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Introduction

More than two-thirds of adults in the United States are 
overweight or obese (1), and there has been no significant 
decrease in this proportion in recent years (2). In China, 
approximately one-fifth of adults are overweight or obese (3);  
moreover, due to the large population base, the number 

of individuals with obesity in China is far greater than 
that in other countries. In addition to causing various 
cardiovascular and cerebrovascular diseases, obesity is also 
believed to be associated with mood disorders. Many studies 
have investigated the relationship between these conditions; 
however, the results are not consistent (4,5). Most studies 
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indicate that obesity can lead to emotional problems (6),  
especially anxiety and depression (7), and only a few suggest 
that obesity and mood disorders are not correlated (8).  
These discrepant findings might be attributed to the 
differences in the methods used for assessment (9) or the 
heterogeneity in the samples (10-12).

The possible role of central modulation in the 
development and recurrence of obesity is supported by a 
range of evidence. Recent research on obesity has gradually 
shifted in focus towards elucidating central modulating 
mechanisms to find more effective ways of preventing 
the occurrence of obesity (13,14). The hypothalamus 
is widely understood to be one of the most important 
regions of the brain for modulating food intake and energy 
homeostasis. Moreover, changes in the hypothalamus 
influence lipolytic metabolism and thermogenesis (15). 
Central inflammation (mainly hypothalamic inflammation), 
which may be a result of an energy regulation imbalance, 
could be an initiating factor for obesity (16). A study 
of rodents on a high-fat diet (HFD) reported that food 
intake disorders and weight gain were associated with an 
increase in hypothalamic inflammation (17). HFD induced 
hypothalamic inflammation, which occurs prior to weight 
gain, and peripheral inflammation have also been suggested 
to be triggers of diet-induced metabolic abnormalities (18).  
Hypothalamic inflammation can not only cause energy 
imbalance, but can also aggravate insulin and leptin 
resistance, which in turn leads to the accumulation of fat 
in peripheral  tissues and results in the occurrence and 
development of obesity (19). Once the hypothalamus 
has an inflammatory response, a series of metabolic 
abnormalities (insulin resistance, leptin resistance, etc.) and 
organ dysfunction (obesity, type 2 diabetes, fatty liver, and 
cardiovascular problems) can occur. 

However, research on hypothalamic inflammation 
has mainly focused on animal experiments, and there are 
very few reports of human studies. Furthermore, these 
studies examined the association between hypothalamic 
inflammation and body mass index (BMI), but they did 
not investigate the association between hypothalamic 
inflammation and anxiety and depressive disorders. In this 
study, the correlation between hypothalamic inflammation 
and anxiety/depressive disorders in young patients with 
obesity was explored using a cross-sectional study design 
and quantitative imaging techniques. We present the 
following article in accordance with the STROBE reporting 
checklist (available at https://dx.doi.org/10.21037/apm-21-
1480).

Methods

Participants and procedures

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the Institutional Ethics Committees 
of the Changzhou No. 2 People’s Hospital Affiliated to 
Nanjing Medical University (no. 2020KY204-01). Informed 
consent was obtained from all participants. All participants 
underwent magnetic resonance imaging (MRI) and a clinical 
assessment based on the Self-Rating Depression Scale (SDS) 
and the Self-Rating Anxiety Scale (SAS) within a week of 
admission.

The inclusion criteria were as follows: (I) aged between 
18 and 45 years, (II) at least 4 years of school education, 
(III) informed consent provided by either the patient or an 
authorized relative. Individuals with a BMI of 18.5–25 kg/m2  
were assigned to the control group, while individuals with a 
BMI ≥30 kg/m2 were assigned to the obesity group.

Exclusion criteria for all participants were as follows: (I) 
diagnosed with a neurological or psychological disease, (II) 
procalcitonin level ≥0.05 ng/mL, (III) contraindications or 
inability to undergo an MRI scan, or (IV) severe hearing 
or vision impairment resulting in a failure to undergo 
assessment. 

