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Background: Cushing’s syndrome (CS) is a group of diseases that lead to multi-
organ damage and even life-threatening conditions due to prolonged exposure
of the organism to high cortisol levels. In clinical work, its screening and diagnosis
process is cumbersome. In this study, we explored the relationship between
hemoglobin glycation index (HGI) and Cushing’s syndrome in the hope of
assisting in the screening of the disease.

Methods: This cross-sectional study included 344 hospitalized patients. Subjects
were analyzed by collecting post-admission laboratory indicators. Binary logistic
regression analysis was used to test the correlation between HGI and CS. All
patients diagnosed with CS underwent a standardized diagnostic process.
Results: Out of the total participants, 33 (9.6%) were diagnosed with CS. In the
unadjusted model, the likelihood of subjects developing CS increased with
increasing HGI (odds ratio: 1.59, 95% confidence interval: 1.11-2.30; P<0.05). In
the fully adjusted model, the risk of CS increased by 265% for each standard
deviation increase in HGI (95% confidence interval: 1.26-5.57; P<0.05). Based on
receiver operating characteristic (ROC) curve analysis and Youden's index, the
sensitivity and specificity of HGI for predicting CS were 75.8% and 55%,
respectively (cutoff value: -0.1185; area under the curve: 0.664; P = 0.002).
Conclusions: Higher levels of HGI are associated with the risk of developing CS
and contribute to screening for CS.

hemoglobin glycation index, Cushing’s syndrome, simple obesity, glycosylated
hemoglobin, indicators
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Introduction

Cushing’s syndrome (CS) is a group of severe endocrine
disorders caused by chronic, excessive secretion of cortisol by the
adrenal glands or by long-term exposure to large amounts of
exogenous glucocorticoids (GCs) (1, 2). Its incidence is estimated
to be 40 cases per million people, with an annual incidence of 0.7-
2.4 cases per million people (1-3). Excessive glucocorticoids are
associated with a variety of systemic complications, especially
abnormal glucose metabolism. GCs induce positive feedback on
several key enzymes involved in gluconeogenesis, thereby
increasing glucose production and indirectly inducing impairment
of insulin sensitivity by directly interfering with insulin receptor
signaling pathways or by increasing fatty acid and amino acid
content, promoting the development of insulin resistance (4).

The global prevalence of obesity has nearly tripled since 1975
due to sedentary lifestyles and unhealthy diets (5).Many diseases are
characterized by obesity in one way or another, and obesity can lead
to a variety of complications. A common symptom of Cushing’s
syndrome is sudden weight gain due to excess fat accumulation in
the abdomen, this is usually central (1). Obesity is associated with
an increased risk of insulin resistance and type 2 diabetes, regardless
of the disease context (6).

Confirming the diagnosis of Cushing’s syndrome is a great
challenge because biochemical findings can also be abnormal in
patients with depression, anorexia nervosa, or alcoholism (2).
Diagnostic evaluation of patients with CS is usually initiated as a
result of clinical suspicion, and screening may be warranted in
certain groups of patients who do not have the typical clinical
features (2). The various clinical signs and symptoms of Cushing’s
syndrome also do not coexist in the same individual. The Endocrine
Society Clinical Practice Guidelines recommend testing 24-hour
urine free cortisol (UFC), dexamethasone suppression test, and late-
night salivary cortisol (LNSC) to detect cortisol secretion status, as
well as combining a variety of imaging tests to diagnose the disease

