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Purpose: Previous studies have shown that insulin resistance and inflammation may be
associated with the pathophysiological mechanisms of mood disorders. Here, we investigated
whether homeostatic model assessment of insulin resistance (HOMA-IR) and serum inter-
leukin-1B (IL-1B) in acute ischemic stroke patients might be associated with post-stroke
depression (PSD).

Materials and Methods: The prospective study was conducted in China from
February 2019 to September 2020. HOMA-IR and clinical data were collected at the time
of admission. Serum levels of IL-1p were determined with enzyme-linked immunosorbent
assays. Symptoms of depression and anxiety were screened by using the Hamilton
Depression and Anxiety Scale at 6 months after stroke, and PSD was diagnosed on the
basis of the Diagnostic and Statistical Manual of Mental Disorders (DSM-V) criteria. The
association of potential risk factors with PSD was analyzed with multivariate logistic
regression analysis. Finally, the ability of HOMA-IR and IL-1f to predict PSD was assessed
with receiver operating characteristic curve.

Results: A total of 305 people was included in the study; 65% were male, and the median
age was 69.5+11.8 years. At the 6-month follow-up, 113 patients (37.5%) showed depressive
symptoms. In multivariate logistic regression analysis, HOMA-IR and IL-1p as graded
variables were associated with an increased risk of PSD (P < 0.05). Receiver operating
characteristic curve analysis indicated the highest sensitivity and specificity when the
HOMA-IR and IL-1P were 1.96 and 38.71 pg/mL, respectively (P < 0.001). IL-1f improved
the ability of HOMA-IR to diagnose PSD combined model area under the curve (AUC):
0.78; 95% CI: 0.72-0.83; P < 0.001).

Conclusion: This study suggests that HOMA-IR and IL-1f are strongly associated with
PSD at 6 months after stroke in patients with acute ischemic stroke. These two factors
together improve the ability for early PSD assessment.

Keywords: insulin resistance, interleukin-1p, acute ischemic stroke, post-stroke depression,

inflammation

Introduction

Stroke is a permanent tissue injury caused by sudden interruption of the cerebral
blood supply because of occlusion or hemorrhage. At least 17 million cases of
stroke occur every year worldwide.' Stroke mood disorder, a common complication
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after stroke, mainly includes symptoms of depression,
anxiety, mania, aphasia, emotional apathy, cognitive
impairment, and fatigue.” The most common manifestation
is post-stroke depression (PSD). On the basis of the most
recent available data, the overall prevalence of PSD is
31%.” Initial and subsequent treatments in patients with
stroke are usually administered in the department of neu-
rology; however, most neurologists are unable to recog-
nize and treat PSD in a timely and correct manner, thus
affecting neural functional recovery in patients with stroke
and potentially leading to cognitive impairment and men-
tal behavior, severely diminished patient quality of life or
even depressed caregivers.* Therefore, early identification,
accurate diagnosis, and timely treatment of PSD are of
substantial clinical significance.

Although the mechanism of PSD remains unclear, in
recent years, inflammatory mechanisms have become an
increasingly important topic of investigation. Insulin
resistance (IR), involving chronic low-grade inflamma-
tion, is characterized by diminished sensitivity of insulin
target tissues to normal insulin concentrations, thus
decreasing the body’s ability to control glucose levels.’
IR is associated not only with the onset of type 2
diabetes but also with cardiovascular and cerebrovascu-
lar diseases. As a marker of disease diagnosis and treat-
ment, IR has attracted increasing attention. IR is higher
in patients with all major subtypes of acute cerebral
infarction, at both the acute stage and after 3 months,
than in non-stroke patients.® Woo has explained the

mechanisms potentially underlying the association
between IR correction and improvement in depressive
symptoms.”

Inflammation is believed to be the main pathophysio-
logical link between depression and metabolic syndrome,
both of which are characterized by elevated pro-
inflammatory cytokines and C-reactive protein and leptin,
as well as the development of insulin and glucocorticoid
resistance.® Interleukin (IL) —1p was the first inflamma-
tory cytokine identified in the brain. IL-1, particularly IL-
1B, is produced by activated microglia after various
forms of neurodegeneration and central nervous system
inflammation, and plays a major role in cerebral ischemia
injury.’ After stroke, peripheral inflammatory factors
such as IL-1p are elevated within 24 hours and remain

elevated for several months.'® Murata et al have reported

that elevated IL-1 levels are associated with treatment-
resistant bipolar depression.'!