All criteria were determined by 2 experts from the 
Neurology Department and Psychology Department 
of Changzhou No. 2 People’s Hospital. A professional 
radiologist who was blinded to the participants analyzed the 
images and excluded ineligible cases. 

Clinical assessments

Demographic information including age, gender, height, 
weight, education, and renal function were collected. In 
addition, blood lipid, procalcitonin, fasting blood glucose, 
and glycosylated hemoglobin levels were collected.

The SDS and SAS have both been validated for use in 
adults, and both comprise 20 items. Each item assesses 
the frequency of symptoms as follows: 1= “not at all,” 2= 
“sometimes,” 3= “often,” and 4= “most of the time”; the 
scores are reverse coded for the 5th, 9th, 13th, 17th, and 
19th items. The original SDS/SAS score is the sum of 
individual item scores, while the standardized SDS/SAS 
score is the original score multiplied by 1.25. According to 
the criteria used in China, individuals with a standardized 
SDS/SAS score ≥50 are classified as having depression/
anxiety (20).
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Imaging data

Imaging data were acquired using a 3.0 Tesla MRI system (GE 
Discovery MR750W, GE Healthcare, Chicago, IL, USA) 
with an 8-channel phased-array head coil at the Radiology 
Department of Changzhou No. 2 People’s Hospital. 
Participants were positioned in the supine position with their 
head fixed and eyes closed during the scan. T2-weighted 
echo planar imaging was used with the following parameters: 
repetition time =4,000 ms; echo time =90 ms; turn-over angle 
=90°; slice thickness =3 mm; voxel size =3.125×3.15; moment 
matrix =64×64; interval =0.6 mm; axial position, 42 layers; 
visual field =240 mm × 240 mm; number of repeats =160. All 
scans were performed by the same radiologist. 

Image preprocessing and gray intensity average acquisition 

ITK-SNAP, an imaging analysis software developed by 
the University of Pennsylvania (USA), was used for image 
preprocessing and obtaining gray intensity averages. The 
process involved the following: (I) converting the imaging 
data to the DCM format, (II) importing the data into the 
ITK-SNAP software, (III) parameter adjustment, (IV) 
selecting bilateral circular regions of interest (the bilateral 
and most caudate brain region between the anterior optic 
chiasm and the posterior mammillary body; area =10 mm2) 
and the reference region (the bilateral amygdala, which 
could be seen in the superior medial temporal lobe of the 
same section; area =10 mm2) (21-24), (V) deriving the 
average gray intensity, and (VI) calculating the ratio of the 
hypothalamus/amygdala (H/A) .

Image quality control method (24) 

Imaging data of all participants were independently analyzed 
by 2 trained neurologists. We assessed the reliability of the 
raters by evaluating variability (absolute difference between 2 
raters’ measurements divided by the mean of the corresponding 
measurements) and intragroup correlation coefficient (individual 
variation divided by total variation), where <0.5 was poor, 0.5–
0.75 was moderate, >0.75–0.9 was good, and >0.9 was excellent 
reliability. We found low internal variation (2.4%), indicating 
a low measurement error, and an intragroup correlation 
coefficient of 0.76, indicating considerable consistency. 

Statistical analyses

All statistical analyses were conducted using SPSS version 

19.0 (IBM Corp., Armonk, NY, USA), and measurement 
data are expressed as the mean ± standard deviation. 
Normality of the data was evaluated using the Kolmogorov-
Smirnov normality test. Differences between the 2 groups 
in terms of all demographic and clinical variables were 
assessed using a t test; when parametric assumptions were 
not met, the Wilcoxon signed-rank test was utilized. The 
χ2 test was used to compare differences in terms of gender, 
education, and standardized SDS and SAS scores. Spearman 
correlation coefficients were used to assess associations 
between nonbivariate normally distributed data. A P 
value <0.05 indicated that the difference was statistically 
significant.

