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Hypertension (HTN) is associated with subclinical target 
organ damage such as left ventricular hypertrophy,1 arterial 
stiffness and remodeling,2,3 and kidney damage.4 HTN is 
an early and common risk factor for chronic kidney disease 
(CKD).5 There is an epidemiological association between 
HTN and CKD, and the prevalence of high blood pressure 
(BP) has been reported to be over 85% in stage 3 and over 
90% in stage 4 and stage 5 CKD patients.5 CKD was an inde-
pendent risk factor for cardiovascular events and death in a 
large community-based population.6 HTN can also be a com-
ponent of the metabolic syndrome (MetS), a cluster of risk 

factors for type 2 diabetes mellitus, cardiovascular disease, 
and death,7 which contributes to amplify HTN-induced 
target organ damage.7 Accordingly, determination of asymp-
tomatic complications of HTN is important for the design of 
optimal antihypertensive therapeutic therapies to reduce the 
risk of unfavorable cardiovascular disease outcomes.

MicroRNAs (miRNAs) are small noncoding RNAs that 
regulate gene expression post-transcriptionally by binding 
to the 3′ untranslated regions of their target mRNAs and 
lead to translational repression and mRNA degradation.8–10 
Circulating miRNAs can be found in plasma packaged 
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BACKGROUND
Hypertension (HTN) is associated with target organ damage such as 
cardiac, vascular, and kidney injury. Several studies have investigated 
circulating microRNAs (miRNAs) as biomarkers of cardiovascular di-
sease, but few have examined them as biomarker of target organ 
damage in HTN. We aimed to identify circulating miRNAs that could 
serve as biomarkers of HTN-induced target organ damage using an un-
biased approach.

METHODS AND RESULTS
Fifteen normotensive subjects, 16 patients with HTN, 15 with HTN 
associated with other features of the metabolic syndrome (MetS), 
and 16 with HTN or chronic kidney disease (CKD) were studied. 
Circulating RNA extracted from platelet-poor plasma was used for 
small RNA sequencing. Differentially expressed (DE) genes were 
identified with a threshold of false discovery rate <0.1. DE miRNAs 
were identified uniquely associated with HTN, MetS, or CKD. However, 
only 2 downregulated DE miRNAs (let-7g-5p and miR-191-5p) could be 

validated by reverse transcription-quantitative PCR. Let-7g-5p was as-
sociated with large vessel stiffening, miR-191-5p with MetS, and both 
miRNAs with estimated glomerular filtration rate (eGFR) and neutrophil 
and lymphocyte fraction or number and neutrophil-to-lymphocyte 
ratio. Using the whole population, stepwise multiple linear regression 
generated a model showing that let-7g-5p, miR-191-5p, and urinary 
albumin/creatinine ratio predicted eGFR with an adjusted R2 of 0.46 
(P = 8.5e−7).

CONCLUSIONS
We identified decreased circulating let-7g-5p and miR-191-5p as in-
dependent biomarkers of CKD among patients with HTN, which could 
have pathophysiological and therapeutic implications.
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in microparticles (microvesicles, exosomes, and apop-
totic bodies) or associated with the RNA-binding protein 
Argonaute2 or lipoprotein complexes (such as high den-
sity lipoprotein), which may render circulating miRNAs 
resistant to degradation.11 Analysis of 1,323 small RNA 
sequencing samples from 13 different human tissue types 
revealed that the repertoire of human miRNAs is far more 
extensive than reported in public repositories, and that there 
are a significant number of tissue-specific miRNAs, which 
indicates the relevance of miRNAs as biomarkers for diag-
nosis or prognosis.12

Several studies have investigated the role of circulating 
miRNAs as biomarkers for diagnosis or prognosis of car-
diovascular disease (reviewed by refs. 11,13). Only 2 studies 
investigated circulating miRNAs as biomarkers of HTN-
induced target organ damage.14,15 Although interesting, 
these studies were limited to profiling known miRNAs,12 
and restricted to HTN in association with 2 forms of target 
organ damage. Circulating miRNA biomarkers have not 
been identified for other forms of HTN-associated target 
organ damage such as CKD.

In this study, we aimed to identify circulating miRNAs 
that could serve as biomarkers of HTN-induced target organ 
damage using an unbiased approach. This was carried out by 
comparing the profile of platelet-poor plasma miRNA and 
indexes of subclinical target organ damage in normotensive 
subjects (NTN), and patients with HTN associated or not 
with features of the MetS or with CKD.