Abbreviations: CS, Cushing’s syndrome; GCs, Glucocorticoids; UFC, urine free
cortisol; LNSC, late-night salivary cortisol; HbAlc, glycosylated haemoglobin;
HGI, haemoglobin glycation index; CGM, continuous glucose monitoring; FH of
DM, family history of diabetes; FH of HTN, family history of hypertension; HTN,
hypertension; T2DM, type 2 diabetes mellitus; BMI, body mass index; WBC,
white blood cell; HGB, haemoglobin; PLT, platelet; FIB, fibrinogen; ALB,
albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
ALKP, alkaline phosphatase; GGT, gamma-glutamyl transferase; TBIL, total
bilirubin; DBIL, direct bilirubin; TC, total cholesterol; TG, triglycerides; HDL-
¢, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein
cholesterol; UREA, urea nitrogen; UA, uric acid; 24hUCor, 24-hour urinary
cortisol; FBG, fasting blood glucose; ADA, American Diabetes Association; eGFR,
estimated glomerular filtration rate; SBP, systolic blood pressure; DBP, diastolic
blood pressure; 2-h PG, 2-hour glucose; OGTT, 75-g oral glucose tolerance test;
OR, odds ratio; CI, confidence interval; GR, glucocorticoid receptor; IGF, Insulin-
like Growth Factor; PI3K, phosphatidylinositol 3’ kinase; IGF, insulin-like growth
factor; FOXO, forkhead box O; ROC curve, receiver operating characteristic
curve; AUC, area under curve; DST,1 mg overnight dexamethasone suppression

test; AGEs, advanced glycation end-products.
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(7). No test is perfect; each test has different sensitivities and
specificities, and multiple tests are usually required (2). In
addition, the complexity of the diagnosis of Cushing’s disease can
be compounded by false-positive and false-negative pituitary
imaging findings (8). In conclusion, the diagnosis of Cushing’s
syndrome is a tedious process and requires several repetitions to
obtain a relatively accurate result. Available data suggest that early
and radical treatment improves patient survival (3). Notably,
patients with active Cushing’s syndrome disease experience
increased mortality (9). This high risk may not fully recover
even after the disease is in remission and cortisol levels have
fallen (9). Therefore, early screening for Cushing’s syndrome is
extremely important.

In 2002, Hempe JM et al. introduced the concept of hemoglobin
glycation index (HGI) in order to ameliorate the degree of non-
parallelism between glycosylated hemoglobin and blood glucose
(10). Subsequently, Lin BS et al. calculated HGI using the glycated
hemoglobin and blood glucose management indicators measured in
the laboratory through continuous glucose monitoring (CGM) (11).
As research has progressed, it has been found that HGI may be a
new marker for identifying high-risk diabetic patients. Higher HGI
values have been associated with risk of cardiovascular and all-cause
mortality, and renal insufficiency in various populations, with and
without diabetes (12-15). In addition, the relationship of HGI with
all-cause mortality and cardiovascular mortality was also discussed
by Zhao L et al. in subjects with metabolic syndrome (16).

Based on these studies, and considering the close relationship
between obesity and Cushing’s syndrome and dysglycemia, we
sought to explore the relationship between HGI and Cushing’s
syndrome to assist in the screening and diagnosis of CS.

Materials and methods
Study population

We collected data from patients who visited the Department of
Endocrinology and Metabolism of Tianjin Medical University
General Hospital from December 2019 to September 2023 for
abnormal weight gain. Through medical history review, we
initially excluded patients with prior cortisol use. The exclusion
criteria for participants were as follows: (1) 12 were excluded due to
repeat hospitalization; (2) 28 were excluded due to missing
glycosylated hemoglobin values; (3) 25 were excluded due to
missing fasting glucose values; (4) 57 were excluded due to the
lack of pathological results; and (5) 6 were excluded due to having a
special type of diabetes mellitus (e.g., type 1 diabetes mellitus, latent
autoimmune diabetes in adults). Ultimately, 344 subjects were
included in the study, as shown in Figure 1.