Results

Participant characteristics 

Individuals admitted to the Gastrointestinal Surgery 
Department of Changzhou No. 2 People’s Hospital 
between January 2019 and June 2020 were considered for 
enrollment in this study. The sample included 66 individuals 
with obesity (BMI 40.41±7.99 kg/m) and 44 controls (BMI 
22.94±1.77 kg/m2). There were no significant differences in 
terms of age, gender, or education level between the groups 
(P>0.05). Fasting blood glucose, glycated hemoglobin, low-
density lipoprotein cholesterol, triglyceride, and uric acid 
levels were much lower in the control group (P<0.005), 
while high-density lipoprotein cholesterol and urea nitrogen 
levels were higher in the control group (P<0.05; Table 1). 

Anxiety and depression scores 

In patients with obesity, the incidence of depression was 
higher than that in the control group (P<0.05), while the 
incidence of anxiety did not differ significantly between the 
2 groups (P>0.05; Table 2).

H/A signal intensity (SI) ratio 

T2-weighted MRI images can reflect changes in brain tissue 
signals, and quantitative techniques can detect even more 
subtle ones, such as an increase in astrocyte number or 
microglial accumulation (25). The H/A SI ratio can be used 
as a surrogate marker for hypothalamic inflammation (22).  
The H/A SI ratio of the study group was significantly 
higher on the bilateral side compared with the control 
group (P≤0.001; Table 3). In addition, we observed the H/
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A SI ratio of 11 patients with obesity before surgery and 
1 year after surgery. We found that the ratios in both the 
left and right sides 1 year after surgery were significantly 
reduced compared with the corresponding side before 
surgery (P<0.05; Table 4).

Correlations between H/A SI ratio, BMI, and anxiety 
and depression scores in the obesity group 

The bilateral T2-weighted image H/A SI ratio was not 
significantly correlated with either BMI (right: r=–0.145, 
P=0.721; left: r=0.102, P=0.415) or SAS score (right: r= 

Table 1 Participant characteristics 

Variable Control group (n=44) Obese group (n=66) t or χ2 P

Age (x±s) 30.84±5.57 29.45±6.33 1.18 0.241

Gender (%) 0.03 >0.05

Male 18 (40.91) 26 (39.39)

Female 26 (59.09) 40 (60.61)

Education level, N (%) 1.79 >0.05

Primary school and below 10 (22.73) 9 (13.64)

Secondary school 9 (20.45) 18 (27.27)

Undergraduate and above 25 (56.82) 39 (59.09)

BMI (kg/m2), M (P25, P75) 23.50 (22.09, 24.24) 38.78 (34.83, 43.98) −8.86 <0.001

FBG (mmol/L), M (P25, P75) 4.80 (4.54, 5.46) 5.63 (5.18, 6.28) −3.99 <0.001

HbA1c (%), M (P25, P75) 5.40 (5.10, 5.70) 5.80 (5.50, 6.60) −4.52 <0.001

LDL-C (mmol/L) (x±s) 2.56±0.75 3.02±0.81 −2.99 0.003

HDL-C (mmol/L) M (P25, P75) 1.20 (0.96, 1.35) 1.02 (0.90, 1.17) 2.83 0.005

TG (mmol/L), M (P25, P75) 1.41 (0.90, 2.20) 1.85 (1.30, 2.40) −2.50 0.013

TC (mmol/L), M (P25, P75) 4.48 (4.02, 5.21) 4.68 (4.22, 5.48) −1.14 0.253

UA (mmol/L), M (P25, P75) 403 (313.00, 485.63) 28,735 (218.5, 34,800) −4.34 <0.001

Scr (mmol/L), M (P25, P75) 59.50 (48.50, 75.23) 54.50 (45.40, 63.85) 1.86 0.063

BUN (mmol/L), M (P25, P75) 4.35 (3.68, 5.70) 3.85 (3.18, 4.70) 2.19 0.028

BMI, body mass index; FPG, fasting plasma glucose; FBG, fasting blood glucose; LDL-C, low-density lipoprotein cholesterol; HDL-C, 
high-density lipoprotein cholesterol; TG, triglyceride; TC, total cholesterol; UA, uric acid; Scr, serum creatinine; BUN, blood urea nitrogen.

