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The association between rosacea and cardiovascular
disease remains controversial. A systematic review
and meta-analysis of the literature, from inception to
15 February 2020, was performed to compare cardio-
vascular risk and comorbidities in individuals with and
without rosacea. Twelve studies, involving 40,752 pa-
tients with rosacea, were included. Compared with con-
trols, patients with rosacea had higher systolic blood
pressure (standardized mean difference (SMD) 0.293,
95% confidence interval (CI) 0.054-0.532), diastolic
blood pressure (SMD 0.309, 95% CI 0.003-0.615), to-
tal cholesterol (SMD 1.147, 95% CI 0.309-1.984), low-
density lipoprotein (SMD 0.792, 95% CI 0.174-1.409),
C-reactive protein (SMD 0.26, 95% CI 0.099-0.421),
greater epicardial fat thickness (SMD 1.945, 95% CI
1.595-2.296), and higher incidence of hypertension
(odds ratio (OR) 1.204, 95% CI 1.097-1.332) and in-
sulin resistance (OR 2.338, 95% CI 1.187-4.605). This
study reveals that patients with rosacea are predis-
posed to increased subclinical cardiovascular risk.
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Rosacea is a chronic disease that occurs frequently
in women and individuals with fair skin (1). The
clinical features of rosacea include centrofacial ery-
thema, flushing, telangiectasia, papules, pustules, and
phymatous changes (1). Ocular involvement may also
occur, characterized by burning, stinging sensation,
conjunctival injection, and lid margin telangiectasia (1).
The exact pathophysiology of rosacea remains unclear,
but it is believed that chronic inflammation and vascu-
lar hyper-reactivity are the major contributing factors
(2—4). Chronic inflammation also plays a pivotal role
in the pathogenesis of atherosclerosis, which reflects
the increased risk of cardiovascular (CV) diseases in
various chronic inflammatory disorders, such as psoria-
sis (5—7). Since rosacea is also a chronic inflammatory
disease, an important question is whether rosacea is a
localized cutaneous disease or a disease with systemic
ramifications. This question is important because, if
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SIGNIFICANCE

This study reveals that patients with rosacea are predis-
posed to increased subclinical cardiovascular risk, but there
is insufficient evidence to demonstrate a higher incidence
of overt cardiovascular comorbidities. Clinicians are advi-
sed to examine patients with rosacea for cardiovascular
risk and comorbidities and to offer advice on lifestyle mo-
difications.

systemic inflammation does occur in patients with
rosacea, more aggressive monitoring and interventions
for systemic comorbidities in patients with rosacea may
be warranted.

Several observational studies have investigated the
association between rosacea and various CV diseases,
such as coronary artery disease (CAD), diabetes mel-
litus (DM), dyslipidaemia, and hypertension (HTN)
(8, 9). However, to date, the results of these studies are
inconclusive. The aim of this study was to examine the
CV risk and comorbidities in patients with rosacea in
an evidence-based manner, by conducting a systematic
review and meta-analysis.

MATERIALS AND METHODS

The methodology of this study complied with the recommenda-
tions of the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) statement.

The study sought to examine CV risk in patients with rosacea in
comparison with controls. The primary outcomes were risk factors
for CV diseases and incidence of CV comorbidities in patients
with rosacea compared with controls.

Data sources and search strategy

Databases (PubMed, Cochrane Library, and Embase) were
searched from inception to 15 February 2020. The final date of
searching was 10 March 2020. The search focused exclusively on
clinical studies involving humans, and the results were reported
without any language limit. The literature search was initially
performed with more general terms. After that, based on the
search results, more specific terms (e.g. epicardial fat thickness)
were used to search the databases again. Keywords used in the
literature searches were: “rosacea” combined with “cardiovascular
disease”, “cardiovascular risk”, “coronary artery disease”, “myo-
cardial infarction”, “heart failure”, “peripheral arterial occlusive
disease”, “hypertension”, “diabetes mellitus”, “dyslipidemia”,
“stroke”, “obesity”, “insulin resistance”, “metabolic syndrome”,
“epicardial fat thickness” and “carotid intima media thickness”.
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Reference lists from the screened articles were reviewed in order
to avoid missing any studies.

