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Abstract
Background  Recent studies have identified a correlation between insulin resistance (IR) and depression. This study 
aims to explore the correlation between estimated glucose disposal rate (eGDR), a practical and noninvasive measure 
for assessing IR, and depression in the general population.

Methods  In this population-based cross-sectional study, data from 28,444 adults aged 18 years old or older in the 
NHANES during the period from 1999 to 2018 were analyzed. The correlation between eGDR and depression was 
examined through multivariate logistic regression analyses, subgroup analyses, restricted cubic spline, and interaction 
tests. Furthermore, a mediation analysis was conducted to elucidate the role of the atherogenic index of plasma (AIP) 
in mediating the effect of eGDR on depression.

Results  Multivariate logistic regression analysis and restricted cubic splines analysis indicated that eGDR can exhibit a 
linearly correlation with depression (OR = 0.913; 95% CI: 0.875, 0.953). Subjects in eGDR6-8 and eGDR > 8 groups had a 
decrease risk of depression as 25.4% and 41.5% than those in the eGDR < 4 group. This negative correlation was more 
pronounced in those with obesity. Mediation analysis indicated that AIP mediated 9.6% of the correlation between 
eGDR and depression.

Conclusions  eGDR was linear negatively correlated with depression, with AIP playing a mediating role. This study 
provides a novel perspective on the mechanism connecting IR to depression. Managing IR and monitoring AIP may 
contribute to alleviating depression.
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Introduction
Depression is a widely acknowledged mental illness hav-
ing a substantial correlation with suicide. Approximately 
40% of individuals who died by suicide have been diag-
nosed as depression [1]. The World Health Organization 
(WHO) identified depression as the third largest con-
tributor to the global disease burden as early as 2008 and 
projected that it could become the leading cause of the 
diseased burden by 2030 [2]. In the United States, an esti-
mated 17.3 million adults, representing 6.7% of the popu-
lation, experienced at least one major depressive episode 
in 2017, being positioned as the foremost cause of dis-
ability among individuals aged 15 to 44 [3]. Furthermore, 
depression is correlated with an elevated risk of develop-
ing a range of physical illnesses, including cardiovascular 
disease, metabolic disorders, dementia, and cancers [4–
7]. Given the frequent comorbidity and high prevalence 
of depression with other diseases, preventing depression 
has become a critical public health concern.

Numerous population-centric observational studies 
have illuminated the correlation between IR-induced 
metabolic diseases and depression [8–10]. The under-
lying etiology and the pathophysiological link between 
depressive symptoms and metabolic disorder such as 
T2DM have to be elucidated yet. However, some studies 
suggested that IR play a key role in its pathophysiology 
[11, 12], which may be attributed to peripheral IR leading 
to central IR. Central insulin is instrumental in multiple 
neural circuits. It can modulate dopamine release, par-
ticipate in signal transduction in various glial cells in the 
brain, regulate the production, structure, and function of 
mitochondria, thereby influencing emotional cognition 
and behaviors [13]. The conventional assessment on IR 
has traditionally been a protracted and laborious process, 
predominantly depending on the hyperinsulinemiceugly-
cemic clamp (HIEC) as the paramount standard.

eGDR, combined with easily obtainable clinical 
parameters such as hypertension, waist circumference, 
and hemoglobin A1c (HbA1C), has been proposed as 
a straightforward surrogate marker for IR in patients 
with T2DM [14]. Previous studies have demonstrated 
that this method exhibits high accuracy compared with 
the gold standard [14, 15]. Additionally, earlier studies 
have expanded the application of eGDR to patients with 
T2DM, acute ischemic stroking and non-diabetes melli-
tus, revealing a significant correlation between eGDR and 
outcomes such as the mortality of cardiovascular disease 
(CVD), all-cause mortality, and diabetic complications 
[16–19].

However, the correlation between eGDR and depres-
sion remains unclear. Consequently, this study aims to 
explore the correlation between eGDR and depression 
in a large, nationally-representative sample of American 
adults. The dataset from National Health and Nutrition 

Examination Survey (NHANES) was collected from 1999 
to 2018.