Data collection

Through the electronic inpatient medical record system, we
extracted the subjects’ basic information after admission to the
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472 people visited Department of Endocrinology
and Metabolism, General Hospital of Tianjin
Medical University for abnormal weight gain
between December 2019 and September 2023

10.3389/fendo.2025.1678472

12 were excluded due to repeat hospitalization
28 were excluded due to missing glycosylated hemoglobin
values

25 were excluded due to missing fasting glucose values

[ 344 subjects were included in the study ]

FIGURE 1
Screening process for inclusion of study subjects

hospital, which is detailed in Table 1. The general information included
age, gender, height, weight, blood pressure, whether they smoked or
drank alcohol, whether they had a family history of diabetes or
hypertension (FH of DM/HTN), and whether they suffered from
hypertension (HTN), type 2 diabetes mellitus (T2DM), and fatty
liver. Body mass index (BMI) was obtained by dividing weight (kg)
by the square of height (m?). Fatty liver was diagnosed with the help of
liver ultrasound. A trained healthcare professional measured the blood
pressure after the patient had been in a resting state for 5 minutes,
repeated the measurements two times, and calculated the mean value.
Smoking is defined as smoking at least 1 cigarette per day in the past
year. Alcohol consumption is defined as 230 grams of alcohol for men
and >20 grams of alcohol for women in the past 3 months. Laboratory
tests included white blood cell (WBC),hemoglobin (HGB), platelets
(PLT), fibrinogen (FIB), albumin (ALB), alanine aminotransferase
(ALT), aspartate aminotransferase (AST), alkaline phosphatase
(ALKP), gamma-glutamyl transferase (GGT), total bilirubin (TBIL),
direct bilirubin (DBIL), total cholesterol (TC), triglycerides (TG), high-
density lipoprotein cholesterol ((HDL-c), low-density lipoprotein
cholesterol (LDL-c), urea nitrogen (UREA), uric acid (UA), serum
cortisol (morning), 24-hour urinary cortisol (24hUCor), fasting blood
glucose (FBG) and glycosylated hemoglobin (HbAlc). Estimated
glomerular filtration rate (eGFR) was calculated using the Chronic
Kidney Disease Epidemiology Collaboration equation (17).

Informed consent was not required to be obtained as the
information for this study was obtained from an electronic
database and was anonymized except for the patient’s date of birth.

Definitions

According to the American Diabetes Association (ADA)
guidelines for diabetes (18), we determined whether patients had
diabetes through medical history consultations and the use of
hypoglycemic medications. Among the 344 subjects ultimately
included, 102 were diagnosed with type 2 diabetes.

The diagnosis of Cushing’s syndrome relies on qualitative tests
(blood and urine cortisol, dexamethasone suppression test),
imaging tests (magnetic resonance imaging, electron computed
tomography) and surgical biopsy (19). The sources of subjects

Frontiers in Endocrinology

57 were excluded due to lack of pathological results

6 were excluded due to having a special type of diabetes
mellitus (type 1 diabetes mellitus, latent autoimmune diabetes
in adults)

with Cushing’s syndrome are summarized in Supplementary
Table S1. As previously stated, we have excluded all subjects who
did not undergo biopsy.

Calculation of HGI

For the 472 subjects admitted between 2019 and 2023, we excluded
7 cases of duplicate hospitalizations, 1 case with an unclear diagnosis of
Cushing’s syndrome, and cases lacking HbAlc and FBG values. We
then incorporated the HbAlc and FBG values of the remaining subjects
into the regression curve to derive the corresponding equation
(Figure 2: y=3.12 + 0.59x). The FBG values were then brought into
the equation to obtain the predicted value of HbAlc, and HGI was the
difference between the actual and predicted values (10).

Statistical analysis

Continuous variables such as BMI and age are expressed as
mean * standard deviation, and categorical variables are expressed
as percentages. Student’s t-test and Mann-Whitney U-test were
used for continuous variables with normal and skewed
distributions, respectively. The y>-test was used for comparison of
categorical variables. Relationships between variables were
expressed as Pearson’s correlation coefficient (r). Binary logistic
regression was used to test the relationship between HGI and CS.
Odds ratio (OR) and corresponding 95% confidence interval (CI)
were also calculated. All computational operations can be realized
in IBM SPSS for Windows (version 27.0; Armonk, NY, USA). The
predictive value of the HGI for CS was demonstrated using the
receiver operating characteristic (ROC)curve.

