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Association between rosacea and
cardiometabolic disease: A systematic
review and meta-analysis

Qi Chen, MD,"" Xiao Shi, MD," Yan Tang, MD, PhD,"" Ben Wang, MD, PhD,""*
Hong-fu Xie, MD, PhD,"”“ Wei Shi, MD, PhD,*"“ and Ji Li, MD, PhD*"“
Changsha, China

Background: Rosacea is recognized as a chronic inflammatory cutaneous disorder associated with
multiple systemic illnesses. However, the association between rosacea and cardiometabolic disease (CMD)

remains controversial.

Objective: To evaluate the association between rosacea and CMD by a systematic review and meta-analysis.

Metbods: A comprehensive search of studies published before October 16, 2019, was performed in
databases of PubMed, Embase, Cochrane Library, and Web of Science. The pooled risk ratios or

standardized mean differences were calculated.

Results: Thirteen studies were included, representing 50,442 patients with rosacea. Patients with rosacea
had higher prevalence of dyslipidemia, higher prevalence of hypertension, higher total cholesterol, higher
low-density lipoprotein, higher triglycerides, higher systolic blood pressure, higher diastolic blood
pressure, and higher fasting blood glucose. Rosacea was not associated with ischemic heart disease,

stroke, diabetes, and high-density lipoprotein.

Limitations: No subgroup analysis could be performed according to the subtypes and severity of rosacea.

Conclusions: Rosacea showed a correlation with hypertension and dyslipidemia but not with ischemic
heart disease, stroke, or diabetes. We advocate screening for CMD indicators among patients with rosacea,
which may be helpful for diagnosis and appropriate treatment at an early stage of disease. (J Am Acad
Dermatol https://doi.org/10.1016/j.jaad.2020.04.113.)
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meta-analysis; rosacea.

osacea is recognized as a chronic inflamma-
tory cutaneous disorder mainly affecting the
centrofacial region.'” Rosacea usually
occurs in people aged 20 to 50 years.” The exact

pathogenesis of rosacea remains poorly understood.
However, substantial evidence supports the involve-
ment of immune dysregulation, genetic factors,
neurovascular dysregulation, micro-organisms, and

From the Department of Dermatology, Xiangya Hospital, Central
South University?; National Clinical Research Center for Geriatric
Disorders, Xiangya Hospital, Central South University®; Key
Laboratory of Organ Injury, Aging and Regenerative Medicine
of Hunan Province®; and Department of Gastroenterology, The
Third Xiangya Hospital, Central South University, Changsha.?

Drs Chen and Shi contributed equally to this paper.

Funding sources: Supported by the National Natural Science
Foundation of China (grant nos. 81874251), the National
Natural Science Foundation of China (grant nos. 81673086),
the National Natural Science Foundation of China (grants nos.
81602784), and the National Natural Science Foundation of
China (the Major Research Plan, Training Program, grant nos.
91749114).

Conflicts of interest: None disclosed.

IRB approval status: Not applicable.

Accepted for publication April 20, 2020.

Reprints not available from the authors.

Correspondence to: Ji Li, MD, PhD, Department of Dermatology,
Xiangya Hospital, Central South University, 87 Xiangya Rd,
Changsha, Hunan, People’s Republic of China 410008. E-mail:
liji_xy@csu.edu.cn.

Wei Shi, MD, PhD, Department of Dermatology, Xiangya Hospital,
Central South University, 87 Xiangya Rd, Changsha, Hunan,
People’s Republic of China 410008. E-mail: shiwei@csu.edu.cn.

Published online September 14, 2020.

0190-9622

© 2020 by the American Academy of Dermatology, Inc. Published
by Elsevier Inc. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).

https://doi.org/10.1016/j.jaad.2020.04.113


https://doi.org/10.1016/j.jaad.2020.04.113
mailto:liji_xy@csu.edu.cn
mailto:shiwei@csu.edu.cn
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jaad.2020.04.113

2 Chen et al

environmental factors as promoting features of rosa-
cea.”® A number of risk factors to aggravate rosacea
symptoms have also been proposed, such as diet,
smoking, alcohol consumption, and stress.” So far,
mounting comorbidities of rosacea have been
identified, suggesting that rosacea is not simply a
skin disease but has links to multiple systemic
illnesses.”""

