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DNA damage and arterial hypertension. A systematic review and meta-analysis
Radka Hazukova1,2,3, Martina Rezacova4, Miloslav Pleskot3, Zdenek Zadak5, Eva Cermakova6, Milos Taborsky1

Oxidative DNA damage markers (8OHdG, comet assay, gammaH2AX) are becoming widely used in clinical cardiol-
ogy research. To conduct this review of DNA damage in relation to hypertension in humans, we used databases (e.g. 
PubMed, Web of Science) to search for English-language publications up to June 30, 2022 and the terms: DNA damage, 
comet assay, gammaH2AX, 8OHdG, strand breaks, and arterial hypertension. Exclusion criteria were: children, absence 
of relevant controls, extra-arterial hypertensive issues, animal, cell lines. From a total of 79526, 15 human studies were 
selected. A total of 902 hypertensive patients (pts): (comet: N=418 pts; 8OHdG: N=484 pts) and 587 controls (comet: 
N=203; 8OHdG: N=384) were included. DNA damage was significantly higher in hypertensive pts than healthy controls 
(comet 26.6±11.0 vs 11.7±4.07 arbitrary units /A.U./; P<0.05 and 8OHdG 13.1±4.12 vs 6.97±2.67 ng/mg creatinine; 
P<0.05) confirmed with meta-analysis for both. Greater DNA damage was observed in more adverse cases (concentric 
cardiac hypertrophy 43.4±15.4 vs 15.6±5.5; sustained/untreated hypertension 31.4±12.1 vs 14.2±5/35.0±5.0 vs 25.0 
±5.0; non-dippers 39.2±15.5 vs 29.4±11.1 A.U.; elderly 14.9±4.5 vs 9.3±4.1 ng/mg creatinine; without carvedilol 9.1±4.2 
vs 5.7±3.9; with coronary heart disease 0.5±0.1 vs 0.2±0.1 ng/mL) (P<0.05) confirmed with meta-analysis. DNA dam-
age correlated strongly positively with serum glycosylated haemoglobin (r=0.670; P<0.05) and negatively with total 
antioxidant status (r=−0.670 to −0.933; P<0.05). This is the first systematic review with meta-analysis showing that 
oxidative DNA damage was increased in humans with arterial hypertension compared to controls. 
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INTRODUCTION

The rapid accumulation of papers on deoxyribonucleic 
acid (DNA) damage in cardiovascular (CV) medicine 
requires the serious attention of clinical cardiologists1-6. 
DNA damage has recently begun to be investigated in 
a broad spectrum of CV medical contexts (risk factors, 
diseases, diagnostic and therapeutic procedures includ-
ing pharmacological agents or intervention techniques) 
with the aim of stopping or preventing CV pathogenesis 
resulting predominantly from oxidative stress, as well as 
finding either a novel therapeutic target or an early and 
reliable prognostic or predictive factor. Research efforts 
on DNA damage in CV medicine are prolific, but need to 
be constructively managed. The authors believe that this 
review of oxidative DNA damage in arterial hypertension 
may be, at this point helpful7.

METHODS

We searched multiple databases (PubMed/
PubMedCentral, Web of Science) from inception until 
June 30, 2022 for studies on DNA damage and arterial 
hypertension (HT) using key words that are summarized 
along with inclusion and exclusion criteria and a flow 
diagram of article selection in Fig. 1 and Fig. 2.

Three main types of oxidative DNA damage were 
targeted. In ascending order according to the extent of 
DNA damage and biological harm for the organism and 
offspring, they are: oxidised guanine/guanosine, single 
strand breaks (SSBs), and double strand breaks (DSBs). 
These were assessed in terms of relevant biomarkers or an-
alytical methods: 8-hydroxy-2’-deoxyguanosine (8OHdG), 
comet assay, and phosphorylated histone AX2 (gamma-
H2AX) (Fig. 3a). 

The number of searched studies or other items is de-
scribed using “N”. Statistical significance was defined as 
P-value (P<0.05). Correlation was expressed as Pearson’s 
correlation coefficient (r). 
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Meta-Analysis of Means were used – results are pre-
sented as mean difference with 95% confidence limit MD 
(95% CL). Forest plot was used for graphical presenta-
tion. χ2 test was used to test the null hypothesis that all 
differencies are zero versus the alternative that all studies 
had the same non-zero differencies (heterogeneity tests). 
Level of significance was α=0.05. Statistical Software 
(NCSS 2021, LLC. Kaysville, Utah, USA, ncss.com/
software/ncss) was used.