METHODS

Experimental design

The study protocol was approved by the Human Research 
Ethics Review Committee of the Jewish General Hospital, 
where the study was carried out.

Male and female NTN, HTN, HTN with MetS, and HTN 
with CKD were recruited at visit 1 according to the inclusion 
and exclusion criteria described in the Expanded Methods 
in the Online Data Supplement. All subjects included in the 
study provided written informed consent to participate.

At visit 1, a complete physical examination was 
performed, body weight, height, and waist and hip circum-
ference were determined and brachial BP was measured as 
recommended by Hypertension Canada guidelines as un-
attended automated office BP with a BpTRU BPM-300 de-
vice (VSM MedTech Devices, Coquitlam, BC, Canada) with 
HTN defined as BP ≥135/85  mm Hg,16 or treatment with 
antihypertensive medications for at least 6  months. Blood 
and urine samples were collected in the morning under 
fasting conditions. Blood was collected in BD Vacutainer 
EDTA for white blood cell count and differential and plasma 
isolation or BD Vacutainer Plus serum tubes for blood bio-
chemistry and urine analysis determined in the Department 
of Diagnostic Medicine at the Jewish General Hospital ac-
cording to routine methods. Estimated glomerular filtration 
rate (eGFR) was determined by the Modification of Diet 
in Renal Disease formula.17 Blood samples on EDTA were 
centrifuged at 1,000 g for 15 minutes at 4 °C to remove blood 
cells, followed by centrifugation at 10,000 g for 10 minutes at 

4 °C with no brake to remove platelets. Platelet-poor plasma 
was transferred to new tubes by pipetting the supernatant 
without disturbing the platelet pellet, and stored at −80 °C 
until used for RNA extraction.

At visit 2, BP was measured as above. End-diastolic in-
ternal diameter, stroke change in diameter, and intima 
media thickness (IMT) were measured on the right common 
carotid artery 2  cm before the bifurcation with a high-
precision echotracking device (ArtLab, Esaote, Maastricht, 
The Netherlands) previously described and validated.18–20 
Aortic stiffness was measured with the carotid to femoral 
pulse wave velocity between the 2 sites by the foot-to-foot 
velocity method (Sphygmocor, Atcor Medical, Sydney, 
Australia).

Circulating RNA was isolated from platelet-poor plasma 
with the QIAamp Circulating Nucleic Acid kit (Qiagen, 
Venlo, Netherlands); 4–20 ng of circulating RNA was used 
for small RNA library construction that was sequenced 
using the HiSeq 2500 sequencing system (Illumina, San 
Diego, CA) at the CHU Sainte-Justine Integrated Centre for 
Pediatric Clinical Genomics; and a bioinformatics pipeline 
used to profile circulating miRNAs (Supplementary Figure 
S1 online).

Differentially expressed (DE) miRNAs were validated 
by reverse transcription-quantitative PCR (RT-qPCR). 
Pearson correlations were determined between validated DE 
miRNAs and clinical parameters/vascular/biological and 
a stepwise multiple linear regression was used to identify 
predictors of eGFR.

Statistical analysis

Results are presented as means ± SD. Comparisons be-
tween multiple groups were done by one-way analysis of 
variance (ANOVA) followed by a Student–Newman–Keuls 
post hoc test or Kruskal–Wallis one-way ANOVA on ranks 
with Dunn’s multiple comparison post hoc test in absence of 
normal distribution, as appropriate, using SigmaPlot version 
13 (Systat Software, San Jose, CA). For RNA sequencing data 
analysis, an ANOVA-like test in EdgeR based on generalized 
linear models was used for differential expression analyses 
using a threshold of false discovery rate (or q) <0.1. The 
Pearson correlations and the stepwise multiple linear regres-
sion done on the whole population using log2 transformed 
RT-qPCR fold change data were performed using IBM SPSS 
Statistics version 24. P  <  0.05 was considered statistically 
significant.

