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ABSTRACT
Previous studies of stroke in systemic lupus
erythematosus (SLE) have had limited statistical power,
combined stroke subtypes into composite outcomes,
and lacked a reference population estimate. Therefore,
we conducted a systematic review and meta-analysis of
cohort studies to summarise the stroke subtype-
specific risk in patients with SLE compared to the
general population. A systematic search of MEDLINE
and EMBASE was performed for cohort studies
examining the risk of stroke in SLE and including a
general population comparator. Random effects models
were used to pool the risk ratio (RR) for stroke.
Subgroup analyses were carried out to investigate
potential sources of heterogeneity. 10 studies were
included which reported RRs for overall stroke (n=5),
ischaemic stroke (n=6), intracerebral haemorrhage
(n=3) and subarachnoid haemorrhage (n=3). The
pooled RR for overall stroke was 2.53 (95% CI 1.96 to
3.26), ischaemic stroke 2.10 (95% CI 1.68 to 2.62),
intracerebral haemorrhage 2.72 (95% CI 2.15 to 3.44)
and subarachnoid haemorrhage 3.85 (95% CI 3.20 to
4.64). Significant heterogeneity among studies for
ischaemic stroke was detected (p=0.002). Relative risk
of stroke was highest among individuals younger than
50 years of age. Individuals with SLE have a twofold
higher risk of ischaemic stroke, a threefold higher risk
of intracerebral haemorrhage, and an almost fourfold
higher risk of subarachnoid haemorrhage compared to
the general population. Future studies should focus on
whether comorbidity and disease flares are related to
stroke, when individuals are at the highest risk, and
how the targeting of specific groups of patients with
SLE may reduce this risk.

INTRODUCTION
Systemic lupus erythematosus (SLE) is a
chronic systemic inflammatory disease that is
associated with an increased risk of cerebro-
vascular events, which account for 10–15% of
deaths in SLE.1 Individuals with SLE have a
lower rate of survival after stroke compared
to the general population, but it is unclear
whether this is due to the increased rate of

stroke or whether stroke is more severe in
SLE.2 Previous studies evaluating the associ-
ation between SLE and stroke have used
cross-sectional and case–control designs,
which may only include individuals who sur-
vived a stroke to be included in the study.3–5

Some investigations of small clinical cohorts
did not compare rates to a general popula-
tion comparator.6 7 Other studies included
stroke in a composite end point with other
cardiovascular diseases,8 9 increasing the stat-
istical power but possibly diluting the
observed association due to different under-
lying pathological processes. There is sparse
information on intracerebral and subarach-
noid haemorrhage that have a higher case
fatality rate than ischaemic stroke (25–35%
vs 13–23%, respectively).10 In addition to
being associated with a higher mortality,
haemorrhagic stroke occurs at a younger
age, which leads to a higher risk of long-term

Key messages

What is already known about this subject?
▸ Previous studies have indicated that individuals

with systemic lupus erythematosus (SLE) have
an increased risk of cerebrovascular events, but
it remains unclear to what extent the risk is
increased compared to the general population.

What does this study add?
▸ Individuals with SLE have a twofold higher risk

of ischaemic stroke, a threefold higher risk of
intracerebral haemorrhage, and an almost four-
fold higher risk of subarachnoid haemorrhage.

▸ Our results confirm that individuals with SLE are
at a higher risk of stroke than the general popu-
lation, regardless of the type of stroke.

How might this impact on clinical practice?
▸ Awareness of the increased risk of stroke in

patients with SLE may help to prevent stroke
and/or minimise damage and disability due to
stroke if stroke is identified early.
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morbidity. Given the low numbers in individual studies,
a meta-analysis of combined studies is warranted.
It is necessary to better understand the risk of stroke

in SLE and how it differs by patient characteristics in
comparison to individuals without SLE. This understand-
ing may help to identify methods of prevention in this
at-risk group and show how SLE plays a role in the devel-
opment of stroke. We, therefore, conducted a systematic
review and meta-analysis to estimate the risk of stroke in
patients with SLE compared to the general population.