RESULTS

The 15 selected studies are summarised in Table 1. 
Only human studies were selected and only nuclear (not 
mitochondrial) DNA damage was investigated. Oxidative 
DNA damage markers were tested in blood and urine 

(not tissues). All selected studies are prospective, appro-
priately controlled (matched at least for age) using either 
a case control or a cohort control design. There were 
high standards with respect to publication ethics in all 
selected studies to the best of our knowledge. In toto 902 
HT patients (pts) mean age 47 years and 587 controls 
were included (Table 1, Fig. 4B).

Human studies provide consistent data that HT/pres-
sure overload increases oxidative DNA damage markers, 
when the blood pressure (BP) remained independently 
on treatment significantly higher compared to controls 
(Fig. 4B, Table 1, 2) (ref.8-17,19-20,22). Meta-analysis showed 
an average mean difference between hypertensive patients 
and healthy controls of 7.5 (6.6; 8.6) ng/mg creatinine 
for 8OHdG and 14.7 (6.4; 23.0) from the Comet assay 
(Fig. 3b.). Table 2 shows human studies categorised ac-
cording to antihypertensive drugs into those with untreat-

Fig. 1. Selection criteria – DNA damage and arterial hypertension in humans.
Comet assay, an assay for DNA SSBs detection; CV, cardiovascular; DNA, deoxyribonucleic acid; DSBs, double strand breaks; 
gammaH2AX, phosphorylated histone 2AX (a marker of DNA DSBs); SBs, strand breaks; SSBs, single strand breaks; TUNEL, 
terminal deoxynucleotidyl transferase dUTP nick end labelling; 8OHdG, 8-hydroxy-2’-deoxyguanosine; *DNA methylation, histone 
acetylation, micronucleic acid modification.

Fig. 2. Selection diagram – DNA damage and arterial hypertension in humans.
Comet assay, an assay for DNA single strand break detection; DNA, deoxyribonucleic acid; γH2AX, a marker for DNA double 
strand breaks; N, number; 8OHdG, 8-hydroxy-2’-deoxyguanosine; *not in English; not concerning 8OHdG/Comet assay/gamma-
H2AX in arterial hypertension; not appropriate controls; duplicates; no free full text.
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Fig. 3a. Oxidative DNA damage – the most important types and analytical methods.
Comet assay, an assay for SSBs; DNA, deoxyribonucleic acid; DSBs, double strand breaks; ELISA, enzyme – linked immunosorbent 
assay (an assay for 8OHdG); gammaH2AX, a marker for DSBs; SSBs, single strand breaks; 8OHdG, 8-hydroxy-2’-deoxyguanosine.

Fig. 3b. The DNA damage average mean difference (95% CL) between hypertensive patients and controls among the studies was 
A) 7.5 (6.6; 8.6) for 8OHdG/ELISA (Urine; ng/mg creatinine) with substantial heterogeneity (chi2=601.7; P<0.0001) and B) 14.7 
(6.4; 23.0) for SBs/COMET assay (PBCs /Ly/; A.U.) with (chi2=140.8; P<0.0001). Fig. 3b is related to Table 1.  
CL, confidence limit; ELISA, Enzyme-linked Immunosorbent assay; MD, mean differences; SBs, strand breaks; PBCs, peripheral 
blood cells; Pts, patients; Ly, Lymphocytes; A.U., arbitrary unit.  

Fig. 3c. The DNA damage average mean difference (95% CL) between hypertensive patients with and without additive adverse 
effect among the studies was A) 3.37 (0.82; 5.91) for 8OHdG/ELISA (Urine; ng/mg creatinine) with substantial heterogeneity 
(chi2=335.4; P<0.0001) and B) 16.1 (12.1; 20.1) for SBs/COMET assay (PBCs /Ly/; A.U.) with (chi2=313.9; P<0.0001). Fig. 3c is 
related to Table 3.  
CL, confidence limit; ELISA, Enzyme-linked Immunosorbent assay; MD, mean differences; SBs, strand breaks; PBCs, peripheral 
blood cells; Pts, patients; Ly, Lymphocytes; A.U., arbitrary unit.    
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Table 1.  Humans – increased oxidative DNA damage in arterial hypertension vs healthy controls.

