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Abstract
Background  Evidence regarding the relationship between fasting blood glucose (FBG) and suicide attempts (SA) in 
patients with major depressive disorder (MDD) was limited. Therefore, the objective of this research was to investigate 
whether FBG was independently related to SA in Chinese patients with first-episode drug-naïve (FEDN) MDD after 
adjusting for other covariates.

Methods  The present study was a cross-sectional study. A total of 1718 participants (average age: 34.9 ± 12.4 years, 
65.8% females) with FEDN MDD were involved in a hospital in China from September 2016 to December 2018. 
Multiple logistic regression analysis and smooth curve fitting were used to estimate the association between FBG 
and the risk of SA. The threshold effect was examined by the two-piecewise linear regression model. Interaction 
and stratified analyses were conducted according to sex, education, marital status, comorbid anxiety, and psychotic 
symptoms.

Results  The prevalence of SA in patients with FEDN MDD was 20.1%. The result of fully adjusted binary logistic 
regression showed FBG was positively associated with the risk of SA (odds ratio (OR) = 1.62, 95% CI: 1.13–2.32). 
Smoothing plots also revealed a nonlinear relationship between FBG and SA, with the inflection point of FBG being 
5.34 mmol/l. The effect sizes and the confidence intervals on the left and right sides of the inflection point were 0.53 
(0.32–0.88, P = 0.014) and 1.48 (1.04–2.10, P = 0.030), respectively.

Conclusions  A U-shaped relationship between FBG and SA in FEDN MDD patients was found, with the lowest risk of 
SA at a FBG of 5.34 mmol/l, indicating that both the lower and higher FBG levels may lead to an increased risk of SA.
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Introduction
Major depressive disorder (MDD) is a highly prevalent 
psychiatric disorder characterized by a sustained period 
of at least two weeks of low mood, diminished interest or 
pleasure in activities, persistent fatigue or loss of energy, 
significant changes in appetite or weight, psychomotor 
agitation or retardation, insomnia or hypersomnia, and 
recurrent thoughts of death or suicide [1]. The presence 
of suicide-related behaviors in individuals with MDD is 
a major concern due to its alarming consequences. Even 
with adequate treatment for depression, previous epide-
miological studies have reported that approximately 15% 
of individuals with MDD eventually die by suicide [2]. 
A comprehensive study conducted across four counties 
and a large urban region in the United Kingdom revealed 
that 77% of individuals who died by suicide had a men-
tal condition at the time of death, with MDD being the 
most common condition observed in 63% of cases [3]. 
Suicide attempts (SA) have consistently been identified 
as a significant predictor of completed suicides. Previ-
ous research has shown that approximately 16–33.7% 
of individuals with MDD have made at least one suicide 
attempt in their lifetime [4, 5], which is approximately 20 
times higher than the general population [6]. In China, 
the prevalence of suicide attempts among individuals 
with MDD ranges from 7.3 to 48.4% [7, 8]. Despite these 
alarming statistics, the exact causes of suicide attempts 
in individuals with MDD remain unclear. Therefore, it is 
crucial to identify and understand the relevant risk fac-
tors associated with suicide attempts in order to effec-
tively screen for and prevent suicide in this vulnerable 
population.

The causes of suicidal behavior in patients with MDD 
are multifactorial and can be attributed to various bio-
logical, psychosocial, and environmental factors. Several 
variables have been identified to significantly impact 
the epidemiologic characteristics of suicidal behavior in 
MDD patients. For instance, being male, younger in age 
at onset, and having severe depressive pathology are all 
associated with a higher risk of suicidal behavior in MDD 
patients [9–11]. Additionally, physical illness, drug or 
alcohol abuse or dependence, a prior history of suicidal 
attempts, and physical inactivity further contribute to 
this risk. Furthermore, previous research has explored 
the potential role of fasting blood glucose (FBG) in the 
neurobiological mechanism underlying suicidal behav-
ior [12, 13]. While the relationship between FBG and 
suicidal behavior in adults is still debatable, some stud-
ies have yielded interesting findings. For example, a study 
conducted in Korea found that diabetic patients had 
higher rates of depression, suicidal ideation, and suicide 

attempts compared to individuals without diabetes [14]. 
Another study discovered that young MDD patients with 
suicidal behavior had significantly higher levels of FBG 
compared to those without such behavior [15]. Moreover, 
researchers reported that MDD patients with suicidal 
behavior exhibited higher FBG levels and lower glucose 
metabolism rates in specific brain regions [16]. Despite 
these findings, there is inconsistent evidence regarding 
whether glucose disturbances contribute to the risk of 
suicidal behavior in MDD patients. Some studies have 
failed to establish a statistically significant association 
between blood glucose levels and suicidal behavior in 
MDD patients [17, 18]. Additionally, a recent study indi-
cated that, while FBG may serve as a potential biomarker 
for suicidal behavior in men, the correlation between 
FBG and suicidal behavior in women with MDD is not 
significant [19]. It is important to acknowledge the chal-
lenges in comprehending or comparing these results due 
to the discrepancies between studies. Factors such as 
racial differences, variations in study populations (includ-
ing general population samples and patients), differences 
in hospitalization histories, the influence of antidepres-
sant medication, and variations in statistical methods uti-
lized may contribute to these inconsistencies.