Results
Characteristics of the participants

The baseline characteristics of all participants are summarized
in Table 1. CS patients had significantly higher levels of age, DBP,
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TABLE 1 Baseline characteristics of the study participants.

10.3389/fendo.2025.1678472

Variables Overall Cushing's syndrome non-CS control group P-value
No. of participants 344 33 311
Age(years) 33.62+10.77 41.27+11.82 32.80+10.35 <0.001***
Male, % 31.1 6.1 33.8 <0.001***
Smoker, % 19.2 12.1 19.9 0.241
Drinker, % 7.6 3 8 0.161
FH of DM, % 21.5 6.1 232 0.150
FH of HTN, % 23.5 333 225 0.102
HTN, % 39.8 66.7 37.0 <0.001***
Fatty liver, % 91 57.6 94.5 <0.001***
T2DM, % 29.7 21.2 30.5 0.232
BMI (kg/m?) 38.35+7.45 27.97+5.46 39.39+6.81 <0.001***
SBP (mmHg) 137+18 143.45+24.57 136.16+16.77 0.105
DBP (mmHg) 88+14 95.64+16.83 87.63+13.08 0.012*
WBC (*1079) 7.54+1.85 7.21£1.66 7.57+1.87 0.246
HGB (g/L) 138.22+15.55 1135.09+17.04 138.56+15.37 0.224
PLT (*1019) 276.86+68.94 248.18+75.58 279.90+67.61 0.012*
FIB (g/L) 3.43+1.17 3.39+£3.40 3.44+0.57 0.932
ALB (g/L) 39.33+3.32 38.48+4.14 39.42+3.22 0.215
ALT (U/L) 48.46+44.25 39.36+50.77 49.43+43.48 0.215
AST (U/L) 30.35+28.37 28.55+48.91 30.54+25.35 0.702
ALKP (U/L) 74.42+25.14 86.79+47.46 73.10+21.18 0.111
GGT (U/L) 45.01+47.17 51.12+110.35 44.35+34.60 0.728
LDH (U/L) 195.35+53.12 263+85.38 188.14+42.75 <0.001***
TBIL (umol/L) 11.27+4.77 10.82+4.08 11.31+4.84 0.576
DBIL (umol/L) 3.15+2.42 2.52%1.14 3.22+2.51 0.005**
TC (mmol/L) 5.76+13.94 5.59+0.88 5.78+14.66 0.943
TG (mmol/L) 2.18+1.26 1.99+1.30 2.20+1.25 0.342
HDL-c (mmol/L) 1.08+0.25 1.37+0.29 1.05+0.22 <0.001***
LDL-c(mmol/L) 3.16+0.77 3.43+0.83 3.13+0.76 0.032*
UREA(mmol/L) 4.39+1.38 4.79+2.30 4.35+1.24 0.285
UA (umol/L) 412.87+109.43 296.18+85.18 425.25+104.40 <0.001***
Serumcortisol (umol/L) 553.31+227.99 723.45+255.09 535.61+217.93 <0.001***
24hUCor(ug/24h) 72.79+99.38 281.12+243.44 52.92+28.41 <0.001***
FBG (mmol/L) 5.77+2.22 5.03%£1.35 5.84+2.28 0.046*
HbAlc (%) 6.47+1.60 6.39+1.29 6.48+1.63 0.762
(Continued)
Frontiers in Endocrinology 04 frontiersin.org
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TABLE 1 Continued

Variables Overall Cushing's syndrome non-CS control group

eGFR (mL/min/1.73m?) 120.43+16.88 111.98+18.24 121.33+16.50 0.002**

HGI (%) -0.05+0.81 0.30£1.08 -0.09+0.76 0.008**

Data was presented as mean + SD, weighted median (25th percentile, 75th percentile) or n (%) .

ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALKP, alkaline phosphatase; BMI, body mass index; DBIL, direct bilirubin; DBP, diastolic blood pressure; eGFR,
estimate glomerular filtration rate; FH of DM, family history of diabetes mellitus; FH of HTN, family history of hypertension; FIB, fibrinogen; FBG, fasting blood glucose; GGT, gamma-glutamyl
transferase; HbAlc, glycosylated hemoglobin; HGI, hemoglobin glycation index; HGB, glycosylated hemoglobin; HDL-c, high density lipoprotein cholesterol; HTN, hypertension; LDH, lactate

dehydrogenase; LDL-c, low density lipoprotein cholesterol; PLT, blood platelet; SBP, systolic blood pressure; T2DM, type 2 diabetes mellitus; TBIL, total bilirubin; TC, total cholesterol; TG, total

triglycerides; UREA, urea nitrogen; UA, uric acid; WBC, white blood cell; 24hUCor,24-hour urinary cortisol.

*P < 0.05, **P < 0.01, **P < 0.001.

15.00

1250

10.00

HbA1c(%)

10.00 15.00

FBG(mmoliL)

FIGURE 2

Scatterplot of glycated hemoglobin (HbAlc) versus fasting blood glucose (FBG).

LDH, HDL-c and LDL-c than non-CS subjects. The latter had
higher levels of BMI, PLT, DBIL, eGFR and UA. A greater
proportion of CS patients had a history of hypertension, but a
lower proportion had fatty liver. In addition, Serum cortisol and
24hUCor were significantly higher in the CS group compared to the
non-CS group.

Correlations between HGI and other
variables

In all subjects, HGI was positively correlated with FH of HIN (r =
0.113, P = 0.038), WBC (r = 0.123, P = 0.023), ALKP (r = 0.115,
P = 0.034), 24hUCor (r = 0.162, P = 0.004), and HbA1c (r = 0.574, P <
0.001). HGI was negatively correlated with ALB (r = -0.205, P < 0.001).
There was no significant correlation between HGI and gender,
smoking status, alcohol consumption, blood pressure, BMI, blood
biochemistry, lipid levels and UA (Table 2).

Associations between the HGI and CS
In regression analysis, HGI was significantly associated with

Cushing’s syndrome (OR: 1.59, 95% CI: 1.11-2.30; P < 0.05). After
adjusting for variables such as age, sex, with or without T2DM, and

Frontiers in Endocrinology

serum cortisol (model 4), HGI remained associated with CS as an
independent risk factor (OR: 2.65, 95% CI: 1.26-5.57; P < 0.
05) (Table 3).

Subgroup analyses

A stratified study was conducted based on gender, age, presence
of diabetes, uric acid level, FBG level, and eGFR level (Model 4,
Table 4). The results showed a correlation between HGI and CS in
women, non-smokers and non-drinkers, non-diabetics, fatty liver,
age > 35years, uric acid values 2420, FBG < 6.1, and eGFR<90.

Predictive value of HGIl, 24hUCor and
serum cortisol for Cushing’s syndrome

The predictive ability of HGI, 24hUCor and Serum cortisol for
CS was assessed using ROC curve analysis (Figure 3). ROC curve
analysis revealed statistically significant differences in HGI,
24hUCor, and serum cortisol levels among patients with
Cushing’s syndrome (p=0.013; p<0.001; p=0.003), with respective
AUC values of 0.648, 0.877 and 0.674. The cut-oft value predicted
by HGI is -0.1185 (sensitivity=0.758, specificity=0.55). For detailed
information, see Supplementary Table S3.
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Discussion

Our study examines for the first time the association between
HGI and Cushing’s syndrome. Higher HGI was significantly

TABLE 2 Correlations between HGI and other metabolic variables.