METHODS
Search strategies
We followed the PRISMA guidelines for conducting and
reporting systematic reviews and meta-analyses.11 The
MEDLINE (PubMed 1950 to June 2015) and EMBASE
(1980 to June 2015) databases were searched by MH and
EA to identify published studies and reviews of stroke in
SLE. The search terms systemic lupus erythematosus and
stroke were used in combination with no language or
year restrictions (see online supplementary file). The
authors also searched the reference lists of key articles as
well as the abstracts presented at the American College
of Rheumatology and European League Against
Rheumatism conferences 2012–2014. For articles where
stroke estimates were combined with other outcomes,
the authors of the original publication were contacted in
order to retrieve stroke-specific estimates.
To minimise the likelihood of bias which commonly

affects cross-sectional and case–control studies, we
included cohort studies only. We selected cohort studies
that met the following inclusion criteria: (1) predefined
SLE criteria; (2) predefined stroke criteria for incident
event (ischaemic stroke, intracerebral haemorrhage or
subarachnoid haemorrhage); (3) HR, rate ratio or risk
ratio (RR) estimates with 95% CI or p value and (4) a
general population comparison group. A general popu-
lation comparator was required so that estimates would
reflect the relative risk of stroke associated with SLE
compared to non-SLE, and account for varying rates of
stroke across populations.

Data extraction
Two researchers (MH and EA) independently assessed
studies for eligibility and extracted data on year of publi-
cation, type of study, source of the sample, SLE defin-
ition (American College of Rheumatology (ACR)
criteria, medical record review, International
Classification of Diseases (ICD) 9 710 or ICD-10 M32),
sample size, enrolment period, SLE duration at study
entry, mean time of follow-up, reference group, stroke
definition (ICD-9 430-437 or ICD-10 I60-I64, medical
record review) and number of stroke events overall and
by stroke subtype, if available. Any differences among
the two authors were discussed until consensus was
reached. When necessary, an additional researcher ( JS)
was contacted for extended discussions.

Quality of included studies
We assessed the following features which may introduce
bias in cohort studies: the source of the patient sample
(population-based, clinic-based), cohort type (inception,
non-inception), SLE definition (medical record review,
ICD code only), ascertainment of stroke outcome
(medical record review, ICD code only), exclusion of
prevalent stroke at baseline, and adjustment for con-
founders. In addition, the Newcastle-Ottawa scale was
used to evaluate the quality of the studies.12

Statistical analysis
HRs and rate ratios were considered equivalent estimates
of RRs and referred to as such throughout. We used
random effects models to calculate the pooled RR and
95% CI for each stroke type reported (overall stroke,
ischaemic stroke, intracerebral haemorrhage, subarach-
noid haemorrhage). The pooled RR represents a
summary estimate of the increased risk of stroke in indi-
viduals with SLE compared to those without SLE,
weighted by a factor that is influenced by the sample
size of each study. Calculations were performed on the
log of the RR from the individual studies, and the result-
ing pooled values were then transformed back to the RR
scale. We tested for heterogeneity using the Q statistic
(considered statistically significant if p<0.10), and by cal-
culating the I2 and p value. I2>50% indicates that a high
percentage of the total variance in effect estimates is
due to heterogeneity rather than chance. All analyses
were conducted using Stata statistical software V.13.0.
If the same data source was used in multiple studies,

the RR estimate from the study with the highest quality
was used in the pooled analyses. In sensitivity analyses,
we included studies that were excluded on this basis to
determine if this affected results. Subgroup analyses
were carried out to investigate potential sources of het-
erogeneity. Studies were stratified based on study region
and characteristics related to study quality (exclusion of
previous strokes at baseline, incident SLE at baseline,
adjustment for confounders), as well as age and sex if
available. Robustness of the results was evaluated by
examining whether the pooled estimates were influ-
enced by the removal of each individual study. To detect
the presence of publication bias or small-study effect
(the tendency for effect estimates in small studies to
differ from those in larger studies), we evaluated the
symmetry of funnel plots for each stroke outcome. In
addition, Egger’s test was used to examine potential pub-
lication bias with a quantitative test statistic (considered
significant if p<0.05).