First-episode drug-naive (FEND) MDD patients, who 
have not yet been treated with medications for their 
depression, provide a unique opportunity for research-
ers to investigate the relationship between SA and FBG 
in MDD patients without the confounding effects of life-
style changes and medication treatments. By excluding 
these factors, the study aims to avoid interference from 
other variables such as the duration of the illness and the 
presence of other medical conditions that could poten-
tially affect the results [20]. Although previous research 
in this area has yielded conflicting and complex findings, 
there is evidence to suggest a close connection between 
FBG and SA in MDD patients. As Asians and Western-
ers have distinct physical characteristics due to their dif-
ferent racial backgrounds, it is important to explore this 
association among FEND MDD patients in the Chinese 
population, as there is currently limited knowledge in 
this area. Therefore, the objective of this study is to assess 
the correlation between FBG and SA in a relatively large 
sample of FEND MDD patients in China.

Materials and methods
Subjects
The present cross-sectional study was conducted from 
September 2016 to December 2018 in the First Hospi-
tal of Shanxi Medical University, a general hospital in 
Taiyuan, Shanxi Province, China. A total of 1718 FEND 
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patients with MDD (588 males and 1130 females; age 
range of 18–60 years) were recruited consecutively.

Recruitment criteria included: (1) being Han Chi-
nese and between the ages of 18 and 60; (2) never hav-
ing received antidepressant treatment in the past; (3) 
meeting the Diagnostic and Statistical Manual of Men-
tal Disorders (DSM) IV-TR criteria for MDD; (4) cur-
rent depressive symptoms being the first episode; and 
(5) with the 17-item HAMD score > = 24. Exclusion cri-
teria include the following: (1) with severe physical dis-
eases such as cancer, ongoing infections, epilepsy, brain 
injury, diabetes, and stroke (n = 9); (2) pregnancy or lac-
tating women (n = 10); (3) alcohol or drug abuse except 
for tobacco smoking (n = 9); (4) meeting any other major 
Axis I disorders such as schizophrenia, schizophrenic 
affective disorder, bipolar disorder and other psychotic 
disorders (n = 15); (5) refusal of taking part in this study 
(n = 21), (6) interviewing difficult or unreliable (n = 5), 
(7) and other undocumented reasons (n = 9). The study 
was approved by the Institutional Review Board (IRB) 
of Shanxi Medical University (No. 2016-Y27) and per-
formed in accordance with the Declaration of Helsinki. 
All subjects in this study signed a written informed con-
sent form to participate in this study.

Socio-demographic characteristics and anthropometric 
measurements
The patients’ socio-demographic parameters and gen-
eral data, such as age, sex, education level, marital status, 
age at onset, and duration of illness, were gathered using 
a structured, self-designed questionnaire. Weight and 
height measurements, as well as systolic blood pressures 
(SBP) and diastolic blood pressures (DBP), were acquired 
using standardized procedures and calibrated equipment. 
The weight in kilograms (kg) divided by the square of the 
height in meters (kg/m2) yields a body mass index (BMI).

A face-to-face interview was used to collect informa-
tion about individuals’ suicide attempt histories. All 
participants were asked the question, “Have you ever 
attempted suicide in your entire lifetime?” which was 
derived from the WHO/EURO multiple-center study 
[21]. Those participants who answered “yes” to the ques-
tion were considered to have had suicidal attempts. Sub-
sequent inquiries focused on detailing the frequency, 
methods, and precise timing of suicide attempts. Where 
participant responses were ambiguous or unclear, further 
information was garnered through interviews with fam-
ily members, relatives, or friends. A total of 346 patients 
diagnosed with MDD were reported to have attempted 
suicide during their initial depressive episode, with 111 
of these incidents occurring within the past month. 
The breakdown of these attempts included one patient 
with four attempts, two patients with three attempts, 
26 with two attempts, and 317 with one attempt. The 

individuals were split into two groups based on whether 
they had attempted suicide or not: the suicide attempts 
group (SA = 346) and the non-suicide attempts group 
(NSA = 1372).

Clinical interview assessments
Each patient with MDD acquired a consensus diagno-
sis from at least two experienced psychiatrists based on 
the Chinese version of the Modified Structured Clinical 
Interview for DSM-IV-TR Criteria (SCID-I/P).

The 17-item Hamilton Rating Scale (HAMD-17) was 
used to evaluate the severity of depression. Eight of the 
17 items on the scale are graded on a 5-point scale, from 
0 (not present) to 4 (severe), while the other nine items 
are graded from 0 (none) to 2 (symptom-specific severity 
descriptor). A higher score on the scale, which has a total 
range of 0 to 52, suggests more severe depressive symp-
toms. The scale, which is extensively used in China, has 
been shown to have strong reliability and validity in pre-
vious studies [22].

