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Problem considered: Type 2 diabetes mellitus (T2DM) and depression are two of the most prevalent chronic and
devastating diseases. Brain derived neurotrophic factor (BDNF) is postulated to modulate the secretion and
actions of insulin. Furthermore, a strong association has been demonstrated between BDNF and depression.
Although depression is a common neuropsychiatric comorbidity of T2DM, the association of BDNF levels with
depression in T2DM remains unclear. Thus, the purpose of the present study was to assess the serum BDNF levels
in healthy controls and T2DM patients and explore the association of serum BDNF levels with depression in
T2DM patients.
Methods: In this study depression was assessed using Patient Health Questionnaire-9 (PHQ-9) and serum BDNF
levels were estimated by ELISA technology.
Results: and conclusions: A total of 88 subjects were included in the study. The mean PHQ-9 score for T2DM
patients (3.91 ± 5.88) was higher than in healthy subjects (1.02 ± 3.02), p = 0.031. Subsequently, the preva
lence of depression was higher in T2DM patients 16 (36.36%) as compared to healthy subjects 5 (11.36%), p <
0.001. The serum level of BDNF was lower in T2DM patients (15.17 ± 2.81 ng/ml) than in healthy subjects
(24.65 ± 13.81 ng/ml) than, p < 0.0001. Additionally, serum BDNF levels were lower in T2DM patients with
depression (13.87 ± 2.62 ng/ml) than in those without depression (15.92 ± 2.77 ng/ml), p = 0.02. An inverse
association was found between BDNF levels and PHQ-9 scores (r2 = 0.2003, p = 0.002). The results suggest that
BDNF might influence the presence of depression in T2DM patients. However, further studies are warranted to
elucidate the mechanism by which BDNF may influences depression in T2DM patients.

1. Introduction
Type 2 diabetes mellitus (T2DM) and depression are two of the most
prevalent chronic and devastating diseases.1 As per International Dia
betes Federation, 463 million adults had diabetes in 2019, which is
estimated to increase to 700 million by 2045.2 It has been predicted that
by 2030, depression will be the leading disease with 6.3% of the overall
disease burden, while, diabetes will be at 10th place with 2.3% of the
overall disease burden.3 As evident by the epidemiological data,
approximately 26–30% of diabetics suffer from depression of differential
severity.1 Additionally, clinical study suggest that the presence T2DM
doubles the risk of developing depression.4 Moreover, higher prevalence
of depression has been reported in T2DM patients as compared to
non-diabetic subjects in several clinical studies.3,4 This comorbidity is

suggested to be a significant barrier in efficient management of T2DM.4
Pre-clinical studies have demonstrated that administration of BDNF
to diabetic mice is associated with enhancement in glucose1,5 and lipid
metabolism and reduced food consumption.1 Additionally, expenditure
of excess energy was enhanced in db/db mice following BDNF admin
istration.6 It has been postulated that BDNF influences T2DM pathobi
ology through modulating the secretion and actions of insulin, ghrelin,
neurotransmitters, peptides, leptin, and pro-inflammatory cytokines
related to energy homeostasis.7 Variation in BDNF level has been pro
posed to affect the prevalence of T2DM.8 Several case-control studies
have demonstrated higher BDNF levels in T2DM patients as compared to
healthy controls.9,10 A cross-sectional study conducted on newly diag
nosed T2DM female patients reported increased BDNF levels than fe
male subjects with normal glucose tolerance.8 Contrary to these reports,
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several clinical studies have demonstrated lower BDNF levels in T2DM
patients as compared to controls.1,6,11,12 The clinical reports suggest a
role of BDNF in T2DM, however, inconsistent findings13,14 highlight the
need for further investigations.
Furthermore, a strong association has been demonstrated between
BDNF and depression.7 Clinical studies have demonstrated significantly
lower serum BDNF levels in depressive patients compared with normal
controls. A case control study demonstrated lower platelet BDNF levels
in patients with major depressive disorder than in healthy subjects.15
Another case control study showed decreased BDNF mRNA levels in
drug-free depressed patients and this deficit was found to be reversed by
a 12-week escitalopram treatment.16 Moreover, use of antidepressants
has been shown to up regulate BDNF in the hippocampus of depressive
subjects. Additionally, pre-clinical studies have revealed an antide
pressant effect of infusion of recombinant BDNF.1 In spite of the evi
dence that depression is epidemiologically associated with T2DM, the
cause of this correlation is still unclear.7 Clinical reports have shown that
BDNF has a significant role in the pathogenesis of depression and T2DM.
Thus, BDNF has been suggested to have an important role linking
depression and T2DM.17,18 However, only few studies have explored the
difference in BDNF levels between T2DM patients with and without
depression.7 A case control study revealed no significant difference in
serum BDNF levels in T2DM patients with and without depressive
symptoms.7 However, another case control study demonstrated signifi
cantly lower BDNF levels in T2DM patients with depression as compared
to those without depression.1 Although depression is a common
neuropsychiatric comorbidity of T2DM, the association of BDNF levels
with depression in T2DM remains unclear.1,7
Thus, additional research is warranted to affirm the association be
tween BDNF and depression in T2DM.17 Thus, based on the literature,
the purpose of the present study was to assess the serum BDNF levels in
healthy controls and T2DM patients and explore the association of
serum BDNF levels with depression in T2DM patients.