RESULTS
Literature search
We identified 10 studies using the predefined search
terms (including one abstract13) (figure 1).9 13–21 The
majority of studies were excluded because these were
either case reports or did not include a general
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population comparator. Two studies combined stroke,
myocardial infarction and coronary artery disease in a
composite end point,8 9 and the authors from one study
provided us with the stroke-specific estimate.9 Five
studies were excluded because these examined stroke in
a specialised instead of general patient populations
(pregnant women,22 23 asymptomatic antiphospholipid
antibody carriers,24 surgical patients25 and patients with
end-stage renal disease26). Three cross-sectional studies
were excluded.3–5 Two studies used the Framingham risk
score to estimate the expected risk of stroke in non-SLE
and compared this to clinical cohorts of SLE; these
were, therefore, excluded due to the lack of a popula-
tion comparator.27 28

Study characteristics
The characteristics of the included studies are displayed
in table 1. Five studies estimated the RR for overall
stroke, not specifying type of stroke.9 16–18 20 Three
studies estimated the RR for intracerebral haemor-
rhage,18 20 21 one of which combined intracerebral and

subarachnoid haemorrhage.18 Three examined sub-
arachnoid haemorrhage separately.14 19 20 Six studies
presented estimates for ischaemic stroke,13 15 17 18 20 21

one of which included the ICD-9 code for subarachnoid
haemorrhage (ICD-9 430) in the ischaemic stroke
outcome.17 Liou et al investigated the risk of intracereb-
ral haemorrhage; they did not give the number of events
or subtype-specific HR, and only reported that the
finding was non-significant. There were five studies from
Asia (four from Taiwan14 15 17 20 and one from
China18), three from Europe (one from the UK19 and
two from Sweden9 21) and two from North America
(one each from Canada13 and the USA16). All of the
studies were published in the last 6 years and two studies
had over 20 years of follow-up.16 20

Table 2 shows additional characteristics relating to the
quality of each study. The majority of the studies were
considered to be of sufficiently high quality; however,
four studies did not report the duration of disease or
included prevalent SLE at baseline,9 17 18 21 and two
studies did not exclude individuals with a history of

Figure 1 Flow diagram of the literature search process, including exclusions and reasons for exclusions. *Population of

pregnant women (n=2), asymptomatic antiphospholipid carriers (n=1), surgical patients (n=1), patients with end-stage renal

disease (n=1).
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Table 1 Characteristics of the studies included in the meta-analysis to assess the risk of stroke associated with SLE

First author and year of

publication

Study

period Country Data source(s)

SLE

(n)

Non-SLE

(n) Stroke definitions used as outcomes*

Agha, 201413 1996–2010 Canada Medical Services Plan, British Columbia 4 972 49 948 Ischaemic stroke

Bengtsson, 20129 2001–2007 Sweden N. Sweden Clinical Cohort, medical biobank of

N. Sweden, national inpatient register

277 520 Any stroke

Chang, 201314 2000–2006 Taiwan Taiwan National Health Insurance Research

Database

16 967 16 967 Subarachnoid haemorrhage

Chiu, 201215 2000–2007 Taiwan Taiwan National Health Insurance Research

Database

11 637 58 185 Ischaemic stroke

Hak, 200916 1976–2004 USA Nurses’ Health Study 148 119 332 Any stroke

Liou, 201417 2004–2007 Taiwan Taiwan Longitudinal Health Insurance Database

2005

2484 2484 Any stroke, ischaemic stroke and

intracerebral haemorrhage†

Mok, 200918 1999–2007 China Hospital-based SLE cohort and stroke events

admitted to the same hospital to obtain general

population rates from the hospital catchment area

490 Not

reported

Any stroke, ischaemic and haemorrhagic

stroke (intracerebral and subarachnoid

haemorrhage combined)

Ramagopalan, 201319 1999–2011 UK English national Hospital Episode Statistics 25 576 ≈7 600 000 Subarachnoid haemorrhage

Wang, 201220 1997–2008 Taiwan Taiwan National Health Insurance Research

Database

13 689 54 756 Any stroke, ischaemic stroke, intracerebral

and subarachnoid haemorrhage

Zöller, 201221 1987–2008 Sweden Swedish national inpatient register and total

population of Sweden as reference group

4179 Not

reported

Ischaemic stroke and intracerebral

haemorrhage

*All studies used ICD codes to identify stroke except for Hak et al in which stroke was self-reported and a medical record review was conducted.
†Liou et al did not report a separate HR for intracerebral haemorrhage. They only reported that it was not significantly different from that of the general population.
ICD, International Classification of Diseases; SLE, systemic lupus erythematosus.
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Table 2 Quality assessment of the studies included in the meta-analysis to assess the risk of stroke associated with SLE