Eligibility criteria and study selection

Studies comparing (i) the risk factors for CV diseases and (ii) the
incidence of CV comorbidities between patients with rosacea and
controls were included in the analysis. Eligible case-control and
cohort studies (both prospective and retrospective, population-
based and institution-based) were included. Review articles, case
reports, case series, and conference abstracts were excluded. Case-
control and cohort studies were included and case reports and case
series excluded because we aimed to include studies with a higher
level of evidence. Duplicated studies were excluded, but partially
overlapping studies were included in the systematic review. Two
investigators (TYT and YYC) independently screened the titles and
the abstract of the articles. The full texts of articles reporting rele-

Table I. Summary of included studies

vant data were assessed to determine eligibility. Any disagreement
was resolved through discussion with a third investigator (YCH).

Quality assessment

The methodological quality of the included articles was evaluated
based on an adapted version of the Newcastle—Ottawa Scale for
cohort studies and the adapted version for cross-sectional studies,
with a maximum score of 9 points for cohort studies and 7 points
for cross-sectional studies. Quality assessment was performed
independently (TYT and YYC) and any disagreement was resolved
by the third investigator (YCH).

Data extraction

Two reviewers independently extracted and collected the data in
a tabular form. The extracted data included: country, study type,

Sample size, n

Concomitant

Inclusion period and systemic Outcomes
Study Study design ~ Country  criteria Rosacea  Control treatment measurement?® Study result Score®
Population-based study
Hua et al. (8), Cross-sectional Taiwan 1997-2010 33,553 67,106  No limitation; HTN, DM, Patients with rosacea 7
2015 case-control Without diagnoses of acne, Not report Dyslipidaemia, CAD, are more likely to have
seborrhoeic dermatitis, PAOD, Cerebral dyslipidaemia and HTN.
and cutaneous lupus infarction They are also at increased
erythematosus risk of CAD
Marshall et al.  Retrospective USA 2005-2007 2,105 4,263 No limitation; CVD (ischaemic heart Patients with rosacea 8
(10), 2016 cohort 30-64 years old Not report disease, transient did not have an increased
At least 1 year of follow-up cerebral ischaemia, 1-year risk of CVD
data and 6 months of baseline heart failure, and
data occlusion of cerebral
arteries)
Egeberg et al.  Retrospective Denmark  1997-2012 4,948 23,823 No limitation; MACE (MI, ischaemic Patients with rosacea 9
(11), 2016 cohort Without a history of MI or Not report stroke, haemorrhagic were not associated with
stroke before study start stroke, and CV death) increased risk of adverse
CV outcomes or death
Sinikumpu et al. Cross-sectional  Finland 46-year-old females from 146 278 No limitation; A-D, G Females with rosacea had 7
(33), 2019 case-control NFBC1966 Not report increased CIMT
Institution-based study
Duman et al. Cross-sectional  Turkey Without chronic inflammatory 60 50 Tetracycline B,C E Rosacea patients may 6
(9), 2014 case-control disorder (13.3%) have a high risk of CVD
Isotretinoin
(10%)
Tsiskarishvili et Cross-sectional ~ Georgia Rosacea patients 50 50 No limitation; B Rosacea is associated with 6
al. (34), 2015  case-control Not report higher cholesterol, LDL,
and TG and a lower HDL
Rainer et al. Cross-sectional  USA November 2012-August 2013 65 65 No limitation; Metabolic disease (DM, Rosacea is associated with 6
(35), 2015 case-control >18 years Not report HTN, dyslipidaemia, and metabolic disease and in
obesity) a skin severity-dependent
manner
Belli et al. (36), Cross-sectional Turkey January to June 2015 47 50 Tetracycline A-F Association between 6
2016 case-control Without disease associated (23.4%) rosacea and IR and some
with glucose metabolism, Isotretinoin parameters of CV risk
CAD, any other chronic (4.3%) factors
inflammatory disease, and
a history of drug use that
may affect carbohydrate
metabolism
Belli et al. (37), Cross-sectional Turkey January 2015-January 2016 61 60 No limitation; A-F Association between 6
2017a case-control Without known DM, CAD, Not report rosacea and IR and some
hyperlipidaemia, and chronic parameters of CV risk
inflammatory disease factors
Belli & Altun Cross-sectional  Turkey January 2015-November 2016 85 90 No limitation; A-F Rosacea patients did not 6
(38), 2017b case-control Without CVD peripheral Not report have an increased risk
vascular disease, DM, and any of CVD
other inflammatory disease
Belli et al. (39), Cross-sectional Turkey January to October 2016 40 40 No limitation; A-G Rosacea patients had 6
2017c case-control Without CVD peripheral Not report significantly higher and
vascular disease, DM, and EFT and CIMT
chronic inflammatory disease,
and pregnancy
Gurel & Turan  Cross-sectional  Turkey January to December 2017 52 52 No limitation; A-C, G Rosacea patients had 6
(40), 2019 case-control Without CVD peripheral Not report significantly higher and
vascular disease, DM, COPD, EFT and CIMT

PAOD, stroke, chronic
inflammatory disease, and
pregnancy

@A: blood pressure; B: lipid profile, C: C-reactive protein; D: glucose; E: insulin resistance, F: metabolic syndrome, G: carotid intima-media thickness/ epicardial fat thickness. bThe
methodological quality of the studies were rated using an adapted version of the Newcastle-Ottawa Scale (NOS) for cohort studies with a maximum score of 9 points and for cross-

sectional studies with a maximum score of 7 points.