Therefore, we propose that serum levels of homeostatic
model assessment of IR (HOMA-IR) and serum IL-1f in
patients with ischemic stroke might be associated with the
prevalence of PSD, and that the combination of these two
factors may provide prognostic information for early
assessment of PSD. In this study, we examined serum
HOMA-IR and IL-1B levels in patients with AIS and
assessed the relationship between these two factors and
PSD at 6 months after stroke.

Materials and Methods

Study Population

A total of 465 patients were enrolled in this study at
the Department of Neurology, Affiliated Hospital 2 of
Nantong University, between February 2019 and
February 2020. The inclusion criteria were as follows:
(1) older than 18 years; (2) acute ischemic stroke
occurring within 7 days; and (3) ischemic stroke con-
firmed after admission by computed tomography (CT)
or magnetic resonance imaging (MRI). The exclusion
criteria included: (1) CT scan confirming intracranial
hemorrhage; (2) transient ischemic attack (TIA); (3)
personal or family history of mental illness; (4)
impaired consciousness or severe cognitive impair-
ment; (5) presence of complete aphasia; (6) severe
liver or kidney disease; and (7) autoimmune diseases.
The study was approved by the ethics committee of the
Affiliated Hospital 2 of Nantong University according
to the principles of the Declaration of Helsinki. All
participants provided written informed consent before
their participation.

Participant Characteristics

Demographic data were collected from the patient
medical records, including age, sex, body mass index
(BMI), number of years of education, and whether they
lived alone. In addition, vascular risk factors were
collected, including history of smoking, drinking,
hypertension, diabetes, atrial fibrillation and previous
history of stroke. The location of the cerebral infarc-
tion was assessed with brain CT or MRI within 24
h after admission. Stroke severity was assessed within

24 h after admission by a trained neurologist using the
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National Institutes of Health Stroke Scale (NIHSS)
score. NIHSS scores ranged from 0 to 42, with higher
scores indicating more severe neurological impairment:
0-2, minor stroke; 3-5, mild stroke; 6-10, moderate
stroke; and >10, severe stroke. Functional indepen-
dence was assessed at discharge with the Barthel
Index (BI) and cognitive function was assessed with
the Mini-Mental  State (MMSE).
Functional outcomes were assessed with the modified

Examination

Rankin scale (mRS) at 6 months after stroke.

Blood Collection and Laboratory Tests

The quantification of insulin resistance (IR) was per-
formed by estimating the peripheral insulin sensitivity
in vivo with the Homeostasis Model Assessment
(HOMA), HOMA-IR was calculated as follows: fasting
insulin (mU/L) x fasting blood glucose (FBG) (mmol/
L)/22.5."% IR was defined by a HOMA-IR index in the
top quartile (Q4). Fasting blood was collected in the
morning on the second day after admission, then cen-
trifuged at 1000xg at 4 °C immediately for 20 min, and
frozen at —80 °C until measurement. Serum levels of
IL-1B were determined by enzyme-linked immunosor-
bent assays with a human Interleukin-1p ELISA kit
(Elabscience Biotechnology Co., Ltd) according to the
kit protocol. IL-1p was measured in the range of 7.81
pg/mL to 500 pg/mL. The coefficients of variation for
in-batch and inter-batch repeatability were less than 10.
In addition, standard laboratory methods were used to
test the hypersensitive c-reactive protein (Hs-CRP),
glycosylated hemoglobin (HbAlc), total cholesterol
(TC), triglyceride (TG), low-density lipoprotein choles-
terol (LDL-C), high-density lipoprotein cholesterol
(HDL-C), homocysteine (Hcy), and free T3 (FT3).

Diagnosis of PSD

Clinical depression was diagnosed with the 24-item
Hamilton Depression Scale (HAMD-24) (score > 8)
during a 6-month follow-up. PSD was diagnosed
according to the Diagnostic and Statistical Manual of
Mental Disorders, 5th Edition (DSM-V). Clinical anxi-
ety (HAMA score >7) was assessed with the 14-item
(HAMA-14) (score >7)
according to anxiety symptoms. Both tests were per-

Hamilton Anxiety Scale

formed by trained neurologists (Yi X and Guo X).