RESULTS

Clinical characteristics

We included a total of 62 individuals, 15 NTN, 16 HTN, 
15 MetS, and 16 CKD subjects. Patients were older in the 
MetS and CKD, and more males were recruited among 
CKD compared with NTN (Table 1). HTN, MetS, and CKD 
presented elevated BP or were treated with antihypertensive 
drugs (Tables  1). In addition to being hypertensive, MetS 
presented at least two of the following criteria: central obe-
sity, dyslipidemia (high triglycerides, low high-density 
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lipoprotein cholesterol, or taking cholesterol lowering drugs), 
or increased fasting blood glucose (or treated with hypo-
glycemic drugs) (Table  2). Diabetes was present in 67% of 
MetS and 6% of CKD (Table 1). Besides being hypertensive, 
CKD was characterized by an eGFR <60  ml/min/1.73 m2. 
CKD presented increased serum creatinine compared with 
NTN, HTN, and MetS and elevated urinary albumin/creati-
nine ratio (UACR) compared with NTN and HTN (Table 2). 
Microalbuminuria defined by a cutoff value of UACR of 
2.0  mg/mmol was observed in 63% of CKD, 27% of MetS, 
and <15% of HTN and NTN (Table  1). MetS parameters 
were also observed in 44–56% of the CKD. Dyslipidemia was 
also found in 81% of HTN and half of the NTN. It should 
be noted that ~50% of the HTN, MetS, and CKD were 
taking acetyl salicylic acid compared with 7% of NTN, and 
that ~50% of NTN and CKD and ≥75% of HTN and MetS 
were treated with a statin. CKD patients presented increased 
number and fraction of neutrophils, decreased fraction of 
lymphocytes and increased neutrophil-to-lymphocyte ratio 
(NLR) (Supplementary Table S1 online) suggesting the 

presence of low-grade inflammation. The number and frac-
tion of neutrophils were increased in HTN and MetS, respec-
tively, but the lymphocyte fraction and NLR were unaltered.

The right common carotid artery IMT, wall/lumen, and 
wall cross-sectional area were similar in all groups (Table 3). 
However, the carotid circumferential wall stress was 
increased 1.4-fold in MetS and tended to be greater in HTN 
and CKD compared with NTN. The carotid young elastic 
modulus was increased ~2-fold and the carotid stiffness 1.4-
fold in HTN and CKD and 1.9-fold in MetS, whereas ca-
rotid distensibility was decreased by ~50% in HTN and CKD 
and ~60% in MetS compared with NTN. Carotid to femoral 
pulse wave velocity, index of aortic stiffness, was increased 
1.2-fold in HTN and CKD and 1.3-fold in MetS.

Platelet-poor plasma small RNA profiling

Circulating RNA was extracted from 15 samples per 
group. On average, 25.7  ng (3.8–99.0  ng) of RNA was 
extracted from 6  ml of platelet-poor plasma sample 

Table 1. Demographic parameters and medications of the 4 groups of subjects

Parameters NTN HTN MetS CKD

Number of subjects 15 16 15 16

Demographic parameters

 Age (y) 52 ± 11 59 ± 10 62 ± 6* 66 ± 7**

 Male sex (%) 53 56 60 81

 Obesity (%) 27 6 60 31

 Central obesity (%) 27 13 93 44

 Dyslipidemia (%) 53 81 93 56

 Diabetes (%) 0 0 67 6

 Microalbuminuria (%) 14 13 27 63

Medications

 ASA (%) 7 56 47 44

 ARBs or ACE inhibitors (%) 0 81 73 81

 MR blockers (%) 0 0 7 0

 Diuretics (%) 0 44 73 56

 CCBs (%) 0 38 67 75

 β-blockers (%) 0 25 27 31

 α2-agonists (%) 0 6 13 0

 Statins (%) 47 75 80 50

 Fibrates (%) 0 6 7 0

 CA inhibitors (%) 0 0 7 0

 Insulin (%) 0 0 7 0

 Insulin secretagogues (%) 0 0 20 0

 Insulin sensitizers (%) 0 0 53 0

Demographic parameters and medication were assessed in normotensive subjects (NTN), and patients with hypertension (HTN) associated 
or not with other features of the metabolic syndrome (MetS) or with chronic kidney disease (CKD) at visit 1. Data are shown as % for categorical 
and as means ± SD for continuous variable. Comparisons between multiple groups were analyzed by one-way analysis of variance (ANOVA) 
followed by a Student–Newman–Keuls post hoc. *P  <  0.05 and **P  <  0.001 vs. NTN. Abbreviations: α2-agonists, α2-adrenergic receptor 
agonists; ACE, angiotensin-converting enzyme; ARBs, angiotensin receptor type 1 blockers; ASA, acetylsalicylic acid; β-blockers, β-adrenergic 
receptor blockers; CA inhibitors, cholesterol absorption inhibitors; CCBs, calcium channel blockers; MR, mineralocorticoid receptor.