Cardiometabolic  disease
(CMD) is defined as a cluster
of diseases and risk factors
including diabetes, cardio-
vascular  disease (CVD),
hypertension, dyslipidemia,
and obesity."""? CMD has
become a growing threat to
public health. " Most
recently, chronic inflamma-
tion activated by the
renin-angiotensin system
and immune dysregulation
have been recognized as ma-
jor components contributing
to the development of
CMD."” Smoking, excessive
alcohol consumption, and unhealthy diet are also
known risk factors for CMD."°

Some risk factors, such as smoking, alcohol con-
sumption, and diet, along with chronic inflammation
activated by immune dysregulation, are shared in the
pathogenesis of both rosacea and CMD. Meanwhile,
in patients, the age at onset of rosacea occurs at a
comparatively earlier age than CMD. Hence, it is
worth exploring their relationship, as well as
whether rosacea, which has a predilection for highly
visible symptoms on facial skin, could become a
potential early indicator of CMD.

Although numerous observational studies have
been conducted to investigate the correlation be-
tween rosacea and CMD, the published outcomes
are controversial. Additionally, to the best of our
knowledge, no conclusions involving full-scale
indicators of CVD, diabetes, hypertension, and
dyslipidemia have been recapitulated in the same
study. Perhaps this is why their relationships have
not been comprehensively discerned. As such, we
performed a systematic review and meta-analysis to
convincingly and thoroughly elucidate the
association between rosacea and CMD.

METHODS
Search strategy

This systematic review and meta-analysis was
conducted on the basis of the Preferred Reporting
Items for Systematic Reviews and Meta-analyses
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(PRISMA) reporting guidelines. A comprehensive
search of studies published before October 16,
2019, was performed the PubMed, Embase,
Cochrane Library, and Web of Science electronic
databases. The combined search terms “rosacea”
AND (“cardiometabolic disease” or “cardiovascular
disease” or ‘“stroke” or “diabetes mellitus” or
“hypertension” or “dyslipi-
demia”) were used. Our
retrieval strategy is shown in
the supplemental material
(available via Mendeley

gb6czhepkdy.2).

» This meta-analysis suggests that rosacea
showed correlation with hypertension
and dyslipidemia; therefore, patients
with rosacea are encouraged to be
screened for indicators identified with
cardiometabolic disease, which may be
helpful for diagnosis and appropriate
treatment at an early stage.

Study selection

All study selections were
conducted independently by
2 reviewers (QC, XS), with
discrepancies discussed with
the research group. Original
cohort, case-control, or
cross-sectional trials report-
ing the risk of CMD in pa-
tients with rosacea with the
full text were eligible for inclusion. Exclusion criteria
were articles published in the form of reviews,
editorials, nonresearch letters, or protocols.

Data extraction

Two independent investigators (QC, XS) evalu-
ated the titles and abstracts and resolved differences
through discussion and consensus. The following
data were extracted and recorded from each eligible
study: (1) first author,; (2) year of publication, (3)
country, (4) study design, (5) number of case
patients (female/male), (6) age of case patients
(mean = standard deviation),; (7) number of control
individuals (female/male), (8) age of control in-
dividuals (mean = standard deviation), and (9)
outcomes. If measurements of mean values among
different studies were not the same, they would be
converted (eg, from mmol/L to mg/dL).

Outcomes

For our large-scale database search (see Results
section), only parameters identified in 3 or more
sources were analyzed. The outcomes based on
population samples were ischemic heart disease
(IHD), stroke, diabetes, hypertension, and dyslipi-
demia. The outcomes based on calculated values
were total cholesterol (TC), low-density lipoprotein
(LDL), high-density lipoprotein (HDL), triglycerides
(TG), systolic and diastolic blood pressure, and
fasting blood glucose (FBG) levels.
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Abbreviations used:

CCB: calcium channel blocker
CIL: confidence interval
CMD: cardiometabolic disease
CVD: cardiovascular disease
FBG: fasting blood glucose
HDL: high-density lipoprotein
IHD: ischemic heart disease
LDL:  low-density lipoprotein
RR: pooled risk ratio

SMD: standardized mean difference
TC: total cholesterol

TG: triglycerides

Assessment of study quality

For each included study, 2 researchers (QC, XS)
explored the methodologic quality through the
Newcastle-Ottawa Scale.'” Every single question
received 1 point (marked as a star *) for a semi-
quantitative assessment, except for the comparability
item, which could be awarded with 2 points. The
maximum total score is 9 points. In total, scores of 7
to 9 scores considered as high quality."”