Methods
Research subjects and design
NHANES, conducted by National Center for Health Sta-
tistics (NCHS) [20], is a comprehensive study designed to 
assess the correlation between nutrition, health promo-
tion, and disease prevention. The survey shall be con-
ducted every two years by taking physical examinations, 
interviews, and various sections covering dietary, demo-
graphic, examinations, and laboratory data.

For the present study, data were collected from ten 
2-year cycles of NHANES from 1999 to 2018. Subjects 
aged 18 years old and older were included (n = 59204). 
Those with incomplete data on Patient Health Question-
naire-9 (PHQ-9) (n = 28013) and eGDR (n = 2182) were 
excluded. Furthermore, 565 pregnant individuals were 
excluded due to potential alterations in waist circum-
ference, blood lipid profiles, and depression status (as 
shown in Fig. 1). Ultimately, the study comprised a total 
of 28,444 subjects.

Ascertainment of depression
PHQ-9 patient health questionnaire scale, a self-admin-
istered scale, was for screening and assessing the sever-
ity of depression. PHQ-9 score ranges from 0 to 27, with 
each of the nine items scoring from 0 to 3 (0 = never; 
1 = many days; 2 = half the days; 3 = almost daily) [21]. 
A cumulative score of 10 or higher is indicative of the 
presence of depression [21]. This threshold is frequently 
employed in epidemiological studies to identify patients 
with depression and has been validated through clinical 
evaluation [21].

Measurement of eGDR
eGDR was calculated as a previously established formula: 
eGDR (mg/kg/min) = 21.158 - (hypertension × 3.407) - 
(0.551 × HbA1C [%]) - (0.09 × waist circumference [cm]), 
where, hypertension was coded as either 0 (absence 
of hypertension) or 1 (presence of hypertension) [22]. 
Hypertension was characterized by a physician’s diag-
nosis, the current use of antihypertensive medications, 
or a systolic and/or diastolic blood pressure measure-
ment ≥ 140/90 mmHg [23]. According to previous studies 
[24], subjects were classified into four groups based on 
their baseline eGDR:< 4, 4–5.99, 6–7.99, and ≥ 8 mg/kg/
min, with the lowest eGDR category (< 4 mg/kg/min) as 
the control group.

Ascertainment of atherogenic index of plasma (AIP)
The determination of AIP was predicated upon the 
measurement on high-density lipoprotein cholesterol 
(HDL-C) and triglyceride (TG) concentrations in the 
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bloodstream. The precise mathematical formula utilized 
for calculating AIP was expressed as follows: log10 [TG 
(mmol/L)/HDL-C (mmol/L)] [25].

Covariates
The analysis incorporated various covariates, includ-
ing socioeconomic and demographic factors (age, pov-
erty-income ratio (PIR), gender, marital status, race, 
education level, height, weight and waist circumfer-
ence), lifestyle variables (smoking, physical activities, 
and alcohol consumption, sleep disorder, dietary intake 
factors, encompassing energy and fiber intake), medi-
cal history (coronary heart disease (CHD), stroking, 

diabetes mellitus, hypertension and cancers), as well 
as laboratory test results (serum TG, urine albumin-to-
creatinine ratio (UACR), total cholesterol, creatinine, 
HDL-C, HbA1c and low density lipoprotein cholesterol 
(LDL-C)). Self-reported race was categorized into the 
following four races: non-Hispanic Black, non-Hispanic 
White, other Hispanic, Mexican Americans, and other 
races. Educational level was divided into two levels: high 
school or above, less than high school. Marital status was 
sorted into three groups: married or living with a part-
ner, separated, divorced or widowed and never married. 
Smoking status was categorized into the following two 
groups: former (smoked more than 100 cigarettes in life 
and do not smoke at all now), or current (smoked more 
than 100 cigarettes in life and smoke some days or every 
day), and never (smoke less than 100 cigarettes in life). 
Alcohol consumption was assessed by using a question: 
“In one year, have you had at least 12 drinks of any type 
of alcoholic beverage?” Participants who answered ‘yes’ 
were identified as alcohol drinkers. Participants having 
diabetes mellitus were identified by having any of the fol-
lowing conditions: Have been told by a doctor or health 
professional having diabetes mellitus, HbA1c ≥ 6.5%, 
fasting plasma glucose ≥ 7.0 mmol/l, two-hour OGTT 
blood glucose ≥ 11.1 mmol/l, and use of diabetes mellitus 
medication or insulin. Hypertension in participants was 
defined based on any of the following: ever been told by 
a doctor or a health professional that had hypertension, 
mean systolic blood pressure ≥ 140 mmHg, and mean 
diastolic blood pressure ≥ 90 mmHg. The diagnoses of 
CHD, stroking, cancers and sleep disorder were based 
on self-report by participants. All participants completed 
24-hour dietary recalls, and the mean consumption rates 
derived from these recalls were utilizes. eGFR was cal-
culated as the CKD-EPI formula [26]. CKD was defined 
in accordance with current clinical guidelines as UACR 
exceeding 30  mg/g, eGFR of less than 60 mL/min/1.73 
m², or both conditions [27, 28]. Body mass index (BMI), 
calculated as weight in kilograms divided by the height in 
meters. Additional information regarding the NHANES 
database can be found at http://www.cdc.gov/nhanes.