CAD: coronary artery disease; CIMT: carotid intima media thickness; COPD: chronic obstructive pulmonary disease; CV: cardiovascular; CVD: cardiovascular disease; DM: diabetes
mellitus; EFT: epicardial fat thickness; HDL: high-density lipoprotein; HTN: hypertension; IR: insulin resistance; LDL: low-density lipoprotein; MI: myocardial infarction; NFBC: Northern

Finland Birth Cohort; PAOD: peripheral arterial occlusive disease; TG: triglyceride.
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inclusion criteria, sample size, study results, and quality scores
(Table I). The age, sex, and laboratory data for patients with
rosacea and the controls were also extracted. Detailed data for
the studies regarding the association with CV comorbidities are
shown in Table II, which included the crude and adjusted odds
ratio (OR)/incidence rate ratio (IRR) and the adjusted variables.

Data analysis

A pooled estimate of the laboratory and image examinations
regarding the risk of CV diseases was performed for patients
with rosacea and compared with that of controls. In addition, a
pooled estimation was performed, comparing the incidence of CV
comorbidities between patients with rosacea and controls. Pooled
analyses were only performed for at least 2 studies, reporting
the results in a similar form. Analyses of continuous data were
performed using standardized mean difference (SMD) with 95%
confidence interval (CI), while those of dichotomous data were
conducted using OR with 95% CI. Adjusted estimates were chosen
instead of raw ones, if they were provided in included studies.
Heterogeneity testing was conducted by using the / square test. A
random effects model was used for all analyses because of potential
heterogeneity. Funnel plots and tests for publication bias (Egger’s
test and Begg and Mazumdar test) were performed. The software
used for statistical analyses was Comprehensive Meta-Analysis
Version 3 software (Biostat Inc., Englewood, NJ, USA).

RESULTS

Search results and trial characteristics

Ofthe 232 studies screened, 12 studies involving 40,752
patients with rosacea met the inclusion criteria (Fig. 1).
Two of'the 12 studies were cohort studies (both population-
based studies) and the remaining 10 studies were cross-
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sectional case-control studies (2 population-based studies
and 8 institution-based studies). Four of the 12 studies re-
ported the incidence of CV comorbidities in patients with
rosacea, and the other 8 studies described the laboratory
and image data related to CV risk factors in patients with
rosacea. Four cross-sectional studies were performed at
the same medical centre and the study periods showed
an overlap. Only 2 of the 4 studies were considered for
the meta-analysis. Table I summarizes the characteristics
of the studies, with quality scores ranging from 6 to 9.
Most cross-sectional studies lost one point of score from
the selection part owing to lack of description for the
non-respondents.

Risk factors for cardiovascular diseases

The common risk factors for CV diseases measured in
the included studies were blood pressure, lipid profile,
fasting blood glucose levels, C-reactive protein (CRP)
levels, carotid intima media thickness (CIMT), and epi-
cardial fat thickness (EFT). Dyslipidaemia, HTN, insulin
resistance (IR), metabolic syndrome, and DM were also
defined as risk factors for CV diseases. All these data
were summarized in Table III and aggregated to compare
the risk factors for CV diseases in patients with rosacea
with those in controls.

Cardiovascular comorbidities

The CV comorbidities included CAD, heart failure, stroke,
peripheral arterial occlusive disease, and CV death (Table

Table II. Detailed data and results of studies with incidence of cardiovascular comorbidities