Additionally, the Hamilton Anxiety Rating Scale 
(HAMA) was used to assess the severity of the current 
anxiety symptoms. The scale consists of 14 symptom-
defined items, each of which is scored on a 5-point Likert 
scale from 0 (no symptoms) to 4 (severe symptoms), for a 
total score that can range from 0 to 56. The HAMA scale 
measures both psychic anxiety (e.g., mental agitation and 
psychological distress) and somatic anxiety (e.g., physi-
cal complaints related to anxiety). In this study, a cut-off 
point of 18 was employed to categorize participants into 
groups with or without anxiety symptoms [23].

The Positive and Negative Syndrome Scale (PANSS) 
was used to assess psychotic symptoms using its posi-
tive subscale. Each item was scored from 1 (absent) to 
7 (extreme severity). As a result, the PANSS positive 
subscale’s total score ranged from 7 to 49. In this study, 
patients with a total positive PANSS subscale score of 
15 or above were defined as having psychotic symptoms 
[24].

Before the study, two certified psychiatrists with at 
least five years of clinical experience received a training 
session on the use of these rating scales. Inter-observer 
reliability on the HAMA, HAMD, and PANSS posi-
tive subscales of total scores at repeated assessments 
throughout the study was maintained after training with 
a correlation coefficient of more than 0.8. In addition, 
they were blinded with regard to the patients’ clinical 
status.

Blood samples
Between the hours of 6:00 and 9:00 a.m., serum sam-
ples from all patients were collected following an over-
night fast. Subsequently, the hospital’s laboratory center 
received the entirety of the acquired blood samples. Prior 
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to 11:00 a.m. on the same day, assessments were con-
ducted to measure the concentrations of thyroid-stimu-
lating hormone (TSH), free triiodothyronine (FT3), free 
thyroxine (FT4), thyroid peroxidase antibody (TPOAb), 
anti-thyroglobulin (TgAb), low-density lipoprotein cho-
lesterol (LDL-C), high-density lipoprotein cholesterol 
(HDL-C), cholesterol (TC), triglycerides (TG), and fast-
ing blood glucose (FBG).

Statistics
A Kolmogorov-Smirnov one-sample test was used to 
determine the distribution of continuous variables. Nor-
mally distributed and non-normally distributed continu-
ous variables were respectively reported by their means 
with standard deviations (SD) and median values with 
interquartile ranges (IQR), while categorical variables 
were presented as frequencies with proportions (%). We 
used a one-way ANOVA test (normal distribution), Krus-
kal–Wallis H test (skewed distribution), or χ2 (categori-
cal variables) to test for differences among different FBG 
groups (Tertial). The association between FBG and SA 
was assessed with the use of multivariable logistic regres-
sion models. To quantify the strength of the association, 
unadjusted and adjusted odds ratios (ORs) with 95% 
confidence intervals (CIs) were estimated and reported. 
Multicollinearity between independent variables was cal-
culated by the variance inflation factor (VIF), and those 
with a VIF greater than 5.0 were removed from the final 
model. The model included each covariate one at a time, 
and covariates were included as potential confounders 
in the final models if they changed the estimates of FBG 
on suicide attempt by more than 10% or were markedly 
associated with suicide attempt (P < 0.10) in the MDD 
patients [25]. Age, sex, education, duration of illness, 
HAMD, HAMA, TSH, A-TG, A-TPO, TC, HDL-c, TG, 
LDL-c, SBP, DBP, and psychotic symptoms were included 
in multivariate adjusted logistic regression models as 
confounders. To ensure the robustness of the data analy-
sis, we performed a sensitivity analysis. We converted the 
FBG into a categorical variable and calculated the P value 
for trend. The relationship between FBG and SA was also 
explored using smoothing plots. A two-piecewise linear 
regression model based on the Generalized Estimating 
Equation (GEE) was applied to investigate the threshold 
effect according to the smoothing plot. To compare the 
different regression models, the log likelihood ratio (LLR) 
test was used. Then stratified analyses were performed by 
gender, education, marital status, comorbid anxiety, and 
psychotic symptoms, and their interactions were tested. 
A Bonferroni correction was also applied to control for 
inflation of Type 1 error rates with multiple tests. All of 
the analyses were conducted with the statistical software 
packages R (http://www.R-project.org, The R Founda-
tion) and EmpowerStats (http://www.empowerstats.com, 

X&Y Solution, Inc, Boston, Massachusetts, USA). Graph-
Pad Prism 8.0 was used to draw graphics. Two-tailed P 
values of 0.05 were considered to indicate statistical 
significance.