Statistical Analysis

Statistical analyses were conducted in IBM SPSS 22
(SPSS Inc., Chicago, IL, USA). Continuous measure-
ment data with a normal distribution are expressed as
mean + standard deviation, and an independent sample
T-test was used for comparison between groups. Count
data are expressed as percentages, and chi-square (y°)
test was used for comparison between the two groups.
Continuous measurement data with non-normal distri-
bution are expressed as median (interquartile range),
and the Mann—Whitney test was used for comparison
between groups. Binary logistic regression was used to
preliminarily analyze the relationships between differ-
ent factors and PSD. Multivariate logistic regression
was used to analyze variables with P < 0.1, and the
results are presented as odds ratio (OR) and 95% con-
fidence interval (CI). The area under the receiver oper-
ating characteristic curve (ROC) was computed to
measure the utility of both HOMA-IR and IL-1B as
potential markers for PSD. Diagrams were constructed
in GraphPad Prism v8.0. A P value less than 0.05
indicated statistical significance.

Results
Baseline Characteristics of Patients with
and without PSD

A total of 465 patients with ischemic stroke were
included in the analysis. At the 6-month follow-up,
10 had incomplete data, 43 were lost to follow-up, 25
died, and 305 were included in the final study
(Figure 1). A total of 113 patients (37.5%) were even-
tually diagnosed with PSD. In the study population,
198 (65%) were male, with an average age of 69.5
+11.8 years. Table 1 lists the baseline characteristics
of patients with and without PSD, including demo-
graphic, clinical, and laboratory characteristics. The
analysis indicated no significant differences in age
and sex between groups. Compared with patients in
the post-stroke no depression (PSND) group, patients
with PSD had higher blood biochemical indexes such
as FBG, insulin, HbAlc, Hs-CRP, FT3, TC, LDL-C,
HOMA-IR, and serum IL-1B. They also had more years
of education and less alcohol consumption.
Furthermore, patients with PSD had lower BI scores

at baseline. In terms of cognition, patients with PSD
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465 patients were initially diagnosed with AIS in Affiliated Hospital 2
of Nantong University between February 2019 and February 2020.

—_ o~

v

(
(
(

1) CT scan confirming intracranial hemorrhage: 20
2) transient ischemic attack (TIA): 12
(3) personal or family history of mental iliness: 9

5) presence of complete aphasia: 22
6) severe liver or kidney disease: 11

)
)
)
(4) impaired consciousness or severe cognitive impairment: 6
)
)
7) autoimmune diseases: 2

A 4

383 patients were included
Follow up for 6 months

incomplete data: 10
—»!{ lost follow up: 43
passed away: 25

A 4

113 patients with PSD at 6 months
192 patients without PSD at 6 months

Total 305 patients were complete follow-up

Figure | Flow chart of the study.

Abbreviations: AlS, acute ischemic stroke; PSD, post-stroke depression; PSND, post-stroke no depression.

were more likely to have cognitive impairment. At the
6-month follow-up, patients with PSD had higher mRS
and HAMA scores. Moreover, no differences were
observed in the locations of cerebral infarction between
groups. Besides, the median NIHSS score was higher
in patients with PSD (Table 1), and patients with PSD
were more likely to be in the groups with higher
NIHSS score (Supplementary Table S1).

Prevalence of PSD in Both Sexes
Grouped by Age at Different Time Points

In Figure 2, the prevalence of PSD in both sexes,
grouped by age, are shown. In the groups under 40 (n
=6), 41-50 (n = 16), 51-60 (n = 42), and 71-80 (n =
110) years of age, the prevalence of PSD was higher in
male than in female, but the differences were not
statistically significant. In patients 61-70 years old (n
= 78), the prevalence of PSD in female was 63.6%,
a value higher than that in male 26.8% (P = 0.002). In
patients 41-50 years old (n = 16), the prevalence of
PSD was higher in female than in male, and in patients

over 80 years old (n = 41), the prevalence of PSD was
higher in female, but the differences were not statisti-
cally significant.

Baseline Characteristics of Patients with
AIS According to Serum HOMA-IR and
IL-1B

Table 2 summarizes the demographic characteristics
and distributions of baseline clinical variables for low
levels of HOMA-IR (Q1-Q3) and high levels of
HOMA-IR (Q4) and low levels of IL-1B (< 38. 71
pg/mL) and high serum levels of IL-1p (> 38.71 pg/
mL). The analysis showed that FBG, insulin, and
HbAcl levels were significantly higher than those in
HOMA-IR (Q1-Q3) patients. In addition, LDL-C was
higher and less alcohol was consumed by the patients
with higher serum levels of IL-1p. Moreover, compared
with HOMA-IR (Q1-Q3) patients, HOMA-IR (Q4)
patients had lower MMSE scores at admission, lower
BI scores at discharge, higher mRS scores, and higher
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Table | Baseline Characteristics of Patients with and without PSD
Variables Total (n = 305) PSD (n=113) PSND (n = 192) P-value
Age, mean * SD 69.50+11.84 70.49+11.83 68.91+11.84 0.263
Sex, (% by sex group) 0.558

