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Abstract 

Background: Major depressive disorder (MDD) is one of the most common psychiatric disorders and is a great dis-
ease burden. However, its underlying pathophysiology and aetiology remain poorly understood. Available evidence 
suggests that circulating microRNAs (miRNAs) are associated with MDD, but it is still unknown whether miRNAs can 
predict subsequent incident MDD.

Methods: In this nested case-control study, a total of 104 individuals, who were free of MDD at baseline, from the 
Women’s Health in Lund Area (WHILA) cohort were included. Among them, 52 individuals developed MDD (cases) 
during the 5 years follow-up and 52 individuals did not develop MDD (controls). Plasma expression levels of miR-
17-5p, miR-134-5p, miR-144-5p, let-7b-5p and let-7c-5p at baseline were assessed using qRT-PCR. Logistic regression 
was used to estimate the odds of developing MDD among individuals with different levels of miRNA expression.

Results: Plasma expression levels of let-7b-5p were significantly lower (p = 0.02) at baseline in cases compared 
to controls. After adjustment for age and BMI, let-7b-5p was negatively associated with odds for developing MDD 
(OR = 0.33, p = 0.03, 95% CI = 0.12–0.91). Moreover, let-7b-5p expression levels showed a trend over time with larger 
differences between cases and controls for the earlier cases (MDD diagnosis <2 years from baseline) than MDD cases 
developed later (MDD diagnosis 2–5 years from baseline).

Conclusions: These findings show that lower plasma levels of let-7b-5p are associated with a higher future risk of 
MDD. Results need to be validated in a large cohort to examine its potential as a peripheral biomarker for MDD.
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Background
Major depressive disorder (MDD) is a medical condition 
that includes abnormalities in mood, cognition, appe-
tite, sleep, and psychomotor activity [1]. MDD is one 
of the most common psychiatric disorders worldwide 
and is currently projected to become the condition with 

the greatest disease burden after cardiovascular disease 
(CVD) by 2030 [2]. As of today, clinical suspicion is still 
the key for the diagnosis of MDD [3] as the underlying 
pathophysiology and aetiology of depression remain 
poorly understood [4].

Previous research concerning the pathophysiology of 
depression has mainly focused on genetic factors that 
affect the risk of development of depression. However, 
few genes were found to affect the risk of development 
of depression [5]. More recently, the attention has shifted 
to epigenetics, as it has now been generally accepted that 
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depression is a condition caused not only by genetic fac-
tors, but also by the influence of environmental factors 
on gene expression. Epigenetic mechanisms, including 
histone modifications, DNA methylation, and a newly 
recognised group of regulators, the non-coding RNAs 
(ncRNAs), contribute to the regulation of gene expres-
sion [6].

The most common ncRNAs are the microRNAs (miR-
NAs). MiRNAs are a class of endogenous non-coding 
single-stranded RNAs of approximately 21–23 nucleo-
tides in length. MiRNAs are transcribed in the nucleus 
and transported to the cytoplasm where they can inhibit 
gene expression by either promoting messenger RNA 
(mRNA) degradation or by inhibiting translation through 
targeting of the 3′ untranslated region (UTR) of the tar-
get mRNA (Bartel [7]). MiRNAs are not only present and 
active in cells, but they are also observed in a stable, cell-
free form. A number of studies have detected miRNAs in 
peripheral bodily fluids such as the whole blood, plasma, 
and cerebrospinal fluid (CSF) [8].

Over the past decade, circulating miRNAs have already 
been identified as potential biomarkers in other diseases 
such as cancer and diabetes [9–12]. In MDD, some miR-
NAs have been evaluated in multiple cohorts. MiR-17-5p 
was found to be significantly upregulated in patients 
with MDD compared to healthy controls (HC) [13, 14], 
whereas the expression of miR-134-5p, miR-144-5p, let-
7b-5p and let-7c-5p was significantly downregulated 
[15–17].

These results indeed indicate a difference in miRNA 
expression levels between patients and healthy controls, 
but they do not clarify whether they are the underlying 
cause or the consequence of MDD. Biomarkers, which 
are the consequence of MDD, can be a clear indicator 
of an MDD diagnosis. Instead, biomarkers that are the 
cause of MDD might be used as a predictive tool for the 
risk prediction of the development of MDD, as well as a 
therapeutic target for the treatment of MDD.