Statistical analyses
In accordance with PHQ-9 scores, subjects in this study 
were categorized into two distinct groups: those with 
depression and those without depression [21]. Continu-
ous variables were expressed as mean ± standard devia-
tion (SD) and compared with Student’s t-test between 
groups. Categorical data were presented as counts and 
percentages [n (%)] and analyzed with chi-square test. 
Multivariate logistic regression models were adopted to 
describe the correlation between eGDR and depression. 
Significant variables identified in the univariate analysis 
were included in the multivariate analysis. Three models 

Fig. 1  Flowchart of the sample selection from the 1999–2018 NHANES
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were employed in the analyses: Model 1 was unadjusted, 
and Model 2 was adjusted for gender and age. Model 
3, the final multivariable model, included additional 
adjustments for race, total energy and fiber intake, AIP, 
drinking, BMI, smoking, moderate physical activities, 
CHD, stroking, diabetes mellitus, CKD, sleep disorder, 
PIR, education level, marital status, albumin, and can-
cers. Additionally, restricted cubic spline (RCS) analy-
sis was conducted to determine whether the correlation 
between eGDR and depression is linear. Subgroup analy-
ses were also conducted to assess the influence of eGDR 
on depression concerning several stratified covariates, 
including age, BMI, education level, gender, and disease 
status (including CHD, diabetes mellitus, cancers, CKD 
and stroking). Subsequently, the mediation package was 
employed for mediation analysis, and the confidence 
interval of the mediation effect was evaluated with the 
Bootstrap method to quantify the proportion of AIP in 
the mediation effect. Data analyses were executed by 
using R software and Free Statistics software, with statis-
tical significance established at a two-sided P value of less 
than 0.05.

Results
Baseline characteristics
Table 1 shows a comprehensive summary of the subjects’ 
characteristics. Of the 28,444 subjects included in the 
study, 14,116 (49.6%) were females and 14,328 (50.4%) 
were males, with a mean age of 47.7 ± 18.6 years old. 
Among these subjects, 2,417 (8.5%) exhibited depression. 
The majority of patients with depression were females, 
who had a higher prevalence of current or former smok-
ing, lived alone, sleep disorder, and had lower HDL-C, 
total energy and fiber intake and family PIR levels. Addi-
tionally, they were more likely to lack physical activities 
and had higher BMI, waist circumference, HbA1c, TC, 
and TG. Furthermore, these individuals were more fre-
quently correlated with underlying medical conditions 
such as hypertension, CHD, diabetes mellitus, CKD, 
stroking, and cancers. eGDR in the depression group was 
7.24 ± 2.92, which was lower than 8.07 ± 2.67 observed in 
the non-depression group.