Author Tested param-
eter (additive 

specif.)

Cohort
N (Age 

[year/s])

Controls-Age 
mtch N (addi-
tive specif.)

DNA damage: type/ 
method
Source, Units

Comparation C vs HT
using DNA damage level
P < 0.05

Ref.

SBs/ COMET ASSAY
Gur M HT 84 (50±6) 24 PBCs /Ly/, A.U. C < HT 

15.5±6.1 < 26.7±14.6
8

Yildiz A HT 21 (45±7) 19 PBCs /Ly/, A.U. C < HT 
9.2±4.4 < 31.4±12.1

9 

“HT” 23 (46±6) 19 PBCs /Ly/, A.U. C = “HT”
9.2 ±4.4 = 14.2±5.4

Subash P HT 80 (50±9) 50 PBCs /Ly/, A.U. C < HT 
15.0±5.0 < 30.0±5.0

10

Gür M HT 64 (48±7) 20 PBCs /Ly/, A.U. C < HT 
9.0±4.5 < 34.3±23.3

11

Saiedullah M  HT 46 (41±5) 40 PBCs /Ly/, A.U. C < HT 
5.4±1.0 < 6.7±1.0

12

Subash P HT 100 (45±12) 50 PBCs /Ly/, A.U. C < HT 
14.5±4.2 < 29.7±10.6

13

8OHdG/ELISA
Negishi H HT 38 (52±1) 22 Urine, ng/mg creatinine C <  HT 

10.1±1.1 < 17.4±2.4
14

Negishi H HT 38 (52±1) 22 Urine, ng/mg creatinine C <  HT 
10.1±1.1< 17.4±2.4

15

Lee J  HT 38 (54±12) 22 Plasma, ng/mL C < HT 
3.41±2.0 < 9.0±4.1

16

Subash P HT 105 (45±9) 75 Urine, ng/mg creatinine C < HT 
5.7±2.4 < 13.8±4.4

17

Kotani K HT (DM) 45 (62±9) 31 (DM) Urine, ng/mg creatinine C = HT 
8.8 (6.9–10.5) = 7.9 (6.2–10.0)

18

Yavuzer S HT (old) 30 (73±9) 30 Urine, ng/mg creatinine C < HT 
5.7±2.7 < 14.9±4.5

19

HT (young) 30 (44±4) 30 Urine, ng/mg creatinine C < HT 
3.2±1.5 < 9.3±4.1

Yıldırım E HT 40 (44±4) 40 Urine, ng/mg creatinine C < HT 
3.8±1.9 < 10.7±4.9

20

“HT” 36 (43±7) 40 Urine, ng/mg creatinine C = “HT” 
3.8±1.9 =  4.6±2.9

Toljic M GHT 21 (32; 23–38) 28 (PC) Plasma, nM C = HT 
43.0±10.5 = 41.5±21.2

21

Zhao Y HT (old, DM, 
CHD)

63 (72±8) 84 (old, DM, 
nonCHD)

Serum, ng/mL C < HT 
0.22±0.07 < 0.53±0.09

22

A.U., arbitrary unit; C, controls; CHD, coronary heart disease; DNA, deoxyribonucleic acid; DM, diabetes mellitus; ELISA,  enzyme – linked 
immunosorbent assay; GHT, gestational HT; HT, arterial hypertension; "HT" = WCH,  white coat hypertension; Ly, lymphocytes; mtch, matched; 
N, number; PBCs, peripheral blood cells; PC, pregnant healthy controls; SBs, strand breaks; specif, specification; 8OHdG, 8 – hydroxyl-2'-
deoxyguanosine; Data are expressed as: means ±SD or (max – min) or median (interquartil range); Significant difference: P – value < 0.05. 

ed HT, treated HT and HT without drug specification. All 
human studies selected consistently found significantly 
greater DNA damage level in HT pts with more adverse 
conditions compared to those without  (Fig. 4C, Table 3) 
(ref.8-11,13,16,17,19,20). Meta-analysis showed in hypertensive 
patients higher average mean differences of DNA damage 
7.5 (6.6; 8.6) for 8OHdG and 14.7 (6.4; 23.0) for Comet 
assay in those with an adverse factor compared to those 
without (Fig. 3b.).