Rosacea Follow-up
Study Data sources definition CV risk and disease definition Risk with (95% CI) Adjusted variable period
Hua et al. (8), National Health ICD-9: 695.3 HTN ICD-9: 401-402 Adjusted OR: 1.17 (1.12-1.21)  Age, sex Cross-
2015 Insurance Research DM 1CD-9: 250 Adjusted OR: 1.01 (0.97-1.06) section
Database in Taiwan Dyslipidaemia  ICD-9: 272 Adjusted OR: 1.41 (1.36-1.46)
CAD ICD-9: 411-414 Adjusted OR: 1.20 (1.14-1.26)  Age, sex, HTN, DM,
PAOD ICD-9: 440.2, 444.2 Adjusted OR: 1.02 (0.93-1.11)  dyslipidaemia.
Cerebral ICD-9: 433-434, 436-437 Adjusted OR: 0.98 (0.91-1.06)
infarction
Rainer et al. Johns Hopkins Hospital National Rosacea HTN Hospital diagnosis Crude OR: 2.8 (1.1-7.2) N/A Cross-
(35), 2015 Society Criteria  Metabolic disease DM,HTN, dyslipidaemia Crude OR: 2.4 (1.04-5.4) section
Marshall et al. MarketScan™ ICD-9: 695.3 Ischaemic heart ICD-9: 410-414 Crude OR: 0.833 (0.691-1.004) Age, sex, DM, One year
(10), 2016 Commercial Claims and disease Adjusted OR: 0.894 (0.732- Charlson comorbidity
Encounters database Transient cerebral ICD-9: 435 1.091) index
ischaemia
Heart failure ICD-9: 428
Occlusion of ICD-9: 433, 434
cerebral arteries
Egeberg et al. Danish civil personal ICD-10: .71 HTN Use of 2 antihypertensive drugs Crude OR: 1.234 (1.115-1.366)* Age, sex, Until
(11), 2016 register ) 5 " . . R « comorbidities, migration,
DM Elthe;alhospltﬁl dlaq:DS(ljS or Crude OR: 1.203 (1.012-1.431) medication (anti- death from
use of glucose-lowering drugs cholesterol and any cause,
MI ICD-10 codes 121-122 Crude IRR: 0.86 (0.65-1.13) anti-migraine), and  or the
Adjusted IRR: 0.75 (0.57-1.00) socioeconomic status occurrence
of an end
Ischaemic stroke ICD-10 codes 163-164 Crude IRR: 1.19 (0.96-1.49) point.

Hemorrhagic
stroke

CV death

MACE

ICD-10 codes 160-161

ICD-10 codes 100-199

Included all above

Adjusted IRR: 1.08 (0.86-1.35)

Crude IRR: 1.11 (0.67-1.82)
Adjusted IRR: 1.01 (0.61-1.67)

Crude IRR: (1.26 1.02-1.57)
Adjusted IRR: 0.99 (0.80-1.24)

Crude IRR: 1.14 (0.99-1.32)
Adjusted IRR: 0.99 (0.86-1.15)

QOdds ratio (OR) and confidence interval (CI) were calculated from original data.

CAD: coronary artery disease; CIMT: carotid intima media thickness; COPD: chronic obstructive pulmonary disease; CV: cardiovascular; CVD: cardiovascular disease; DM: diabetes
mellitus; EFT: epicardial fat thickness; HDL: high-density lipoprotein; HTN: hypertension; ICD: International Classification of Diseases; IRR: incidence rate ratio; MACE: major adverse
cardiac event; MI: myocardial infarction; N/A: not available; PAOD: peripheral arterial occlusive disease.

Acta Derm Venereol 2020



T-Y. Tsai et al.

4/7

*9pLIRDAIBIY (9] ‘aunssaud poolq 21j03sAS :dgsS ‘uiejoadodi)
Ajisuap-mo| @7 ‘urejoadodi) Ayisuap-ybiy :1gH ‘@soonib poolq 1se) :9g4 {Ssauddiyl 3ey) |eipJedids 1143 ‘aunssadd poo|q d1j03selp :dgq ‘uia3old SAI0RaI-D dyD {SSaUDIY) BIpAW BWIUI PIIOJIRD Il NID ‘UOIRIASP pJepuels :dsS
'sebuel se pajussald ale ejep asayl,