Results
Baseline characteristics of study participants
A total of 1718 FEDN MDD patients were selected for 
the final data analysis after screening by inclusion and 
exclusion criteria (see Fig.  1 for a flow chart). In gen-
eral, the average age of the participants was 34.9 ± 12.4 
years, including 588 males (34.2%) and 1130 females 
(65.8%). In our study, a total of 346 patients had SA, and 
the prevalence of SA was 20.1%. The mean FBG level in 
FEDN MDD patients with SA was significantly higher 
than that in those without SA (5.49 ± 0.68 mmol/l vs. 
5.37 ± 0.64 mmol/l; t=-6.15; P < 0.001; Fig. 2). We showed 
the baseline characteristics of these selected participants 
in Table 1 according to the tertiles of FBG. The subjects 
were divided into three equal parts according to the 
distribution of FBG. The FBG of the low group, middle 
group, and high group was 3.7-5.0 mmol/l (n = 571), 
5.1–5.5 mmol/l (n = 572), and 5.6–8.2 mmol/l (n = 575), 
respectively. In the low, middle, and high FBG groups, 
the prevalence rates of SA were 16.5%, 15.4%, and 28.5%, 
respectively. Except for age, gender, age at onset, educa-
tion, marital status, FT3 and FT4, other variables were 
significantly different among the different FBG tertiles 
(all P values > 0.05). Compared with the lowest tertile 
(T1), patients in the highest tertile (T3) tended to have a 
higher duration of illness, HAMD, HAMA, TSH, TGAb, 
TPOAb, TC, TG, LDL-c, BMI, systolic pressure, and dia-
stolic pressure, but lower HDL-c. Moreover, the propor-
tion of people who had SA, psychotic symptoms, and 
comorbid anxiety was higher in the highest group (T3). A 
p value < 0.05 (p < 0.017 in three comparisons after Bon-
ferroni correction) was considered to indicate a statisti-
cally significant difference.

Univariate analysis
We listed the results of univariate analyses in Table  2. 
By univariate binary logistic regression, we found that 
gender, marital status, FT3, FT4, BMI, and postgradu-
ate (1.04, 0.62–1.74 vs. ref ) were not associated with SA 
(all P values > 0.05). We also found that age, duration 
of illness, age at onset, HAMD, HAMA, TSH, TGAb, 
TPOAb, TC, TG, LDL-c, systolic pressure, diastolic pres-
sure, FBG, comorbid anxiety, and psychotic symptoms 
were positively associated with SA (all P values < 0.05). In 
contrast, univariate analysis showed that HDL-C, senior 
high school (0.71, 0.53–0.95 vs. ref ), and college (0.69, 
0.50–0.96 vs. ref ) were negatively correlated with SA (all 
P values < 0.05). A p value < 0.05 (p < 0.017 in three com-
parisons after Bonferroni correction, with the junior high 
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school group as the reference group, compared once with 
the senior high school group, college group, and post-
graduate group, respectively) was considered to indicate 
a statistically significant difference.

Results of unadjusted and adjusted binary logistic 
regression
In this study, we constructed three models to analyze 
the independent effects of FBG on SA (univariate and 
multivariate binary logistic regression). The effect sizes 
(odds ratio, OR) and 95% confidence intervals are listed 
in Table  3. In the unadjusted model, the model-based 
effect size can be explained as the difference in 1 mmol/l 
of FBG associated with the risk of SA. For example, the 
effect size of 1.73 for SA in the unadjusted model means 
that a difference in 1 mmol/l of FBG is associated with an 
increased 73% difference in the risk of SA (OR: 1.73, 95% 
CI, 1.45–2.07). In the minimum adjusted model (model 
I), the FBG was increased by 1 mmol/l and the risk of 
SA increased by 66% (OR: 1.66, 95% CI, 1.16–2.37). In 
the fully adjusted model (model II) for each additional 1 
mmol/l of FBG, the risk of SA increased by 62% (OR: 1.62, 
95% CI, 1.13–2.32). For the purpose of sensitivity analy-
sis, we converted the FBG from a continuous variable to 
a categorical variable (Tertial of FBG), and the P-value for 
the trend of the FBG with categorical variables was con-
sistent with the result of the FBG as a continuous vari-
able in the different models (all P for trend < 0.05). In the 
fully adjusted model, the relative risks (95% CI) for par-
ticipants in T1 (3.7-5.0 mmol/l) and T3 (5.6–8.2 mmol/l) 
were 1.63 (95% CI, 1.11–2.41, P = 0.014) and 1.43 (95% CI, 
0.94–2.16, P = 0.091) respectively, when compared with 

Fig. 2  Distribution of fasting blood glucose levels in MDD patients with 
and without suicide attempts

 

Fig. 1  Flow chart of this study
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those in T2 (5.1–5.5 mmol/l). Considering Type 1 error 
rates with multiple tests, according to the Bonferroni 
corrected standard, with the T2 group as the reference 
group, compared once with the T1 group and T3 group, 
respectively, then the significance level for each compari-
son in Table  3 should be adjusted to 0.05/2 = 0.025. The 
comparison p-value between the T1 group and the T2 
group was 0.014, which was significant before correction 
and still significant after Boneroni correction (p < 0.025). 

However, the comparison p-value between the T3 group 
and the T2 group was 0.091, which was not significant 
before and after correction.

