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Abstract

Atopic dermatitis (AD) is a prevalent chronic inflammatory skin disease. While various inflammatory conditions have
been linked to venous thromboembolism (VTE), the risk of VTE among patients with AD remains unclear. We sought to
systematically review and meta-analyze population-based studies to determine the association between AD and incident
VTE. A systematic review was performed of published studies in PubMed, Web of Science, Embase and Cochrane library
from their inception to 27 May 2024. At least two reviewers conducted title/abstract, full-text review and data extraction.
Cohort studies examining the association of AD with incident VTE were included. Quality of evidence was assessed using
the Newcastle-Ottawa Scale. Six cohort studies, encompassing a total of 10,186,861 participants, were included. The
meta-analysis revealed a significantly increased risk for incident VTE among AD patients (pooled hazard ratio (HR), 1.10;
95% CI, 1.00-1.21), with an incidence rate of VTE at 3.35 events per 1000 patient-years. Individual outcome analyses
suggested that AD was associated with higher risks of deep vein thrombosis (pooled HR, 1.15; 95% CI, 1.04—1.27) but
not pulmonary embolism (pooled HR, 0.99; 95% CI, 0.87—1.13). This systematic review and meta-analysis indicated an
increased risk of incident VTE among patients with AD. Future studies are necessary to elucidate the underlying patho-
physiology of the association between AD and VTE.

Highlights

e Previous studies have showed conflicting results regarding the association between atopic dermatitis (AD) and venous
thromboembolism (VTE) events.
Based on our systematic review of 6 cohort studies, patients with AD have an increased risk of VTE events.
These findings provide key evidence-based estimates to inform decision-making that VTE is a comorbidity of AD.

Keywords Atopic dermatitis - Atopic eczema - Venous thromboembolism - Deep vein thrombosis - Pulmonary
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relatively common circulatory disease associated with high
recurrence rates and notable mortality [6, 7]. Increasing evi-
dence underscores the role of both inflammation and immu-
nity in fostering a prothrombotic state and elevating the risk
of VTE [8]. Elevated levels of inflammatory and prothrom-
botic markers, such as f-thromboglobulin and platelet fac-
tor 4, integral to VTE pathophysiology, are also observed in
patients with AD [9, 10].

Despite efforts in epidemiologic studies to assess the risk
of VTE in patients with AD, the results remain controversial.
A cross-sectional analysis of US hospitalizations reported a
significant 22% increase in VTE risk associated with AD
[11]. Notably, a previous systematic review in 2022, limited
to two cohort articles, concluded no significant association
between AD with incident VTE [12]. However, a retrospec-
tive cohort study using a US Claims Database found a sig-
nificant difference in VTE risk between patients with AD
and non-AD controls in 2024 [13].

This study conducted a comprehensive systematic review
and meta-analysis to explore the association between AD
and incident VTE events, including DVT and PE.

Method

This systematic review was prepared in accordance with the
Meta- analysis of Observational Studies in Epidemiology
(MOOSE) and the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) statement. The
protocol for this systematic review was registered in PROS-
PERO (CRD42023479539) before the data extraction.

Literature search

The relevant articles from network databases including
PubMed, Web of Science, Embase and Cochrane library
were searched by two investigators (Yifei Wang and Zhig-
iang Chen) independently (up to May 27, 2024). Detailed
lists of the search terms were available in Supplementary
Material (Supplementary Table 1). Additionally, we meticu-
lously reviewed the reference lists of eligible articles and
explored gray literature databases recommended by the
Cochrane handbook. In case where the manuscripts lacked
the required data, we proactively reached out to the corre-
sponding authors for clarification. Articles without acces-
sible data after author contact were subsequently excluded
from the analysis.