First author

and year of

publication

Source of

SLE

population Ascertainment of SLE

Incident or

prevalent SLE

at start of

follow-up

Exclusion of

prevalent

stroke at start

of follow-up Matching

Confounders considered and

adjusted for

Newcastle-

Ottawa Quality

Assessment

Scale

Agha, 201413 Population

based

≥2 ICD codes in a

non-rheumatology unit or

≥1 ICD code in

rheumatology

Incident

(5-year

washout)

Yes Birth year, sex,

calendar year

Number of hospitalisations,

comorbidity, medications

9

Bengtsson,

20129
Population

based

Clinical cases, physician

diagnosis, ACR criteria ≥4
Prevalent No Age, sex Sex, year 8

Chang, 201314 Population

based

ICD code, registered for

catastrophic illness

Incident

(5-year

washout)

Yes Age, sex None 7

Chiu, 201215 Population

based

ICD code in rheumatology,

registered for catastrophic

illness

Incident

(3-year

washout)

Yes Age, sex,

comorbidities

Age, sex, comorbidity 9

Hak, 200916 Cohort study Initially self-reported via

questionnaire with medical

record review of all cases,

ACR criteria ≥4

Incident Yes None Age, comorbidity, parental history

of congestive heart disease, body

mass index, physical exercise,

smoking, alcohol, menopausal

status, hormone use, medications,

race

9

Liou, 201417 Population

based

≥15 ICD codes in

rheumatology

Unclear Yes Age, sex Age, sex, comorbidity,

urbanisation

9

Mok, 200918 Hospital

based

Clinical diagnosis,

ACR criteria ≥4
Unclear No None Unclear 4

Ramagopalan,

201319
Population

based

Any ICD code in hospital

day case care or inpatient

admission

Incident and

prevalent

Yes None Age, sex, time period, region,

socioeconomic status

9

Wang, 201220 Population

based

ICD code from

rheumatologist visits and

registered for catastrophic

illness

Incident

(1-year

washout)

Yes Age, sex, index

year (frequency

matched)

Age, sex, urbanisation, income,

comorbidity

9

Zöller, 201221 Population

based

Any ICD code in inpatient

care

Incident and

prevalent

Yes None Age, sex, period, socioeconomic

status, region, comorbidity

9

ACR, American College of Rheumatology; ICD, International Classification of Diseases; SLE, systemic lupus erythematosus.
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stroke at the start of follow-up.9 18 Two studies did not
adjust for any confounders or were unclear about
adjustment.14 18 Six studies adjusted for history of car-
diovascular disease, which is the strongest risk factor for
stroke and none adjusted for antiphospholipid syn-
drome. Only three studies used ACR criteria to define
SLE and the rest used ICD codes, ranging from liberal
inclusion (one ICD code) to more stringent (≥15
SLE-coded visits).
There were four studies which used the Taiwan

National Health Insurance Research Database
(TNHIRD).14 15 17 20 Liou et al and Wang et al both esti-
mated the RR for overall stroke and had similar quality
scores; therefore, we included Wang et al in analyses
because they had a longer follow-up period. Three
studies of similar quality used TNHIRD to estimate RRs
for ischaemic stroke, and we included Chiu et al in our
pooled analyses because they used a longer wash-out
period. Two studies used TNHIRD for estimates of sub-
arachnoid haemorrhage, and we included the study by
Wang et al due to the higher quality score.

RR for stroke
The pooled RR for overall stroke was 2.53 (95% CI 1.96
to 3.26), indicating that the risk of stroke in the SLE
population is 2.5 times higher than the general popula-
tion (figure 2). No significant heterogeneity was identi-
fied (I2=23.0%; p=0.27). Restricting to the two inception
cohort studies which excluded stroke at baseline and
adjusted for comorbidities,16 20 the RR was 2.89 (95% CI
2.51 to 3.31).