Statistical analysis

The pooled risk ratios (RRs) and corresponding
95% confidence intervals (CIs) were calculated
within outcomes based on population samples. In
terms of outcomes according to calculated values,
standardized mean differences (SMDs) and 95% CIs
were determined to compare differences between
the rosacea and control groups. We assessed the
degree of heterogeneity using an inconsistency
index (7. F values of 0%, 25%, 50%, and 75%
represent no, low, moderate, and high heterogene-
ity, respectively.'” If values of I* were less than 50%, a
fixed-effects model was applied; otherwise, a
random-effects model was used.”’ To explore the
sources of heterogeneity, sensitivity analysis was
undertaken to demonstrate the overall influence of
an individual study where I* was >50%. If the related
studies to assess the same outcome were adequate,
we planned to evaluate publication bias using a
funnel plot.

All statistical meta-analyses were conducted with
Stata, version 14.0 (Stata Corp, College Station, TX) to
generate forest plots of pooled RRs and SMDs with
95% ClIs. All P values reported were 2-sided, with
P <.05 considered statistically significant.

RESULTS
Literature search

A total of 404 references were identified,
including 44 articles from PubMed, 89 articles from
Embase, 9 articles from Cochrane Library, and 262
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articles from Web of Science. Of these, 101 duplicate
references were excluded from the analysis. After the
independent evaluation of titles and abstracts, 282
articles were subsequently excluded for being
irrelevant. Twenty-one possible full-text studies
were carefully reviewed, of which 7 studies were
excluded because of no available data and 1 study
was conducted only on specific populations. As a
result, a total of 13 studies were included in the final
analysis. The flow diagram of the literature search is
shown in Fig 1.

Study characteristics and quality assessment

The total population of recruited studies covered
50,442 patients with rosacea and 1,525,864 control
individuals. Among them, diagnoses of rosacea and
metabolic diseases were made according to the
National Rosacea Society criteria by experienced
dermatologists or cardiologists or from a database
using International Classification of Diseases re-
cords. Most patients with rosacea were female,
accounting for 71.44%, and male patients accounted
for the remaining 28.56%. Of the involved articles, 5
recruited patients from the general population,”
and 8 collected data from a dermatology depart-
ment.”*”” With regard to the distribution of patient
samples across continents, 8 studies were conducted
in Asia,”*%>*"*71 3 in Northern Europe,“’ﬂ”28 and 2
in North America.”** Detailed characteristics of
these articles are summarized in Table 1. In
accordance with these characteristics, studies may
differ from each other in many respects. Thus, a
random-effects model was used in each analysis to
obtain conservative outcome data.

On the basis of the Newcastle-Ottawa Scale, all of
the eligible studies were graded as high quality
(scores of 7 or greater) (Table ID).

IHD

Four studies (1,534,511 participants) assessed the
risk of IHD among patients with rosacea and control
individuals. Rosacea was not associated with THD:
RR, 0.89; 95% CI, 0.59-1.34; P= 575 (I’ =91.1%; P <
.00D) (Fig 2).

Stroke

The relative risk of stroke for individuals with
rosacea was measured in 3 studies (1,528,158 partic-
ipants). The rosacea group showed no obvious
difference in incidence of stroke: RR, 0.94; 95% CI,
0.70-1.27; P = .705 (* = 80.7%; P = .006) (Fig 2).

Diabetes
The prevalence of diabetes and the values of
FBG were both counted in 5 studies (1,528,463
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Fig 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) flow

chart of the literature search.

participants and 826 participants). The rosacea
group was at significantly increased risk of higher
FBG: SMD, 0.24; 95% CI, 0.03-0.46; P = .026
(F = 48.8%; P =.098) (Fig 3). However, the relation-
ship between rosacea and the prevalence of diabetes
failed to reach statistical significance: RR, 1.15; 95%
CI, 0.92-1.42; P = 216 (I = 85.5%; P < .001) (Fig 2).