http://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpaa031#supplementary-data
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(Supplementary Table S2 online). Analysis of the Agilent 
2100 bioanalyzer electrophoresis profiles revealed that 
platelet-poor RNA samples were mostly constituted of 
small RNA enriched in miRNAs (36 ± 9%, Supplementary 
Table S2 and Figure S2 online). All the samples were 
used to construct small RNA libraries. Twenty ng of total 
RNA or the maximum available were used for small RNA 
sequencing, amounting to 16.6 ± 4.9, 14.1 ± 6.8, 12.7 ± 5.6, 
and 17.6 ± 5.1 ng of RNA for NTN, HTN, MetS, and CKD, 
respectively. One CKD RNA sample with low base quality 
(Q < 20), another CKD sample with low read counts, and 
one MetS sample that could not be processed by miRDeep2 
due to error in the sequence file were excluded from fur-
ther small RNA analyses. An average of 12.7 million quali-
fied single-end reads per sample was obtained in the small 
RNA sequencing data, of which 8 ± 3% mapped to a single 
locus and 82 ± 7% to multiple loci.

DE circulating miRNAs and their validation by RT-qPCR

One novel and 29 known DE miRNAs were identified 
using small RNA sequencing in the platelet-poor plasma of 
HTN, MetS, and CKD compared with NTN. The most abun-
dant DE miRNAs that had in average more than 2,000 read 
counts were selected for RT-qPCR validation. The geometric 

mean of 3 least variable miRNAs (let-7f-5p, miR-92b-3p, 
and miR-126-5p) was used for normalization of RT-qPCR 
results. However, only 2 of the top 11 DE miRNAs, let-7g-5p 
and miR-191-5p, could be validated by RT-qPCR (Figure 1a), 
which does not allow ruling out that sequencing results of 
other DE miRNAs that could not be validated by RT-qPCR 
might be unreliable. Accordingly, the relationship of the 
non validated microRNAs with clinical parameters and 
conditions was not evaluated. Sequences of miRNAs used 
for RT-qPCR primer design are shown in Supplementary 
Table S3 online. RT-qPCR confirmed indeed that let-7g-5p 
and miR-191-5p were downregulated in CKD, but did not 
validate the downregulation of let-7g-5p in MetS.

Correlation of DE let-7g-5p and miR-191-5p with 
clinical data

The potential of let-7g-5p and miR-191-5p as biomarkers 
for target organ damage in HTN was investigated by 
demonstrating associations between these DE miRNAs 
determined by RT-qPCR and parameters presented in 
Tables  1–3. Let-7g-5p correlated negatively with age and 
carotid to femoral pulse wave velocity, and positively with 
carotid distensibility (Table 4). MiR-191-5p correlated pos-
itively with lymphocyte number. Both miRNAs correlated 

