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Abstract

Introduction/objective The relationship between autoimmune haemolytic anaemia (AIHA) and antiphospholipid antibodies
(aPL) has never been addressed via a meta-analysis in the paediatric age group. We evaluated the link between AIHA and
aPL in childhood systemic lupus erythematosus (SLE) and antiphospholipid syndrome (APS).

Methods EMBASE and PubMed were screened from inception to May 2020 and Peto’s odds ratio for rare events was employed
for the between group comparisons.

Results The meta-analysis included 11 articles for a total of 575 children: the pooled prevalence of AIHA was greater in (1) IgG
aCL—positive than IgG aCL-negative children (39.7% vs 20.9%, p =0.005); (2) in APS-positive than APS-negative SLE
children (36.8% vs 13.2%, p=10.01); and (3) in SLE-related APS than in primary APS children (53% vs 16.2%, p =0.008).
Conclusions The pooled prevalence of AIHA is greatest in SLE with aPL/APS, low-moderate in SLE without aPL/APS, and
lowest in primary APS.

Key Points
* Antiphospholipid antibodies strongly relate to autoimmune haemolytic anaemia.
* Autoimmune haemolytic anaemia is more common in systemic lupus erythematosus with antiphospholipid antibodies.

Keywords Antiphospholipid syndrome - Autoimmune haemolytic anaemia - Lupus

Introduction

Autoimmune haemolytic anaemia (AIHA) is one of the
EULAR/ACR classification criteria for childhood systemic lu-
pus erythematosus (SLE) [1]. AIHA ensues when autologous
erythrocytes are attacked and destroyed by antibodies of the
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host immune system demonstrated by a positive (+ve) direct
antiglobulin test (DAT) leading to a shortened erythrocyte sur-
vival; AIHA is defined as warm or cold (reviewed in [2]) ac-
cording to the temperature at which the antibody-erythrocyte
reaction occurs. According to two recent meta-analyses, AIHA
is more common in childhood than adult SLE (relative risk:
0.69, 95% CI: 0.58 to 0.81) [3], and in adults, AIHA relates
to antiphospholipid antibodies (aPL) with a prevalence of up to
26%, particularly in patients with antiphospholipid syndrome
(APS) [4]. The objective of our study was to investigate the
extent of the aPL/AIHA relationship in childhood SLE.

Methods
Search strategy and selection criteria

The systematic review was carried out according to the
PRISMA guidelines [5]: the MEDLINE and EMBASE
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databases were searched from inception to May 2020 using
the following terms: [‘childhood’” OR ‘children’ OR ‘pediat-
ric’ OR ‘juvenile’ OR ‘infantile’] and [‘haemolysis’ OR
‘haemolytic anaemia’ OR ‘direct antiglobulin test’ OR ‘direct
Coombs test’] and [‘anticardiolipin’ OR ‘anti-beta 2-glyco-
protein-I” OR ‘antiphospholipid syndrome,” OR ‘lupus anti-
coagulant’ OR ‘lupus inhibitor’]. The search yielded 4342
records plus another 5 found amongst the references screened
for inclusion in the systematic review; altogether the 4347
records were processed according to Fig. 1. We also screened
OpenGrey hoping to find extra citations but none were found.

Criteria for selecting articles

Two investigators (PRJA and MM) screened all retrieved re-
cords for relevancy. Inclusion criteria were as follows: (1)
case-control and/or cohort observational studies investigating
relevant childhood populations—(a) the difference in the titres
or in the prevalence of aPL between children and control
groups with AIHA or with a positive direct antiglobulin test
(DAT); (b) the difference in the titres or prevalence of aPL
between AIHA and/or DAT children positive and negative
(—=ve) for AIHA; and (c) the difference in the prevalence of
AIHA and/or DAT in children positive or negative for aPL—
(2) aPL measured by immune or clotting assays; and (3) arti-
cles written in English, French and Spanish. If more than two
studies investigated the same population, the latest or highest
quality study was chosen. Exclusion criteria were as follows:
(1) prevalence studies only; (2) adult populations; (3) cata-
strophic antiphospholipid syndrome; (4) studies not reporting
the relationship between aPL and AIHA; (5) non-original re-
search; and (6) articles not written in the languages indicated

in the inclusion criteria. Data were independently extracted,
charted into two Excel files and merged into one after resolu-
tion of eventual discrepancies.