Hypertension

Four trials reported systolic and diastolic blood
pressure (722 participants, and 5 of the 13 trials
reported prevalence of hypertension (1,528,463
participants). Participants with rosacea had elevated
SMDs of systolic and diastolic blood pressure: SMD,
0.40; 95% CI, 0.19-0.62; P = .000 (I* = 39.9%, P=.172)
and SMD, 0.50; 95% CI, 0.19-0.81; P = .002
(P = 69.3%; P = .021), respectively) (Fig 3). A
statistically significant association was seen for hy-
pertension in patients with rosacea: RR, 1.20; 95% CI,
1.08-1.34; P = .001 (I* = 68.5%; P = .013) (Fig 2).

Dyslipidemia
Three studies (1,528,158 samples) reported dysli-
pidemia, and 7 studies (1111 participants) measured

its related parameters, including TC, HDL, LDL, and
TG. Rosacea was associated with dyslipidemia: RR,
1.32;95%CI, 1.10-1.58; P = .002 (* = 86.9%; P < .001)
(Fig 2); higher TC: SMD, 0.42; 95% CI, 0.17-0.68;
P =.001 (I = 73.8%; P = .001) (Fig 3); higher LDL:
SMD, 0.37; 95% CI, 0.18-0.56; P < .001 (7> = 55.2%;
P =.037) (Fig 3); and higher TG: SMD, 0.28; 95% CI,
0.08-0.49; P = .006 (I* = 60.1%; P = .020) (Fig 3). No
significant correlation between rosacea and HDL
was found: SMD, -0.01; 95% CI, -0.14 t0 0.11; P = .859
(I* = 5.2%; P = .387) was found (Fig 3).

Sensitivity analysis and publication bias

In general, most meta-analyses showed compar-
atively low to moderate statistical heterogeneity
(P < 75%). Therefore, the results from these parts
can be considered to be stable and reliable. To
explore the sources of heterogeneity, sensitivity
analyses where I* was less than 50% were conducted.
The results showed that after removing articles with
significant  heterogeneity, the heterogeneity
decreased to a low level (7 < 50%). The trend and
final conclusions derived from most meta-analyses
were not affected (supplemental material and
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Table 1. Characteristics of eligible articles
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Number of

Number of Age of case control Age of control
Year of Study case patients, patients, y, individuals, individuals, y,

Authors publication Country design female/male mean = SD female/male mean * SD Outcomes
Sinikumpu 2019 Finland  Cohort 146/0 46 278/0 46 TC, LDL, HDL, TG,
et al”' SBP, DBP, FBG
Gurel and 2019  Turkey  Case- 23/29 50.69 + 7.88 23/29 50.29 + 8.42 TC, LDL, HDL, TG,

Turan®® control FBG
Son et al*® 2018  Korea Case- 1745/791 47.21 = 15.01 N/A N/A Diabetes,
control hypertension,
dyslipidemia,
IHD, stroke
Akin Belli 2017  Turkey  Case- 31/9 50.35 30/10 50.52 TC, LDL, HDL, TG,
et al®' control SBP, DBP, FBG
Akin Belli A 2017  Turkey  Case- 45/16 50.46 = 8.58 47/13 49.80 * 9.70 TC, LDL, HDL, TG,
et al*° control SBP, DBP, FBG
Akin Belli 2017  Turkey  Case- 65/20 50.63 * 8.45 67/23 50.79 = 9.02 TC, LDL, HDL, TG,
and control hypertension
Altun®
Marshall 2016 United Case- 1588/502 492 = 9.1 2866/1397 499 + 8.3 Diabetes, IHD
et al*? States  control
Egeberg 2016  Denmark Cohort 3160/1788 49.2 = 145 15,477/7546 48.7 = 14.2 Hypertension,
et al”® dyslipidemia,
IHD, stroke,
diabetes
Egeberg 2016  Denmark Case- 4270/2489  40.2 = 16.3  21,350/12,445 40.2 Diabetes
et al*® control
Akin Belli 2016  Turkey  Case- 35/12 50.8 39/11 50.9 TC, LDL, HDL, TG,
et al”? control SBP, DBP, FBG
Rainer 2015 United  Case- 43/22 50.6 43/22 504 Hypertension
et al*? States  control
Hua 2015  Taiwan Case- 24,947/8606 44 49,894/17,212 44 Hypertension,
et al* control dyslipidemia,
IHD, stroke,
diabetes
Duman 2015  Turkey  Case- 40/20 4465 = 12.9 33/17 423 = 123 TC, LDL, HDL, TG
et al*”’ control