Inclusion and exclusion criteria

Before filtrating articles, we engaged in a thorough dis-
cussion in regards to the inclusion and exclusion criteria.
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The inclusion criteria were defined as follows: (I) cohort
studies examining the temporal association between AD
and incident VTE; (II) studies with a participant popula-
tion consisting individuals with a confirmed diagnosis of
AD, determined based on the accepted diagnostic criteria at
the time of study, and with a reference comparison group;
(IIT) availability of risk estimates for clinical outcomes,
including VTE, DVT, or PTE incidence; (IV) articles writ-
ten in English. Excluded from consideration were meeting
abstracts, reviews, editorials, comments, case reports/series,
cross- sectional studies, case-control studies, and animal
studies. In instances where the manuscripts did not present
the desired data, proactive communication with the primary
authors was initiated. And studies lacking the requisite data
following author contact were subsequently excluded from
the analysis.

Data selection and extraction

Two independent investigators (Yifei Wang and Zhiqiang
Chen) conducted a comprehensive review of all the full texts
of eligible articles and extracted data using a predefined
standard form. All discrepancies between the two investi-
gators were resolved through discussion and a consensus
was reached on all items. The systematically extracted data
included the following: first author, publication date, study
design, study period, and study population characteristics
(sample size, age and sex), definition of AD and outcomes
of interest (risk estimates or the number of VTE events).

Quality assessment

Two reviewers independently appraised the included cohort
studies by using the Newcastle-Ottawa Scale (NOS), which
included three parameters regarding patients’ selection,
comparability, and exposure or outcome of interest. A high-
quality study was defined as having a score of >6 stars.
Any disagreements were resolved by third researcher (Chen
Shen).

Statistical analysis

The hazard ratio (HR) and its 95% confidence interval (CI)
were calculated to determine the incidence of VTE among
AD patients. Data from different studies were pooled using
an inverse variance-weighted approach, which determined
the weight assigned to each enrolled study. Statistical het-
erogeneity was examined through the calculation of I? value
and the Cochran’s Q test. In cases of high heterogeneity
(I>>50%), a random-effect model was applied; otherwise,
a fixed-effect model was used. Moreover, potential hetero-
geneity was explored through sensitivity analysis, involving
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the individual deletion of each study. If 10 or more studies
assessed a particular outcome, funnel plots would be used to
evaluate the publication bias. If the number of studies was
less than 10, due to providing little power, publication bias
could not be explored with funnel plots [14]. These analyses
were performed using STATA 15.0 with all P-values being
2-tailed and a significance level of 0.05.

Results
Description of studies included

Initially, 872 studies were identified from the database
search. After the removal of 122 duplicated articles and
the exclusion of 714 irrelevant articles based on the title
and abstract, 36 publications were progressed to a full-text
review. Following the second round of screening, 6 articles
met the predefined inclusion criteria and were included in
the analysis. The study selection process, along with rea-
sons for exclusion, is illustrated in the PRISMA flow chart

(Fig. 1).

Characteristics of included studies

The included cohort studies were published between 2021
and 2024, and spanned multiple countries and areas, includ-
ing USA [13, 15, 16], UK [17, 18] and Taiwan [19]. The
definition of AD was based on validated International Clas-
sification of Diseases, Ninth Revision (ICD-9) and ICD-10
codes. In the included studies, there were 3,689,515 indi-
viduals with AD (54.70% female) and 6,497,346 controls.
Participants were primarily adults; although two studies by
Wan et al [17] and Zirpel et al [16] included both pediatric
and adult populations. The length of follow-up varied from
1 to 20 years across the included studies. All included stud-
ies adjusted for a set of conventional risk factors, including
the age, sex and relevant comorbidities. Key characteristics
of the included studies are summarized in Table 1.

Risk of bias assessment

Table 2 provided the detailed information on the quality of
the studies based on the Newcastle Ottawa Scale. All cohort
studies were considered to have a high quality of evidence.
Although no studies were identified as having a high risk of

Fig. 1 PRISMA flow chart: ()
results of the search strategy e
.g Records identified through Additional records identified
S database searching through reference list searching
=
£ (n=872) (n=0)
&
]
3
v v
Records after duplicates removed
(n=750)
v
£
5 \ 4
o R d g Records excluded by screening of
A3 ECon iscrgene > title and abstract
fn=150) (n=714)
—
A
G
Full-text articles assessed
for eligibility »  Records excluded by screening of
g (n=36) full-text, n =30
:g « Did not include non-AD controls,
= n=12
Y « Insufficient data, n = 10
Studies included in . Case-.control or cross-sectional
quantitative synthesis studies, n=3
— (n=6) « Duplicate studies, n = 2
« Irrelevant content, n =3
-]
] v
32
2 Studies included in
= quantitative synthesis
(meta-analysis)
(N (ﬂ = 6)