Results of nonlinearity of FBG and SA
In the present study, we analyzed the nonlinear rela-
tionship between FBG and SA (Fig.  3). The smooth 
curve fitting presented a U-shaped nonlinear relation-
ship between FBG and SA after adjusting for age, sex, 

Table 1  Baseline characteristics of participants
Variables FBG tertile (mmol/l) P-value

T1 (3.7-5.0) T2 (5.1–5.5) T3 (5.6–8.2)
N 571 572 575
Age (years) 34.0 ± 12.2 34.9 ± 12.4 35.7 ± 12.7 0.077 a

Duration of illness (months) 4.0 (3.0–7.0) 6.0 (3.0–8.0) 6.0 (3.0–9.0) < 0.001 c

Age at onset (years) 33.9 ± 12.1 34.7 ± 12.2 35.5 ± 12.5 0.090 a

HAMD 29.5 ± 2.9 30.2 ± 2.9 31.2 ± 2.8 < 0.001 a

HAMA 20.4 ± 3.2 20.5 ± 3.4 21.4 ± 3.7 < 0.001 a

TSH (uIU/ml) 3.8 ± 2.4 5.0 ± 2.0 6.4 ± 2.6 < 0.001 a

TGAb (IU/l) 20.4 (14.3–30.1) 21.6 (13.9–37.0) 22.4 (15.4–89.8) < 0.001 c

TPOAb (IU/l) 16.7 (12.2–28.9) 16.6 (12.2–33.3) 19.5 (12.7–49.0) < 0.001 c

FT3 (pmol/l) 4.9 ± 0.7 4.9 ± 0.7 4.9 ± 0.7 0.866 a

FT4 (pmol/l) 16.7 ± 3.2 16.6 ± 3.0 16.7 ± 3.1 0.850 a

TC (mmol/l) 4.9 ± 1.0 5.3 ± 1.0 5.6 ± 1.1 < 0.001 a

HDL-c (mmol/l) 1.3 ± 0.3 1.2 ± 0.3 1.1 ± 0.3 < 0.001 a

TG (mmol/l) 2.1 ± 1.0 2.1 ± 0.9 2.3 ± 1.0 < 0.001 a

LDL-c (mmol/l) 2.7 ± 0.8 3.0 ± 0.8 3.2 ± 0.9 < 0.001 a

BMI (kg/m2) 24.1 ± 1.9 24.5 ± 1.9 24.5 ± 2.0 < 0.001 a

Systolic pressure (mmHg) 116.1 ± 11.0 119.6 ± 10.5 122.7 ± 10.2 < 0.001 a

Diastolic pressure (mmHg) 74.8 ± 6.7 75.6 ± 6.4 77.4 ± 6.8 < 0.001 a

Gender (n,%) 0.332 b

Male 209 (36.6%) 187 (32.7%) 192 (33.4%)
Female 362 (63.4%) 385 (67.3%) 383 (66.6%)
Education (n,%) 0.840 b

Junior high school 127 (22.2%) 138 (24.1%) 148 (25.7%)
Senior high school 260 (45.5%) 247 (43.2%) 253 (44.0%)
College 153 (26.8%) 155 (27.1%) 141 (24.5%)
Postgraduate 31 (5.4%) 32 (5.6%) 33 (5.7%)
Marital status (n,%) 0.457 b

Single 177 (31.0%) 166 (29.0%) 159 (27.7%)
Marriage 394 (69.0%) 406 (71.0%) 416 (72.3%)
Suicide attempts (n,%) < 0.001 b

No 477 (83.5%) 484 (84.6%) 411 (71.5%)
Yes 94 (16.5%) 88 (15.4%) 164 (28.5%)
Psychotic symptoms (n,%) < 0.001 b

No 532 (93.2%) 524 (91.6%) 491 (85.4%)
Yes 39 (6.8%) 48 (8.4%) 84 (14.6%)
Comorbid anxiety (n,%) < 0.001 b

No 131 (22.9%) 125 (21.9%) 82 (14.3%)
Yes 440 (77.1%) 447 (78.1%) 493 (85.7%)
Note The variables are presented as n (%) or the mean ± SD or median (quartile 1-quartile 3), FBG: fasting blood glucose; HAMD: 17-item Hamilton Rating Scale for 
Depression; HAMA: 14-item Hamilton Anxiety Rating Scale; TSH: thyroid-stimulating hormone; TGAb: thyroglobulin antibody; TPOAb: thyroid peroxidase antibody; 
FT3: free triiodothyronine; FT4: free thyroxine; TC: total cholesterol; HDL-c, high-density lipoprotein cholesterol; TG: triglyceride; LDL-c: low-density lipoprotein 
cholesterol; BMI: body mass index
a one-way ANOVA test, b χ2 test, and c Kruskal–Wallis H test
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education, duration of illness, HAMD, HAMA, TSH, 
A-TG, A-TPO, TC, HDL-c, TG, LDL-c, SBP, DBP, and 
psychotic symptoms (P for non-linearity < 0.05). We 
used both binary logistic regression and two-piecewise 

binary logistic regression to fit the association and select 
the best fit model based on the log likelihood ratio test. 
Because the P for the log likelihood ratio test was less 
than 0.05, we chose two-piecewise binary logistic regres-
sion for fitting the association between FBG and SA 
because it can accurately represent the relationship. By 
using a two-piecewise binary logistic regression and a 
recursive algorithm, we calculated the inflection point to 
be 5.34 mmol/l. On the left side of the inflection point, 
the effect size and 95% CI were 0.53 and 0.32–0.88 
(P = 0.014), respectively. On the right side of the inflection 
point, the effect size and 95% CI were 1.48 and 1.04–2.10 
(P = 0.030), respectively (Table 4).

