of the Cox regression analysis

Parameter
Univariate CPHR Multivariate CPHR

R
HR P value HR P value

HDL 37.02 0.0107 −

ApoA1 141.25 0.0107 0.27 0.7013 −1.3110

EOS 0.65 0.0625 − −

Homocysteine 0.28 0.0749 0.19 0.1149 −1.6525

NLR 4.90 0.0186 24.60 0.0182 3.2029

dNLR 3.97 0.0412 − −

Total cholesterol 48.97 0.0538 2660.76 0.0447 7.8864

Lymphocyte 0.18 0.0518 − −

PLT 0.17 0.0863 0.13 0.1567 −2.0593

CPHR, Cox proportional hazards regression; HR, hazard ratio; ApoA1, apolipoprotein A1; EOS, eosinophil count; NLR, neutrophil-
lymphocyte ratio; dNLR, derived neutrophil-lymphocyte ratio; PLT, platelet count.
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Figure 2 Forest plot of hazard ratios for analyzed parameters.
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resistance/impaired glucose tolerance/DM. Laparoscopic 
surgery is relatively safe and reliable. All patients with 
SCS in this study underwent laparoscopic adrenalectomy 
and there were no perioperative deaths or complications 
or postoperative laparotomy. This is consistent with other 
reports that laparoscopic adrenalectomy has relatively 
low incidences of morbidity and mortality (0% mortality, 
6.3% morbidity, and conversion to laparotomy in 4.7% 

of cases) (34). The safety and reliability of laparoscopic 
adrenalectomy have been confirmed in other studies 
(35-37). Plasma ACTH, urinary free cortisol, and post-
dexamethasone cortisol suppressibility in patients who 
underwent this procedure were normalized within 1 year 
along with DM in 62.5% (5/8, P=0.619), hypertension in 
67% (12/18, P=0.046), and hyperlipidemia in 37.5% (3/8, 
P=0.619) of patients, as evidenced by symptom relief or a 
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Figure 4 Nomogram based on the logarithm of 5 parameters predicting the probability of NRT after adrenalectomy.
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Figure 5 Evaluation of prognostic model performance. (A) ROC curve analysis. (B,C,D) Calibration curve. ROC, receiver operating 
characteristic.

reduction in drug dose. In contrast, patients who received 
conservative treatment showed no symptom improvement 
and in some cases even required a dosage increase (34). Other 
studies reported similar findings (29,38-42), suggesting 
that patients with SCS receive more benefit from surgery 
(improved hypertension, DM, and hyperlipidemia as well as 
weight loss) than from a conservative treatment approach.

Postoperative AI can be fatal if not treated in a timely 
manner (27,43,44). It remains unclear whether patients with 
SCS who undergo adrenalectomy require RT. Overtreatment 
with steroids can lead to severe infections or iatrogenic CS 
and suppress the HPA axis, thereby delaying its postoperative 
recovery (28,45-47). To avoid this risk, we developed a 
model based on a combination of 5 preoperative clinical 
parameters to identify patients at risk of postoperative AI 
who may require RT. The model—which includes ApoA1, 
NLR, total cholesterol, platelet count, and homocysteine—
showed good prognostic performance, with AUC values 
ranging from 0.833 to 0.967 for 3- to 5-day NRT. The risk 
score based on the 5 parameters was used to divide patients 
into low- and high-risk groups; the latter were more likely to 
require RT, and should thus be closely monitored following 

surgery. Limitations of our study included the small sample 
size and the fact that steroid profile was not included in the 
model because of a lack of clinical data, except for plasma 
cortisol level at 08:00. Therefore, additional studies are 
needed to confirm the reliability of the nomogram and 
validate our conclusions.

Conclusions

We developed a nomogram based on 5 parameters (ApoA1, 
NLR, total cholesterol, platelet count, and homocysteine) 
that can help to identify CSC patients who are at risk for 
postoperative AI and would benefit from RT. The model 
showed good prognostic performance and is thus a useful 
clinical tool that can improve the outcome of CSC patients 
undergoing laparoscopic adrenalectomy.
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