@ Springer



Y. Wang et al.

A30[0jeWIOp 0} [RIIdJOI
(¢) 10 ‘asn Aderoporoyd (7)

(€0'1-S6°0) 9uowean) juessarddnsou
660 :Ad -nur oTwe)sAs (1) Jo Isiy
@UI-1rn 9} Je qV 2IAdg "sIojqiyut
$1°1 2 LAQ uLmaurofes [edrdoy Aue () 10 aseqejep
13104090 JNpY IeoK 1 UIYIIM PIOISISOIILI0D (qua)
{50 1-85°0) (96°€S) 685 11/ [ed1doy Jusjod puodas & (1) 10231 Yy[Eay
8L°0 :dd (F1°5S) 1L9'¥re Jo1drooar )sIy oy Je qV e av oIuono9[d
(8% 1-20°1) 888°8L9°7/£80°5T9 “0Y02 3Py -10pour SUIALY Sk POYISSE[d  10J SOPOd ue ‘(NTH.L)
€01 1A Hoyod NPy {(TT'8Y) 6LTTLY orom Aay [ Jnejep Aq ased  dpsouserp  G10T SHomMION [L1]
Hoyoo 670608 1/1€7°'60F  /(8€'8Y) 1L0°861 -SIPp PIII 9ABY 0 PAISPISUOO ¢3o pue  jueurosoiduy “le1e
oLIeIPad SN :1I0U00 OLRIPdd  :1I0YOD OLEIP] SN olom (QV yna syuoned [[y  9IOW IO | $661 I[edH oYL SN uep\
‘[e119301 ASo[0rRUIIOP
© 10 Aderayiojoyd uownyeon
juessarddnsounurur o1wo)
-sAs ® Jo uonduosaid js1y
dY) e “QIAJS pue {103IqIYUl
(T0'1-L8°0) uLmauoed [esrdoy Jsiy e 020T
$6°0 ‘dd 10 JB9A | UIIIM JUdW)edn) Krenuep
HLET-€TT) 6T1/E6'T 1LAA pro1e)soonioo [eardoy jusjod  sopod 1D [ pue (AQYOO) 2seq
0¢'T -LAd ‘LLO/T80 pu09as & jo uonduosaid oy GHINONS 010T -ere( Yoressoy [81]
(12 Ad 86'1/49°C (0°6S) 11€°95¢€ SUIMO[0] ‘ajeIopour JNefop  pue pedy Arenuef  oIeD) JudNed “lee
LUT ALA HIA  OLL'€09/SL6°0ST /0°65) £60°68 SN £q ‘p[iut pa1opIsuoo sem Qv SISOuSerp I wnwndo 3N uaLepm
AV pliu SutAey se
P2IOpISU0D 21oMm A3} ‘OsIm
(LS T-80°T) -1o30 {(Aderoyjojoyd 10/pue
0€'T :Ad ‘SPI10J2}SOOII0D OTWAISAS L10T aseqereq
0y 111 61°0/ST0 ‘outidoryjeze ‘[uojow oje]  (OTTOP0d ‘(€ I0q  OIEASHY douk
97’1 :LAAd  :dd 89°0/S8°0 -ouoydooAw ‘ouiodso[oko  ([-gD[J0 -Wo0d(  -Insuf yieoy [61]
oy 1-L1'T) LA (16'5$) 9€9°6L (1'81) ‘ajexenoylour) Aderoy)  8'169 9pod  ‘€00T ‘1 [euoneN “le1e
8T T LA ‘TSO/SO'T:HLA 6TV TYI/6TY ThI A16S) €1T'8L Ttk (8D 641 orwo)sAs Aue 1210408 6-aD1 Arenuef S.uemrie], uemle]  Usyp
owmn Aue je
pasn sa130101q Io ‘sarderoyy soseqejep
-ojoyd ‘syuessarddnsounuuuur PIeSIpoJA pue
(6L°0 OTW)SAS ‘SPI0I9)JSOII}I0 6021 ‘Teyuowddng
‘95°0) 99°0 OIUASAS ‘SPI0IAISOILI0D X8071 L10T SIBSIPI]N
Ad (16°0 Teordoy Aouojod ySiy ‘0071 ‘I¢ ‘s191unoouy
‘TL'0)18°0 -en[n 1o ySiy Surpnour  9pod O 109010 pue suire[)
LA (80 6'1/6'1 :LAd ‘arnseawr Axoid © se 3ur -aoip o pue [e10IWIWIO)) [s1]
69°0) 6°0/L°0 *dd (%T°59) ovv6Tl/ (1'L1)  -suadstp uonduosard Sursn - 8769 900 ‘TIOT ‘T QUEISISNIEN “Tese
LLOHLA  SSTYTHALA  $89°861/589°861  (%T'S9) 0¥ 6Tl 1'9v AT91) 9'S -V 919A35-0)-9)BI9pOJN 6-aD1 Arenuer  uosyepm NEI SN sk
av-uowav
‘s1edk-juonjed
(IO 0001 1od sarer av-uow/av av-uow/av av-uou/qy A avjo pouad Teok
%S6) SUH doudprou]  ‘syuedronted jo ‘oN ‘op OTeW) x9S (S) ueow 98y A1IoAds v jouontugeg uonmuydq — Apms oseqeie@  Sseale/Anuno) Ioyny