Correlation between eGDR and depression
In the multiple logistic regression analysis, a signifi-
cant inverse correlation between eGDR and depression 
was identified after adjusting for confounders in Model 
3 (OR = 0.913, 95% CI: 0.875, 0.953). To further explore 
eGDR, the subjects were categorized into four groups. 
The comparison between the eGDR < 4 group and the 
eGDR4-6 group under Model 3 adjusted did not show a 
significant difference (OR = 0.849, 95% CI: 0.658, 1.096), 
with the eGDR < 4 group as the control group. However, 
a substantial reduction in the prevalence of depression 

within eGDR6-8 and eGDR > 8 groups were observed 
compared to the eGDR < 4 group, with decreases of 25.4% 
(OR = 0.746, 95% CI: 0.562, 0.990) and 41.5% (OR = 0.585, 
95% CI: 0.431, 0.795), respectively, as detailed in Table 2. 
RCS analyses demonstrated a linear correlation between 
eGDR and depression (as shown in Fig. 2).

Subgroup analysis
To further explore the correlation between eGDR and 
depression across various populations stratified by age, 
BMI, education level, gender, and disease status (includ-
ing CHD, diabetes mellitus, cancers, CKD and stroking), 
subgroup analyses were conducted. This study identified 
a significant interaction effect of BMI on the correla-
tion between eGDR and depression, with an interaction 
p < 0.05. Specifically, among patients with obesity, each 
one-unit increase in eGDR was correlated with a 15.2% 
reduction in the incidence of depression (OR: 0.848; 
95%CI: 0.780–0.922). Notably, other covariates, including 
age and gender, did not demonstrate interactive effects 
on the correlation between eGDR and depression (as 
shown in Fig. 3).

Mediation analysis
In the mediation analysis, eGDR was treated as the inde-
pendent variable, AIP as the mediator, and depression as 
the dependent variable. The mediation model and corre-
sponding pathways are illustrated in Fig. 4. The findings 
revealed a significant correlation between eGDR and AIP 
(β = -0.025, p < 0.001), as well as between AIP and depres-
sion (β = 0.393, p < 0.001). Further analysis indicated a 
significant indirect effect of eGDR on depression medi-
ated by AIP, with an effect of -0.0103 (p < 0.001), suggest-
ing that AIP partially mediates the correlation between 
eGDR and depression, accounting for approximately 9.6% 
of the total effect (as shown in Table 3).

Discussion
This study identified a negative correlation between 
eGDR and depression, with a significantly stronger corre-
lation among patients with obesity. Furthermore, media-
tion analysis indicated that AIP partially mediated the 
correlation between eGDR and depression.