Subgroup analyses of FBG and SA
As shown in Fig.  4, subgroup analysis revealed a highly 
consistent pattern in the following subgroups: gender 
(male, female), education (junior high school, senior high 
school, college, postgraduate), marital status (single, mar-
ried), comorbid anxiety (no, yes), and psychotic symp-
toms (no, yes) (all P for interaction > 0.05).

Discussion
To our knowledge, this study is the first to investigate 
the nonlinear correlation between FBG levels and SA 
in patients with FEDN MDD in a relatively large sample 
size. The initial findings of this study demonstrated that 
FBG levels were positively associated with the presence 
of suicidal ideation and attempts in Chinese FEDN MDD 
patients, even after accounting for potential confounding 
variables. Furthermore, our analysis revealed a U-shaped 
nonlinear relationship between FBG levels and the risk of 
SA, with an inflection point occurring at an FBG level of 
5.34 mmol/l. Interestingly, we observed that on the left 
side of the inflection point, lower FBG levels were actu-
ally associated with a higher risk of SA, while on the 
right side of the inflection point, higher FBG levels were 
associated with a higher risk of SA. These findings pro-
vide novel insights into the complex relationship between 
FBG levels and the risk of SA in patients with MDD.

The findings of this study suggest that there is a con-
sistent link between FBG levels and SA, which has also 

Table 2  The result of univariate analysis for suicide attempts
Covariate Statistics OR (95%CI) P value
Age (years) 34.9 ± 12.4 1.01(1.00, 1.02) 0.036
Duration of illness 
(months)

6.4 ± 4.7 1.03(1.01, 1.06) 0.007

Age at onset (years) 34.7 ± 12.3 1.01(1.00, 1.02) 0.038
HAMD 30.3 ± 2.9 1.36 (1.30, 1.43) < 0.001
HAMA 20.8 ± 3.5 1.36 (1.31, 1.42) < 0.001
TSH (uIU/ml) 5.1 ± 2.6 1.38 (1.31, 1.45) < 0.001
TGAb (IU/l) 90.0 ± 238.3 1.01 (1.01, 1.02) < 0.001
TPOAb (IU/l) 72.3 ± 163.8 1.03 (1.02, 1.04) < 0.001
FT3 (pmol/l) 4.9 ± 0.7 1.02 (0.87, 1.20) 0.808
FT4 (pmol/l) 16.7 ± 3.1 1.00 (0.96, 1.04) 0.858
TC (mmol/l) 5.2 ± 1.1 1.73 (1.55, 1.94) < 0.001
HDL-c (mmol/l) 1.2 ± 0.3 0.28 (0.18, 0.42) < 0.001
TG (mmol/l) 2.2 ± 1.0 1.17 (1.04, 1.31) 0.008
LDL-c (mmol/l) 3.0 ± 0.9 1.45 (1.27, 1.66) < 0.001
BMI (kg/m2) 24.4 ± 1.9 0.98 (0.93, 1.05) 0.622
Systolic pressure (mmHg) 119.5 ± 10.9 1.06 (1.04, 1.07) < 0.001
Diastolic pressure (mmHg) 75.9 ± 6.7 1.07 (1.06, 1.09) < 0.001
FBG (mmol/l) 5.4 ± 0.6 1.73 (1.45, 2.07) < 0.001
Gender
Male 588 (34.2%) 1.00 (Ref )
Female 1130 (65.8%) 1.11 (0.86, 1.43) 0.416
Education
Junior high school 413 (24.0%) 1.00 (Ref )
Senior high school 760 (44.2%) 0.71 (0.53, 0.95) 0.022
College 449 (26.1%) 0.69 (0.50, 0.96) 0.027
Postgraduate 96 (5.6%) 1.04 (0.62, 1.74) 0.871
Marital status
Single 502 (29.2%) 1.00 (Ref )
Marriage 1216 (70.8%) 1.11 (0.86, 1.45) 0.420
Comorbid anxiety
No 338 (19.7%) 1.00 (Ref )
Yes 1380 (80.3%) 9.53 (5.16, 17.60) < 0.001
Psychotic symptoms
No 1547 (90.1%) 1.00 (Ref )
Yes 171 (9.9%) 5.30 (3.81, 7.36) < 0.001

Table 3  Relationship between fasting blood glucose and suicide attempts in different models
Variable Unadjusted model Model I Model II