SOIpN}S POPN[OUI JO SOISLISJORIRYY) | 3|qeL

pringer

As



Risk of incident venous thromboembolism in patients with atopic dermatitis: systematic analysis of the...

2~ [éq: bias, there was heterogeneity in the association estimates,
. ws & | g y
2 2= ] q % = § % definitions of exposure, outcomes, and populations, accom-
> s TSETYIZS |2 panied by wide CIs.
= =k HERS=2nS |8
= O > >T—-ACAT | L . .
= Relative risk of VTE, DVT, and PE events in patients
S 2 with AD

o & 9]
S5 &l g
é o E, £ ; : In the primary analysis of the HRs for VTE in patients with
ER-RE IS z 2 AD compared with non-AD controls, five studies were
5 g included [13, 15, 16, 18, 19]. As illustrated in Fig. 2A, the
i S risk for incident VTE significantly increased among patients
i) @ with AD compared with non-AD controls (pooled HR,
o |. _ e P
g & @ Q g% é 1.10; 95% CI 1.00-1.21). Substantial heterogeneity was
s 2 £ TI g observed in the HR estimates across the studies (I>=95.5%,
s A S S ISE= =
Z < _= _ - p<0.001).

é When focusing on the HR of DVT (Fig. 2B) and PE
< a2 e 3 (Fig. 2C) in patients with AD compared with the general
2 % 88 oy £ population, five studies were identified [15—19]. The pooled
E) £ o0 a3 i risk of DVT in patients with AD was 1.15 times higher
ES N, ST b= than that of non-AD controls (pooled HR 1.15, 95% CI
(] Q — wv N < . . .

7@ == ne g 1.04—1.27). Substantial heterogeneity was observed in the
o o 'qf HR estimates across the studies (I>=93.7%, p <0.001). The
@@: S s pooled HR estimate for PE was 0.99 (95% CI 0.87-1.13;
g s o O s >=93.5%, p<0.001), indicating the risk for incident PE
g 8 o S = e p g

g X o~ o8 did not significantly increase among patients with AD.

Y= ~a -< < g y gp

2% |72 == g , o

5 Incidence rate of VTE, DVT, and PE events in patients

3 P
z & with AD
B= =
54 s
2 % Four studies were included in the analysis of the incidence
9: w5 rate (IR) of VTE events in patients with AD [13, 15, 17,
[ Q . . . . .