DBP, Diastolic blood pressure; FBG, fasting blood glucose; IHD, ischemic heart disease; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; N/A, not available; SBP, systolic blood pressure; SD, standard deviation; TC, total cholesterol; TG, triglycerides.

Supplemental Figs S1-S7; available via Mendeley at
http://doi.org/10.17632/g6czhepkdy.2), except for
diabetes and dyslipidemia.

It is unlikely that the assessment of publication
bias could be completed by using a funnel plot
because of the small numbers of studies in each
subgroup.

DISCUSSION

This systematic review and meta-analysis pro-
vides systematic assessment of the association and
risk estimates of rosacea with CMD.

Our systematic assessment determined that pa-
tients with rosacea had a remarkably higher

probability of experiencing hypertension. Research
has supplied ample evidence that activation of the
sympathetic nervous system and vascular changes
caused by transient receptor potential ion channels
might contribute to the development of hyperten-
sion.”*?” Given the fact that many rosacea triggers,
such as temperature changes and spicy food, could
activate sensory nerves, neurovascular dysregulation
is emerging as another pathophysiology character-
istic of rosacea.”” An enhanced immunoreactivity for
transient receptor potential vanilloid subfamily
(TRPV) was also proven in patients with rosacea.”
Therefore, neurovascular dysfunction tends to be the
shared mechanism encompassed by rosacea and
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Table II. Newcastle-Ottawa Scale quality assessment table

First author Year of publication Selection Comparability Exposure Total Newcastle-Ottawa Scale score
Sinikumpu et al®’ 2019 *RHK *x . 3
Gurel and Turan®® 2019 % %% - 8
Son et al*® 2018 *x *x *xx 8
Akin Belli et al’' 2017 *x% *x - 8
Akin Belli et al*® 2017 wxk *% . 8
Akin Belli et al*? 2017 ek *x #xx 8
Marshall et al*? 2016 *xxx *x - 9
Egeberg et al* 2016 — xx o 9
Egeberg et al*® 2016 ek #% #xx 9
Akin Belli et al*® 2016 *x% *x - 8
Rainer et al** 2015 *x *x rxx 8
Hua et al** 2015 ek #% #xx 9
Duman et al*’ 2015 . *% .- 8

Asterisk represents one score for each item.

hypertension. In addition, beta-blockers, diuretics,
and calcium-channel blockers (CCBs) are widely
proven in antihypertensive therapy. Prior studies
also indicated that they may aggravate or alleviate
symptoms of rosacea.”” CCBs are powerful
vasodilators, so the prevailing notions claim that
they are commonly discouraged for individuals with
rosacea.”” Although it remains to be clarified, it is
worth noticing that CCBs are generally not
recommended for patients with  rosacea,
especially those presenting with symptoms of
flushing, whereas carvedilol and spironolactone
prescriptions were suggested as primary options
for patients displaying rosacea combined with
hypertension.”*"

In our analysis, patients with rosacea were more
subject to dyslipidemia with elevated levels of TC,
LDL, and TG. Dyslipidemia is an important CVD risk
factor because excess cholesterol deposition leading
to plaque formation could occur in the endothelial
lining, resulting in atherosclerosis.”’** Studies
confirm that activation of nucleotide binding
oligomerization domain—like receptor 3 may cause
interleukin 18 liberation, inducing lipoprotein
structural alterations (eg, LDL and HDL), impeding
their abilities to break down and transport
cholesterol. Therefore, chronic inflammation in
patients with rosacea could be one possible
explanation for dyslipidemia.”’ Strong signs indicate
that statin  therapy may exert favorable
anti-inflammatory effects by other means than
simply lowering lipid levels. " Statins could suppress
monocyte-to-macrophage activation by inhibiting
monocyte chemotaxis, lipopolysaccharide-
mediated tumor necrosis factor release, and T
helper type 1 cell development and expansion.”**

The upregulation of macrophages and T helper type
1 cells might also evoke rosacea immune dysfunc-
tion.* Accordingly, whether statins could ameliorate
rosacea skin lesions is still to be determined.