The pooled RR for ischaemic stroke was 2.10 (95% CI
1.68 to 2.62; figure 2). Removing the estimate from the
study published only in abstract form at the time of this
review,13 the pooled estimate was 2.11 (95% CI 1.59 to
2.81). There was evidence of substantial heterogeneity
that was statistically significant (I2=79.2%, p<0.002).
Removing the study by Mok et al,18 which scored the
lowest on the Newcastle-Ottawa scale, resulted in a
pooled RR of 1.85 (95% CI 1.62 to 2.12) and heterogen-
eity decreased (I2=47.9%, p=0.15). The pooled RR from
Asian studies was 2.43 (95% CI 1.11 to 5.32; I2 92.2%)
compared to 1.98 in those studies not from Asia (95%
CI 1.75 to 2.25; I2=0.0%).
The pooled RR for intracerebral haemorrhage was

2.72 (95% CI 2.15 to 3.44), and the pooled RR for sub-
arachnoid haemorrhage was 3.85 (95% CI 3.20 to 4.64;
figure 2). Removing Mok et al from the intracerebral
haemorrhage estimate resulted in a similar estimate (RR
2.79; 95% CI 2.20 to 3.55). There was no evidence of
heterogeneity for the intracerebral or subarachnoid
haemorrhage outcomes (I2=0.0%, p=0.38; and I2=0.0%,
p=0.44, respectively), although this was based on small
numbers.
Four studies stratified by age and reported stroke

subtype-specific estimates, which are presented in
figure 3, show that SLE was associated with the highest
relative risk for stroke at younger ages.13 18 20 21 Three
studies also stratified RRs by sex and it appears that
males and females do not have markedly different risks
of stroke (figure 4).13 20 21 Liou et al17 stratified by
steroid use and found that the risk of stroke was only

Figure 2 Risk ratio for stroke overall, ischaemic stroke, intracerebral and subarachnoid haemorrhage associated with systemic

lupus erythematosus (SLE).

6 Holmqvist M, et al. RMD Open 2015;1:e000168. doi:10.1136/rmdopen-2015-000168

RMD Open



increased in patients with SLE who had concomitant
steroid use. Wang et al20 was the only study which strati-
fied RRs by several comorbidities (coronary artery

disease, congestive heart failure, hypertension, diabetes,
hyperlipidaemia, hypercoagulability, renal disease, atrial
fibrillation and valvular heart disease). They reported

Figure 3 Risk ratio for stroke associated with systemic lupus erythematosus (SLE) by age.

Figure 4 Risk ratio for stroke

associated with systemic lupus

erythematosus (SLE) by stroke

type and sex.
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that the risk associated with SLE was higher in those
without a history of these comorbidities, although these
estimates were based on small numbers. Two studies
examined RRs by follow-up time and found that the risk
was highest in the first year after SLE diagnosis for
intracerebral haemorrhage21 and subarachnoid
haemorrhage.19

There was evidence of publication bias for the subset
of studies which examined overall stroke (Egger’s test
p=0.04) and the funnel plot showed asymmetry (there is
a lack of small studies showing an increased risk of
stroke; see online supplementary figure S1). For ischae-
mic stroke, intracerebral and subarachnoid haemor-
rhage subgroups, Egger’s test p values were not
significant (p=0.40, 0.12, and 0.08, respectively).
Influence analyses showed that no individual study
appeared to greatly change the pooled RRs for each
subtype of stroke.
To determine if the decision to exclude certain over-

lapping studies affected results, pooled RRs were calcu-
lated including those studies resulting in similar
estimates (see online supplementary table S1).

DISCUSSION
We observed a twofold increased risk of ischaemic stroke
and a threefold increased risk of intracerebral haemor-
rhage in individuals with SLE compared to the general
population. The risk of subarachnoid haemorrhage was
almost four times that of the general population. The
increased ischaemic stroke risk may be attributed to
several different causes. First, individuals with SLE have
more comorbid conditions which are also risk factors for
stroke such as vasculitis, antiphospholipid syndrome and
hypertension. The highest relative risk of stroke was
observed at younger ages, which may be partially
explained by the accelerated and premature atheroscler-
osis seen in SLE. Furthermore, systemic inflammation
may also play an important role in triggering stroke as
has been seen in other chronic inflammatory diseases
such as rheumatoid arthritis, polymyalgia rheumatica
and chronic infections.29–31 Lastly, drug-related compli-
cations due to the immunosuppressive therapies often
used in these patients could add to the risk.32

Other characteristics observed in SLE may contribute
to the increased risk of thrombosis such as antipho-
spholipid syndrome, Libman Sacks endocarditis and
immune deposits (eg, autoantibody–antigen complexes,
lupus anticoagulant and antiphospholipid antibodies).
The endothelial dysfunction seen in SLE may increase
the likelihood of rupture, leading to haemorrhagic
stroke.33–35