treatment. HbA1c and fasting blood glucose (FPG) were also recorded.
Available medical prescriptions and laboratory reports of the healthy
subjects obtained through their health checkup were accessed to
confirm their eligibility for enrollment.
2.3. Assessment of depression
Depression was assessed using Patient Health Questionnaire-9 (PHQ9). PHQ-9 is easy to use and can be self-administered. It is a brief
questionnaire scoring the nine DSM-IV criteria for depression from
0 (not at all) to 3 (nearly every day). PHQ-9 was completed by the
subjects after obtaining informed consent at the initial visit. For diag
nosing depression, the PHQ-9 was scored as follows: 0–4, no depression;
5–9, mild depression; 10–14, moderate depression; 15–19, moderately
severe depression; and 20–27, severe depression.4
2.4. Serum BDNF analysis
A 5-mL blood was collected in plain vials from each participant.
Samples were centrifuged to separate serum at 3000 rpm for 20 min.
Serum was stored in aliquots and stored at − 80 ◦ C until analysis. BDNF
levels were quantified for each serum sample using a highly sensitive
ELISA kit (RayBio® ELISA Kits, Norcross, GA), as per the manufacturer
instructions.
2.5. Statistical analysis
Data contained both continuous and categorical variables. Therefore,
quantitative variables are expressed as mean (standard deviation [SD]).
Normality of the continuous variables were tested by the KolmogorovSmirnov and Shapiro-Wilk tests. Association between two continuous
variables were assessed by the Student’s ‘t’ test or Mann–Whitney U test
(for non-normal variables). χ2 and Fisher exact tests were used to
compare differences in the frequencies of categorical variables. For all
statistical tests a two-sided p-value <0.05 was considered as the level of
significance. All statistical analyses were performed using IBM SPSS
(version 22.0, IBM Corp., Armonk, NY, USA) software.

2. Material and methods
2.1. Subjects
We conducted a case-control study that recruited T2DM patients and
healthy controls. Men and women aged ≥18-≤65 years and who agreed
to give written informed consent were included. Patients diagnosed with
T2DM were included as cases. Healthy subjects were included as con
trols. We excluded patients with T1DM, a history of severe psychiatric
disorders (eg; severe depression, schizophrenia, bipolar disorder), tak
ing any substance of abuse (eg; alcohol, smoking), severe complications
of diabetes (i.e., amputation, blindness, renal insufficiency and dialysis),
hypertension, liver disease, renal disease, primary hyperparathyroidism,
cancer, HIV and obesity, already on any psychotropic drug, women who
were pregnant or taking oral contraceptive pills, taking vitamin-D sup
plement and those who were not willing to give written informed con
sent. Healthy subjects taking vitamin-D supplement and unwilling to
give written informed consent were excluded. One hundred eighty
consecutive subjects visiting Diabetic clinic and Medicine OPD were
approached for participation. This study was conducted in Hakeem
Abdul Hameed Centenary Hospital. The study was approved by the
Institutional Review Board. Written informed consent was obtained
from the subjects.