9°0FYE'Y  8b0°0F95°0 PETFL6'T (8'8SF88TZET  HI'TIT6PS ET'0EFEQ'90T 88'TEFE6'88T  SL'8FC6'OL ETSTFYSTZI  6Z:EC Ob'8F0E0S  103U0D
89°07T9°G  890°07269°0 99°ZF90°E  9P06FILBST TS TITH'PS  8S'OEFTTOZT  Z8'EPTTIOTIZ 06 TITST'OL TS8TFYSTZI  6Z:EC 06'LF0L 05 ©20esoy 6702 ‘(0F) ‘|2 39 24D
£90°0765°0 80°676L°Z6 £TFY'T PPOSTE9P6  90'STT8Y'HO  €L°62TSSEZT  LTTETHE'86T 61°0TT60°78 L0°STFZ9'8TT  8/7:0 9y [043u0D
PL0'0FI90 THPIT69°E6 S'ET6'T TCZSTSEL6  bYSTFO8V9  ZIOEFTILVZT  68°0SF/L°007 96'6F8L'€8 ['STFTIOTCT  9pT:0 9y esdesod  6T0Z ‘(£€) |2 1 ndwmiiuis
66°0782°€  CI'0TT90 Ob'TIT6b'Y6 66'TF97C TI'6STHT'ECT 86'9TT/8'65 89'bCT9LTZT  SHOEFTEQ0Z ¢89FI9v. TIPIFOCPTT  OE:0T 00°8¥05°0S  [03U0D
§9'0F9F'y  6T°0F2L°0 96'VTF/6'G6 OT'EFOT'E 90'SLFSH IPT TETZIF68'ES 6 EETHLEET  8L0vFHS'STZ LG'0TT0008 +6'OTFHI'ECT  TE6 09°LF0b'0S ©90esoy 2£102 ‘(6€) e 12 1P
G0'6795°€6  EITFEET 6V PSTFECLIT L'OTF6SLS EH'STFI6TLT  €S'EETHIHOT [9°€T 00°6F08°0S  [04U0D
[THIFIL96  TEETFSE'E  TEOLT6ESET 6LETFI6'SS  8GTEFOS6ZT  LTOEFTLZIT §9:0Z 05'8709°0§ ©3Des0y /102 ‘(8€) 12 1 1lIog
9E°/TEYT6  TTTFITT  6E€6TY0'9L  69°9TTTYLS  6E'9CTO06TT  68HETOL 66T 9T6TES'S. CTPITOSSIT  /LPiET 0L°6T08°6F  [04U0D
SSPITZY96  TT'ETEC'E  6L'8760°€8 IS HIT6ILS 9P TEF/8'6ZT [Y'SEFYIT  0Z'6762°78 TL'9TF08°9CT  Spi9T 09°'8705°05 3850y e/10Z (££) 12 3 Neg
68'9785'26 E6'bF8LT STOSFOT'EOT TTLIFOT6S OV LZFb8'6TT 8H'9ET08'T0Z T8'8F00°9L ST'STF09'STT  6£:TT 060§  103u0D
SO'ETF/S'96 98'ZT¥98'v  9'69F6L TET SL'STF96'85 TTTEFI6'TET LEEEFES'BIT PE'BT6LT8 SELITSH/ZT  SETT 0805 ©32e50Y 9102 '(9€) "2 39 1lIog
S TIF0S°0LT  06'870L'St  Ob'ZIF00'SET  OF'0TT09°06T 0g:0z §9-SE  [013u0D
SY'LZTFOSPEZ  TY'STO0'bZ  SL'6TF00°08T  E€E€'HCTST08T 0£:02 eS9-SE 30850y GTOZ ‘(bE) *IB 39 lIAYSHENSISL
€20 LSVOTPE'TZT  EP'8FLT0S  /LY'EZFSH'TOT  SO'0EFE8°ZIT €€1/T OS'ZTFOETH  104U0D
620°0 E£6'ESSTSO'6TT 90'bTF08'ES +STEFCO'TCT  09'9ET6T'66T 0v:0Z 06'ZTF0L by  ©90es0y 102 “(6) Ie 39 uewing
asTuespy asFuespy asTuesiy ASTuesp asTuespy asruespy asruesp asTues QS T uesp asTuespy u qgsiues dnoio Apms
Ww ‘I43  WW WD Ip/Bw ‘Dgd  |p/Bw ‘4D Ip/6w ‘DL  |p/Bw “IaH Ip/6w 1@ p/Bw BHWW dgd  BHWW ‘dgS  d4:W Siedh ‘eby
‘|0J433s3|0Yd ‘X3S
|20l
ejep Alojesoqe] pue uonjeuiwexa [edisAyd Jo S9W053N0 Y3IM SSIPN3S JO S3INSaJ pue ejep pajie3ad ‘III diqel
M oo — el S 8 OH O NT O= o= ®
3 ~ 8 = .mloMCmom%mmmmam x2S E300S S
s é 23 i Wm/D\%t.wwmo..wmal.pd R
= £ = = o) -~ wn Q7.
g5 8 cibd 3z CosSmomc 92 5x 38§ oSSR 0w TS
= ¢ g 59 CLOET o2 <c50 % g=T o | v o
4 » o w 8 S 9 SO E =75 5292 02 2] =3 LoD . =
o 2 w o x < <t Q ~ — =]
3 85153 g 2 €8I sc¥ 285 4,228 cZacas sl g
B A I - 8% NS DS T e 30,28 4 2 >0 [ =R 4
5 5 o 8 s g 8 2% S o R s T2 9 s rtomVJ ] NN o=
¢ T 4 &8 « g 2 g [0 o O S O = — O »n =} )
2 2 E = O x 5 2 5 Z £ E a8 z S - S B0 o O = o — o © O
§ 2 3% © - = 3 S Ex E20lcs8c g 78230 .0 E 8
5 8 & ® - 2 2 a2 0B 0T 8 > hf D na
w s & F 2 D 9 N @ 5 3 . - O == 2 = = o o) <+ o 2]
£5. %23 g 3 g v 5 00 S S'a ..o © T8 e = 0 3
Fryil | L T iz [L[.]§ S8o-sgsfioceS3EE SELgRzscE
5 ¥: it 5 3 |8 wEERZSTEDEC23523 2o S e 2
I BERE % S 2 g E=8ZER SzanE®3s SZER T 2aEE
2 3 3 E & s ® E € b tm,..mhcﬁw:nw%WALhLdpSﬂVb YhC%MﬂeWW
S 5 8 g =] c oo X oXxE E o il > @
23 - & 3 3 2 a & o 7] ©n g = = 00U g 2 o O s < — > o f
28523, 2 4 : s 292528 Q0 FRE S8R5 Q% SO 823 %E
Seiiiy| |k 3 El 5|3 28 85028t Cs %858 TERS "o 22
5, 055 E e FE = . s = 2|3 €S s el AN oL 2 ¢ s 20 Y 58
RN SRR RS IR s . 8 z E |2 G PEBToOE-EEERSS 52,9538 88
2 a2 - 73 . . p—
se£2sf il S .| 2 JEéz L3 L2 |8 S 8CEE8 38T 5 gEEE 2EdRZ20E°"
2E3siiiiirs P2 Es S FEsE<iliZEECgRE L, EsRSCE5s
5Eefii sl | g £83 (8| 3| £E8C5c5208°5538%28 § 85c5z285°¢
E&E 98 5 w9 3 E £ 5 £ = 3 -] © SO = @ B == — = - ~ 9 a 55
w89 8 8 &3 o 9 23 o e S = £S5 0 — o o = B = | 0un S w808 o> "0
T T vwgT R 8 2 7 % » » - & 2 £ El £ = - Ss.w, n04nu = 2= ~2
S82 .33y E E T 8 S l8 2T EECSZELimegs=eXEZ 8 §2 357 2=
s gtisss? 8 5 |3 €2323°88x22-T"F8 S 228252395
~ o 28¢5 38 ° o = 2 el 3 Cturopdmoo.le o < a1|u.a erS.A..ﬂ
O QN Q@ & =8 . 9 © I M b ° O EBTS— 7 I o~ F —_— o O CSPerenlom
N o oo T 8 2y & 5] 0 ~ = 5} = ! 17 gm = o = = Qe o |
g 5 B % ¢ I} ~ s o o .Y _W 0w .DEO o = 0O .35 17) | .=
82§82 3 L L . oE O« = .2 > B o g 2 2 = 20 09T ®m
e o0 g L& 5 & 5 - Q@ 30.0.H0 5.0 b5 = A O—= L=~ o
5 )pwd7H%dWM%u%W < S 220028~ 3
. . fas . 3
uoneaynuap| Buu3105 Auiqisy3 pepnpoul i SEERESLESREEREALE S EEAESSRsS