No significant difference was seen in DNA damage 
compared to white coat hypertensive (WCH = “HT”) pts 

with controls (Table 1, 2) (ref.9,20). No significant differ-
ence in DNA damage was found between treated hyper-
tensive diabetics and normotensive diabetics18 or between 
gestational hypertensive pts (GHT) on methyldopa and 
pregnant healthy controls (Table 1) (ref.21). Oxidative 
DNA damage expressed a stronger positive correlation 
with serum glycosylated haemoglobin (HbA1c), (r=0.670, 
P<0.0001) and a stronger negative correlation (r =−0.692 
to −0.968, P<0.001) with total antioxidant status (TAS) 
(Table 4, Fig. 4D) (ref.9-11,13,15,17).
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Fig. 4. Summary of review results – DNA damage and arterial hypertension in humans.

AOPPs, advanced oxidation protein products; BP, blood pressure; CH, concentric hypertrophic geometric cardiac pattern; CHD-HT, hyperten-
sion with coronary heart disease; comet assay (an assay for single strand breaks detection); DH, dipper hypertension; DNA, deoxyribonucleic 
acid; EHT, elderly hypertension; gammaH2AX (a marker of double strand breaks); HbA1c, serum glycosylated haemoglobin; hs CRP, high 
sensitive C - reactive protein; HT, arterial hypertension; HV, healthy volunteers; IMA, ischemia modified albumin; LDL, low density lipoprotein 
cholesterol; NDH, non-dipper hypertension; non-non, non-hypertension and non-coronary heart disease; Norm, normal; P<0.05, significant; PAB, 
pro-antioxidant balance; PCO, protein carbonyl; pts, patients; PWV, brachial-ankle pulse wave velocity; r: Pearson’s correlation coefficient; SHT, 
sustained hypertension; TAS, total antioxidant status; THT, treated hypertension; T-SH, total-thiol; UHT, untreated hypertension; WCH, white 
coat hypertension; YHT, young hypertension; 8OHdG, 8-hydroxy-2’-deoxyguanosine (oxidised form of guanosine). For details related to: Fig 4A 
= see Fig. 3a.; Fig. 4B = see Table 1;  Fig. 4C = see Table 3; Fig. 4D = see Table 4. 

Table 2. Studies in humans according to antihypertensive therapy (oxidative DNA damage and arterial hypertension).

DNA DAMAGE ANTIHYPERTENSIVE DRUGS Ref. 
marker/ assay NO YES UNKNOWN 

Author Author Author
SBs/ Comet assay Gur M 8

Yildiz A 9
 Subash P Subash P 10
 Gur M 11
 Saiedullah M 12

Subash P Subash P 13
8OHdG/ ELISA Negishi H 14

Negishi H 15
Lee J Lee J 16
Subash P Subash P 17

Kotani K 18
Yavuzer S 19

Yildirim E 20
Toljic M 21

Zhao Y 22

DNA: deoxyribonucleic acid; SBs: Strand breaks; 8OHdG/ ELISA, 8-hydroxy-2'-deoxyguanosine; ELISA, enzyme – linked immunosorbent assay.



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2024 Mar; 168(1):15-24.

20

DISCUSSION

Until now, DNA damage had been tested in humans with 
HT only in blood and urine. In contrast to animal and 
cell-line studies (ref.23-37), no data are available for tissues 
in humans, most probably for practical reasons (clinical 
usefulness; patient-friendly sample taking; cost, time, and 
benefit effectiveness). Regarding the three types of oxi-
dative DNA damage selected in this review, only comet 
assay (blood: N=418 pts) and 8OHdG (blood: N=122 pts; 
urine: N=362 pts) were tested in humans. In contrast to 
animal and cell-line studies (ref.23-37), there are no data 
available for gammaH2AX in humans, since this is the 
newest method (Fig. 3). Comet assay was tested in strictly 

untreated HT (4 studies; N=215 pts) (ref.8,9,11,12). These 
data are very important, to exclude artefacts in changes 
as DNA damage induced by medication. Unfortunately, 
comet assay was tested also in a mixed group with treated/ 
untreated HT (2 studies; N=180 pts) (ref.10,13). These stud-
ies have limited value for assessing the effect of HT per 
se. No study on comet assay was done in a pure group 
including only medicated HT pts. No differences in DNA 
damage should be expected in effectively — treated HT pts 
in whom BP became comparable to that of controls as a 
result of antihypertensive drugs. However, this remains 
an unresolved presumption.
8OHdG was also tested in strictly untreated HT (1 study; 
N=40 pts) (ref.20), or in a mixed group with/ without 

Table 3. Differences in oxidative DNA damage – according to additionally specified hypertensive patients. 