Diabetes was found to play a slight but nonsig-
nificant role in rosacea. Also, although FBG levels in
patients with rosacea were in the normal range
(<100 mg/dL), they were consistently higher than
in control individuals. Hence, patients with rosacea
are more likely to develop diabetes.”” Previous
studies implicated metabolic interactions, such as
insulin resistance caused by increased oxidative
stress, might participate in the physiology of rosacea,
which may be a probable mechanism linking
rosacea and diabetes.””"” However, this correlation
emerging from our study could be attributed to other
complicated pathogenesis involved in rosacea and
diabetes, which needs to be reassessed in the context
of experimental research.

Atherosclerosis is a generalized disease, and its
major clinical manifestations include IHD and
ischemic stroke.”™" Our results illustrate that rosa-
cea is not associated with THD and stroke. The
population recruited covered a wide range of
continents, including Asia, Northern Europe, and
North America, which may reduce the impact of
ethnic variations. Notably, a few obvious
shortcomings in the literature that met our
enrollment criteria might influence the outcome of
our study. For instance, 2 studies mentioned that
they might omit patients with diagnosed rosacea
who had incomplete records of ICD diagnostic
codes.”™ In addition, some articles excluded
previous history of CVD,”” whereas others included
both new onset and previous diagnosis with
CVD 22852
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Study %
ID RR (95% Cl) Weight
IHD
Son J H (2018) * 0.87(0.33,2.31) 11.46
Marshall VD (2016) —— 0.65 (0.50, 0.83) 28.54
Egeberg A1 (2016) —_— 0.84 (0.64,1.10) 28.06
Hua TC (2015) . 126 (1.21,1.31) 3195
Subtotal (I-squared = 91.1%, p = 0.000) <:> 0.89 (0.59, 1.34)  100.00
Stroke
Son J H (2018) —_— 0.43 (0.25,0.76) 17.44
Egeberg A1 (2016) ——— 1.16 (0.93,1.44) 37.16
Hua TC (2015) - 1.07 (1.00, 1.15)  45.40
Subtotal (I-squared = 80.7%, p = 0.006) e 0.94 (0.70, 1.27)  100.00
Hypertension
Son J H (2018) —— 1.20 (0.99, 1.45)  17.49
Akin Belli A3 (2017) —_— 1.65(1.23,2.21) 9.85
Egeberg A1 (2016) - 1.17 (1.07,1.28) 30.73
Rainer BM (2015) —_— 1.85(1.03,3.30) 3.13
Hua TC (2015) * 1.09 (1.07,1.12)  38.79
Subtotal (I-squared = 68.5%, p = 0.013) < 1.20 (1.08, 1.34)  100.00
Diabetes
Son J H (2018) - > 2.72(1.30,5.71) 6.69
Marshall VD (2016) —— 0.81(0.69,0.94) 27.14
Egeberg A1 (2016) —— 1.16 (0.98, 1.37) 26.23
Egeberg A2 (2016) —_— 2.58(1.41,4.72) 9.12
Hua TC (2015) . 1.01(0.97,1.05) 30.83
Subtotal (I-squared = 85.5%, p = 0.000) <> 1.15(0.92,1.42)  100.00
Dyslipidemia
Son J H (2018) — 176 (1.43,2.16) 26.27
Egeberg A1 (2016) —— 1.10 (0.97,1.24) 33.74
Hua TC (2015) * 1.28 (1.24,1.31)  40.00
Subtotal (I-squared = 86.9%, p = 0.000) L 1.32(1.10,1.58)  100.00
NOTE: Weights are from random effects analysis

| |

175

1

5.71

Fig 2. Comparison of (A) IHD, (B) stroke, (C) hypertension, (D) diabetes, and (E)
dyslipidemia between patients with rosacea and control individuals. The squares indicate
individual studies. The diamonds represent pooled effect sizes. The dashed lines represent the
95% CIs. Data were analyzed separately by using a random-effects model. CI, Confidence
interval; CVD, cardiovascular disease; IHD, ischemic heart disease; RR, risk ratio; SMD,

standardized mean difference.