S g 18]. The overall incidences of VTE in patients with AD var-
2 E ied from 1.05 to 7.30 per 1000 person-yesars (PY). Pooling
u;i n n s the results showed that the IR of VTE among patients with
A Z Z 5 AD was 3.35 per 1000 PY (95% CI 0.11-6.58; I =100.0%,
5 5 - 5 é p<0.001) (Fig. 3A). Three studies provided estimates for
Z A X = Z the IR of DVT and PE events in patients with AD [15, 18,
25 |Ez828E8 S 19]. The incidence of DVT and PE was 1.56 per 1000 PY

E (95% CI 0.79-2.32) and 0.64 per 1000 PY (95% CI 0.20—
,?8 °_2 § 1.08), respectively. Substantial heterogeneity was observed
@ & S ER z g (»<0.001,1>=99.7 and 99.6%) (Fig. 3B and C).

o

< —
LR A~ g o - .
. 65 é 5 é 2 % 2 é ;&g E @ Subgroup evaluation of sex and age
7] 2 - = = = Q= x| ..
2 EECY EsZE£55E3|8 _
E EEEE B83Z=553EE Two studies by Chen et al. [19] and Warren et al. [18]. calcu-
. oR=& H2BOZTE A lated the HR of VTE events in patients with AD, compared

g

g Eg with non-AD controls, stratified by sex. The association
g \é» & —f between AD and increased VTE risk remained significant
£ |5 2 E for both sexes. Similar findings were observed in the analy-
§18 g g 2 ; ses for DVT. However, Chen et al. [19]. found a signifi-
- |z = _ % g cantly increased risk of incident PE compared with adults
28, S 2 g £
g128 (232 &% £

@ Springer



Y. Wang et al.

@ Springer

Table 2 Summary of risk of bias assessment
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the non

Represent
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of the design or

analysis

outcome of interest

ativeness
of the

outcomes to occur cohorts

was not present at start

of study

exposure

exposed cohort

exposed cohort

*

0~ 00 >~ o0 >~ 0

Meyers, [15]

*

Chen, [19]

*

Warren, [18]
Wan, [17]

*

*

Merola, [13]
Zirpel, [16]

*

without AD in both sexes, while the study of Warren et al.
[18] did not observe this (Supplementary Fig. 1).

The study by Wan et al. [17]. calculated the HR of VTE
events among children and adults with AD. Among the
pediatric cohort, children with AD demonstrated a 23%
higher risk of DVT (HR, 1.23; 95% CI 1.02-1.48), but no
increased risk for PE (HR, 0.78; 95% CI 0.58-1.05). The
HRs for VTE were similar for adults with AD (DVT : HR,
1.14; 95% CI 1.11-1.18 & PE: HR, 0.99; 95% CI 0.95—
1.03). In the study by Schneeweiss et al. [20], no significant
difference in VTE risk was observed between patients with
and without AD, who were otherwise comparable in those
aged 18 to 49 years (HR, 1.00; 95% CI, 0.81-1.25) or 50
years or older (HR, 1.01; 95% CI, 0.88—1.14). Interestingly,
Chen et al. [19] and Warren et al. [18] found an increased
risk of incident VTE and DVT in adults with AD 45 years or
older but not in those younger than 45 years (Supplementary
Fig. 2).

Subgroup evaluation of disease severity

Four studies evaluated heterogeneity in AD-associated VTE
risk by AD severity (Supplementary Table 2) [15, 17-19].
The studies conducted by Chen et al. [19] and Warren et al.
[18] observed a consistently increased risk of VTE across
mild, moderate and severe AD, with HRs vs. controls. Mey-
ers et al. [15] also noted a similar trend for VTE in patients
with moderate-to-severe AD (HR 1.24; 95% CI 1.13-1.36).

Chen et al.'” and Wan et al. [17] reported that the inci-
dence of DVT was significantly higher in individuals with
mild, moderate or severe adult AD, compared to controls,
with the highest risk observed in those with severe AD.
Similarly, DVT risk was 28% greater among patients with
moderate-to-severe AD (HR 1.28, 95% CI 1.16—-1.42) in the
study of Meyers et al. [15].