Table 2. Clinical parameters of the 4 groups of subjects

Parameters NTN HTN MetS CKD

Number of subjects 15 16 15 16

Body weight (kg) 78 ± 18 76 ± 9 89 ± 17* ,† 83 ± 17

BMI (kg/m2) 26 ± 4 26 ± 3 32 ± 4* ,† 29 ± 5

Waist circumference (cm) 91 ± 12 91 ± 9 106 ± 12* ,† 101 ± 14

Systolic BP (mm Hg) 113 ± 10 121 ± 15** 129 ± 14** 126 ± 18**

Diastolic BP (mm Hg) 73 ± 7 78 ± 10 79 ± 8 76 ± 7

Mean BP (mm Hg) 87 ± 7 93 ± 11** 96 ± 8** 93 ± 9**

Pulse pressure (mm Hg) 39 ± 6 42 ± 11* 50 ± 14* 50 ± 17*

Heart rate (beats/min) 64 ± 7 66 ± 12 66 ± 14 64 ± 12

Total cholesterol (mmol/l) 5.0 ± 0.9 4.5 ± 0.9 4.2 ± 1.1 4.4 ± 0.9

Triglycerides (mmol/l) 1.0 ± 0.6 1.1 ± 0.5 1.8 ± 1.4 1.4 ± 0.8

LDL-cholesterol (mmol/l) 2.7 ± 0.7 2.3 ± 0.8 2.1 ± 0.7 2.5 ± 0.7

HDL-cholesterol (mmol/l) 1.8 ± 0.6 1.7 ± 0.5 1.4 ± 0.4* 1.4 ± 0.3*

FBG (mmol/l) 4.7 ± 0.5 4.8 ± 0.7 6.1 ± 1.4* ,† 5.0 ± 0.8‡

Hemoglobin A1c (%) 5.5 ± 0.5 5.5 ± 0.3 6.4 ± 0.9* ,† 5.5 ± 0.5‡

Creatinine (µmol/l) 69 ± 10 76 ± 15 74 ± 12 144 ± 38** ,††,‡‡

eGFR (ml/min/1.73 m2) 99 ± 12 87 ± 11 92 ± 17 45 ± 11** ,††,‡‡

UACR (mg/mmol) 0.8 ± 0.8 2.7 ± 7.3 7.8 ± 18.4 21.5 ± 32.3** ,†

Clinical parameters were evaluated in normotensive subjects (NTN), and patients with hypertension (HTN) associated or not with other 
features of the metabolic syndrome (MetS) or with chronic kidney disease (CKD) at visit 1. Data are shown as means ± SD for continuous var-
iable. Comparisons between multiple groups were analyzed by one-way analysis of variance (ANOVA) followed by a Student–Newman–Keuls 
post hoc test or in absence of normal distribution, a Kruskal–Wallis one-way ANOVA followed by a Dunn’s multiple comparison test, as appro-
priate. *P < 0.05 and **P < 0.001 vs. NTN, †P < 0.05 and ††P < 0.001 vs. HTN, ‡P < 0.05 and ‡‡P < 0.001 vs. MetS. Abbreviations: BMI, body 
mass index; BP, blood pressure; eGFR, estimated glomerular filtration rate; FBG, fasting blood glucose; HDL, high-density lipoprotein; LDL, 
low-density lipoprotein; UACR, urinary albumin/creatinine ratio.
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positively with eGFR and lymphocyte fraction, and nega-
tively with the neutrophil fraction and NLR.

Let-7g-5p and miR-191-5p as biomarkers for CKD

Since let-7g-5p and miR-191-5p were downregulated 
in CKD and presented the greatest correlation with eGFR 
(Table 4), we questioned using stepwise multiple linear re-
gression whether a model including let-7g-5p and miR-
191-5p with parameters that correlated with eGFR could 
strongly predict eGFR. First, we determined that besides let-
7g-5p and miR-191-5p, eGFR correlated negatively with age, 
UACR, neutrophil fraction and number, and NLR, and posi-
tively with carotid distensibility and the lymphocyte fraction 
(Table 4). The parameters entered into the regression were 
tested for multicollinearity and demonstrated sufficient in-
dependence from each other (Supplementary Table S4 on-
line). The best model of 3 included let-7g-5p, miR-191-5p, 
and UACR, and predicted eGFR with an adjusted R2 of 0.46 
(P = 8.45e−7, Figure 1b).

DISCUSSION

This study allowed identifying 2 downregulated circu-
lating miRNAs, let-7g-5p and miR-191-5p, in hypertensive 
patients with CKD. Associations were demonstrated between 
let-7g-5p and large vessel stiffening, miR-191-5p and MetS, 
and both circulating miRNAs with eGFR and inflamma-
tory markers. Stepwise multiple linear regression modeling 

demonstrated that circulating let-7g-5p and miR-191-5p 
and UACR are independent predictors of eGFR, and thus 
potential biomarkers of CKD in hypertensive patients, and 
could have pathophysiological and therapeutic significance.

Circulating miRNAs that originate from tissues have great 
potential to be biomarkers of subclinical target organ damage 
in HTN as there are tissue-specific miRNAs.12 In this study, 
platelet-poor plasma was used to profile circulating miRNAs 
in HTN associated or not with other features of the MetS 
or with CKD. It was important to eliminate platelets from 
plasma samples as much as possible as they are an impor-
tant source of miRNA,21,22 which could confound detec-
tion of changes in tissue-derived miRNAs. Although serum 
does not contain platelets, it was not used as miRNAs could 
be released on activation of platelets and other blood cells 
during the coagulation process.23

This study was designed to identify DE circulating 
miRNAs associated to asymptomatic complications of HTN 
by comparing the profile of platelet-poor plasma miRNAs of 
NTN subjects with that of patients with HTN associated or 
not with other features of the MetS or with CKD. This ex-
perimental design allowed the ability to identify biomarkers 
associated with HTN, complications of HTN, or both. Only 
2 other studies have investigated circulating known miRNAs 
as biomarkers of target organ damage in HTN patients using 
a similar experimental design.14,15 Huang et al.15 examined 
let-7 levels in plasma by RT-PCR in untreated hyperten-
sive patients and healthy subjects with or without thick-
ening (>0.9  mm) of carotid IMT. These authors observed 