Of note, the majority of patients with rosacea were
outpatients, failing to represent general populations.
Thus, doctors treating patients with diabetes or CVD
with more serious conditions might have focused
primarily on the highly fatal diseases and taken no
notice of patients’ skin diseases. Further investiga-
tions are warranted to identify the relationship
between rosacea and CMD in general populations
to further validate the significance of our findings.

Our current results were hampered by several
limitations. First, there were inevitable inherent
shortcomings of observational studies, such as un-
measured confounders and heterogeneity between
different studies. Second, because of the absence of
clinical data, we were unable to perform subgroup
analyses according to the subtypes and severity of
rosacea. Furthermore, analysis of publication bias

was not available because of the small research
sample size. Finally, bias in diagnostic test accuracy
may exist because rosacea diagnosis in several
articles was extracted from ICD codes rather than
obtained directly from dermatologists.”****

In aggregate, rosacea showed a correlation with
hypertension and dyslipidemia but not with IHD,
stroke, or diabetes. We advocate screening for
CMD indicators among patients with rosacea, which
may be helpful for diagnosis and appropriate
treatment at an early stage of disease. To provide
more solid evidence, future studies exploring
underlying mechanisms and interactions are
necessary.

We are grateful to Randall Bruce Widelitz, PhD,
Department of Pathology, from Keck School of Medicine
for help with native English expression.
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Study %
D SMD (95% Cl) Weight
SBP
Sinikumpu SP (2019) —— 0.20 (-0.00, 0.40) 40.66
Akin Belli A1 (2017) —_—— 0.56 (0.12, 1.01) 17.06
Akin Belli A2 (2017) —_—— 0.54 (0.17, 0.90) 2269
Akin Belli A4 (2016) —_— 0.54 (0.14, 0.95) 19.58
Subtotal (I-squared = 39.9%, p = 0.172) - 0.40 (0.19, 0.62) 100.00
DBP
Sinikumpu SP (2019) —— 0.17 (-0.03, 0.37) 32.16
Akin Belli A1 (2017) —_— 0.61 (0.16, 1.05) 20.88
Akin Belli A2 (2017) —— 0.70 (0.33, 1.07) 24.40
Akin Belli A4 (2016) —_—— 0.64 (0.23, 1.05) 22.56
Subtotal (I-squared = 69.3%, p = 0.021) _ 0.50 (0.19, 0.80) 100.00
TC
Sinikumpu SP (2019) —— 0.06 (-0.14, 0.26) 17.80
Akin Belli A1 (2017) —_—— 0.26 (-0.18, 0.70) 12.41
Akin Belli A2 (2017) —_—— 0.40 (0.04, 0.76) 14.21
Akin Belli A3 (2017) - 0.25 (-0.05, 0.54) 15.66
Akin Belli A4 (2016) —— 0.48 (0.07, 0.88) 13.21
Duman N (2014) —————— 1.08(0.67,1.48) 13.26
Gurel G (2019) _—— 0.59 (0.20, 0.98) 13.46
Subtotal (I-squared = 73.8%, p = 0.001) - 0.42 (0.7, 0.68) 100.00
TG
Sinikumpu SP (2019) —_— 0.05 (-0.15, 0.25) 19.95
Akin Belli A1 (2017) ——— 0.27 (-0.17,0.71) 11.42
