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previously linked to depression and anxiety in other populations. The study was
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samples were collected over a period of seven months, and lab work was carried out
over a period of two months from September 1, 2018 to May 30, 2019. We screened
the prevalence of the PPARGC1A, CAMKMT, HSD11B1, SLC6A4, and MAOA in
29 patients with depressive disorder and 30 controls using the quantitative real-time
polymerase chain reaction method. Results: The expression of the PPARGC1A
gene, studied for the first time in the UAE population. The independent t-test was
used to check the significance of difference between the expression levels of target
genes where the control was set at a reference level of 1.0. PPARGC1A gene is lower
among the depressed group which showed mean difference: 0.4 and p-value: 0.02,
indicating a strong association with depression. No significant difference was found
in the genes’ expression of CAMKMT with p-value 0.150, MAOA p-value 0.070,
SLC6A4 p-value 0.750, and HSD11B1 p-value 0.100 in two groups in comparison with
(p < 0.050). Conclusions: These results open several possibilities for further research to
study the role of this gene as a protective factor against developing depression.

D

epressive disorders are characterized
by chronic sadness and feelings
of emptiness or irritable mood,
along with changes in somatization
and cognitions.1 Depressive disorders are more
common in women than men. The various risk
factors leading to depression are environmental and
genetic factors. Environmental factors, particularly
abuse and neglect in childhood, are risk factors
for various psychiatric symptoms and disorders,
particularly mood and anxiety disorders.2 However,
30–40% of the risk for developing depression is
genetically determined.3
No nationwide data is currently available on
the prevalence of depression in the UAE, both for
citizens and residents. Most research conducted has
focused on studying depression in selected small
groups of people. For example, the prevalence rate of
depression was 25.1% among male migrant workers
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living in the UAE,4 6–22% among medical residents
in the country,5 10% (postpartum depression)
among women in Sharjah,6 17.6% among patients
with multiple sclerosis,7 63.3% among resident
doctors working for the Dubai Health Authority,8
and 22.2% among university students.9 Monsef et al,8
also reported a prevalence rate of 57.4% for anxiety
among resident doctors. A recent systematic review
found that among the residing population of the
UAE, female sex, family history of chronic diseases,
low socioeconomic status, lack of social support,
and stressful life events are significant risk factors in
developing depression.10
Many researchers have focused on genetic
risk factors associated with various psychiatric
conditions, including depression. Among these genes,
serotonin transporter gene promoter polymorphism
(SLC6A4) was strongly associated with neuroticism
as a personality trait characterized by depression and
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anxiety and other negative emotions.11,12 Hettema
et al,13 highlighted the role of the PPARGC1A gene
as a potential susceptibility gene for anxiety-related
disorders. A comprehensive genetic study found that
the CAMKMT gene has a significant association
with anxiety phenotypes in a large sample of patients
with European ancestry.14
The level of the monoamine neurotransmitter in
the brain is to a large extent regulated by monoamine
oxidase A (MAOA). MAOA inhibitors have been
effectively used for the treatment of depression.15
It has been found that MAOA upstream variablenumber tandem repeat (u-VNTR) alleles portrayed
a reduction in the amygdala-prefrontal cortex
connectivity, which was significantly associated
with acute major depression.15 A similar significant
association between MAOA u-VNTR and major
depressive disorder, especially among females, was
also found in other studies.16,17
The 11 beta-hydroxysteroid dehydrogenase type
1 enzyme, which is associated with the HSD11B1
gene, is responsible for converting cortisone into
cortisol.18 The amount of cortisol in body fluids such
as blood, saliva, or urine is often used to measure stress
in a person. HSD11B1 has previously been linked to
health problems such as insulin resistance, obesity,
metabolic syndrome and diabetes, and also positively
associated with polycystic ovary syndrome.19
We sought to study the expression of various
genes (PPARGC1A, CAMKMT, SLC6A4, MAOA,
and HSD11B1) associated with depression to
identify genetic risk factors associated with its
development in the UAE population. To the best
of our knowledge, this study is the first to study the
selected genes’ association with depression in the
residing UAE population.