Female 107 42(39.3) 65(60.7)
Male 198 71(35.9) 127(64.1)

BMI (kg/m?), mean + SD 24.45+3.41 24.52+3.33 24.41+3.46 0.774
Education, median (IQR) 5(0, 8) 6(2.5, 8) 5(0, 8) 0.024
Live alone (%) 23(7.5) 6(5.3) 17(8.9) 0.258
Vascular risk factors
Smoking, n (%) 123(40.0) 47(41.6) 76(39.6) 0.730
Drinking, n (%) 115(37.7) 33(29.2) 82(42.7) 0.019
Hypertension, n (%) 224(73.4) 79(69.9) 147(76.6) 0.200
Diabetes, n (%) 95(1.1) 43(38.1) 52(27.1) 0.046
Atrial fibrillation, n (%) 55(18.0) 26(23.0) 29(15.1) 0.083
Previous stroke, n (%) 62(20.3) 30(26.5) 36(18.8) 0.110
Laboratory data
Insulin, mU/L, median (IQR) 4.8(5.8,7) 84(7, 11.8) 7.1(4.1, 10.1) 0.000
FBG, mmol/L, median (IQR) 5.7(5.0,7.2) 6.3(5.3,87) 5.4(4.9, 6.2) 0.000
HOMA-IR, median (IQR) 2.3(1.3, 3.1) 3.022, 3.8) 1.8(1.0, 2.7) 0.000
HbAlc, %, median (IQR) 6.3(5.8,7) 6.5(5.8,7.7) 6.3(5.9, 6.7) 0.045
HCY, umol/L, median (IQR) 13.6(11.3, 17.1) 13.7(11.3, 17.8) 13.5(11.4, 16.5) 0.482
Hs-CRP, mg/L, median (IQR) 2.60(0.62, 7.19) 3.9(0.8, 17.0) 2.1(0.7, 6.4) 0.014
FT3, pmol/L, median (IQR) 4.4(4.0, 4.8) 4.3(3.8, 4.6) 4.51(4.2, 49) 0.000
TC, mmol/L, median (IQR) 4.3(3.69, 5.02) 4.4(3.8,5.2) 4.3(3.6, 4.9) 0.037
TG, mmol/L, median (IQR) 1.5(1.05, 2.19) 1.8(1.1, 2.4) 1.5(1.0, 2.1) 0.085
HDL-C, mmol/L, mean + SD 1.11£0.25 1.10+0.25 1.11£0.26 0.718
LDL-C, mmol/L, mean + SD 2.73+£0.92 2.98+0.89 2.58+0.91 0.000
IL-1B, pg/mL, median (IQR) 41.0(30.7, 53.6) 46.7(40.4, 60.9) 35.3(26.4, 47.1) 0.000
Infarct characteristics, n (%)
Cortical 80(26.2) 32(28.3) 48(25.0) 0.525
Subcortical 71(23.3) 26(23.0) 45(23.4) 0.932
Thalamus 18(5.9) 8(7.1) 10(5.2) 0.503
Brainstem 57(18.7) 19(16.8) 38(19.8) 0.519
Cerebellum 11(3.6) 3(27) 8(4.2) 0.494
Multisite infarction 68(22.3) 25(22.1) 43(22.4) 0.110
Left side, n (%) 140(45.9) 53(46.9) 87(45.3) 0.788
Right side, n (%) 124(40.7) 45(39.8) 79(41.1) 0.820
Bilateral, n (%) 41(13.4) 15(13.3) 26(13.5) 0.947
Neuropsychological function
NIHSS score, median (IQR) 4(2, 8) 7(3, 14) 32, 5) 0.000
NIHSS groups, n (%)
NIHSS score 0-2, n (%) 83(27.2) 14(12.4) 69(35.9) 0.000
NIHSS score 3-5, n (%) 113(37.0) 34(30.1) 79(41.1) 0.053
NIHSS score 6-10, n (%) 56(18.4) 27(23.9) 29(15.1) 0.000
NIHSS score >10, n (%) 53(17.4) 38(33.6) 15(7.8) 0.000
Bl score, median (IQR) 75(45, 90) 50(25, 75) 85(60, 95) 0.000
mRS score, median (IQR) 2(1, 4) 3(2, 4.5) 2(1, 3) 0.000
MMSE score, median (IQR) 22(16, 26) 19(15, 22) 24(18, 28) 0.000
HAMA score, median (IQR) 42, 7) 5@, 8) 4(2,7) 0.010
HAMD score, median (IQR) 53, 8) 98, 11) 3(2,5) 0.000