Evaluation of the quality of the studies

The quality of the retrieved studies was evaluated by the
Newecastle-Ottawa Quality Assessment Scale (NOQAS) for
case-control and cohort studies [6]: the total score ranges from
0 to 8 after summing up individual scores from three major
domains: selection and comparability of cases and controls
and comparability of either exposure and/or outcome of
interest.

Outcome measures

The primary outcomes were (1) the comparative pooled prev-
alence (PP) of AIHA or DAT in children with and without
aPL; (2) the comparative PP of vascular occlusions in children
positive or negative for aPL plus AIHA or aPL plus DAT; and
(3) the comparative PP of AIHA or DAT in children with or
without thrombosis or with and without APS.

Statistical analysis

The articles included in the systematic review dealt with ob-
servational studies without planned exposure or intervention;
therefore, we compared the pooled frequencies between
groups by Peto’s odds ratio for rare events and we performed
random effects meta-analyses for categorical outcomes [7];
we did not rely on a funnel plot for publication bias as funnel
plots yield misleading judgements if run on less than ten

Fig. 1 Summary of literature
search strategy according to the
PRISMA flow chart

Records identified through database searching
(n=4342)

Additional records identified through other sources
(n=5)
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Records after duplicates removed
(n=3806)

(n=3693)

Records excluded for poor or lack

of relevancy to the topic N

l

Records screened
(n=3806)
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@ Springer

l data on antiphospholipid antibodies: 23;

X o no data on autoimmune haemolytic
Full-text articles assessed for eligibility

| anaemia: 7; reviews:13; microangiopathic
(n=113)

haemolytic anaemia: 11; case reports; 12;

l catastrophic antiphospholipid syndrome:

5; adult studies: 5; no data extractable: 3;
Studies included in the qualitative score
(n=13)

journal not available: 2.

|

Studies included in the meta-analysis
(n=11)




Clin Rheumatol (2021) 40:1967-1973

1969

studies [8]. Heterogeneity was assessed by I statistics: this
was considered low when I was less than 25%, moderate with
P between 25 and 50% and high with /* greater than 50%. The
statistical analysis was carried out using comprehensive meta-
analysis (Biostat, USA); Cohen’s kappa assessed the inter-
rater agreement of two investigators.

Results
Number and quality of the studies

After completion of the screening and exclusion process
(Fig. 1), we identified 13 cohort studies [9—21] exploring the
relationship between aPL and AIHA/DAT (Table 1); of these,
2 could not undergo meta-analysis as their outcomes did not
match those of other studies for the purpose of data pooling
[16, 19, 20]; most articles did well on the NOQAS, the lowest
score being 5 in two studies [15, 19]; the inter-rater agreement
of the two scoring investigators (MM and PRJA) was 0.38
(95% CI=0.044 to 0.730, Cohen’s kappa).

Expression of antiphospholipid antibodies tests

The median/mean of aPL titres was reported in two studies
only: Ravelli et al. (IgG aCL median 22, range 10-100 GPL;
IgM median 8, range 5-70 MPL) [10] and Gattorno et al.
(mean IgG 44 +23 GPL) [12]; only three studies retested
aPL during follow-up [10, 13, 18]; one study expressed data

as triple and dual positives [21]. The remaining of the studies
reported the prevalence of patients positive for aPL and none
reported the ratio of any LA.

Autoimmune haemolytic anaemia and direct
antiglobulin test in relation to antiphospholipid
antibodies

Four articles comprising 88 IgG aCL +ve and 43 IgG aCL —ve
SLE patients explored the relationship between AIHA and IgG
aCL in SLE; the PP of AIHA was higher in IgG aCL +ve than —
ve groups (39.7% vs 20.9%) with no heterogeneity (Fig. 2a).
Two articles comprising 39 LA +ve and 114 LA —ve patients
explored the relationship between AIHA and LA; the PP of
AIHA was higher in LA +ve than LA —ve groups (14.2% vs
0%) with no heterogeneity P 17%, p=0.27)((Fig. 2b). Two
articles comprising 39 aPL +ve and 114 aPL —ve patients ex-
plored the relationship between DAT and aPL; the PP of DAT
was higher in aPL +ve than aPL —ve groups (46% vs 7.8%)
with high heterogeneity (7 66%, p = 0.08) though both studies
favoured the effect size (Fig. 2c).