In the study of Chen et al. [19], adults with mild and
severe AD exhibited an increased risk of PE compared to
controls. Wan et al. [17] found that PE risk was 39% highter
among patients with severe AD (HR 1.39, 95% CI 1.21-
1.60), while mild AD was conversely associated with a 6%
lower PE risk compared to those without AD (HR 0.94, 95%
CI10.89-0.99). However, there was no difference for moder-
ate AD. Meyers et al. [15] did not detect significant differ-
ence in PE risk among individuals with moderate-to-severe
AD.

Discussion

Our systematic review and meta-analysis revealed a statisti-
cally significant association between AD and incident VTE
in cohort studies. The overall incidence rate of VTE was
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Fig. 2 Forest plots of cohort A
studies estimating the association "
g . Study Weight, % HR (95% CI)
between AD and the risk of (A)
VTE, (B) DVT and (C) PE. AD, Meyers et al, 2021 —— 17.60 0.77 (0.69, 0.85)
atopic dermatitis; VTE, venous Chen et al, 2023 —— 18.55 1.28 (1.17, 1.40)
thromboembolism; DVT, deep Warren et al, 2023 . 21.04 1.17 (112, 1.22)
vein thrombosis; PE, pulmonary Merola et al, 2024 e 21.54 1.09 (1.06, 1.12)
embolism; HR, hazard ratio; CI, Zirpel et al, 2024 —— 21.28 1.23 (1.19, 1.27)
confidence intervals Random-Effects Model. Het -
andom- ects Model, neterogeneity:
I-squared = 95.5%, p = 0.000 100.00 1.10 (1.00, 1.21)
0.6 0.8 1 12 14 1.6
HR of VTE Events (95% CI)
B
Study Weight, % HR (95% CI)
Meyers et al, 2021 ——i 17.14 1.04 (0.95, 1.15)
Chen et al, 2023 e 18.14 1.26 (1.14, 1.40)
Warren et al, 2023 ——i 21.12 1.30 (1.23, 1.37)
Wan et al, 2023 - 22.06 1.14 (1.11, 1.18)
Zirpel et al, 2024 ——i 21.55 1.24 (1.18, 1.29)
Random-Effects Model, Heterogeneity:
T-squared = 93.7%, p  0.000 100.00 1.15 (1.04, 1.27)
0.6 0.8 1 1.2 14 1.6
HR of DVT Events (95% CI)
C
Study Weight, % HR (95% CI)
Meyers et al, 2021 ——— 16.75 0.66 (0.56, 0.79)
Chen et al, 2023 . 15.92 1.30 (1.08, 1.57)
Warren et al, 2023 —— 21.63 0.94 (0.87, 1.02)
Wan et al, 2023 —— 22.98 0.99 (0.95, 1.03)
Zirpel et al, 2024 —— 22.71 1.16 (1.10, 1.22)
Random-Effects Model, Heterogeneity: 100.00 0.99 (0.87, 1.13)

I-squared = 93.5%, p = 0.000

0.5

3.35 events per 1000 PY among individuals with AD. Nota-
bly, this study represented the first meta-analysis to com-
prehensively investigate the association between VTE and
factors including sex, age and lesion severity.

In our study, AD was associated with a modest increase
around 10% in the relative risk of VTE compared with indi-
viduals without AD. The heightened VTE risk was specifi-
cally attributed to an increased risk of DVT and not PE. The
precise reason for this selectivity is not clear. In contrast to a
previous systemic review that reported no significant asso-
ciation between AD and VTE [12], our study incorporates a
more extensive set of relevant studies and expands beyond
the confines of merely 2 US-based studies. Emerging epi-
demiological evidence has established associations between
VTE and various immune-mediated chronic inflammatory
conditions, such as systemic lupus erythematosus, inflam-
matory bowel disease and psoriasis [21-23]. Moreover,
recent guidelines acknowledge a subtle association between
AD and various cardiovascular conditions [24]. Chronic

0.7 0.9 11 13 15
HR of PE Events (95% CI)

systemic inflammation in AD is believed to stimulate vas-
cular inflammation and oxidative stress [25]. In addition,
elevated eosinophil counts could contribute to increased
blood viscosity and hypercoagulability [26]. The elevated
platelet activation and prolonged fibrinolysis, identified in
AD patients, may lead to increased risk of thrombosis [27].
Therefore, these findings offer potentially explanations for
the elevated risks of VTE associated with AD.