Abbreviations: PSD, post-stroke depression; PSND, post-stroke no depression; BMI, body mass index; IQR, interquartile range; FBG, fasting blood glucose; HOMA-IR,
Homeostatic Model Assessment of Insulin Resistance; Hs-CRP, High-sensitivity C-reactive protein; HCY, homocysteine; FT3, free tetraiodothyronine; TC, total cholesterol;
TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; IL- 1B, interleukin-1B; NIHSS, National Institutes of Health Stroke
Scale; BI, Barthel Index; mRS, modified Rankin Scale; MMSE, Mini-Mental State Examination; HAMA, Hamilton Anxiety Scale; HAMD, Hamilton Depression Scale.
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80 m male stroke when the HOMA-IR was 1.96 [85% and 55%,
= tively; AUC = 0.74, 95% CI: 0.69-0.80; P <
—i = female respectively )

Prevalence of
PSD(%)
S
<

<41 4150 51-60 61-70 71-80 =81 Age(y)

Figure 2 Prevalence of PSD in both sexes, grouped by age, at different time points.
Chi-square (%) test was used for comparison between groups. In the groups of
patients under 40 (n = 6), 41-50 (n = 16), 51-60 (n = 42), 61-70 (n = 78), 71-80 (n
= 110), and over 80 (n = 41) years of age, patients 6|1-70 (n = 78) years old had
a PSD prevalence 63.6% higher in female than in male (26.8%) (P = 0.002). The
other differences were not statistically significant. **P < 0.01.

Abbreviation: PSD, post-stroke depression.

HAMD and HAMA scores at the 6-month follow-up.
Similar results were found for serum IL-1f.

Serum HOMA-IR and IL-1f are

Associated with PSD
HOMA-IR and IL-1B were significantly higher in the
PSD group (P < 0.001; Figure 3A and B), and
a correlation was observed between HOMA-IR and
serum IL-1B (r, = 0.378; P < 0.001; Figure 3C). In
addition, the proportion of patients in the lowest
HOMA-IR quartile (< 1.32) was markedly lower in
the PSD group (P < 0.05), whereas the proportion of
patients in the highest HOMA-IR quartile (> 3.13) was
markedly higher in the PSD group (P < 0.05). The
same result was also found for serum IL-10 (Table 3).

In the multivariate logistic regression analysis, after
adjustment for various other confounding factors, and
taking HOMA-IR Q1 or lower serum levels of IL-1f (<
38.71 pg/mL) as a reference, we found that HOMA-IR
Q3 and Q4 were associated with development of PSD,
and the risk of PSD increased 269% (OR = 3.69) and
403% (OR = 5.03), respectively. A high serum level of
IL-1B (> 38.71 pg/mL) increased the risk of PSD by
349% (OR = 4.49). In addition, in contrast to all other
parameters, a higher BI score, MMSE score, Hs-CRP,
LDL-C, and lower FT3 were found to be important
prognostic indicators of PSD (Table 4).

ROC curve analysis indicated the highest sensitivity
and specificity for predicting depression 6 months after

0.001]. We additionally found that 38.71 pg/mL of
IL-1p predicted the highest sensitivity and specificity
for depression at 6 months after stroke [80% and 59%,
AUC = 0.72, 95% CI: 0.66—0.78, P < 0.001]. In the
HOMA-IR and IL-1B combination model, the AUC
increased to 0.78 [75%, 71%, 95% CI: 0.72—0.83, P <
0.001] (Figure 4).

Discussion

Although the roles of inflammation and diabetes in
depression are known, the roles of IR and cytokines
in depression, particularly in patients with PSD, has
not been fully explored. In our study, we observed that
patients with PSD had higher levels of HOMA-IR and
IL-1B at admission than PSND patients, and that those
with higher, rather than lower, levels of HOMA-IR and
serum IL-1P had a 5.03-fold and 4.49-fold greater risk
of developing PSD, respectively. In addition, we found
that IL-1p improved the ability of HOMA-IR to diag-
nose PSD and that both factors together added prog-
nostic information enabling early assessment of PSD.
Thus, for patients with acute stroke, particularly those
with high levels of HOMA-IR and IL-1p, targeted life-
style interventions and early antidepressant treatment
should be emphasized.