Variables
Age(years) -0.001 0.988
Male, % -0.057 0.290
Smoker, % -0.028 0.607
Drinker, % -0.004 0.944
FH of DM, % 0.052 0.336
FH of HTN, % 0.113 0.038*
HTN, % 0.099 0.067
Fatty liver, % -0.074 0.173
T2DM, % 0.284 <0.001***
BMI (kg/m?) 0.045 0.408
SBP (mmHg) 0.067 0.217
DBP (mmHg) 0.018 0.742
WBC (*1079) 0.123 0.023*
HGB(g/L) 0.100 0.065
PLT (*10179) 0.031 0.570
FIB(g/L) 0.005 0.923
ALB (g/L) -0.205 <0.001***
ALT (U/L) 0.073 0.178
AST (U/L) 0.080 0.139
ALKP (U/L) 0.115 0.034*
GGT (U/L) 0.042 0.440
LDH (U/L) 0.039 0.469
TBIL (umol/L) 0.060 0.264
DBIL (umol/L) 0.025 0.651
TC (mmol/L) -0.014 0.791
TG (mmol/L) -0.081 0.137
HDL-c (mmol/L) -0.096 0.078
LDL-c(mmol/L) -0.010 0.857
UREA(mmol/L) 0.038 0.488
UA (umol/L) -0.032 0.551
Serum cortisol (umol/L) 0.014 0.802
24hUCor (ug/24h) 0.162 0.004**
FBG (mmol/L) 0.083 0.124
(Continued)
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TABLE 2 Continued

Variables
HbAlc (%) ‘ 0.574 <0.001***
eGFR (mL/min/1.73m?) ‘ 0.085 0.116

ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALKP,
alkaline phosphatase; BMI, body mass index; DBIL, direct bilirubin; DBP, diastolic blood
pressure; eGFR, estimate glomerular filtration rate; FH of DM, family history of diabetes
mellitus; FH of HTN, family history of hypertension; FIB, fibrinogen; FBG, fasting blood
glucose; GGT, gamma-glutamyl transferase; HbAlc, glycosylated hemoglobin; HGI,
hemoglobin glycation index; HGB, glycosylated hemoglobin; HDL-c, high density
lipoprotein cholesterol; HTN, hypertension; LDH, lactate dehydrogenase; LDL-c, low
density lipoprotein cholesterol; PLT, blood platelet; SBP, systolic blood pressure; T2DM,
type 2 diabetes mellitus; TBIL, total bilirubin; TC, total cholesterol; TG, total triglycerides;
UREA, urea nitrogen; UA, uric acid; WBC, white blood cell; 24hUCor,24-hour urinary
cortisol.

*P < 0.05, **P < 0.01, ***P < 0.001.

TABLE 3 Odds ratios (95% CI) for association of HGI with the prevalence
of Cushing’s syndrome.

OR (95%Cl)

Modell Model2 Model3 Model 4

2.62**
(1.40,4.88)

2.65*
(1.26,5.57)

HGI 1.59*
X 344
(continuous) (1.11,2.30)

1.72*
(1.09,2.71)

Model 1: unadjusted. Model 2: adjusted for age and gender. Model 3: adjusted for Model 2 plus
with or without type 2 diabetes mellitus (T2DM). Model 4: adjusted for Model 3 plus serum
cortisol.

*P < 0.05, **P < 0.01. OR, odds ratio; CI, confidence interval.

associated with the risk of developing CS, with a 59% increase in
the risk of developing CS for every 1-unit increase in HGI (OR: 1.59,
95% CI: 1.11-2.30; P < 0. 05), and HGI is relevant for the
differentiation of CS from non-CS. Although ROC analysis
indicates that HGI has a slightly lower AUC compared to
conventional urine cortisol, we believe it remains valuable given
its accessibility and simplicity.

Currently, several methods exist for calculating the hemoglobin
glycation index (HGI) (10, 11). The method we adopt, which is based
on the difference between the actual and predicted hemoglobin, is
more operable and universal. Patients generally prefer a
straightforward single blood draw over a prolonged and non-
standardized urine collection process, making HGI a practical tool
for initial screening and early identification. As noted previously, HGI
is strongly associated with dysglycemia. A follow-up of 7,345 subjects
without diabetes at baseline for more than 3 years showed that
participants with higher HGI were at higher risk of developing
diabetes in the future (20). Moreover, Marini et al. observed that
high HGI was associated with reduced insulin sensitivity and elevated
fasting insulin levels (21). Diabetes mellitus is a common
complication of CS, which is the result of the development of
insulin resistance in the body as well as impaired insulin secretion
induced by glucocorticoid overdose (22). Long-term systemic
glucocorticoid therapy has been reported to nearly double the risk
of developing diabetes (23). Glucose monitoring in patients with
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TABLE 4 Subgroup analysis for the association of HGI with the prevalence of Cushing’s syndrome.