AAERY

ANAEPY

www.medicaljournals.se/acta



ActaDV

ActaDV

Cardiovascular risk in rosacea 5/7

No. of Reference Rosacea vs Standardized mean P (%) Standardized mean difference
Study Controls difference (95% CI)
Systolic blood pressure 4 (33.36.39.40) 285 vs 420 0.293 (0.054-0.532) 48.1 e
Diastolic blood pressure 4 (33.36.39.40) 285 vs 420 0.309 (0.003-0.615) 67.7 T
Total cholesterol 6 (9.33.34.36,39.40) 395 vs 520 1.147 (0.309-1.984) 96.6 A
Low density lipoprotein 6 (9,33.34.36,39.40) 395 vs 520 0.792 (0.174-1.409) 94.1 ——
High density lipoprotein 6 (9.33.34.36,39.40) 395 vs 520 -0.48 (-1.154-0.193) 95.2 —a—
Triglyceride 6 (9.33.34,36,39.40) 395 vs 520 0.648 (-0.008-1.303) 94.8 ———
Fasting blood glucose 3 (33.36.39) 233 vs 368 0.138 (-0.028-0.304) 0 HH
C-reactive protein 4 (33.36.,39.40) 285 vs 420 0.26 (0.099-0.421) 0 ~H
Carotid intima media thickness 3 (33.39.40) 238 vs 370 1.058 (-0.044-2.161) 5255 —_—
Epicardial fat thickness 2 (39.40) 92vs92 1.945 (1.595-2.296) 0 —a—
=2 -1 0 1 2 3