OR (95%CI) P-value OR (95%CI) P-value OR (95%CI) P-value
FBG 1.73 (1.45, 2.07) < 0.001 1.66 (1.16, 2.37) 0.006 1.62 (1.13, 2.32) 0.009
FBG (tertile)
T1 1.47 (1.00, 2.15) 0.049 1.49 (1.02, 2.18) 0.042 1.63(1.11, 2.41) 0.014
T2 Refrence Refrence Refrence
T3 1.47 (0.98, 2.22) 0.064 1.46 (0.97, 2.20) 0.071 1.43 (0.94, 2.16) 0.091
P for trend < 0.001 < 0.001 0.010
Abbreviations CI, confidence interval; T1 (3.7-5.0 mmol/l); T2 (5.1–5.5 mmol/l); T3 (5.6–8.2 mmol/l); Unadjusted Model adjusted for none; Model I adjusted for age, sex; 
Model II adjusted for age, sex, education, duration of illness, HAMD, HAMA, TSH, A-TG, A-TPO, TC, HDL-c, TG, LDL-c, SBP, DBP
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been emphasized by earlier studies. Emerging research 
has shown that FBG plays a significant role in estimat-
ing the risk of suicide and other suicidal behaviors. Spe-
cifically, individuals with MDD may experience abnormal 
glucose metabolism, including higher levels of gluca-
gon, insulin, and fasting blood sugar [26]. A recently 
published study by Liu et al. found that MDD patients 
with suicidal behavior had higher FBG levels compared 
to MDD patients without suicidal behavior [27]. This 
correlation suggests that symptoms of depression and 
anxiety can contribute to an increased risk of suicide by 

raising blood sugar levels. Another study by Koponen et 
al. indicated that patients with suicidal thoughts or sui-
cidal attempts had higher blood glucose levels in an oral 
glucose tolerance test (OGTT), which is used to assess 
the body’s ability to regulate blood sugar [28]. The cor-
relation between blood sugar levels and suicidal behav-
ior in MDD patients involves various factors, including 
metabolic, signaling, and genetic aspects. Excessive fluc-
tuations and uncontrolled blood sugar levels can weaken 
the patient’s self-management awareness, increasing the 
likelihood of suicidal ideation [29]. On the other hand, 
suicidal thoughts can also lead to metabolic issues and 
reduced lipid synthesis, exacerbating insulin resistance 
and raising blood sugar levels in individuals with type 
2 diabetes [30]. Furthermore, MDD patients with sui-
cidal depression tend to have lower serum levels of 
brain-derived neurotrophic factor (BDNF) compared 
to the general population. Insufficient levels of BDNF 
can hinder the body’s glucose metabolism and insulin 
sensitivity, potentially contributing to the development 

Table 4  The results of two-piecewise Logistic regression model
Inflection point of FBG Effect size (OR) 95%CI P
< 5.34 (mmol/l) 0.53 0.32 to 0.88 0.014
>= 5.34 (mmol/l) 1.48 1.04 to 2.10 0.030
Log likehood ratio test 0.006
Effect: Suicide attempts; Cause: FBG (mmol/l); adjusted for age, sex, education, 
duration of illness, HAMD, HAMA, TSH, A-TG, A-TPO, TC, HDL-c, TG, LDL-c, SBP, 
DBP

Fig. 3  The relationship between fasting blood glucose and the probability of suicide attempts. A nonlinear relationship between fasting blood glucose 
and the probability of suicide attempts was observed after adjusting for age, sex, education, duration of illness, HAMD, HAMA, TSH, A-TG, A-TPO, TC, HDL-c, 
TG, LDL-c, SBP, DBP, and psychotic symptoms (P for non-linearity < 0.05)
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of insulin resistance [31]. Stress, which is known to dis-
rupt homeostasis, can have significant physiological and 
behavioral effects. Chronic stress can lead to changes in 
the function and structure of the cerebral stress system, 
negatively impacting various brain regulatory functions 
[26]. The activation of the hypothalamic-pituitary-adre-
nal (HPA) axis, stimulated by anxiety and depression, 
results in the release of corticotropin-releasing hormone 
(CRH) and glucocorticoids. Glucocorticoids, in turn, can 
cause hyperglycemia by stimulating gluconeogenesis, the 
process of generating glucose from non-carbohydrate 
sources. In summary, this expanded explanation high-
lights the consistent correlation between FBG levels and 
suicidal behavior, emphasizing the role of symptoms 
of depression, anxiety, and stress in raising blood sugar 
levels. It also underscores the importance of considering 
various metabolic and genetic factors that contribute to 
the link between blood sugar levels, suicidal ideation, and 
the development of insulin resistance [33].