The present study builds on the results of the aforemen-
tioned studies to determine whether a couple of miRNAs 
have the ability to predict the development of MDD. To 
our knowledge, this is the first study to investigate the 
prospective potential of miRNA expression in MDD. The 
study aimed to examine the association between miRNAs 
and the risk of MDD through the analysis of the expres-
sion levels (at baseline) of previously identified miRNAs 
(miR-17-5p, miR-134-5p, miR-144-5p, let-7b-5p and let-
7c-5p) in a nested case-control study.

Methods
Sample selection
Study subjects were selected from the Women’s Health in 
Lund Area (WHILA) cohort (Fig. 1); a cohort extensively 

described in a previous review [18]. Clinical data from 
the WHILA study were maintained at the Center for 
Primary Health Care Research (CPF). All women aged 
50–65 years on December 1, 1995 in Lund, Skåne 
(n  = 10,766) were invited to have their health status 
assessed. Participating women were included in the study 
from December 1, 1995, to February 3, 2000. A follow-
up register study of the health care registers (hospital and 
out-patient) at the Social Welfare Board on all individuals 
in the WHILA study (n = 6917) was performed until May 
31, 2015. A total of 818 individuals were diagnosed with 
MDD. The diagnoses of MDD in WHILA were selected 
from the registers and based on the International Clas-
sification of Diseases with ICD-codes (ICD7-ICD10): 
F32–33, 296B, 298A, 311, 302, 296.00, 298.00.

We excluded patients with prevalent cancer, prevalent 
CVD, prevalent diabetes (Type I and Type II), and preva-
lent mental disorder because these comorbidities were 
reported to be associated with the miRNAs selected in 
the present study [19–21].

Cases were randomly selected from subjects with the 
first diagnosis of MDD within 5 years after the baseline 
(n = 188), and controls were randomly selected from 
subjects without MDD or other mental disorders dur-
ing follow-up (n = 4058). It was reported previously 
that miRNAs seem to be more closely associated with 
early events (diseases occurring 0–5 years from blood 
sampling) compared to later events (diseases occur-
ring 6–10 years from blood sampling) [9]. Therefore, we 
selected individuals who developed MDD within 5 years.

Prior to the study, we performed a power calculation 
using previous results based on the expression of miR-
144-5p [16]. This resulted in a sample size of 25 individu-
als in each group assuming 80% power and a significance 
level of 5%. Considering a possible skewed distribution of 
miRNA expression levels and missing samples, 52 cases 
of incident MDD during follow-up and 52 controls with-
out MDD were included in the study.

miRNA analysis
Plasma samples were collected at baseline as described 
in a previous paper [16]. Total RNA was isolated from 
250 μL of each plasma sample using the miRNeasy Mini 
Kit (Qiagen, Hilden, Germany) according to the manu-
facturer’s protocol with minor adjustments. MS2 RNA 
was added to function as carrier RNA, while Sp2,4,5 
RNA (spike-in RNA) was added as an internal control 
for RNA extraction efficiency. Four microlitre of isolated 
total RNA was reverse transcribed using the Universal 
cDNA Synthesis Kit (Exiqon, Aarhus, Denmark) accord-
ing to the manufacturer’s protocol. Sp6 RNA (spike-in 
RNA) was added as an internal control for cDNA syn-
thesis efficiency. qRT-PCR was performed with the 
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miRCURY LNA™ SYBR Green PCR Kit (Qiagen, Hilden, 
Germany) according to the manufacturer’s protocol with 
minor adjustments in a Bio-Rad CFX384 Real-Time 
PCR Detection System. The following miRNA LNA™ 
primers (Qiagen, Hilden, Germany) were used: UniSp4 
(cat. no. YP00203953), UniSp6 (cat. no. YP00203954), 
miR-425-5p (cat. no. YP00204337), miR-23a-3p (cat. no. 
YP00204772), miR-451a (cat. no. YP02119305), let-7b-5p 
(cat. no. YP00204750), let-7c-5p (cat. no. YP00204767), 
miR-134-5p (cat. no. YP00205989), miR-144-5p (cat. no. 
YP00204970), and miR-17-5p (cat. no. YP02119304). 
MiRNAs were tested in duplicate. Undetectable data 
were assigned a default threshold cycle value (Ct) of 37. 
MiR-451a and miR-23a-3p were used to detect haemoly-
sis in the plasma samples [22]. Ct values were normalised 
according to the ∆Ct method with internal control miR-
425-5p using the following equation: ∆Ct =  CtmiR-425-5p - 
Ct miR of interest. Normalisation stability of miR-425-5p was 
assessed in a previous study [16].