Fig. 2. Forest plots. The forest plots showed the pooled estimates of cardiovascular risk factors in patients with rosacea in comparison with controls.
Compared with controls, patients with rosacea had higher systolic blood pressure, diastolic blood pressure, total cholesterol, low-density lipoprotein, and
C-reactive protein. Carotid intima media thickness was similar between patients with rosacea and controls, but epicardial fat thickness was greater in

rosacea patients than in controls. CI: confidence interval.

(SMD 1.058, 95% CI —0.044-2.161), but the EFT in
patients with rosacea was higher than that in controls
(SMD 1.945, 95% CI 1.595-2.296). Pooled analyses
showed that the incidence of HTN (OR 1.204, 95% CI
1.097-1.332) and IR (OR 2.338, 95% CI 1.187—4.605)
in patients with rosacea was significantly higher than that
in controls, but the incidence of metabolic syndrome and
DM was similar in the 2 groups. Tests for publication
bias were not performed because only a limited number
of studies were included in the meta-analysis.

DISCUSSION

This meta-analysis reveals that patients with rosacea have
significant risk factors for CV diseases, including higher
systolic blood pressure, diastolic blood pressure, total
cholesterol levels, low-density lipoprotein levels, CRP
levels, and EFT. Moreover, this study showed that the
incidence of IR in patients with rosacea was significantly
higher than in controls, but the incidence of DM and
metabolic syndrome was not increased in patients with
rosacea compared with that in controls, thereby suggest-
ing a subclinical derangement in patients with rosacea.
No meta-analysis of CV comorbidities was performed,
due to substantial study heterogeneity and a limited
number of eligible studies. The population-based cross-
sectional study conducted by Hua et al. (8) showed that
patients with rosacea had a higher risk of CAD than
controls; in contrast, the cohort study conducted by
Egeberg et al. (11) revealed that patients with rosacea
had a similar risk of myocardial infarction as controls.
However, in the cross-sectional study, the definition of

CAD did not include the International Classification of
Disease-9 (ICD-9) code 410 (acute myocardial infarc-
tion), which is the most severe form of CAD (8). This
might explain the different results between the 2 studies.
Both studies concluded that patients with rosacea did not
have a higher risk of ischaemic stroke than controls (8,
11). The current evidence is not sufficient to demonstrate
that patients with rosacea have higher incidence of CV
comorbidities, such as myocardial infarction and stroke.

The mechanisms underlying the susceptibility of
patients with rosacea to increased CV risk may be
attributable to the common pathological pathways in
these diseases. Patients with rosacea have an increased
level of cathelicidin, an antimicrobial peptide, in their
skin (2, 3). Besides the levels of cathelicidin, the forms
of cathelicidin in patients with rosacea are different from
those in healthy individuals (2). Cathelicidin enhances
angiogenesis, leukocyte chemotaxis, and the expression
of extracellular matrix components (2). Cathelicidin
is processed by serine protease kallikrein 5, which is
expressed extensively in the epidermis of patients with
rosacea (3, 12). Recent studies have shown increased
levels of cathelicidin in atherosclerotic plaques and
correlations between the genetic expression of cathe-
licidin and CV risk factors (13—15). Cathelicidin has
also been reported to promote IR in obese individuals
(16). Furthermore, serine proteases are also involved
in the pathogenesis of atherosclerosis (17). In addition,
patients with rosacea are reported to have a decreased
activity of paraoxone-1 (PON1), an antioxidant enzyme,
and increased oxidative stress (18). Decreased activity
of PON1 has also been shown in patients with dyslipi-

No. of Reference Rosacea vs Odds ratio (95% Cl) P (%) Odds ratio
Study Controls
Insulin resistance 2 (36.39) 87 vs 90 2.338 (1.187-4.605) 54 [
Metabolic syndrome 2 (36.39) 87 vs 90 1.871 (0.953-3.675) 0 ——
Hypertension 3 (8.11,35) 38566 vs 90994 1.204 (1.097-1.332) 5251 I
Diabetes mellitus 2 (8.11) 38501 vs 90929 1.080 (0.914-1.275) 72.8 -
0.1 1.0 10.0