Author /
DNA DAMAGE

COMPARISON DIFFERENCE (P < 0.05)
in DNA DAMAGE (A.U.)

Ref.
GROUP A vs GROUP B

SBs/ Comet assay 
(PBCs /Ly/, A.U.)
Gur M CH (N = 24 pts) vs Norm (N = 19 pts) CH > Norm 

43.4±15.4 > 15.6±5.5
8

 CH (N = 24 pts) vs CR (N = 22 pts) CH > CR 
43.4±15.4 > 19.9±8.0

 CH (N = 24 pts) vs EH (N = 19 pts) CH > EH 
43.4±15.4 > 24.4±6.4

EH (N = 19 pts) vs Norm (N = 19 pts) EH > Norm 
24.4±6.4 > 15.6±5.5

Yildiz A SHT (N = 21 pts) vs WHC (N = 23 pts) SHT > WCH 
31.4±12.1 > 14.2±5.4

9

Subash P UHT (N = 30 pts) vs THT (N = 50 pts) UHT > THT 
35.0±5.0 > 25.0 ±5.0

10 

Gur M NDH (N = 33 pts) vs DH (N = 31 pts) NDH > DH  
39.2±15.5 > 29.4±11.1

11

DH (N = 31 pts) vs HV (N = 20 HV) DH > HV 
29.4±11.1 > 9.0±4.5

Subash P UHT (N = 50 pts) vs THT (N = 50 pts) UHT > THT  
36.2±11.4 > 23.2±9.7

13 

8OHdG/ ELISA 
(Urine, ng/mg creatinine; Plasma, ng/mL; Serum, ng/mL⁑)
Lee J UHT (N = 17 pts) vs C - THT (N = 17 pts) UHT > C – THT  

9.1±4.2 > 5.7±3.9
16

UHT (N = 21 pts) vs T - THT (N = 21 pts) UHT = T – THT 
9.0±3.9 = 8.2±4.1

Subash P UHT (N = 30 pts) vs THT (N = 75 pts) UHT > THT  
15.9±5.9 > 11.7±2.9

17

Yavuzer S EHT (N = 30 pts) vs YHT (N = 30 pts) EHT > YHT  
14.9±4.5 > 9.3±4.1

19

Yildirim E SHT (N = 40 pts) vs WHC (N = 36 pts) SHT > WCH  
10.7±4.9 > 4.6±2.9

20

Zhao Y CHD - HT (N = 63 
pts)

vs nonCHDnonHT (N = 84 
pts) 

CHD-HT > nonCHDnonHT 
0.5±0.1 > 0.2±0.1⁑

22

DNA, deoxyribonucleic acid; Ref, References; SBs, strand breaks; CH, concentric hypertrophic geometric cardiac pattern; N, Number; pts, patients; 
vs, versus; Norm, normal geometric cardiac pattern; CR, concentric remodelling geometric cardiac pattern; EH, eccentric hypertrophy geometric 
cardiac pattern; SHT, sustained hypertension; WHC, white coat hypertension; UHT, Untreated newly diagnosed hypertension; THT, treated hy-
pertension; NDH, non-dipper hypertension; DH, dipper hypertension; HV, healthy volunteers; 8OHdG, 8 - hydroxy-2'-deoxyguanosine; ELISA, 
enzyme – linked immunosorbent assay; C–THT, carvedilol (2 months) – THT, T–THT, thiazide (2 months) – THT; EHT, elderly hypertension; 
YHT, young hypertension; CHD-HT, Hypertension with coronary heart disease (elderly cohort with type 2 diabetes mellitus); nonCHDnonHT, 
Normotensive pts without coronary heart disease (elderly cohort with type 2 diabetes mellitus); Significant difference: P < 0.05. 
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Table 4. Correlation – oxidative DNA damage and sundry factors. Humans with arterial hypertension. 