Akin Belli A2 (2017) —— 0.77 (0.40, 1.14) 13.58
Akin Belli A3 (2017) —— 0.29 (-0.01, 0.59) 16.13
Akin Belli A4 (2016) —_—— 0.47 (0.06, 0.87) 12.49
Duman N (2014) —_—— -0.05 (-0.42, 0.33) 13.39
Gurel G (2019) — 0.29 (-0.10, 0.67) 13.03
Subtotal (l-squared = 60.1%, p = 0.020) L 0.28 (0.08, 0.48) 100.00
LDL
Sinikumpu SP (2019) —— 0.04 (-0.16, 0.24) 20.87
Akin Belli A1 (2017) +— 0.41 (-0.03, 0.85) 11.06
Akin Belli A2 (2017) —— 0.37 (0.01, 0.73) 13.86
Akin Belli A3 (2017) T 0.27 (-0.03, 0.57) 16.36
Akin Belli A4 (2016) —_— 0.45 (0.04, 0.85) 12.31
Duman N (2014) —_—— 0.69 (0.31, 1.08) 12.88
Gurel G (2019) —— 0.58 (0.19, 0.97) 12.67
Subtotal (l-squared = 55.2%, p = 0.037) L 0.37 (0.17, 0.56) 100.00
HDL
Sinikumpu SP (2019) —_—— 0.03 (-0.17, 0.23) 33.84
Akin Belli A1 (2017) —_— -0.40 (-0.85, 0.04) 7.72
Akin Belli A2 (2017) —_— 0.02 (-0.34, 0.37) 11.73
Akin Belli A3 (2017) —_—— -0.11(-0.41,0.19) 16.59
Akin Belli A4 (2016) —_— -0.01(-0.41, 0.38) 9.48
Duman N (2014) —-— 0.31(-0.07, 0.68) 10.50
Gurel G (2019) —— -0.03 (-0.42, 0.35) 10.14
Subtotal (I-squared = 5.2%, p = 0.387) <|> -0.01(-0.14,0.11) 100.00
FBG
Sinikumpu SP (2019) —_—— 0.00 (-0.20, 0.20) 30.84
Belli AA1 (2017) —_— 0.11 (-0.33, 0.55) 15.26
Belli AA2 (2017) ——— 0.40 (0.04, 0.76) 19.28
Belli AA4 (2016) [ 0.40 (-0.01, 0.80) 16.99
Gurel G (2019) —_—— 0.47 (0.08, 0. 86) 17.63
Subtotal (I-squared = 48.8%, p = 0.098) L 0.24 (0.03, 0.46) 100.00
BMI
Sinikumpu SP (2019) ——— 0.08 (-0.12, 0.28) 35.93
Akin Belli A1 (2017) —_— 0.18 (-0.25, 0.62) 7.48
Akin Belli A2 (2017) . 0.28 (-0.08, 0.64) 11.25
Akin Belli A3 (2017) —_—— 0.16 (-0.13, 0.46) 16.36
Akin Belli A4 (2016) ——— 0.21(-0.19, 0.61) 9.05
Duman N (2014) —_—— -0.05(-0.43,0.32) 10.24
Gurel G (2019) —_— 0.25(-0.13, 0.64) 9.69
Subtotal (I-squared = 0.0%, p = 0.870) Lo 0.14 (0.02, 0.26) 100.00
wcC
Sinikumpu SP (2019) —— 0.08 (-0.12, 0.28) 49.87
Gurel G (2019) —— 0.34 (-0.05, 0.73) 16.71
Akin Belli A4 (2016) —_— 0.25 (-0.15, 0.65) 15.76
Duman N (2014) —_—— -0.12 (-0.50, 0.25) 17.66
Subtotal (I-squared = 12.5%, p = 0.330) L 1 0.11 (-0.05, 0.28) 100.00
NOTE: Weights are from random effects analysis
I
-1.5 0

Fig 3. Comparison of (A) SBP, (B) DBP, (C) TC, (D) TG, (E) LDL, (F) HDL, and (G) FBG
between patients with rosacea and control individuals. The squares indicate individual studies.
The diamonds represent pooled effect sizes. The dashed lines represent the 95% CIs. CI,
Confidence interval; DBP, diastolic blood pressure; FBG, fasting blood glucose; HDL, high-
density lipoprotein; ID, identification; LDIL, low-density lipoprotein; SBP, systolic blood
pressure; SMD, standardized mean difference; 7C, total cholesterol; 7G, triglycerides. Data
were analyzed separately using a random-effects model.
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