Furthermore, the study also determined a U-shaped, 
nonlinear relationship between FBG and suicidal ide-
ation in patients with MDD. The generalized additive 
model with a smooth curve revealed that for patients 

with FBG levels lower than the threshold point of 5.34 
mmol/l, there was a negative correlation between FBG 
level and suicidal ideation. This finding is novel and has 
not been reported in previous studies. The underly-
ing psychopathological mechanism behind this nega-
tive correlation has not been fully established. Previous 
research has suggested a potential link between depres-
sion and hypoglycemia. Zhang et al. found that individu-
als with type 2 diabetes and depression were more likely 
to have poor glycemic control and experience hypogly-
cemia compared to those without depression [34]. This 
finding held true even when accounting for the compa-
rable use of sulphonylurea and insulin, thus suggesting 
that depression may be associated with poor self-care 
and medication nonadherence. Biggers et al. conducted 
a study in Thailand and demonstrated that depressive 
symptoms were associated with the frequency of hypo-
glycemia in individuals with type 2 diabetes [35]. It is 
important to note that prolonged low blood sugar can 
cause neuronal damage by depriving neurons of essential 
oxygen and nutrients, which can have detrimental effects 
on the nervous system [36]. In such cases, the nervous 
system may undergo a series of pathological changes [37], 

Fig. 4  Subgroup analysis of the association between fasting blood glucose and suicide attempts. The OR (95% CI) was derived from the Logistic re-
gression model. (Age, sex, education, duration of illness, HAMD, HAMA, TSH, A-TG, A-TPO, TC, HDL-c, TG, LDL-c, SBP, DBP, and psychotic symptoms were 
adjusted)
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including neuronal atrophy, synaptic loss, and myelin 
damage [38]. Suicide rates in individuals with depression 
have also been linked to alterations in brain structure 
and function, particularly in regions involved in emotion 
regulation and decision-making, such as the frontal-sub-
cortical circuit, the suicide circuit, and the reward circuit 
[39]. Positron emission tomography (PET) studies of sui-
cide patients have shown differences in the volume and 
shape of regions such as the prefrontal cortex, cingulate 
gyrus, hippocampus, and amygdala when compared to 
non-suicidal control groups [40]. Additionally, reduced 
metabolic activity in the amygdala and prefrontal cortex 
has been observed in suicide patients [41, 42]. Research 
using functional and structural neuroimaging techniques 
has revealed distinct abnormalities in gray matter volume 
and neural circuitry in cortical regions, particularly in the 
prefrontal cortical and dorsal anterior cingulate gyrus, 
in adults who have attempted suicide compared to both 
affective and healthy adult controls [43]. In the present 
study, it was found that both high and low blood glucose 
levels significantly increased the risk of suicidal ideation 
in patients with comorbid FEDN MDD. Given the com-
plex relationship between FBG and suicidal ideation, 
further in-depth research is necessary to elucidate the 
underlying pathological mechanisms involved.

This study has several limitations. First, the patients 
in this study were recruited from the Han Chinese psy-
chiatric outpatient department of a general hospital in 
Taiyuan, Shanxi Province, China. Therefore, it is impor-
tant to confirm our findings in a population with differ-
ent ethnic and clinical backgrounds. Second, because this 
was a cross-sectional study, it could not demonstrate a 
causal relationship between FBG and SA. Future stud-
ies should use a longitudinal study design to more thor-
oughly explore the causal relationship between FBG and 
SA in patients with MDD. Third, SA were detected using 
medical records and interviews, which are unstructured 
assessment methods for suicidal behavior. In addition, 
we were not provided with precise information about the 
plans or thoughts behind the suicide. Consequently, to 
gather information on these issues related to SA, a spe-
cific suicide questionnaire should be used in future stud-
ies. Fourth, the MDD patients in this study were having 
their first episode and had not received any medication 
for their depressive symptoms. Even though there was 
an advantage to recruiting first-episode and medication-
free patients, we cannot entirely rule out patients whose 
diagnosis may have changed to bipolar disorder, as the 
initial depressive episode may have paralleled the MDD 
episode. Fifth, glycated hemoglobin (HbA1c) provides a 
more stable and long-term reflection of average blood 
glucose levels, which could potentially offer additional 
insights into the glucose management of the subjects. 
However, we did not measure this data. Future research 

could benefit from including HbA1c levels to better 
understand the correlation between chronic glucose con-
trol and suicidality in patients with depression. Sixth, 
the MDD patients encompassed in this study displayed 
pronounced severity in their depressive symptoms, as 
evidenced by 17-item HAMD scores of 24 or higher 
and mean HAMA scores exceeding 20. Consequently, 
the generalizability of our findings to populations with 
milder depressive symptoms may be limited. Finally, a 
number of confounding variables, such as social status, 
family income, smoking, alcohol consumption, person-
ality traits, and biological factors, may have a significant 
impact on the association between FBG and SA but were 
not gathered. To further comprehend the pathophysio-
logical mechanisms behind the association between FBG 
and SA in MDD patients, future studies should take into 
account additional confounding variables.

In conclusion, the present investigation delineated 
a U-shaped correlation between FBG and SA in Chi-
nese patients diagnosed with FEDN MDD, pinpoint-
ing an inflection at 5.34 mmol/L. Below this threshold, 
FBG levels were inversely related to SA, whereas above 
it, a positive correlation emerged. However, the intricate 
mechanisms underpinning the relationship between FBG 
and suicidal behaviors in MDD remain to be fully eluci-
dated, necessitating further inquiry. Moreover, given the 
inherent limitations of this study—including its cross-
sectional nature, the absence of structured diagnostic 
tools, and incomplete data collection—these findings 
must be regarded as provisional. Validation through pro-
spective longitudinal studies is imperative to confirm 
these preliminary observations.
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