M ET H O D

Participants for the current study were recruited
from Al Ain Hospital through random sampling and
from UAE University through convenience sampling
methods. All of the recruited participants resided
in the UAE and were from various nationalities.
Patients and controls were asked to read and sign
the consent form before participation in the study.
They were also required to complete the Patient
Health Questionnaire-9 (PHQ-9) and the Beck
Depression Inventory-II (BDI-II) before collecting
blood samples. The BDI-II and PHQ-9 were chosen

for this study because their Arabic versions have been
validated and are reliable.20,21
We recruited 29 patients aged 18–65 years
(case group) from the outpatient psychiatric clinic
at Al Ain Hospital, and 30 healthy controls from
UAE University. We have completed study from
September 1, 2018 to May 30, 2019. The mean age of
the depressed group was 40.3 years and 26.5 years in
the control group. Participants in the depressed group
were included if they met the criteria for diagnosis of
a mood disorder by a licensed psychiatrist according
to the International Classification of Disease 10th
revision. Participants in this group were excluded
if they had (1) comorbid psychotic features, (2)
comorbid psychiatric disorders such as schizophrenia
or personality disorders, or (3) current substance
abuse. All of this information was gathered through
a semi-structured interview by the psychiatrist giving
the diagnoses. Participants in the control group were
excluded if they scored above 13 on the BDI-II or
above 9 on the PHQ-9. In addition, participants
were matched on the gender and nationality
variables. A minimum of 30 participants per group
were targeted to gain statistically significant results.
We recruited 32 participants in the case group and
33 participants in the control group. However,
due to the low quality of RNA found in the blood
samples of six participants, they were excluded from
the study. As a result, 29 participants were included
in the case group and 30 in the control group.
The study was approved by the ethical
committees of Al Ain Hospital and United Arab
Emirates University.
The PHQ-9 is the depression module of the PHQ
questionnaire. It has nine self-administered questions
based on the diagnostic criteria of depression
according to the diagnostic and statistical manual
of mental disorders-IV. Each question is scored on
a four-point scale from 0 (not at all) to 3 (nearly
every day). Higher scores reflect greater severity.22
Good discriminant validity for the Arabic version
was confirmed and reliability using Cronbach’s alpha
was 0.857.21
The BDI-II is a 21-item self-reported multiplechoice inventory that takes approximately 10 min
to complete. It is a widely used tool to indicate
the severity of depression. It is available in several
languages and is appropriate for individuals aged
13–80 years old. The items on this scale are rated on
a four-point scale from 0 (symptoms not present)
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to 3 (symptoms strongly present), with a maximum
total score of 63.23 Scores between 0–13 indicate
normal-to-minimal depression, between 14–19
indicate mild depression, between 20–28 indicate
moderate depression, and between 29–63 indicate
severe depression. The Arabic version of the BDI-II
has a high degree of validity and reliability.20
PHQ-9 was used in this study along with the
BDI-II as a screening tool for depression as it has
been found that the BDI-II tends to characterize
a larger proportion of participants with severe
depression than the PHQ-9.24 Thus, BDI-II was used
to assess the severity of the depressive symptoms.
Venous blood samples were obtained from all
subjects (depressed and control) in a PAXgene
collection tube provided by Qiagen. These samples
were stored at -20 °C. RNA extraction from blood
samples were extracted using the PAXgene Blood
RNA Kit provided by PreAnalytiX (Qiagen;
Ref #762164). RNA purity was measured using
a spectrophotometer.
Primers for all the genes were selected using the
TaqMan assays and arrays tool provided by Thermo
Fisher. cDNA synthesis was performed using the
Thermo Fisher Scientific High-Capacity cDNA
Reverse Transcription Kit (Ref #4368814). Reverse
transcription polymerase chain reaction (RT-PCR)
was carried out using the Thermal Cycler provided
by Thermo Fisher Scientific. The QuantStudio RealTime PCR by Thermo Fisher Scientific was used to
run the qRT-PCR. A mixture of 10 μL was prepared
for each reaction using 8 μL of master mix containing
gene primers and 2 μL of 10 ng cDNA for each
sample and loaded on a 96-well plate. The following
conditions were set up for the plate: UNG incubation
at 50 °C for two min, polymerase activation at 95 °C
for two min, PCR denature cycle at 95 °C for three
sec, and PCR anneal cycle at 60 °C for 30 sec.
We used SPSS Statistics (IBM Corp. Released
2012. IBM SPSS Statistics for Windows, Version
21.0. Armonk, NY: IBM Corp.) and QuantStudio
Design and Analysis Software (version 1.3.1) for
comparative and descriptive analysis of the data.