Table 3. Right common carotid artery mechanical properties and aortic stiffness in the 4 groups of subjects

Parameters NTN HTN MetS CKD

Number of subjects 15 16 15 16

Right common carotid artery

 Systolic BP (mm Hg) 102 ± 14 122 ± 16** 133 ± 18** 121 ± 16**

 Diastolic BP (mm Hg) 69 ± 8 77 ± 9* 78 ± 8* 76 ± 8*

 Mean BP (mm Hg) 83 ± 10 96 ± 11** 99 ± 10** 94 ± 9*

 Pulse pressure (mm Hg) 33 ± 9 45 ± 12* 55 ± 17** 45 ± 14**

 Internal diameter (mm) 5.36 ± 0.59 5.55 ± 0.75 5.86 ± 1.29 5.94 ± 0.78

 IMT (µm) 876 ± 132 861 ± 149 831 ± 142 928 ± 121

 Wall/lumen 0.17 ± 0.03 0.16 ± 0.04 0.15 ±0.04 0.16 ± 0.03

 WCSA (mm2) 17.2 ± 3.5 17.3 ± 3.2 17.6 ± 4.9 20.1 ± 4.5

 Circumferential wall stress (kPa) 33.9 ± 4.8 41.7 ± 11.9 46.8 ± 16.3* 40.4 ± 9.6

 Young elastic modulus (kPa) 217 ± 477 477 ± 347** 1,009 ± 832** 448 ± 260**

 Distensibility (kPa−1 × 10−3) 37.1 ± 13.0 19.4 ± 7.5* 13.3 ± 8.7** 20.2 ± 8.8*

 Stiffness (m/s) 5.5 ± 1.1 7.7 ± 1.9** 10.6 ± 4.4** ,† 7.6 ± 2.0** ,‡

Aortic stiffness

 Carotid femoral PWV (m/s) 7.8 ± 1.3 9.4 ± 1.3* 10.4 ± 2.7* 9.7 ± 2.2*

Large vessel study was performed in normotensive subjects (NTN), and patients with hypertension (HTN) associated or not with other 
features of the metabolic syndrome (MetS) or with chronic kidney disease (CKD) at visit 2. Data are shown as means ± SD. Comparisons 
between multiple groups were analyzed by one-way analysis of variance (ANOVA) followed by a Student–Newman–Keuls post hoc test or in 
absence of normal distribution, a Kruskal–Wallis one-way ANOVA followed by a Dunn’s multiple comparison test, as appropriate. *P < 0.05 and 
**P < 0.001 vs. NTN, †P < 0.05 vs. HTN, ‡P < 0.05 vs. MetS. Abbreviations: BP, blood pressure; IMT, intima media thickness; PWV, pulse wave 
velocity; WCSA, wall cross-sectional area.

http://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpaa031#supplementary-data
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positive correlations between plasma let-7 with systolic 
BP, carotid IMT, and C-reactive protein, and showed that 
let-7 is an independent predictor of carotid IMT thick-
ening. These findings were not found in the present study. 

Firstly, let-7 is a multimember miRNA family. Secondly, al-
though not clearly stated, let-7 may have been determined 
in platelet-rich plasma as plasma was isolated after one cen-
trifugation of blood samples, and could therefore originate 

Table 4. Correlation between differentially expressed miRNAs and estimated glomerular filtration rate, other clinical parameters, and 
vascular mechanical properties

Parameters

let-7g-5p miR-191-5p eGFR

R2 Type P R2 Type P R2 Type P

Age 0.208 Neg <0.001    0.275 Neg <0.001

eGFR 0.297 Pos <0.001 0.259 Pos <0.001 NA NA NA

UACR       0.125 Neg <0.05

Carotid distensibility 0.106 Pos <0.05    0.083 Pos <0.05

Carotid femoral PWV 0.099 Neg <0.05       

Neutrophil fraction 0.219 Neg <0.05 0.187 Neg <0.05 0.144 Neg <0.05

Lymphocyte fraction 0.176 Pos <0.05 0.139 Pos <0.05 0.119 Pos <0.05

Neutrophil number 0.268 Neg <0.001 0.102 Neg <0.05 0.102 Neg <0.05

Lymphocyte number    0.086 Pos <0.05    

Neutrophils/lymphocytes 0.216 Neg <0.05 0.193 Neg <0.05 0.153 Neg <0.05

The log2 fold change of let-7g-5p and miR-191-5p expression levels determined by reverse transcription-quantitative PCR was used to deter-
mine simple linear correlations with clinical parameters and vascular mechanical properties. The square of the Pearson correlation coefficient (R2), 
the type of correlation (positive (Pos) or negative (Neg)), and the probability (P) are shown. n = 50 for let-7g-5p and miR-191-5p and 61–62 for 
estimated glomerular filtration rate (eGFR). Abbreviations: NA, non applicable; PWV, pulse wave velocity; UACR, urinary albumin/creatinine ratio.