Author DNA marker r P Factor Ref. 

Gur M SBs/ Comet assay 0.315 0.012 hs CRP 11
Gur M SBs/ Comet assay 0.479 < 0.001 Age 11
Yildiz A SBs/ Comet assay 0.453 0.039 Age 9
Subash P SBs/ Comet assay 0.072 NS Age 10
Negishi H 8OHdG/ ELISA −0.012 NS Age 15
Subash P 8OHdG/ ELISA 0.221 NS Age 17
Yavuzer S 8OHdG/ ELISA 0.39 0.002 Age (elderly) 19 
Gur M SBs/ Comet assay 0.382 0.002 Cholesterol 11 
Yildiz A SBs/ Comet assay 0.550 0.010 Cholesterol 9
Subash P SBs/ Comet assay −0.045 NS Cholesterol 10 
Negishi H 8OHdG/ ELISA −0.082 NS Cholesterol 15
Subash P 8OHdG/ ELISA 0.044 NS Cholesterol 17 
Gur M SBs/ Comet assay 0.331 0.008 LDL 11
Yildiz A SBs/ Comet assay 0.539 0.012 LDL 9 
Subash P SBs/ Comet assay −0.043 NS LDL 10
Subash P 8OHdG/ ELISA 0.067 0.033 LDL 17 
Negishi H 8OHdG/ ELISA 0.059 NS HDL 15 
Negishi H 8OHdG/ ELISA 0.018 NS TAG 15
Saiedullah M SBs/ Comet assay 0.362 < 0.05 BP 12
Negishi H 8OHdG/ ELISA 0.202 NS BP 15
Subash P 8OHdG/ ELISA 0.027 NS BP 17
Negishi H 8OHdG/ ELISA −0.040 NS HR 15 
Negishi H 8OHdG/ ELISA −0.235 NS BMI 15
Negishi H 8OHdG/ ELISA 0.670 < 0.0001 HbA1c 15
Kotani K 8OHdG/ ELISA 0.330 < 0.05 PWV (HT - DM) 18
Yavuzer S 8OHdG/ ELISA 0.400 0.002 IMA 19
Yildirim E 8OHdG/ ELISA 0.396 < 0.001 IMA 20
Yildirim E 8OHdG/ ELISA 0.372 < 0.001 PAB 20 
Yavuzer S 8OHdG/ ELISA 0.370 0.004 PCO 19
Yildirim E 8OHdG/ ELISA 0.243 < 0.05 PCO 20
Yildirim E 8OHdG/ ELISA 0.411 < 0.001 AOPPs 20 
Zhao Y 8OHdG/ ELISA 0.232 to 0.424 < 0.05 extent of CHD 22
Gur M SBs/ Comet assay −0.692 < 0.001 TAS 11
Yildiz A SBs/ Comet assay −0.818 < 0.001 TAS 9
Subash P SBs/ Comet assay −0.792 < 0.0001 TAS 10
Subash P SBs/ Comet assay −0.914 to −0.968 < 0.0001 TAS 13
Subash P 8OHdG/ ELISA −0.933 < 0.0001 TAS 17
Yavuzer S 8OHdG/ ELISA −0.290 0.025 T – SH 19
Yildirim E 8OHdG/ ELISA −0.410 < 0.001 T – SH 20 
Subash P SBs/ Comet assay 0.204 NS Glc 10 
Subash P 8OHdG/ ELISA 0.170 NS Glc 17