Table 2 Prevalence of anxiety and depressive disorders 

Variable Control group (n=44) Obese group (n=66) χ2 P 

Anxiety, N (%) 21 (47.73) 40 (60.61) –1.77 >0.05 

Depression, N (%) 18 (40.91) 41 (62.12) –4.78 <0.05 

Table 3 H/A signal intensity ratio 

Variable Control group (n=44) Obese group (n=66) t P 

Right H/A ratio, M (P25, P75) 0.99 (0.95, 1.04) 1.08 (1.01, 1,15) –3.96 <0.001 

Left H/A ratio, M (P25, P75) 1.19 (0.95, 1.07) 1.20 (1.06, 1.30) –4.82 <0.001 

H/A, hypothalamus/amygdala.
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–0.118, P=0.444; left: r=0.295, P=0.052) in the obesity 
group; right T2-weighted image H/A SI ratio was not 
significantly associated with SDS score (r=–0.031, P=0.843), 
but left T2-weighted image H/A SI ratio was significantly 
associated with SDS score (r=–0.353, P=0.019; Figure 1). 

Discussion 

Obesity, along with anxiety and depressive disorders, 
is a major public health problem. These conditions 
independently affect disability and mortality rates in patients 
and incur a considerable socioeconomic burden; moreover, 
the results of several epidemiological studies, clinical trials, 
and recent meta-analyses support the link between mood 
disorders and obesity (7,9,10,26). Depression and anxiety 
are particularly prominent among mood disorders, not 
only because of their high prevalence but also because of 
their significant association with obesity (9,27). In this 
study, the incidence of depression in the obesity group was 
found to be higher than that in the control group, which 
is in line with previous studies (7,9,10,27,28). Studies have 

also found that the effects of obesity and depression work 
bidirectionally (26-29) and that individuals who are obese 
have an 18–40% increased risk of depression (28,29). 
Obesity had similar odds ratios (ORs) for depression (OR 
1.21–5.8) and vice versa (OR: 1.18–3.76) (26). People with 
depression may gain significant weight due to clinical 
symptoms and/or medication-induced irregular eating 
patterns and sedentary lifestyles. The tendency to overeat 
due to negative emotions, known as emotional eating, is also 
closely associated with weight gain (30). By contrast, the 
link between anxiety and obesity is not particularly strong. 
The pooled OR of an association between obesity and 
anxiety was 1.4 [confidence interval (CI): 1.23–1.57] (31). 
Similarly, the difference in the incidence of anxiety between 
the obese group and the control group in this study was not 
found to be statistically significant. 

Hypothalamic inflammation is the process in which 
hypothalamic neuronal or nonneuronal cells, mainly 
microglia and astrocytes, directly or indirectly participate 
in the activation of proinflammatory signals in response to 
a variety of triggers (32). Animal studies have shown that 

Table 4 H/A signal intensity ratio before and after surgery

Variable Before surgery (n=11) After surgery (n=11) t P

Right H/A ratio, (x±s) 1.14±0.08 1.04±0.11 2.87 <0.05

Left H/A ratio, (x±s) 1.18±0.16 1.04±0.14 2.30 <0.05

H/A, hypothalamus/amygdala.