Intracranial vasculitis and hypertension may be
responsible for the increased risk of subarachnoid haem-
orrhage.36 Our findings are different from those from a
cross-sectional study which found that the odds for sub-
arachnoid haemorrhage was decreased by 43% compared
to the general population.3 Cross-sectional studies have

generally reported lower RRs for stroke than cohort
studies, likely due to the over-representation of healthier
individuals and stroke survivors, which underestimates
stroke prevalence.3 5 This may be especially true in
studies of subarachnoid haemorrhage which has a high
mortality.37 It should be noted that the observed
increased RR indicates that SLE is a risk factor for sub-
arachnoid haemorrhage but the absolute risk may be
quite low due to the event’s infrequent occurrence.
Two studies, which lacked a general population com-

parator but estimated expected risks using the
Framingham risk score, reported that SLE was associated
with a sixfold to sevenfold increased risk.27 28 Stroke risk
estimates and scores reported in the literature differ sub-
stantially between each other,38 and the use of a risk
score to estimate the general population’s expected risk
may not always yield an accurate comparison.
Nevertheless, these studies highlighted that traditional
risk factors are not as useful for predicting stroke risk in
SLE. Patients with SLE have a unique constellation of
characteristics which are rarely seen in the general popu-
lation, such as antiphospholipid syndrome and vasculitis,
indicating the need for awareness of SLE-specific risk
factors for stroke.
Few studies presented estimates stratified by patient

characteristics; these could shed light on which patients
are at the highest risk of stroke and would benefit most
from targeted prevention strategies. Two studies
observed an increased risk of stroke in patients pre-
scribed a steroid.14 17 This may indicate that during
periods of flare and high disease activity, patients are
especially vulnerable. Two studies also reported that indi-
viduals within 1 year of diagnosis were at the highest
risk, which also may indicate a time period of poorly
controlled disease.19 21

We observed a significant amount of heterogeneity in
RRs for ischaemic stroke that decreased when the study
by Mok et al was excluded. The differing results seen in
Mok et al could be due to the inclusion of individuals
with SLE who had been diagnosed with ACR criteria in
a hospital-based clinic, compared to the other studies
which used ICD codes from large administrative data-
bases. Mok et al also differed in that they did not indi-
cate whether SLE was prevalent or incident at the start
of follow-up; also individuals with a history of stroke were
not excluded and estimates were not adjusted for known
confounders. There were several studies which used the
Taiwan National Health Insurance Research Database,
and two studies reported different estimates with CIs
that did not overlap.15 20 This may be due to differences
in matching schemes or definitions of stroke.
Depending on which studies from Taiwan were included
in the pooled estimates for ischaemic stroke, we found
RRs which ranged from 2.1 to 2.5.
The small number of studies examining intracerebral

and subarachnoid haemorrhage resulted in low power
to detect heterogeneity in these subgroups. Most studies
did not stratify by age, sex or comorbidity; therefore, we
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could not explore these variables as potential sources of
heterogeneity. Owing to small numbers, we could not
explore the effect of the length of disease duration and
treatment on the development of stroke. These factors
should be considered and evaluated in future cohort
studies of stroke in SLE. Very few studies included stroke
and/or SLE diagnoses obtained from medical record
reviews, and instead relied on ICD codes; this could
have caused misclassification of the exposure or
outcome. There was evidence of publication bias for the
studies examining overall stroke, which may have led to
overestimation of the pooled RR. Despite these limita-
tions, our study has several strengths. By pooling esti-
mates from similar studies, we achieved increased power
and improved precision to estimate stroke risk associated
with a relatively rare risk factor. Restricting to studies
that used a population-based comparator allowed us to
estimate the risk of stroke associated with SLE, thus
accounting for the underlying risks of stroke across dif-
ferent populations.
Not only are a number of strokes preventable, but

damage and disability due to stroke can be minimised if
identified early. Our results confirm that individuals with
SLE are at a higher risk of stroke than the general popu-
lation, regardless of the type of stroke. Future studies
should focus on whether comorbidity and disease flares
are related to stroke, when individuals are at the highest
risk, and how targeting specific groups of patients with
SLE may reduce this risk.

Twitter Follow Elizabeth Arkema at @elizabetharkema
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