2.6. Ethics

2.2. Clinical data

3.2. Assessment of depression

A standard format was used for the documentation of demographic
factors of the subjects. Body mass index (BMI) was calculated using the
measured weight and height for each subject. Detailed medical and
family history of the subjects was recorded. The recorded information
included diabetes duration, and current treatment for diabetes, family
history of diabetes, co-morbid diseases of the patient and their

The mean PHQ-9 score for cases (3.91 ± 5.88) was significantly
higher than in the controls (1.02 ± 3.02), U = 715.50, p = 0.031.
Additionally, the prevalence of depression was significantly higher in
cases 16 (36.36%) as compared to controls 5 (11.36%), (OR: 4.4571,
95%CI: 1.4610–13.5978; p = 0.008). No association was found between
depression and age, FPG, HbA1c and duration of disease.

The study was conducted in agreement with the Declaration of
Helsinki and approved by the Institutional Review Board.
3. Results and discussion
3.1. Baseline characteristics
A total of 88 subjects were enrolled. The study comprised of two
groups: cases (patients diagnosed with T2DM) and controls (healthy
individuals). Thus, 44 subjects in each group were included. Out of 88
subjects, 42 (47.72%) were females and 46 (52.27%) were males. The
mean ± SD age of cases and controls was 45.70 ± 7.53 and 44.91 ± 6.05
years, respectively. Cases had a known T2DM of mean duration 5.42 ±
5.36 years. There was no significant difference in mean age, gender
distribution, time spent on exercise or in sun between diabetics and
controls. The sociodemographic characteristics of study participants are
shown in Table 1.
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Table 1
Subject demographics.
Characteristic
Age (years)
Sex
BMI (kg/m2)
FPG (mg/dL)
Duration of diabetes
(years)

Female
Male

Cases (N = 44)

Controls (N =
44)

46.10 ± 8.64
23 (52.27)
21 (47.73)
27.2 ± 3.62
189.57 ±
95.05
6.53 ± 3.47

46.01 ± 7.06
19 (43.18)
25 (56.82)
26.44 ± 3.80
86.42 ± 7.43
–

n, number; BMI, body mass index; FPG, fasting plasma glucose; HbA1c, glycated
hemoglobin.
Data is presented as mean ± SD or n (%).
Fig. 2. Levels of BDNF in cases with and without depression.
BDNF, brain derived neurotrophic factor. *p = 0.02.

3.3. Assessment of serum BDNF levels
The serum level of BDNF was significantly higher in controls (24.65
± 13.81 ng/ml) than in cases (15.17 ± 2.81 ng/ml), t = 4.467, p <
0.0001 (Fig. 1). No association was found between BDNF levels, age,
gender, FPG and HbA1c.
Association of serum BDNF levels and PHQ-9 scores.
Serum BDNF levels were significantly lower in cases with depression
(13.87 ± 2.62 ng/ml) than in cases without depression (15.92 ± 2.77
ng/ml), t = 2.409, p = 0.02 (Fig. 2). Moreover, BDNF levels inversely
correlated with PHQ-9 scores (r2 = 0.2003, p = 0.002) in cases (Fig. 3).
No significant correlation was observed in BDNF levels with PHQ-9
scores in controls.
In the present study, the association of BDNF and depression in pa
tients with T2DM was determined. The results of the present study
reveal that the prevalence of depression in T2DM patients is higher than
in healthy individuals. Moreover, depression was more prevalent in
women than in men. Additionally, unemployment was also found to be
associated with depression. These findings are supported by clinical
studies that have reported similar results. Identical clinical studies have
demonstrated a higher prevalence of depression in patients with
T2DM.4,19 A prospective longitudinal study demonstrated higher inci
dence of depression in patients with diabetes compared to subjects with
no diabetes.20 Further, a recent cross-sectional study demonstrated
depressive symptoms to be common in patients with diabetes.21 Addi
tionally, another cross-sectional study revealed high prevalence of major
depressive disorder in patients with T2DM.22 Similar to our results, a
study reported higher prevalence of depression in women than in men.
Additionally, no association between depression and duration of dia
betes and HbA1c was found.19 Further, a cross sectional study revealed
higher prevalence of depression in females, less educated and unem
ployed patients.23

Fig. 3. Relationship between brain derived neurotrophic factor and PHQ-9
scores in cases.
BDNF, brain derived neurotrophic factor; PHQ, patient health questionnaire.