Multiple previous studies have documented a correla-
tion between IR and depression. A specific exploration, 
drawn upon data from the Netherlands Study of Depres-
sion and Anxiety, revealed a link between IR and ongo-
ing, persistent major depression. Additionally, it was 
proposed in this study that IR could serve as a character-
istic feature of depressive conditions [29]. Adriaanse et al. 
examined a sample of 541 individuals aged 55–75 years 
old in the Netherlands and found a weak correlation 
between depression and IR (assessed by HOMA-IR) [30].
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Characteristic Total (n = 28444) PHQ-9 < 10 (n = 26027) PHQ-9 ≥ 10 (n = 2417) P value
Age 47.7 ± 18.6 47.8 ± 18.7 47.4 ± 16.8 0.365
Gender, % < 0.001
  Male 14,328 (50.4) 13,437 (51.6) 891 (36.9)
  Female 14,116 (49.6) 12,590 (48.4) 1526 (63.1)
Race, % < 0.001
  Mexican American 4731 (16.6) 4338 (16.7) 393 (16.3)
  Other Hispanic 2761 (9.7) 2431 (9.3) 330 (13.7)
  Non-Hispanic White 12,393 (43.6) 11,382 (43.7) 1011 (41.8)
  Non-Hispanic Black 5934 (20.9) 5410 (20.8) 524 (21.7)
  Other Race 2625 (9.2) 2466 (9.5) 159 (6.6)
Education level, % < 0.001
Less than high school 6636 (24.8) 5786 (23.7) 850 (36.9)
High school or above 20,110 (75.2) 18,655 (76.3) 1455 (63.1)
Marital, % < 0.001
  Married/living with partner 17,026 (62.6) 15,800 (63.5) 1226 (52.6)
  Separated/divorced/widowed 4989 (18.3) 4378 (17.6) 611 (26.2)
  Never married 5194 (19.1) 4701 (18.9) 493 (21.2)
Moderate physical activity, % < 0.001
  Yes 9935 (41.0) 9369 (42.4) 566 (26.1)
  No 14,322 (59.0) 12,721 (57.6) 1601 (73.9)
Alcohol status, n% 0.727
  Current or ever, % 19,639 (71.4) 17,951 (71.4) 1688 (71.7)
  Never 7856 (28.6) 7191 (28.6) 665 (28.3)
Smoking status, n% < 0.001
  Current or ever, % 12,321 (45.2) 10,912 (43.8) 1409 (60.2)
  Never 14,921 (54.8) 13,989 (56.2) 932 (39.8)
Sleep disorder < 0.001
  Yes 1885 (7.9) 1420 (6.5) 465 (22.8)
  No 21,867 (92.1) 20,295 (93.5) 1572 (77.2)
Hypertension, % < 0.001
  Yes 9635 (33.9) 8548 (32.8) 1087 (45.0)
  No 18,809 (66.1) 17,479 (67.2) 1330 (55.0)
Diabetes, % < 0.001
  Yes 3882 (13.7) 3387 (13.0) 495 (20.5)
  No 24,542 (86.3) 22,625 (87.0) 1917 (79.5)
CHD, % < 0.001
  Yes 1054 (4.0) 912 (3.7) 142 (6.2)
  No 25,614 (96.0) 23,465 (96.3) 2149 (93.8)
Stroke < 0.001
  Yes 914 (3.4) 750 (3.1) 164 (7.1)
  No 25,820 (96.6) 23,684 (96.9) 2136 (92.9)
CKD, % < 0.001
  Yes 5130 (18.0) 4600 (17.7) 530 (21.9)
  No 23,309 (82.0) 21,422 (82.3) 1887 (78.1)
Cancer, % 0.002
  Yes 2507 (9.4) 2250 (9.2) 257 (11.2)
  No 24,233 (90.6) 22,187 (90.8) 2046 (88.8)
Body mass index, kg/m2 28.8 ± 6.7 28.7 ± 6.5 30.4 ± 7.8 < 0.001
Waist circumference, cm 98.5 ± 16.3 98.2 ± 16.1 101.8 ± 18.0 < 0.001
HbA1c, % 5.71 ± 1.04 5.69 ± 1.02 5.85 ± 1.24 < 0.001
Albumin, g/dl 42.72 ± 3.29 42.80 ± 3.26 41.92 ± 3.56 < 0.001
Total cholesterol, mmol/L 4.89(4.22,5.61) 4.86(4.22, 5.61) 4.97(4.24, 5.72) 0.003
Triglycerides, mmol/L 1.15(0.80,1.71) 1.14(0.79, 1.68) 1.31(0.88, 1.95) < 0.001

Table 1  Characteristics of the study population based on depression
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eGDR, combining with easily obtainable clinical 
parameters such as hypertension, waist circumference, 
and HbA1C, has been proposed as a straightforward sur-
rogate marker for IR in patients with T2DM [14]. Previ-
ous studies have demonstrated that this method exhibits 
high accuracy compared with the gold standard [14, 15]. 
Previous studies have demonstrated that eGDR serves 
as an independent predictor of all-cause mortality [31], 
coronary artery disease [32] and peripheral vascular dis-
ease [33] in patients with T2DM. More recently, several 
studies have explored the applicability of eGDR in non-
diabetic individuals [34], individuals with T2DM [15, 35], 
and those with acute ischemic stroking [15, 36]. Given 
that many of these conditions involve vascular sclerosis 
and damage, which are critical risk factors for depression, 
a strong correlation between eGDR and depression was 
hypothesized. To the best of our knowledge, this is the 
first study to explore the correlation between eGDR and 
depression.