Figure 1. Circulating let-7g-5p and miR-191-5p are decreased in chronic kidney disease (CKD) patients, and let-7g-5p, miR-191-5p, and urinary al-
bumin/creatinine ratio (UACR) are independent predictors of the estimated glomerular filtration rate (eGFR). (a) Two of the top 11 most abundant differ-
entially expressed microRNAs were validated by reverse transcription-quantitative PCR (RT-qPCR). RNA sequencing (RNA-seq) data are presented in the 
left panels and the RT-qPCR data in the right panels. Means ± SD and individual value of the normotensive subjects (NTN), and patients with hyperten-
sion (HTN) associated or not with other features of the metabolic syndrome (MetS) or with CKD are presented, n = 13–15 for RNA-seq data and 12–14 for 
RT-qPCR data. The geometric mean of miR-92b-3p, let-7f-5p, and miR-126-5p was used for normalization of RT-qPCR results. RNA-seq data were analyzed 
using an analysis of variance (ANOVA) one-way like test in EdgeR based on generalized linear models with a threshold of false discovery rate (q) <0.1. 
RT-qPCR log2 fold change data were analyzed using one-way ANOVA followed by a Student–Newman–Keuls post hoc test with a threshold of P < 0.05. 
*q < 0.1, **q < 0.05, and †P < 0.05 vs. NTN. (b) Stepwise multiple linear regression was used to determine the best model to predict the eGFR using the 
let-7g-5p and miR-191-5p log2 fold change determined by RT-qPCR and clinical parameters (age, UACR, carotid distensibility, neutrophil and lymphocyte 
fractions, neutrophil number, and neutrophil-to-lymphocyte ratio) that are correlated with eGFR. The best model of 3 is shown that included let-7g-5p 
(P = 0.001), UACR (P = 0.006), and miR-191-5p (P = 0.014). n = 49.
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from platelets.21 In the present study, RNA sequencing re-
vealed that expression levels of several let-7 members were 
downregulated in HTN, MetS, and CKD (Supplementary 
Table S3 online). No correlation was observed between let-
7g-5p with BP or carotid IMT. However, associations were 
observed between let-7g-5p and increased number and frac-
tion of neutrophils, decreased fraction of lymphocytes, and 
increased NLR. Kaneto et  al.14 profiled miRNAs in serum 
of healthy subjects and patients with HTN associated or not 
with left ventricular hypertrophy. These authors identified 
serum miR-7-5p and miR-26b-5p as biomarkers of left ven-
tricular hypertrophy in HTN. These miRNAs were not found 
to be altered in the present study.

Our finding that both let-7g-5p and miR-191-5p were 
associated with neutrophil and lymphocyte fractions, neu-
trophil number, and NLR is of interest because activation of 
the immune system may play a role in HTN-induced target 
organ damage.24 In humans, stiffening of large vessels and 
CKD have been shown to be associated with inflammation.25 
NLR is a novel inflammatory marker that has been shown 
to be a predictor of cardiovascular complications.26,27 NLR 
was associated with arterial stiffness in postmenopausal 
women with osteoporosis.28 Higher NLR was independ-
ently associated with arterial stiffness and coronary cal-
cium score in a cohort of 849 Korean adults in a health 
examination program29 NLR was also an independent pre-
dictor of aortic stiffening in patients with type 1 diabetes.30 
Some studies have also examined the role of let-7g-5p or 
miR-191-5p in inflammation.31,32 Using microarrays, a 
study in human volunteers demonstrated that let-7g was 
downregulated in blood leukocytes during acute inflam-
mation triggered by Escherichia coli lipopolysaccharide in-
fusion in vivo.31 However, this failed to be confirmed by 
RT-qPCR. Another study demonstrated using profiling of 
serum miRNAs by microarray and validation by RT-qPCR 
that circulating miR-191-5p was lower in patients with 
sepsis with or without acute kidney injury compared with 
the healthy volunteers.33

Associations have been reported between let-7g or 
miR-191 and kidney diseases not associated with HTN, 
or without mention of HTN. An association between 
platelet-rich plasma miR-191 and renal damage was 
shown in Chinese subjects with chronic exposure to ar-
senic.34,35 Associations were also reported between serum, 
urine, and kidneys miR-191 levels and kidney disease 
in Chinese nephrotic children.36,37 Urinary let-7g-5p 
and miR-191a-5p levels were increased at day 5 and not 
changed or decreased, respectively, at day 7 after induction 
of nephropathy with cisplatin in rats.38 However, BP was 
not reported in the above studies.