R E S U LT S

We targeted two main groups of UAE residents.
The case group included 29 patients with depression
and the control group included 30 non-depressed
patients [Table 1]. We used the independent-samples

Table 1: Descriptive statistics for total number and
percentage of participants in gender and nationality
variables.
Variables

Case

Control

n

%

n

%

Total

15
14
29

51.7
48.3
100

12
18
30

40.0
60.0
100

Nationality
Emirati
Non-Emirati
Total

12
17
29

41.4
58.6
100

15
15
30

50.0
50.0
100

Gender
Male
Female

Table 2: Independent samples t-test for baseline
depression.
Group

Group statistics
n

Mean

SD

t

df

p-value

BDI
Case
Control

29
30

31.9
5.5

10.7
3.5

12.73

57

< 0.001

PHQ-9
Case
Control

29
30

14.3
2.4

4.6
1.6

13.32

57

< 0.001

SD: standard deviation; df: degree of freedom; BDI: Beck Depression
Inventory; PHQ-9: Patient Health Questionnaire-9.
Mean BDI and PHQ-9 scores among the case and control groups. The level of
depression among the case group was significantly higher than the control group
on both scales.
2.5

Control
Case

2
1.5
1
0.5
0

PPARGC1A

CAMKMT

MAOA

SLC6A4

HSD11B1

Figure 1: Gene expression in the case and control
patient groups.
t-test to examine the baseline level of depression for
both groups [Table 2].
Gene expression analysis was carried using the
QuantStudio Design and Analysis Software. The
authors targeted the five genes’ expression levels
compared to a reference level of 1.0 [Figure 1]. The
independent samples t-test was used to check the
significance of the difference between the expression
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Table 3: Independent samples t-test for gene expression.
Genes

Group statistics
Group

n

Mean

SD

Mean difference

t

df

p-value

Case

29

0.4

0.3

0.4

2.39

57

0.020

Control

30

0.8

0.7

Case

29

1.3

0.5

-0.2

-1.46

57

0.150

Control

30

1.1

0.3

Case

29

2.0

2.2

-1.0

-1.83

57

0.070

Control

30

1.0

1.8
0.0

0.32

57

0.750

-0.4

1.71

57

0.100

PPARGC1A
CAMKMT
MAOA
SLC6A4

Case

29

1.3

0.9

Control

30

1.3

0.8

Case

29

1.8

1.1

Control

30

1.4

0.5

HSD11B1

SD: standard deviation; df: degree of freedom.
Mean expression of each gene among the case and control groups. We found a significant difference in the expression of PPARGC1A at p < 0.050 between the case and
control groups. However, there was no significant difference in expression of CAMKMT, MAOA, SLC6A4, and HSD11B1 between the groups.
Mean expression of MAOA among the case and control groups. There is no significant difference in the expression of MAOA between the groups.

levels of the genes [Table 3]. No significant difference
in the genes’ expression (CAMKMT, SLC6A4,
and HSD11B1) were found for nationality or
gender within each group, so the data were pooled.
The PPARGC1A gene was the most significantly
downregulated, whereas MAOA expression was
upregulated in the case group compared with the
control group [Table 3]. Independent samples
t-test was also run for the MAOA gene between
both genders, but no significant difference was seen
(p = 0.470) [Table 4].