The precise mechanisms underlying the correlation 
between depression and IR has not been fully eluci-
dated. However, several potential pathways have been 
proposed. Emerging evidence indicates that patients 
with depression exhibit dysregulation in homeostatic 
systems, particularly in the inflammatory responses 
and hypothalamic-pituitary-adrenal (HPA) axis, both of 

which have been implicated in the pathogenesis of MetS 
and IR. Disorders of the HPA axis have been implicated 
in the pathogenesis of depression [37, 38], with altera-
tions in glucocorticoid sensitivity and systemic cortisol 
effects documented in patients with stress-related disor-
ders [39]. Hyperactivation of the HPA axis is correlated 
with increased lipid storage, accumulation of visceral 
adiposity, and enhanced lipogenesis. Moreover, hyper-
cortisolism induces the synthesis of very low-density 
lipoproteins and lipolysis, ultimately resulting in hyper-
triglyceridemia [40]. Elevated serum triglyceride levels 
enhance the release of free fatty acids from adipose tis-
sues, thereby contributing to IR in non-adipose tissues 
[41, 42]. Additionally, in instances of severe obesity, 
abdominal adipose tissues function as an endocrine 
organ, secreting hormones and inflammatory cyto-
kines [43, 44]. These inflammatory cytokines can cross 
the blood-brain barrier, disrupting neurotransmission 
and causing neurological dysfunction, as well as reduc-
ing neurogenesis in brain structures involved in mood 
regulation [45]. Chronic inflammation and activation of 
the HPA axis can also affect insulin sensitivity, resulting 
in metabolic disturbances. The components of eGDR, 
such as waist circumference, hypertension, and HbA1c, 
are integral to these mechanisms. Therefore, eGDR can 
reflect IR in the body, and its use in predicting the risk 

Table 2  Associations between eGDR and depression
Subgroups Model 1 Model 2 Model 3

OR (95%CI) P-value OR (95%CI) P-value OR (95%CI) P-value
eGDR 0.897 (0.884, 0.911) < 0.001 0.864 (0.850, 0.878) < 0.001 0.913 (0.875, 0.953) < 0.001
eGDR (category)
  < 4 1(Ref ) 1(Ref ) 1(Ref )
  4–6 0.669 (0.58 ~ 0.772) < 0.001 0.671 (0.581 ~ 0.775) < 0.001 0.849 (0.658 ~ 1.096) 0.210
  6–8 0.622 (0.537 ~ 0.72) < 0.001 0.57 (0.491 ~ 0.661) < 0.001 0.746 (0.562 ~ 0.990) 0.043
  > 8 0.42 (0.37 ~ 0.476) < 0.001 0.345 (0.302 ~ 0.395) < 0.001 0.585 (0.431 ~ 0.795) < 0.001
P for trend 0.764 (0.735 ~ 0.793) < 0.001 0.709 (0.68 ~ 0.739) < 0.001 0.836 (0.761 ~ 0.918) < 0.001
Model 1: None covariates were adjusted; Model 2: Gender and age were adjusted; Model 3: Gender, age, race, AIP, drinking, BMI, smoking, moderate physical 
activities, CHD, stroke, diabetes, sleep disorder, CKD, PIR, education level, marital status, albumin, cancer, total energy and fiber intake were adjusted

Characteristic Total (n = 28444) PHQ-9 < 10 (n = 26027) PHQ-9 ≥ 10 (n = 2417) P value
HDL-cholesterol, mmol/L 1.29(1.06,1.58) 1.29(1.09, 1.60) 1.27(1.03, 1.55) < 0.001
LDL-cholesterol, mmol/L 2.85(2.28,3.46) 2.85(2.28, 3.46) 2.90(2.28, 3.54) 0.303
Creatinine, umol/L 0.86(0.72, 1.00) 0.86(0.72, 1.01) 0.82(0.70, 0.98) < 0.001
AIP -0.05 ± 0.33 -0.06 ± 0.33 0.01 ± 0.35 < 0.001
PIR 2.51 ± 1.63 2.58 ± 1.63 1.70 ± 1.38 < 0.001
Energy intake, kcal/d 2045.4 ± 825.2 2053.8 ± 824.5 1953.7 ± 827.9 < 0.001
Dietary fiber intake, g 16.7 ± 9.0 16.9 ± 9.0 14.3 ± 8.1 < 0.001
eGDR 8.00 ± 2.70 8.07 ± 2.67 7.24 ± 2.92 < 0.001
Values are mean±SD or number (%). P < 0.05 was deemed significant. TC, Total cholesterol; TG, Triglyceride; HDL-c, High density lipoprotein cholesterol; LDL-c, Low 
density lipoprotein cholesterol; AIP, Atherogenic index of plasma; PIR, Poverty-income ratio; eGDR, Estimated glucose disposal rate; CHD, Coronary heart disease

Table 1  (continued) 
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of having depression provides a certain basis for health 
promotion and prevention of depression.