In this study the strongest association was found between 
both let-7g-5p and miR-191-5p and eGFR. Interestingly, 
a similar observation was made in a study investigating 
the miRNA signature in serum of CKD patients using 
nanoString technology.23 Let-7g-5p was downregulated and 
miR-191-5p tended to be decreased in patients with stage 5 
CKD compared with healthy controls. However, BP was not 
reported and these DE miRNAs were not studied further. 
These data support the finding that circulating let-7g-5p 

and miR-191-5p could be biomarkers of subclinical renal 
injury in HTN. However, whether these 2 miRNAs are as-
sociated with CKD in general is unknown and remains to 
be determined. Microalbuminuria is a marker of glomer-
ular filtration barrier dysfunction.4 Although a correlation 
was observed between UACR and eGFR, UACR was not 
correlated with let-7g-5p and miR-191-5p. However, using 
stepwise multiple linear regression, we generated a model 
that showed that let-7g-5p, miR-191-5p, and UACR are in-
dependent determinants of eGFR. Furthermore, this model 
demonstrated that combining these 3 parameters has the po-
tential to predict progression of CKD as it predicted 46% of 
the variation in eGFR, and that age was excluded from the 
model, thus avoiding tautology. A meta-analysis has shown 
that lower eGFR and higher albuminuria are risk factors for 
all-cause and cardiovascular mortality, independent of each 
other and cardiovascular risk factors.39 It would be therefore 
important to determine whether the addition of circulating 
let-7g-5p and miR-191-5p as biomarkers could be useful 
for prediction and improving outcomes of patients with 
CKD and HTN by contributing to the design of optimal 
antihypertensive therapies to reduce the risk of cardiovas-
cular disease events.

Limitations

The number of subjects studied in each group is small 
because of the vascular phenotyping, and the use of Next 
Generation Sequencing to analyze the noncoding RNAs. 
The age range of the recruited subjects is wide, and MetS 
and CKD patients were older than NTN subjects, due to 
difficulty in recruiting participants, in particular NTN and 
CKD subjects. Thus, these results need to be confirmed in 
larger cohorts and their pathophysiological significance fur-
ther clarified in the future. Secondly, in a diverse population 
of middle-aged and elderly patients in North America it is 
not possible to recruit hypertensive subjects who may not 
be slightly overweight or dyslipidemic, and the same for 
CKD patients or even normotensive individuals in this age 
group. However, the absence of reduction of eGFR and of 
at least 3 criteria for MetS allow categorizing subjects as hy-
pertensive or normotensive according to the definition of 
HTN.16 Thirdly, the validation efficiency of RNA sequencing 
DE miRNA data by RT-qPCR was low. This could be due 
to differences in normalization and gene expression deter-
mination methods. Therefore, the fact that some of the DE 
miRNAs could not be validated by RT-qPCR does not allow 
ruling out that the sequencing results of those DE miRNAs 
that were not validated by RT-qPCR might be unreliable, 
and accordingly, their relationship with clinical parameters 
and conditions was not evaluated.

This study showed that lower circulating let-7g-5p and 
miR-191-5p were associated with different indices of sub-
clinical target organ damage in HTN. More importantly, 
lower circulating let-7g-5p and miR-191-5p were identified 
as independent markers of renal injury that when combined 
with UACR provided an improved prediction of progres-
sion of renal injury as determined by increased eGFR, and 
could have pathophysiological significance and therapeutic 

http://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpaa031#supplementary-data
http://academic.oup.com/ajh/article-lookup/doi/10.1093/ajh/hpaa031#supplementary-data
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implications to reduce the risk of cardiovascular disease 
events in CKD, which needs to be further investigated and 
confirmed in larger cohorts.

SUPPLEMENTARY MATERIAL

Supplementary data are available at American Journal of 
Hypertension online.
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