The cumulative incidence of depression within 5
years after a stroke is 39% to 52%.'° A recent meta-
analysis® has reported that 31% of patients develop
depression at some point in the 5 years following
a stroke. In this study, we found a 6-month incidence
of PSD of 37.5%. Regional differences, variations in
the diagnostic and evaluation methods, and evaluation
times may have led to differences in the reported pre-
valence of PSD. In addition, we found no difference in
the prevalence of PSD between male and female. When
the patients of each sex were grouped by age, the
prevalence of PSD among patients 61-70 years old
was higher for female than for male. Furthermore,
previous studies have found that the severity of stroke
is correlated with the prevalence of PSD,'* in agree-
ment with our study. We also found that patients with
PSD had more years of education. No clear conclusion
can be drawn regarding the relationship between edu-
cation and the occurrence of PSD.'>'® We speculate
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P value

0.025

0.001

0.017

0.000

168)

>38.71 pg/mL (n

21, 4)

20(16, 25)
5(3, 8)

8(5, 9)

IL-1p

137)

<38.71 pg/mL (n

21, 3)

24(18, 28)
41,7)

32, 5)

P value

0.005

0.005

0.303
0.000

(Q4) (n=76)
3(2, 4)

20(15, 25)
4(2, 8)

8(5, 12)

HOMA-IR

(Ql1,3) (n=1229)

21, 3)

22(17, 27)
42, 7)

4(2, 8)

Table 2 (Continued).

Variables

mRS score, median (IQR)

MMSE score, median (IQR)
HAMA score, median (IQR)
HAMD score, median (IQR)

Abbreviations: PSD, post-stroke depression; PSND, post-stroke no depression; BMI, body mass index; IQR, interquartile range; FBG, fasting blood glucose; HOMA-IR, Homeostatic Model Assessment of Insulin Resistance; Hs-CRP,

High-sensitivity C-reactive protein; HCY, homocysteine; FT3, free tetraiodothyronine; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; IL- I, interleukin-

1B; NIHSS, National Institutes of Health Stroke Scale; Bl, Barthel Index; mRS, modified Rankin Scale; MMSE, Mini-Mental State Examination; HAMA, Hamilton Anxiety Scale; HAMD, Hamilton Depression Scale.

that this may be because patients with higher education
have higher stress and expectations, and therefore are
less able to accept the sequelae of stroke.

IR, as chronic low-grade inflammation, is the basis
of a variety of metabolic syndromes and is closely
associated with type 2 diabetes and depression.
Matulewicz has shown that IR activates pro-
inflammatory pathways, induces oxidative stress, and
promotes the development of intra-arterial inflamma-
tion and atherosclerotic plaques.'” In addition, pro-
inflammatory factors (IL-1fB, IL-6 and TNF) indirectly
block insulin signaling, thus leading to IR."® Our study
found that HOMA-IR and IL-1f remained independent
risk factors for PSD after adjustment for other con-
founding factors (Table 4), and an association was
found between HOMA-IR and IL-1B (», = 0.378; p <
0.001; Figure 3C), thus suggesting a possible associa-
tion between IR and pro-inflammatory cytokines in
patients with PSD. In other studies, the association
between IL-1B and PSD has been inconsistent.
Jimenez et al have not found any association between
IL-1B levels and PSD in the first month after stroke.'’
However, Kim et al have found an association between
higher IL-1pB levels and the —511T allele and PSD at 2
weeks.?® We found that, compared with PSND patients,
patients with PSD had higher IL-1p levels (Figure 3B),
and after the exclusion of other confounding factors,
high IL-1P remained an independent risk factor for the
development of PSD (Table 4). Further studies have
found that using HOMA-IR and IL-1pB together, rather
than individually, results in an AUC of 0.78, and
a sensitivity and specificity of 75% and 71%, respec-
tively. This result strongly suggests the diagnostic
value of a combination of HOMA-IR or IL-1B. For
stroke patients, this combination may be useful for
the early identification and treatment of PSD.