The findings suggest that AIP partially mediates the 
correlation between IR (as determined by the eGDR) and 
depression, which underscores the importance of moni-
toring AIP in patients with low eGDR. Previous stud-
ies have demonstrated a significant correlation between 
depression and lipid metabolism disorders [46, 47]. 
Therefore, regulating AIP, particularly by reducing TG 
levels and increasing HDL-C levels, may mitigate the risk 
of having depression in individuals with low eGDR.

A significant interaction effect was identified between 
eGDR and BMI, indicating that the correlation between 
eGDR levels and depression is particularly pronounced 
among patients with obesity. Elevated fasting glucose 
levels are critical risk factors for obesity. Furthermore, 
patients with obesity were predisposed to comorbidities 
such as hypertension and diabetes mellitus. As indicated 

in the research, obese individuals were 3.88 times more 
likely to have comorbid diabetes mellitus compared to 
individuals with normal weight [48]. The metabolic dis-
orders correlated with obesity are also significant con-
tributors to the exacerbation of depression.

A significant strength of this study lies in the utilization 
of a nationally representative sample from the NHANES, 
enabling a thorough evaluation on diverse population 
characteristics. This methodological approach enhances 
the generalizability of findings to a broader spectrum of 
American adults. Furthermore, the study was meticu-
lously controlled for numerous confounding variables, 
yielding robust estimates of the independent correlation 
between eGDR and the prevalence of depression. Finally, 
this study performed an intermediary analysis to explore 
the correlation between IR, AIP, and depression.

It is essential to recognize several significant limitations 
inherent in this study. Firstly, the cross-sectional study 

Fig. 2  Restricted cubic spline fitting for the association between eGDR and depression
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design constrains the capacity to infer causality between 
eGDR and depression. To address this limitation, future 
research should incorporate experimental method-
ologies and longitudinal surveys to elucidate temporal 

correlation and underlying mechanisms. Secondly, the 
PHQ-9 scale used for diagnosing depression relies on 
self-reported data and lacks validation by clinical prac-
titioners. It is important to acknowledge that PHQ-9 is 

Fig. 3  Association between eGDR and the risk of depression in various subgroups
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extensively employed in both epidemiological and clini-
cal contexts and has been rigorously validated, demon-
strating high specificity and sensitivity [49]. Lastly, the 
findings are specific to Americans, thereby constraining 
the generalizability of the results to other demographic 
groups.

Conclusion
eGDR was negatively correlated with depression, with 
AIP playing a mediating role. This study provides a novel 
perspective on the mechanism connecting IR to depres-
sion. Managing IR and monitoring AIP may contribute to 
alleviating depression. Given the clinical significance of 
the correlation with depression, reducing IR and AIP may 
represent a potential treatment approach.
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Table 3  Mediation analysis of AIP in the association between eGDR and depression
Independent 
variable

Mediator Total effect Indirect effect Direct effect Propor-
tion
medi-
ated, %

Coefficient (95% 
CI)

P value Coefficient (95% 
CI)

P value Coefficient (95% 
CI)

P value

eGDR AIP -0.0114 (-0.0192, 
-0.0055)

< 0.001 -0.0011 (-0.0019, 
-0.0004)

< 0.001 -0.0103 (-0.0178, 
-0.0045)

< 0.001 9.6

Fig. 4  Mediated analysis model path diagram. Notes: eGDR was defined as the independent variable; depression as the dependent variable; and AIP as 
the mediating variable. Path a represents the regression coefficient of the association between eGDR and AIP. Path b represents the regression coefficient 
of the association between AIP and depression. Path c represents the simple total effect of eGDR on depression. Path c’ represents the direct effect of 
eGDR on depression when controlling for AIP
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