Fig. 3. Forest plots. Pooled analyses showed the incidence of hypertension and insulin resistance was significantly higher in patients with rosacea than
in controls, but the incidence of metabolic syndrome and diabetes mellitus was similar in the 2 groups. CI: confidence interval.
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daemia, HTN, and DM (19, 20). Increased oxidative
stress is widely believed to be a pivotal mechanism in
atherosclerosis (21)

Tetracyclines, which are commonly used for treating
rosacea, have not only antimicrobial effects, but also anti-
inflammatory properties, and they could potentially be
used to treat both cutaneous and systemic inflammation
(22,23). Tetracyclines inhibit matrix metalloproteinases
(MMPs), which are important enzymes in the vascular
pathophysiology of both rosacea and atherosclerosis
(22, 24). A large cohort study showed that patients with
rosacea receiving tetracyclines (with variable dosage and
duration) had a decreased risk of developing vascular
diseases (25). Axisa et al. (26) showed, in a randomized
controlled trial (RCT), that doxycycline (200 mg daily
for 2—8 weeks) decreased the expression of MMP-1 in
atherosclerotic carotid plaques In multiple RCTs, sub-
antimicrobial doses of doxycycline therapy (20 mg twice
daily for 3 months in Koppikar et al. (27), 6 months
in Brown et al. (28) and 2 years in Payne et al. (29))
have also been shown to reduce the levels of CRP and
MMP-9. The beneficial effects of treatment with tetra-
cyclines on both cutaneous and systemic inflammation
corroborate the hypothesis that rosacea and CV diseases
share common pathophysiological pathways, and these
effects may serve to explain the relatively subclinical
CV derangements in patients with rosacea, as shown in
the current study.

Study limitations

A major limitation of the current study is that only a few
eligible studies were included. However, some analyses
included population-based studies, which had large sam-
ple sizes of study subjects, thereby compensating more
or less the paucity of existing eligible studies. Of note,
many of the included studies were conducted in Turkey,
which may lead to bias when the research findings are
generalized to a broader population. Ethnicity and ge-
netics may play critical roles in the risk of rosacea and
cardiovascular diseases. Rosacea is found to be more
prevalent in people of Celtic and Northern European
origin and is less commonly seen in people with darker
skin, possibly due to masking of symptoms by darker
skin pigmentation or genetic differences (30). In addi-
tion, ethnic differences in cardiovascular risk could lead
to potential bias. For example, Chaturvedi revealed that
South Asians have higher risk of insulin resistance and
heart diseases compared with Europeans. (31). Onat
(32) reported that mortality from coronary heart disease
in Turkey was among the highest in selected European
countries. Therefore, inclusion of a high proportion of
Turkish studies could potentially be a major source of
bias. However, the sample sizes of these Turkish studies
are relatively small compared with the large sample sizes
of other population-based studies conducted in other

www.medicaljournals.se/acta

regions of the world. Another limitation is that the use
of systemic medications, such as tetracycline and isotre-
tinoin, could not be adjusted in our analysis, because
most included studies did not provide such details (Table
I). The use of tetracycline may lead to underestimation,
while the use of isotretinoin may lead to overestimation,
of some parameters in the current analysis. However, the
duration of tetracycline treatment for rosacea is often
short, and isotretinoin is infrequently used to treat rosa-
cea. Therefore, the potential biases caused by the use of
these medications might not be marked. Future studies
are encouraged to take this factor into consideration.
Lastly, some of the analyses were limited by substantial
heterogeneity, which might result from differences in age,
ethnicity, types and severity of rosacea among included
studies. Unfortunately, subgroup and meta-regression
analysis could not be performed because of insufficient
data reported in the included studies.

Conclusion

The current study revealed that patients with rosacea
are predisposed to increased CV risk, such as HTN,
dyslipidaemia, IR, and high EFT. However, patients
with rosacea do not have a higher incidence of overt CV
comorbidities, such as myocardial infarction and stroke,
although this incidence may have been underestimated
due to the common use of tetracyclines. Clinicians are
advised to examine patients with rosacea for CV risk
and comorbidities. Patients should also be given advice
regarding lifestyle modifications. Future studies should
investigate the link between cutaneous and internal
inflammation and examine the potential benefits of sub-
antimicrobial doses of tetracyclines as primary preven-
tion for CV diseases in patients with rosacea.
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