Autoimmune haemolytic anaemia in lupus-related
and primary antiphospholipid syndrome

Two articles comprising 19 SLE-related APS and 128 SLE pa-
tients without APS explored the relationship between AIHA and
SLE/APS; the PP of ATHA was higher in SLE-related APS than
SLE without APS (36.8% vs 13.2%) with high heterogeneity (7

Table 1 Demographics of studies included in the systematic review
Author Disease Total MJ/F Age AIHA DAT aCL LA NOS
SLE PAPS  Other Median IeM  IgG

SLE aPL  APS Mean

No No No No No No No No No No
Montes de Oca 1991 96 13 11 120 1 46 21 6
Ravelli 1994 4 26 30 4/26 13 8 8 24 15 6
Seaman 1995 10 12 7 29 6/23 11416) 9 17 18 16 7
Gattorno 1995 4 12 2 18 513 3.5-16 3 3 15 8 6
Massengil 1997 8 21 7 36 9127 13+4 8 8 7
Funauchi 1997 27 27 522 40 6 5 6
Campos 2003 26 23 8 57 9/48 10 23 6 18 5
Gattorno 2003 2 11 1 14 9/5 9 1 8 14 6
Avcin 2008 46 60 15 121 56/65 10(1-17) 46 119 7
Descloux 2008 25 16 14 55 17/39  7+£5 33 30 30 7
Gokee 2012 28 9 6 43 8/35 13(4-17) 23 23 15 5
Rao 2017 8 9 5 22 10/7 15 3 4 8 8 15 6
Ma 2018 40 14 4 58 21/37  13+£5 19 35 52 7

M/F, male/female; AIHA, autoimmune haemolytic anaemia; DAT, direct antiglobulin test; aCL, anticardiolipin; LA, lupus anticoagulant; NOS,
Newecastle-Ottawa Scoring; SLE, systemic lupus erythematosus; PAPS, primary antiphospholipid syndrome; aPL, non-thrombotic carriers of

antiphospholipid antibodies; APS, antiphospholipid syndrome; No, number
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Fig. 2 Effect size of autoimmune a . . o ) . o .
haemolytic anaemia in relation to Autoimmune haemolytic anaemia in relation to IgG anticardiolipin antibody
a) IgG anticardiolipin (aCL), b)

lupus anticoagulant (LA) in Study name Statistics for each study Peto odds ratio and 95%Cl
children with systemic lupus
ervthematosus Peto Lower Upper
Iy odds ratio  limit limit Z-Value p-Value
Ravelli 1994 5.195 0.711 37.967 1.624 0.104 L 4
Gattorno 1995 3.896 0.154 98.737 0.825 0.410
Seaman 1995 8.119 1.532 43.025 2.461 0.014 ——
Descloux 2008 1.749 0.606 5.050 1.033 0.302 —@—
3.080 1.396 6.794 2786  0.005 <P

0.01 0.1 1 10 100

IgG aCL -ve IlgG aCL+ve

Overall | squared 0% p=0.4

Autoimmune haemolytic anaemia in relation to lupus anticoagulant
Study name Statistics for each study Peto odds ratio and 95% Cl
Peto Lower Upper
odds ratio  limit limit Z-Value p-Value
Gattorno 1995 14467 1.272 164486 2.154  0.031 P
Montes de Oca 1991  366.780 1.972 68215447 2215  0.027
30.778 2.109 449226 2505 0.012 %
0.01 0.1 1 10 100
LA-ve LA+ve

Overall | squared 17% p=0.27

¢ Direct antiglobulin test in relation to antiphospholipid antibodies
Study name Statistics for each study Peto odds ratio and 95% CI
Peto Lower Upper
odds ratio  limit limit  Z-Value p-Value
Funauchi 1997 40489 5309 308.793 3.570  0.000 —
Massengil 1997 2790 0.290 26.825 0.888 0.374 —

11.155 0.812 153.202 1.804 0.071

0.01 0.1 1 10 100

aPL-ve aPL+ve

Overall | squared 66% p=0.08

76%, p=0.03) though both studies favoured the effect size ~ Discussion

(Fig. 3a). Two articles comprising 100 SLE-related APS and

74 primary APS explored the relationship between AIHA in  This meta-analysis finds that AIHA occurs only in SLE chil-
SLE-related and in primary APS; the PP of AIHA was higher  dren positive for aPL, the association being stronger for IgG
in SLE-related APS than primary APS (53% vs 16.2%) with  aCL than for LA; indeed the PP of AIHA in children positive
elevated heterogeneity (> 58%, p = 0.12) (Fig. 3b). for IgG aCL is twice as common than children who are IgG
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Fig. 3 Effect size of autoimmune a
haemolytic anaemia in relation to