AOPPs (uM), advanced oxidation protein products; BMI, body mass index; BP, blood pressure; CHD, coronary artery disease; DNA, deoxy-
ribonucleic acid; ELISA, enzyme – linked immunosorbent assay; Glc, plasma fasting glucose; HbA1c, serum glycosylated haemoglobin;HDL, 
high density lipoprotein cholesterol; HR, heart rate; hs CRP, high sensitive C-reactive protein; HT – DM, hypertensive diabetics; IMA (ng/ml), 
ischemia modified albumin; LDL, low density lipoprotein cholesterol; NS, not significant; r, Pearson’s Correlation coefficient, PAB (arbitrary 
units), prooxidant-antioxidant balance; PCO (nmol/mg/pr), protein carbonyl; PWV, brachial – ankle pulse wave velocity; Significance, P-value 
< 0.05; SBs, strand breaks; TAG, triacylglycerol; TAS, total antioxidant status; T-SH (uM), Total thiol; 8OHdG, 8-hydroxy-2'-deoxyguanosine. 
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antihypertensive drugs (2 studies; N=143 pts) (ref.16,17). 
In contrast to comet assay, 8OHdG was also tested in a 
group without any specification of treatment (3 studies; 
N=139 pts) (ref.14,15,22), and in a group with treated HT 
(3 studies; N=126 pts) (ref.18,19,21). Unfortunately, the ab-
sence of a treatment specification is limiting for data inter-
pretation. Based on 8OHdG studies, the authors' view is 
that the most surprising study is that by Toljic et al., with 
no differences in plasma 8OHdG between GHT pts and 
healthy pregnant women. Unfortunately, BP description 
data are missing in this study21. Thus we can speculate 
that BP in the Toljic study was corrected by antihyper-
tensive drugs (methyldopa in GHT) with no differences 
in BP compared to controls. This speculation may ex-
plain why there were no differences in 8OHdG between 
treated GHT and controls21. However, this hypothetical 
explanation is not confirmed in another study on treated 
HT pts by Kotani18. Kotani et al. found no significant 
differences in 8OHdG between type 2 diabetes mellitus 
(T2DM) pts with and without HT, despite the fact that 
there is a statistically significant difference in BP as well 
as between antihypertensive drugs18. At this point, the 
key question is how DM influences 8OHdG. The above 
hypothetical speculation is not excluded by Yavuzer et 
al.19. Yavuzer selected HT pts on therapy with calcium 
channel blockers and/ or diuretics. Despite the antihy-
pertensive therapy in HT pts, Yavuzer found higher BP as 
well as 8OHdG in HT pts compared to controls19. Thus, 
elevated 8OHdG in HT pts in Yavuzer' s study may be due 
to ineffectively – treated HT (ref.19). On the other hand, it 
is important to mention that both calcium channel block-
ers and diuretics appear to have little effect on oxidative 
stress16,19. Medications against oxidative stress are angio-
tensin converting enzyme inhibitors (ACEIs), angiotensin 
II receptor 1 blockers (ARBs), beta - blockers, statins, and 
fibrates19. Such medications should be avoided in studies 
testing the effect of different factors on oxidative DNA 
damage. The effects of different substances (especially 
vasodilators, vasoconstrictors, mechanical interventions) 
on different DNA damage types in HT animals were test-
ed24-33. Regardless of antihypertensive pharmacotherapy, a 
majority of the selected studies demonstrated significantly 
higher DNA damage in HT 731 pts (349 pts; comet assay; 
blood) and (382 pts; 8OHdG; 122 in blood and 260 in 
urine) compared to controls8-17,19,20,22.
DNA damage (at least using comet assay and 8OHdG) 
was higher in those with more adverse characteristics 
(concentric hypertrophy8, sustained HT (ref.9,20)), un-
treated HT (ref.10,13,16,17), non-dippers11, elderly19, CHD 
(ref.22) (Table 3). Unfortunately, data are based on small 
pts groups (101–102 of pts), and small numbers of studies 
(10) usually written by the same author team.
Among the parameters (age, cholesterol, low density li-
poprotein cholesterol (LDL), BP, TAS, plasma fasting 
glucose (glc)) in which the correlation with both DNA 
damage types (comet assay, 8OHdG) were tested in hu-
mans, only TAS showed a consistently stronger negative 
significant correlation for both methods (comet assay; 
blood: r=−0.69 to −0.96, P<0.001, 4 studies, N=265 pts 
with untreated or mixed group) (ref.9-11,13) and (8OHdG; 