Mitzi has demonstrated that IR adversely affects
memory and executive functioning in Hispanic/Latino
individuals without diabetes.”' Studies have shown that
IR is independently associated with poor functional
outcomes after acute ischemic stroke.”” Our results
confirm these conclusions and suggest that HOMA-IR
levels are significantly associated with cognitive
impairment (as defined by MMSE), stroke severity (as
defined by the NIHSS score) and functional outcome at
6 months (as defined by the mRS score) (Table 2).

The mechanism of poststroke depression is unclear.
First, studies have shown that inflammatory mediators

742

submit your manuscript

Dove

Neuropsychiatric Disease and Treatment 2021:17


http://www.dovepress.com
http://www.dovepress.com

Dove Yi et al
A 0 B C
1004 1009 1,=0.378, P < 0.001
8 T - T T 80 Y *
80 . L 4 L g. o®
cr 2 E
< 64 £ 604 >
< )] Q
g £ &
4— Q — ~
T - 40 -
4 =
24 J_ 20 J_
0 J— 0 1 1 1 1 1
T T T 0 T T T 0 2 4 6 8 10
AIS PSD PSND AIS PSD PSND HOMA-IR
Figure 3 Comparison of biomarkers for HOMA-IR and serum IL-Ip levels in the patients with AIS, with depression (n = |13) and without depression (n = 192).

(A) Comparisons were made with Mann—Whitney U-test between the two groups. Compared with the PSND group, the PSD group had significantly higher
HOMA-IR (P < 0.001). (B) Comparisons were made with the Mann—Whitney U-test between the two groups. The PSD group had markedly higher IL-Ip (P <
0.001). (C) Spearman correlation analysis was used to determine the correlation between HOMA-IR and IL-If. A positive association was observed between these
two variables (r; = 0.378; P < 0.001). ***P < 0.001. In the box-and-whisker plots, the horizontal line in the middle of each box indicates the median value; the
lower and upper ends of the box represent the 25th and 75th percentiles; and the peripheral lines extending to the outer fences represent the minimum and

maximum, respectively.

Abbreviations: AlS, acute ischemic stroke; PSD, post-stroke depression; PSND, post-stroke no depression; HOMA-IR, Homeostatic Model Assessment of Insulin

Resistance; IL-1p, interleukin-1p.

stimulate NF-xB and JNK signaling pathways in insulin-
sensitive tissues and activate many pro-inflammatory
molecules, thus promoting chronic low-activity inflam-
matory responses and IR,'* which may be associated
with depressive states. Anti-inflammatory therapy has
been shown to reduce the risk of PSD.* Second, in
mice with brain-specific insulin receptor gene knockout,
IR directly leads to depression-like behavior and anxiety
disorders.”* Marks et al have found that insulin delivery
into the nasal cavity in awake mice transmits regulatory
hormones and metabolic hormones through the blood-
brain barrier, thus significantly improving memory and
levels.”>  Interestingly, animal

reducing  anxiety

Table 3 HOMA-IR Quartiles and IL-I Levels of Patients

experiments have shown that changes in the intestinal
flora can modulate insulin signals and metabolites in the
brain, thereby leading to changes in neural behavior.?®
Finally, IR in the brain can worsen mitochondrial func-
tion, and increase monoamine oxidase levels and dopa-
mine clearance, which may lead to depression.”*
Therefore, inhibiting inflammation to improve central
insulin signaling may provide a new target for the treat-
ment of mood disorders.

This study has several limitations. First, this study
was a single-center study with a small sample size (n =
305), and it excluded patients with aphasia and severe
stroke, which may have contributed to selection bias.

Variable PSD (n=113) PSND (n = 192) 7 P-value
HOMA-IR 37.892 0.000
Quartile 1 (<1.32) 11(9.7%) 66(34.4%) 22.885 0.000
Quartile 2 (1.32, 2.23) 22(19.5%) 54(28.1%) 2.849 0.091
Quartile 3 (2.23, 3.13) 35(31.0%) 41(21.4%) 3518 0.061
Quartile 4 (>3.13) 45(39.8%) 31(16.1%) 21.315 0.000
IL-1B, pg/mL 43.777 0.000
Lower IL-1P group, < 38.71 pg/mL 23(20.4%) 114(59.4%)

Higher IL-1B group, > 38.71 pg/mL 90(79.6%) 78(40.6%)

Abbreviations: PSD, post-stroke depression; PSND, post-stroke no depression; HOMA-IR, Homeostatic Model Assessment of Insulin Resistance; IL-1, interleukin-1.
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Table 4 Multivariate Logistic Regression of Risk Factors in Patients with PSD