Quality control
To ensure reproducibility of the samples, spike-in RNA 
was added during the RNA extraction and the cDNA 
synthesis. Both processes were assessed as reproducible 

as they had a coefficient of variation of 2.0 and 0.8%, 
respectively.

The quality of plasma samples was assessed through the 
measurement of haemolysis. Samples were considered to 
have haemolysis when the difference in Ct-value between 
miR-23a-3p and miR-451a was bigger than 7.0 [22]. 
Three samples were found to have haemolysis (∆Ct > 7.0) 
and were excluded in further analysis. All miRNAs were 
suitable for further analysis as less than 20% of Ct-values 
were > 37. MiR-134-5p had 17.2% of Ct-values >37.

Ethical statement
This study was performed in-line with the principles of 
the Declaration of Helsinki. Sample storage and handling 
procedures were approved by the Lund/Malmö ethics 
committee (2011/494, 2015/6). Written informed con-
sent was obtained from all subjects.

Statistical analysis
Characteristic variables for all individuals were presented. 
Data were presented as the mean and standard deviation 
(SD) for age and body mass index (BMI) whereas smok-
ing and alcohol use were presented as a percentage. Both 
parametric and non-parametric tests were performed to 
test the difference in miRNA expression levels at baseline 

Fig. 1 Flow chart of sample selection
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between case and control samples. Pearson’s correla-
tion test was used to examine the correlation between 
miRNAs and other available peripheral blood biomark-
ers that we had measured. The results of the Student’s 
t-test were used for further analysis of normally distrib-
uted miRNAs - miR-134-5p, miR-144-5p, and let-7b-5p - 
whereas results of the Wilcoxon rank-sum test were used 
for miRNAs with a skewed distribution. Logistic regres-
sion was used to examine the association between cases 
and controls for miRNA expression levels at baseline. 
We adjusted for age and BMI. Trends in miRNA expres-
sion levels over time were assessed via trend analysis of 
groups dichotomised over time until MDD. Results were 
deemed significant when p < 0.05. All statistical analyses 
were performed in STATA version 16 (StataCorp LP).

Results
Clinical characteristics
Clinical characteristics of both cases and controls at base-
line are shown in Table 1. The mean age of the included 
women was 56 years, and the mean BMI was 24.51 kg/
m2. Most women were non-smokers or low consumers of 
alcohol. There was no statistical difference between cases 
and controls in any of the confounders.

Comparison of baseline miRNA expression levels in cases 
and controls
During further analysis, a total of five samples were 
excluded due to poor quality of RNA, resulting in an 
analysis of 50 cases and 49 controls. MiRNA expres-
sion levels were measured for the five selected miRNAs. 
As shown in Table  2, let-7b-5p levels were significantly 
lower in MDD cases compared to controls (p = 0.02). For 
other miRNAs, significance was not reached but a trend 
of lower levels at baseline in cases compared to controls 
could be observed for miR-134-5p, miR-144-5p, and let-
7c-5p. Levels at baseline in cases were higher for miR-
17-5p than in controls, but not significant.

Correlations between let-7b-5p and other peripheral 
blood biomarkers such as triglycerides (TG), total choles-
terol (TC), high-density lipoprotein cholesterol (HDL-C), 
low-density lipoprotein cholesterol (LDL-C) and glu-
cose were also analyzed. No correlations between let-
7b-5p and the peripheral blood biomarkers were found 
(Table S1).