Figure 1 ROIs in coronal T2-weighted images and SDS score. (A) Representative coronal T2-weighted MRI scan through the 
hypothalamus. The zoomed image on the right shows the placement of the right and left ROIs. The red-, yellow-, and green-stained areas 
represent the regions of interest in the hypothalamus, amygdala, and putamen. (B) Correlations between the left hypothalamus/amygdala 
signal ratio and SDS score. SDS, Self-Rating Depression Scale; MRI, magnetic resonance imaging; ROIs, regions of interest.
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diets high in fat or saturated fat (33) activate microglia in 
the hypothalamus in the short term and that this precedes 
weight gain (14). Astrocytes, which are also glial cells, 
are abundant in the central nervous system and support 
neurological function in a variety of ways (34). Long-
term consumption of a HFD increases the number of glial 
fibrillary acidic protein-positive astrocytes in a process 
called reactive astrocyte proliferation; these reactive 
astrocytes may participate in the development of obesity 
by altering the release or uptake of neurotransmitters, such 
as gamma-aminobutyric acid, that promote increased food 
intake (35). This suggests that the hypothalamus is one of 
the most sensitive organs to HFD-induced inflammation 
or immune activation and that hypothalamic inflammation 
may not only be a consequence of established obesity but an 
important contributor to the development of obesity (14). 
Although hypothalamic inflammation has been investigated 
in several independent animal studies, due to technical and 
methodological limitations, data on human hypothalamic 
inflammation are still scarce. Thaler et al. (21) were the 
first to use H/A SI ratio in the MRI T2 coronal plane to 
assess hypothalamic inflammation. A retrospective study 
also found that the left H/A SI ratio in the obesity group 
was significantly higher than that in the control group (21).  
Similar results were confirmed 3 years later (22); specifically, 
an association was found between the MRI data and the 
histopathology of astrocytosis both from vivo and the 
postmortem subjects, thus proving that quantitative MRI 
techniques can detect hypothalamus inflammation and 
gliosis (23). Using a similar method, we assessed the H/
A SI ratio in the obesity group and the control group and 
found that the H/A ratios on both the left and the right 
sides were significantly higher than those in the control 
group, which is consistent with previous studies (22,23). 
This suggests that glial hyperplasia is bilateral. In addition, 
one of the most effective treatments, bariatric surgery can 
alleviate hypothalamic inflammation (36), which was also 
confirmed by our research, also demonstrating the role of 
hypothalamic inflammation in the process of obesity. 

We also analyzed the T2-MRI data to assess whether 
BMI and SAS and SDS scores were associated with the H/A 
SI ratio. Regarding the correlations with BMI in this study, 
we were not able to replicate the results of previous studies 
(21-23); this may be due to our small sample size or other 
technical reasons (24). The hypothalamus is a very small 
brain region, and our T2-MRI sequence was protocoled 
to cover the whole brain with 3 mm thick slices. These 
comparatively thick slices might have caused region-of-

interest mispositioning. In regard to the correlation with 
anxiety scores, our results are similar to those of previous 
studies (9-11) although the left H/A signal ratio was not 
significantly correlated with anxiety scores. Our results 
showed that the left H/A signal ratio was correlated with the 
depression score, but there was no significant correlation 
with the right-side H/A signal ratio. An association 
between the left hypothalamus and depression was noted 
by Schindler et al. (37), who found the left hypothalamus 
volume to be increased in patients with major depression 
but no such correlation with the right hypothalamus. 
Previous studies (21-23,38) have confirmed the association 
between H/A SI ratio and BMI. We speculate that there is 
a link between obesity and depression, and inflammation 
of the left hypothalamus may be one of the links between 
the two. Further information in this regard could provide 
valuable insights that would help to better manage and treat 
these conditions.

Our study has certain limitations. First, it was designed 
to be a cross-sectional study, which can only be used to 
analyze correlations, not causation. Second, the sample 
size of our study was relatively small, and future studies 
with larger sample sizes will be needed to verify the results. 
Finally, quantitative study of hypothalamic inflammation 
with enhanced image quality control methods to improve 
the consistency of the H/A SI ratio will be required to 
obtain more accurate data.

Conclusions

Patients with obesity were found to have a higher incidence 
of depression. Our results also indicated that inflammation 
of the left hypothalamus may be one of the links between 
obesity and depression. 
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