Unadjusted Multivariable-Adjusted

OR (95% CI) P value OR (95% CI) P value
Age 1.01(0.99-1.03) 0.262 0.998
Sex, male 0.87(0.53—1.41) 0.558 0.743
Education 1.07(1.01-1.14) 0.028 1.18(1.07-1.31) 0.001
Drinking 0.55(0.34-0.91) 0.019 0.767
Hypertension 0.71(0.42—-1.20) 0.201 0.884
Diabetes 1.65(1.01-2.71) 0.047 0.297
NIHSS score 117(1.11-1.24) 0.000 0.809
Bl score 0.97(0.96-0.98) 0.000 0.97(0.95-0.99) 0.006
mRS score 1.53(1.31-1.77) 0.000 0.440
MMSE score 0.92(0.89-0.96) 0.000 0.91(0.86-0.97) 0.003
HAMA score 1.07(1.01-1.14) 0.032 0.968
HbAlc, % 1.36(1.14-1.62) 0.001 0.090
Hs-CRP, mg/L 1.03(1.01-1.05) 0.001 1.04(1.01-1.06) 0.009
FT3, pmol/L 0.47(0.32-0.69) 0.000 0.44(0.26-0.76) 0.003
TC, mmol/L 1.26(1.01-1.59) 0.045 0.585
LDL-C, mmol/L 1.63(1.25-2.13) 0.000 1.71(1.17-2.49) 0.005
IL-1B, pg/mL
< 38.71 pg/mL Reference Reference
> 38.71 pg/mL 5.72(3.33-9.82) 0.000 4.49(2.18-9.21) 0.000
HOMA-IR
QI (<1.32) Reference Reference
Q2 (1.32-2.23) 2.44(1.09-5.49) 0.030 1.61(0.54-4.78) 0.394
Q 3 (2.23-3.13) 5.12(2.34-11.19) 0.000 3.69(1.31-10.37) 0.013
Q4 (>3.13) 8.71(3.97-19.10) 0.000 5.03(1.76-14.38) 0.003

Abbreviations: NIHSS, National Institutes of Health Stroke Scale; Bl, Barthel Index; mRS, modified Rankin Scale; MMSE, Mini-Mental State Examination; HAMA, Hamilton
Anxiety Scale; Hs-CRP, high-sensitivity C-reactive protein; FT3, free tetraiodothyronine; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; IL- 1, interleukin-

I1B; HOMA-IR, Homeostatic Model Assessment of Insulin Resistance.

Second, the gold standard for IR is the high-insulin-
normal blood sugar clamp technique, which is com-
plex, time-consuming, and expensive. However,
Bonora et al have used this technique to validate an
indirect indicator in this study, HOMA-IR, and have
found a high correlation (» = —0.820, P < 0.001).>’
HOMA is therefore considered an effective method for
assessing peripheral insulin sensitivity in epidemiolo-
gical studies. In our study, the HOMA-IR (P75) >3.13
was similar to previous results.”® Third, the HAMA
and HAMD scales were used to identify anxiety and
depression, respectively, in another limitation of this
study. However, HAMA and HAMD have been widely
verified and have advantages in application reliability,
validity, and practicality. Fourth, whether IR is
involved in the development of post-stroke mood

disorders or is just a marker is not yet known, and
because of the limitations of this type of study, we
were unable to establish a causal relationship. Finally,
HOMA-IR and IL-1B were measured on the second day
after admission but not at other time points; thus, the
relationship between dynamic changes and PSD could
not be observed.

Conclusion

We found that HOMA-IR and IL-1f are closely associated
with PSD at 6 months after stroke in patients with acute
ischemic stroke and may lead to PSD development
through a mechanism of severe inflammation. Use of
these two factors together increases the prognostic infor-
mation for early PSD evaluation. Treatment of inflamma-
tion and IR may provide a potential therapeutic target.
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Figure 4 ROC curve of HOMA-IR and serum IL-1p for predicting PSD. The AUC
was 0.74 for HOMA-IR (green curve), 0.72 for IL-1f (blue curve), and 0.78 for the
combination of HOMA-IR and IL- I (red curve). The combination of HOMA-IR and
serum IL-1P provided the best discrimination, as compared with HOMA-IR and
serum IL-1p alone.

Abbreviations: ROC, receiver operator characteristic curve; AUC, area under
the curve; HOMA-IR, Homeostatic Model Assessment of Insulin Resistance; IL- 1§,
interleukin-1f.
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