Subgroup Cases OR (95%Cl) P-value
Gender:
Male 107 0.80 (0.14,4.63) 0.806
Female 237 3.95 (1.57,9.95) 0.004
Smoker:
YES 66 0.29 (0.03,2.88) 0.291
NO 275 449 (1.74,11.58) 0.002
Drinker:
YES 26 - _
NO 315 3.90 (1.55,9.83) 0.004
T2DM:
YES 102 158 (0.81,3.08) 0.177
NO 242 11.01 (2.53,47.96) 0.001
AGE:
<35 194 223 (0.51,9.73) 0.288
>35 150 5.33 (1.05,27.07) 0.044
UA:
<420 194 273 (0.64,11.71) 0.177
2420 150 3.11 (122,7.91) 0.017
FBG:
<6.1 263 5.09 (1.59,16.22) 0.006
>6.1 81 2.18 (0.58,8.13) 0246
eGFR:
<90 263 5.09 (1.59,16.22) 0.006
>90 81 2.18 (0.58,8.13) 0.246

T2DM, type 2 diabetes mellitus; FBG, fasting blood glucose; eGFR, estimate glomerular filtration rate;UA, uric acid.
Analysis was adjusted for age and gender, with or without type 2 diabetes mellitus (T2DM), serum cortisol (Model 4) when they were not the strata variables.

OR, odds ratio; CI, confidence interval.

dermatologic conditions who had not used GCs in the past revealed
that nearly half of the patients had abnormal blood glucose after GC
treatment (24). In addition, endogenous CS tends to be diagnosed in
1-9% of diabetic patients, especially those with poor glycemic control
and typical features such as central obesity (25). Given the close
relationship between HGI and glucose metabolism, we conducted a
re-analysis after excluding diabetic subjects and found that our results
remained robust (see Supplementary Table S2). These findings
suggest that individuals with higher HGI warrant careful clinical
evaluation for possible CS.

Obesity is a major driver of type 2 diabetes mellitus (T2DM),
and the global increase in the prevalence of obesity has inevitably
contributed to the rising rates of T2DM (26). Weight gain is also a
characteristic feature of Cushing’s syndrome, but based on body
composition measurements, Cushing’s syndrome is essentially
classified as sarcopenic obesity (27). The interaction between
muscle mass loss and obesity can lead to insulin resistance and
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T2DM. Studies have indicated that sarcopenic obesity confers a
higher risk of insulin resistance than obesity alone (28).

Skeletal muscle, which constitutes approximately 40% to 50% of
lean body mass, plays a major role in whole-body insulin-mediated
glucose metabolism (29). The glucocorticoid receptor (GR) is present
on skeletal muscle, and knockout of the GR gene in mice can counteract
the effects of GC on skeletal muscle atrophy to some extent (30, 31). In
addition, GC could inhibit the phosphatidylinositol 3’ kinase(PI3K)/Akt
pathway, which mediates Insulin/insulin-like growth factor(IGF)-I
anabolism, and forkhead box O(FOXO), which in turn plays a role
in muscle cell catabolism (30, 32-34). Skeletal muscle plays an
important role in systemic glycemic control as the primary site of
response to insulin and thus regulation of blood glucose (35). A
reduction in muscle mass and its functional impairment can
compromise glucose disposal and lower metabolic rate (36). Based on
physical examination data, researchers in Seoul found that skeletal
muscle mass was negatively associated with the incidence of diabetes
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and insulin resistance in healthy adults (37). These findings may partly
explain why higher hemoglobin glycation index (HGI) was observed in
patients with Cushing’s syndrome (CS) in our study.