urine: r=−0.933, P<0.0001, 1 study, N=105 pts mixed 
group) (ref.10). However, these quite constant data on 
the TAS correlation are based on 4 studies written by 
2 different author teams9-11,13. Surprisingly, regarding BP, 
the correlation was found for humans only for comet as-
say in blood (r=0.362), not for 8OHdG (ref.12), and more 
strongly in animals with comet assay in tissue28.
Among the parameters in which only 8OHdG was tested 
(high-density lipoprotein cholesterol (HDL), triacylglyc-
erol (TAG), heart rate (HR), body mass index (BMI), bra-
chial-ankle pulse wave velocity (PWV), ischemia modified 
albumin (IMA), prooxidant-antioxidant balance (PAB), 
protein carbonyl (PCO), advanced oxidation protein prod-
ucts (AOPPs), extent of coronary heart disease (CHD), 
total thiol (T-SH)), only serum glycosylated haemoglobin 
(HbA1c) showed a stronger positive correlation (8OHdG; 
urine: r=0.670, P<0.0001) (ref.15). The relevance of this 
is uncertain, because the result is generated from a single 
study (N=38 pts with unspecified treatment) (ref.15).
Other results on DNA damage correlation gave weaker 
values (high sensitive C-reactive protein (hs CRP) (ref.11), 
PWV (ref.18), IMA, PAB, PCO, AOPPs, CHD extent, 
T-SH (ref.19,20)), not constant (age9-11,15,17,19, cholesterol9-11, 
LDL (ref.9-11,17)), or not significant results (HDL (ref.15), 
TAG (ref.15), BP (ref.12,15,17), HR (ref.15), BMI (ref.15), glc 
(ref.10,17)). Such conflicting results may be due to discrep-
ancies in therapeutic access to HT (treated, untreated, 
unspecified) or due to a limited number of probands.

CONCLUSION

This is the first systematic review with meta-analysis show-
ing that oxidative DNA damage was increased in humans 
with arterial hypertension compared with healthy controls 
(Fig. 4B). Greater DNA damage (comet assay in blood; 
8OHdG in blood/in urine) was observed in cases with 
the additional adverse characteristics (elderly, untreated, 
etc.) (Fig. 4C). A stronger correlation of DNA damage 
was observed for TAS and uncertainly (based on 1 study) 
for HbA1c (Table 4, Fig. 4D).

Search strategy and selection criteria
Multiple databases (PubMed, Web of Science) were 
searched to find English-language papers until June 30, 
2022. The search terms were: DNA damage, comet assay, 
gammaH2AX, 8OHdG, strand breaks, arterial hyperten-
sion. Exclusion criteria were: children, absence of relevant 
controls, extra-arterial hypertensive issues, animal and 
cell line studies.

ABBREVIATION

ACEIs, angiotensin converting enzyme inhibitors; ARBs, 
angiotensin II receptor 1 blockers; AOPPs, advanced 
oxidation protein products; BMI, body mass index; BP, 
blood pressure; CH, concentric hypertrophic geometric 
cardiac pattern; CHD, coronary heart disease; CHD-HT, 
hypertension with coronary heart disease; 95% CL, 
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95% confidence limit; CV, cardiovascular; DH, dipper 
hypertension; DM, diabetes mellitus; DNA, deoxyribo-
nucleic acid; DNA SSBs, DNA single strand breaks; 
DNA DSBs, DNA double strand breaks; DNA SBs: 
DNA strand breaks; EHT, elderly hypertension; ELISA, 
enzyme-linked immunosorbent assay; GHT, gestational 
hypertension; glc, plasma fasting glucose; gammaH2AX, 
phosphorylated histone 2AX; HbA1c, serum glycosylated 
haemoglobin; HDL, high density lipoprotein cholesterol; 
HR, heart rate; hs CRP, high sensitive C-reactive protein; 
HV, healthy volunteers; HT arterial hypertension; IMA, 
ischemia modified albumin; LDL, low density lipopro-
tein cholesterol; MD, mean difference; N, number; NDH, 
non-dipper hypertension; non-non, non-hypertension and 
non-coronary heart disease; Norm, normal; PAB, prooxi-
dant-antioxidant balance; PCO, protein carbonyl; P–value, 
P<0.05; r, Pearson’s correlation coefficient; pts, patients; 
PWV, brachial-ankle pulse wave velocity; ref, references; 
SHT, sustained hypertension; TAG, triacylglycerol; TAS, 
total antioxidant status; T-SH, total-thiol; THT, treated 
hypertension; TUNEL, terminal deoxynucleotidyl trans-
ferase dUTP nick end labelling; T2DM, type 2 diabetes 
mellitus; UHT, untreated hypertension; WHC, white 
coat hypertension; YHT, young hypertension; 8OHdG, 
8-hydroxy-2’-deoxyguanosine.
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