Logistic regression was used to estimate the odds ratio 
for having MDD among individuals with different levels 
of the selected miRNAs (Table  3). The results showed 
that let-7b-5p was negatively associated with the odds for 
having MDD (OR = 0.33, p = 0.03, 95% CI = 0.12–0.91). 
The results remained the same after adjustment for age 
and BMI.

Finally, the expression levels of the five miRNAs were 
analysed with respect to the time interval between the 
date of blood sampling and the date of MDD diagnosis. It 
showed that let-7b-5p exhibited a trend over time (Fig. 2), 
with larger differences in let-7b-5p levels between 
cases and controls for the earlier cases (MDD diagnosis 
<2 years from blood sampling) than later cases (MDD 
diagnosis 2–5 years from blood sampling). The observed 
trend approached borderline significance (p = 0.07).

Table 1 Characteristics of the study population

Data are represented as mean (SD)

SD standard deviation
a Student’s t-test
b Two-sided Chi-squared test
c Missing information on BMI for 11 individuals
d Missing information on smoking for 3 individuals

Variable Total (n = 104) Case (n = 52) Control (n = 52) p-value

Age, years Mean (SD) 56.0 (2.78) 55.7 (2.57) 56.3 (2.97) 0.28a

BMI (kg/m2) c Mean (SD) 24.51 (3.92) 24.96 (3.86) 24.04 (3.98) 0.26a

Smoking (%) d 25.7 25.5 26.0 0.95b

Alcohol abuse (%) 19.2 17.3 21.2 0.62b

Table 2 Differentially expressed miRNAs (∆Ct) * in cases and 
controls at baseline

IQR interquartile range
* ∆Ct =  CtmiR-425-5p –  CtmiR of interest
a Median (IQR)
b Student’s t-test with equal variance
c Wilcoxon rank-sum test

miRNAs Case (n = 50)a Control (n = 49)a p-value

miR-17-5p 1.96 (0.38) 1.89 (0.32) 0.28c

miR-134-5p −4.12 (1.91) −4.07 (1.91) 0.82b

miR-144-5p −2.99 (0.99) −2.51 (1.56) 0.13b

let-7b-5p 1.53 (0.36) 1.59 (0.55) 0.02b

let-7c-5p −0.08 (0.92) 0.06 (0.94) 0.37c
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Discussion
To our knowledge, this is the first study investigating 
the association of circulating miRNA and the risk of 
MDD development. The main finding of this study was 
that let-7b-5p expression levels at baseline were signifi-
cantly lower in plasma of individuals, who later devel-
oped MDD, compared to those who did not develop 
MDD. This suggests that let-7b-5p levels have poten-
tial as a circulating predictive biomarker in the risk 
assessment of the development of MDD. Other selected 

miRNAs had no significant difference in expression lev-
els between cases (MDD) and controls (non-MDD).

Many major cellular functions such as development, 
differentiation, growth, and metabolism are known to be 
regulated by miRNAs. As miRNAs play a major role in 
developmental processes, dysregulation of miRNA has 
been shown to be responsible for the development of 
numerous diseases such as cancer, cardiovascular disease 
and neurodevelopmental disease. Since the discovery of 
circulating miRNAs, most researchers have reported the 

Table 3 Risk estimates for MDD development based on single miRNA levels (∆Ct)

OR odds ratio, CI confidence interval
* ∆Ct =  CtmiR-425-5p –  CtmiR of interest
a Logistic regression
b Logistic regression adjusted for age and BMI

miRNAs* Univariate analysis Multivariate analysis

OR p-valuea 95% CI OR p-valueb 95% CI

miR-17-5p 0.94 0.90 0.32; 2.76 0.79 0.68 0.26; 2.39

miR-134-5p 1.04 0.82 0.73; 1.48 1.02 0.91 0.71; 1.48

miR-144-5p 0.76 0.13 0.53; 1.08 0.74 0.11 0.51; 1.07

let-7b-5p 0.33 0.03 0.12; 0.91 0.33 0.04 0.12; 0.93

let-7c-5p 0.78 0.29 0.49; 1.24 0.77 0.28 0.48; 1.24

Fig. 2 Median expression levels of let-7b-5p regarding time to MDD diagnosis during follow-up
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use of miRNAs as circulating biomarkers for the diagno-
sis or prognosis of diseases [23]. More recently, studies 
have identified biomarkers for risk prediction and early 
diagnosis of acute myocardial infarction [9, 24].