In addition, according to the formula for HGI, for individuals
with similar levels of FBG, those with higher levels of HGI have
higher HbAlc (38). However, individuals with similar levels of
HbAlc with high HGI have lower FBG (38). The prevalence of
diabetes mellitus and impaired glucose tolerance in patients with CS
is 20% to 45% and 10% to 30%, respectively, so the overall
prevalence of abnormal glucose metabolism is close to 70% (39).
Previous studies have also found that the FBG/HbAlc ratio in
patients with Cushing’s syndrome is significantly lower than that in
the control group. There is no difference in HbAlc between non-
diabetic Cushing’s syndrome patients and the non-diabetic control
group, but the FPG of the former is significantly lower than that of
the control group (40). This trend is supported by our results: as
presented in Table 1, the FBG of CS patients was higher than that of
the non-CS group (P = 0.046), while HbA1c was slightly lower than
that of the non-CS group, whereas HbAlc was slightly lower,
though without statistical significance (P = 0.762). This pattern
may also reflect an underlying physiological mechanism.

Furthermore, a study using a rapid blood glucose monitoring
system to track glucose levels in patients with adrenal disorders found
that these conditions resulted in shorter periods of time spent within
target ranges and higher glucose variability, although some patients
maintained normal HbAlc levels (41). Furthermore, subtle
differences in cortisol secretion regulation among hypertensive
patients without diabetes were found to influence their blood
glucose fluctuations. The incidence of impaired glucose tolerance
increased with rising cortisol levels during the 1 mg overnight
dexamethasone suppression test (DST) (42). As previously
mentioned, the HGI is a value reflecting blood glucose fluctuations,
and its calculation relies on blood glucose and HbAlc. In patients
with Cushing’s syndrome, underlying blood glucose fluctuations may
influence HGI levels, potentially making it a marker.
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There are also other possible mechanisms that could explain our
research findings. Evidence suggests that cortisol may contribute to
the pathogenesis of psychological disorders—such as depression and
anxiety—among parents of chronically ill children, possibly through
pathways involving advanced glycation end-products (AGEs) (43).
AGE:s are a class of abnormal glucose metabolites associated with
glucotoxicity and diabetic complications (44). They promote the
production of reactive oxygen species (ROS) by activating specific
AGE receptors, ultimately resulting in tissue damage (44).
Furthermore, subsequent investigations have demonstrated that
both an elevated HGI and a high hemoglobin glycation phenotype
are correlated with increased AGE synthesis (10). Therefore, CS
patients may also have elevated AGEs, which in turn is revealed by
the value of HGI. Furthermore, measurement of cortisol in African
American hair revealed a positive association between hair cortisol
levels and HbAlc (45). Given our previously described method for
calculating the hemoglobin glycation index (HGI), along with the
chronic hypercortisolemia characteristic of Cushing’s syndrome (CS)
patients, this mechanism may also contribute to higher HGI values in
CS compared to those with simple obesity (38).

Cushing’s syndrome is at least three times more common in
women than in men, and although it can manifest at any age, it most
frequently occurs between the fourth and sixth decades of life (1-3,
46). Similarly, the prevalence of obesity is usually higher in women
than in men at any age, and the prevalence increases with age,
peaking between the ages of 50 and 65 (5). Our study found that an
elevated hemoglobin glycation index (HGI) was more indicative of
Cushing’s syndrome in women and in individuals aged 35 years or
older, suggesting its potential utility in early CS screening.

There are still some deficiencies in this study. First, as a cross-
sectional analysis, it carries inherent constraints in establishing causal
relationships, necessitating further prospective or longitudinal
research to strengthen the findings. Additionally, the relatively small
sample size and restriction to a Chinese population may limit the
generalizability of the results to other ethnic or demographic groups.
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In conclusion, our study is the first to propose the HGI as a
potential screening tool for CS. Further exploration and validation
are warranted to establish its clinical utility and integrate it into
routine diagnostic practice.
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