In the stratified analysis, Chen et al. [19] and Warren et
al. [18] found a higher risk of incident VTE and DVT in
adults aged above 45 years, while Schneeweiss et al. [20].
did not identify a significant difference. Recent research has
shown higher levels of systemic inflammatory markers in
older individuals with AD [28], which may been linked to
VTE disease. In contrast, our results suggested that AD-
associated risk does not differ by sex. Descriptive analyses
suggest that a potent increased in VTE risk in severe AD,
compared with controls, but our findings do not provide evi-
dence of a further VTE risk increase compared with mild
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Fig. 3 Forest plots of IR of (A) A
VTE, (B) DVT, and (C) PE IR/1000 PY
> ( ) . ( ) Study Person Years IR/1000 PY Weight, % o
events in patients with AD. AD, 95% CI)
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thromboembolism; DVT, deep Chen et al, 2023 1018454 . 25.00 1.05 (0.99, 1.11)
vein thrombosis; PE, pu]monary Warren et al, 2023 977144 - 25.00 2.64 (2.55,2.72)
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CI, confidence intervals; PY, Random-Effects Model,
S T ” 0 -
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p =0.000
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or moderate AD. The different definitions of AD severity
can partly be explanatory. Current studies showed the sys-
temic immune abnormalities in patients with severe AD,
characterized by increased expression of proinflammatory
cytokines and cardiovascular risk proteins [29, 30], whereas
these abnormalities were not pronounced in those with mild
AD [31]. A retrospective cohort study also highlighted an
increased risk of cardiovascular events in AD patients, with
the risk escalating with the severity of AD [32]. Further
studies are still needed to clarify the effects of AD severity
on the VTE risk.

Formal exploration of causes of heterogeneity was not
undertaken due to the low number of studies providing little
power to detect them. Publication bias could not be explored
with funnel plots due to the presence of high heterogene-
ity, which precludes the expectation of a plot of estimates
against their Standard Errors to have a funnel shape [14].

Strengths and limitations

This systematic review and meta-analysis has sev-
eral strengths. We preregistered and published protocol,

@ Springer

IR/1000 PY of PE Events (95% CI)

increasing the transparency of our study. Besides, the inclu-
sion of multiple population-based cohort studies conducted
across different countries contributed to the provision of
up-to-date and robust evidence. In addition, we introduced
the subgroup analysis based on sex, age and AD severity,
enriching the conclusions. As comorbidities among AD are
not comprehensively established, this study potentially pro-
vides insights into paying attention to the risk of VTE in
patients with AD, based on population-based cohort studies.

This study has a few limitations. Firstly, the diagnosis
of both AD and VTE relied on /CD codes. Although these
codes have undergone validation, the potential for misclas-
sification bias cannot be entirely ruled out. Secondly, sub-
stantial heterogeneity was observed in the meta-analysis
regarding the association between AD and VTE. These
included cohort and database studies derived from medical
records or registries introduced variability in terms of data
completeness, accuracy, and population coverage, thus serv-
ing as a potential source of variation across studies. Thirdly,
the severity of AD was mostly defined according to a treat-
ment pattern instead of indices used in clinical trials, such
as total body surface area, Investigator Global Assessment
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score, and Eczema Area and Severity Index score [3, 33].
Finally, the data on AD treatment was scarce, which might
influence the correlation between disease severity and VTE
risk. Some patients might have low severity of AD due to
high corticosteroid use (which has been associated with
VTE).

Conclusion

The findings from this comprehensive systematic review
and meta-analysis indicate a significant association between
AD and the incident VTE, more specifically, DVT and not
PE, compared with individuals without AD. Subsequent
research endeavors should focus on elucidating the underly-
ing mechanisms contributing to DVT in AD. Additionall,
identifying specific subgroups within the AD population at
highest risk is crucial for implementing targeted manage-
ment strategies for individuals with AD.
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supplementary material available at https://doi.org/10.1007/s11239-
024-03038-2.
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