Autoimmune haemolytic anaemia in relation to systemic lupus with and without antiphospholipid syndrome

a) systemic lupus erythematosus
(SLE) with and without

Statistics for each study

Peto odds ratio and 95% CI

Study name
antiphospholipid syndrome STHEYnEme.
: Peto
(APS), b) SLE and primary APS odds ratio
Montes de Oca 1991 2.650
Campos 2003 5.182
3.485

Lower

0.756

1.328

Upper
limit  Z-Value p-Value
9294 1522 0.128
1145 23458 2136  0.033
9148 2536  0.011 S o
001 o041 1 10 100

SLE SLE/APS

Overall | squared 0% p=0.5

b

Autoimmune haemolytic anaemia in lupus related and primary antiphospholipid syndrome

Study name Statistics for each study Peto odds ratio and 95%Cl
Peto Lower Upper
odds ratio  limit limit Z-Value p-Value
Avcin 2008 7.083 3403 14.741 5235 0.000 J
Ma 2018 2224 0629 7.861 1.241 0.215
4469 1471 13.577 2641 0.008
0.01 0.1 1 10 100

PAPS SLE/APS

Overall | squared 58% p=0.12

aCL negative; in addition the 39.7% figure is also greater than
the 21.8% PP found in adult SLE with IgG aCL [4] in keeping
with the data of recent meta-analysis [3]. Likewise, the PP of
AIHA in children with SLE-related APS was greater than
those without APS: these paediatric figures (36.8% vs
13.2%) are almost 40% higher than the corresponding adult
figures (23.2% vs 8.4%) [4] and still higher than the 16.2%
prevalence of AIHA reported in childhood primary APS.
Moreover, the PP of DAT was also greater in aPL +ve than
aPL —ve children.

Several mechanisms can explain these relationships: we
know that DAT is strongly associated with oxidative stress
in SLE [22] and that phosphatidylcholine and
phosphatidylserine present in the red cell membrane may ox-
idize yielding new antigenic lipid epitopes [23, 24]; the latter
are neutralized by natural IgG autoantibodies [25] that in turn
favour macrophage-mediated clearance of aged erythrocytes
[26]. These natural autoantibodies may cross react with aPL as
demonstrated by the presence of strong aCL and anti-oxidated
phosphatidylcholine reactivity in the eluates from the erythro-
cytes of SLE patients with aPL [27, 28]. Once reached a given
but unknown threshold on the erythrocyte membrane, aPL

may activate complement leading to erythrocyte destruction;
low serum complement is associated with AIHA in 53% of
SLE related APS but only in 16.2% of primary APS children
[21]. However, intravascular complement—mediated
haemolysis is less active than cell-mediated haemolysis per-
formed by reticulo-endothelial cells against erythrocytes op-
sonized by C3b, the principal mechanism for warm autoim-
mune haemolysis.

Complement and coagulation may be activated simulta-
neously in APS [29], particularly in SLE with APS (and
thrombosis), whereas complement activation may prevail in
SLE with or without aPL and coagulation activation may pre-
vail in APS: this would explain the decreasing frequency of
ATHA through the three conditions we managed to compare.

Limitations of the meta-analysis are as follows: (1) too few
studies with multiple outcomes; (2) publication bias could not
be assessed as we had less than 10 citations with a similar
outcome to perform a funnel plot, even after screening
OpenGrey for additional data; (3) data available mostly for
IgG aPL and not for IgM aPL and/or lupus anticoagulant;
(4) expression of aPL data as frequency of positive partici-
pants and not as mean/median titres in most studies therefore
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(5) no chance to relate aPL titres with severity of haemolysis;
and (6) lack of follow-up in patients with isolated DAT pos-
itivity to verify whether they do develop AIHA.

Nevertheless, the meta-analysis reveals a strong link be-
tween aPL and AHIA: the PP of children with AIHA ranges
between 13 and 53% in SLE without and with APS, in keep-
ing with its inclusion in the classification criteria for childhood
SLE [1]; a better understanding of the pathogenic relationship
between aPL and ATHA is advocated because the risk of death
in children with ATHA remains sevenfold higher than that of
adults [30].
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