MiRNAs have dynamic roles in neurogenesis [25]. 
Therefore, it is not surprising that they were found to 
play a major role in neurodegenerative diseases. MiRNAs 
were differentially expressed in the brains of patients 
with Alzheimer’s disease [26]. In addition, dysregulation 
of miRNA in mice brain resulted in a phenotype similar 
to Parkinson’s disease [27].

MiRNA levels in peripheral blood reflect the miRNA 
levels in the central nervous system (CNS) as miRNA and 
other circulating nucleic acids can cross the blood-brain 
barrier (BBB) under physiological conditions [28]. Path-
ological conditions may disrupt the BBB, which further 
increases the permeability allowing for the open flow of 
molecules into the peripheral circulation. This indicates 
that peripheral blood reflects the level of miRNAs from 
the CNS [28]..

In the present study, let-7b-5p was found to be nega-
tively associated with the risk of MDD development. 
Let-7b-5p is part of the let-7 family. The let-7 family of 
miRNAs was first identified as a regulator of develop-
mental timing in C. elegans by Reinhart et al. [29]. Let-7 
is highly conserved in animal species, but has multiple 
isoforms in higher species. In humans, nine mature iso-
forms have been identified; one of which is let-7b-5p [30].

Gururajan et  al. [17] found a significant reduction 
in expression of let-7b-5p in patients with treatment-
resistant depression (TRD) receiving electroconvulsive 
stimulation therapy (ECT) compared to controls. They 
also observed a trend toward higher post-treatment 
expression of let-7b-5p in patients who received keta-
mine treatment (KET) compared to those who received 
ECT. Inconsistent data were reported by Belzeaux. et al. 
[31] showed that let-7b-5p expression was upregulated 
in major depressive episodes. This analysis of let-7b-5p 
expression was based on peripheral blood mononuclear 
cells (PBMC) , which are not fully consistent with the 
miRNA changes in plasma used in the present study.

Let-7b-5p has been identified as a possible positive 
regulator of the extracellular signal-regulated kinase 
1/2 (ERK1/2) signaling pathway [32]. ERK1/2 signaling 
is known to play a major role in synaptic and structural 
plasticity and has been associated with stress and depres-
sion. A study by Dwivedi and Zhang [33] examined the 
ERK1/2 signaling in the frontal cortex and hippocampus 
of rats showing vulnerability (learned helplessness (LH)) 
and rats showing resilience (non-learned helplessness 
(non-LH)) to the development of stress-induced depres-
sion. They determined both activation and expression of 
ERK1 and ERK2 at the transcriptional and translational 

level and found both protein and mRNA levels to be 
significantly decreased in hippocampus and frontal cor-
tex of LH rats. These results suggest the involvement of 
ERK1/2 signaling in generating vulnerability to depres-
sion [33]. Thus, downregulation of let-7b-5p leads to a 
decrease in ERK1/2 signaling, which in turn is associated 
with an increased risk of MDD development.

This study is the first nested case-control study to 
explore potential biomarkers for the risk prediction of 
MDD development. The results of this study were prom-
ising, but the limitations of the study must be kept in 
mind when evaluating the results. Firstly, the sample size 
was relatively low. The study design, though, required a 
smaller minimum sample size than what was used in the 
study. Secondly, cases and controls were unmatched in 
the study design. This, however, was corrected via adjust-
ments in age and BMI in the statistical analysis. In addi-
tion, family history is a major factor concerning the risk 
assessment of MDD development [34, 35] The effect of 
family history, however, could not be assessed as this 
confounder was not included in the WHILA cohort study 
[18]. Finally, our research indicates that let-7b-5p has the 
potential as a circulating predictive biomarker of MDD, 
but functional studies have to be performed in the future 
to confirm the potential role of miRNAs in MDD risk 
prediction.

Conclusions
In summary, the findings of this study show that plasma 
levels of let-7b-5p have the potential as a biomarker of 
risk prediction for MDD development. Future studies are 
needed to validate and confirm the results in different 
cohorts with larger sample sizes.
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