The present study found significantly lower serum BDNF levels in
patients with T2DM than in healthy controls. BDNF was not associated
with HbA1c, FPG or duration of diabetes in the current study. In line
with our findings, Fujinami et al. found lower levels of BDNF in diabetics
as compared to controls. Additionally, no association was found be
tween duration of diabetes, FPG, HbA1c and BDNF.6 Several other re
ports have also demonstrated lower levels of BDNF in T2DM patients as
compared to controls.7,24,25 A recent study revealed decline in serum
BDNF levels in diabetics as compared with non-diabetics.12 Addition
ally, Krebbe et al. found significantly lower BDNF levels in diabetics and
demonstrated reduced output of BDNF from the human brain on
elevation of blood glucose levels in healthy individuals.26 Moreover, an
animal study has demonstrated that intermittent administration of
BDNF protected the development of T2DM in db/db mice.27 These
findings indicate that T2DM does influence the levels of BDNF. Various
mechanisms have been suggested to link BDNF and development of type
2 diabetes. BDNF has been demonstrated to modulate the secretion and
actions of insulin, leptin, ghrelin, various neurotransmitters and pep
tides, and pro-inflammatory cytokines related to energy homeostasis.19
Further, animal experiments have demonstrated that BDNF might
facilitate insulin resistance and dyslipidemia by suppressing PPAR-alpha
and fibroblast growth factor 21, resulting in its anti-diabetic effects.10
The results of this study showed that the serum BDNF levels in T2DM
patients with depressive symptoms were lower than those without
depressive symptoms. There were no statistical differences in age, FPG,
HbA1c and duration of diabetes between depressed and non-depressed
patients. There is scarce and inconsistent evidence regarding the rela
tionship between depression in T2DM and BDNF. Zhou et al. reported a

Fig. 1. Levels of BDNF in controls and cases
BDNF, brain derived neurotrophic factor. *p < 0.0001.
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significantly higher serum BDNF levels in non-depressed T2DM patients
as compared to depressed patients, but lower BDNF levels than healthy
controls. Additionally, no statistical differences in age and duration of
diabetes between depressed and non-depressed patients was found.1 On
the other hand, Wang et al. reported lower BDNF levels in T2DM pa
tients with and without depressive symptoms than in normal controls,
however, no significant difference in BDNF levels was observed between
T2DM patients with and without depressive symptoms. However, T2DM
patients with depressive symptoms had longer duration of diabetes than
patients without depressive symptoms.7 Emerging evidence suggest that
T2DM patients with depression have lower serum BDNF levels, sug
gesting an influence of BDNF on depression in T2DM patients.28
In patients with DM and depressive disorders, a wide variety of
disturbances may affect the central nervous systems, including the
overactivation of the HPA axis, decreased monoamine neurotransmit
ters, and dysfunctional brain-derived neurotrophic factor.29 Several
mechanisms have been suggested by which BDNF influences depression
in T2DM. Since BDNF forms have opposing effects on cell survival, ‘yin
and yang’ model of neurotrophin action has been suggested. Hippo
campal p75 neurotrophin receptor (p75NTR) activated c-Jun N-terminal
kinase (JNK)-Bax signaling leads to neuronal apoptosis, while the
tropomyosin
receptor
kinase
B-extracellular-signal-regulated
kinase-cAMP response element binding protein (TrkB-ERK-CREB)
pathway mediates cell survival and has an important role in antide
pressant effects. A study on rats demonstrated that the pro-survival
pathway was impaired however, pro-apoptotic pathway remained un
changed.30 Additionally, TrkB, p-ERK and p-CREB were found to be
repressed in the diabetic hippocampus in other animal studies.31,32 A
study in diabetic rats showed higher expression of Bcl2 in diabetic rats
treated with Angiotensin-converting enzyme inhibitors (ACEi) or
mineralocorticoid receptor (MR) antagonists. These results highlighted
that activated BDNF-mediated pro-survival pathway contributes to
hippocampal plasticity and thus moderates depressive-like behavior. It
is suggested that diabetes-induced neuroinflammation decreases BDNF
level, which contributes to neuronal damage and subsequently to the
development of depression-like behavior.30
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