DISCUSSION

Only the PPARGC1A gene showed a significant
difference between the two groups (p < 0.050).
The PPARGC1A gene has previously been
shown to be related to anxious phenotypes in
genome-wide association analysis.13 Our results
revealed that the expression of PPARGC1A
is significantly higher in the control group
than in the group of patients with depressive
disorder. Our results highlight the importance of
PPARGCIA gene in association with depression

in the residing UAE population. Furthermore,
the results indicate a possible protective role
that the gene may play against developing
depressive disorders.
PPARGC1A is a transcriptional coactivator for
steroid and nuclear receptors. It plays an important
role in energy metabolism and is involved in the
cellular response to oxidative stress and negative
regulation of neuronal death. It could be the case that
higher expression of the gene protects individuals
from developing a depressive disorder and a decrease
in the expression makes them more vulnerable
to it. Interestingly, PPARGC1A is responsive to
several forms of environmental stressors, including
nutritional status and temperature,25,26 making it
a good candidate for evidence for the epigenetics
model. Previous research has found elevated levels
of this gene to protect neural cells against apoptosis
caused by oxidative stress27 and improve neurological
symptoms.28 Low levels of PPARGC1A have also
been shown to be associated with Alzheimer’s
disease and memory loss.29 Since depression is
known to precede clinical diagnosis of Alzheimer’s
disease and have a prevalence of up to 50% in these

Table 4: Independent samples t-test for MAOA expression gender comparison.
Group statistics
Group

N

Mean

SD

Mean difference

t

df

p-value

Male

15

1.7

1.5

0.6

0.75

20

0.470

Female

14

2.3

2.7

SD: standard deviation; df: degree of freedom.
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patients, it is important to study the underlying
mechanism of PPARGC1A to better understand its
role against developing depressive disorders.
The difference in expression for the other
genes was not significant. This contradicts
previous research linking these genes to depressive
phenotypes.11,12,13 Additionally, even though the
expression of the MAOA gene has the greatest
mean difference (-1.0) between the two groups, the
difference is not statistically significant (p = 0.070).
This could be due to the large standard deviation
(2.2 and 1.8) between the individual values among
the samples and the highest standard error mean
(0.5) among all the genes. HSD11B1 was linked
to anxiety phenotypes in a preliminary study.30
No confirmatory analysis has been conducted
to confirm this linkage. The mean difference of
HSD11B1 expression between the two groups is
-0.4 and was not statistically significant (p = 0.100).
This provides novel information that this gene is
not associated with depressive disorders. However,
it does not reject the results obtained from the
preliminary study as no baseline of anxiety levels
was collected from the participants.
This research has several limitations. Firstly,
the relatively small sample size may have played
a role in the overall results. Secondly, the two
comparison groups were not matched for age, as
the control group was much younger, comprising
mainly university students. Lastly, the participants
for the study originated from different countries.
Having homogeneity in ethnicity and nationality
could have provided much stronger evidence for
genetic associations.
The current study is one of the very few studies
conducted on genetic association with depression in
the region. No such previous study has been published
in the country to the best of our knowledge.
Further research is recommended to confirm
the results obtained in the current study. Future
studies can focus on the pathways involved in the
functioning of PPARGC1A to understand its role
in depressive disorders. It is also recommended to
explore its possible association with the upregulation
of key neurotransmitters associated with depression,
such as serotonin and dopamine. Further research
is also recommended to keep the nationality
variable constant. A larger sample size can also add
significance to future research.

C O N C LU S I O N

Our study focused on exploring the expression of
genetic biomarkers among patients with depression
by comparing them to a non-depressed control
group. Five genes were selected for analysis. The
genes associated with anxiety were selected due to
high comorbidity between depressive and anxiety
disorders. Studying these genes among a depressed
population would provide insight into the prevalence
of anxiety genes among depressed individuals or the
role of such genes in mood disorders. Among the
five genes analyzed, only the PPARGC1A gene was
seen to have a statistically significant difference in
the expression levels between the two groups. This
result highlights the role that PPARGC1A may play
in protecting against depressive disorders. Contrary
to previous research, no other significant differences
among gene expressions between the two groups
were observed in the current study.
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