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Introduction: The relationship between autoimmune hemolytic anemia and antiphospholipid anti-
bodies (aPL) and/or antiphospholipid syndrome has never been systematically addressed.

Methods: Systematic review of EMBASE and PubMed databases performed according to PRISMA
guidelines from inception to March 2020; meta-analysis performed by Peto’s odds ratio for rare
events.

Findings: Forty-five studies with different outcomes met the inclusion/exclusion criteria. The
pooled prevalence (PP) of IgG anticardiolipin antibodies (aCL) positivity was greater in end-stage
renal disease (ESRD) than controls (20.2% vs. 2.6%, P = 0.001, I2 >80%; I2 = heterogeneity), particu-
larly in hemodialysis patients (18.3% vs. 8%, I2 = 0%). The PP of lupus anticoagulant was greater in
ESRD than controls (8.7% vs. 0.2%, P < 0.0001, I2 = 0%). The standardized mean difference of IgG
aCL favored ESRD rather than controls (P < 0.0001, I2 =97%). The PP of fistula occlusion was greater
in IgG aCL-positive patients than negative patients (39% vs. 27%, I2 =97%); the PP of IgG aCL positiv-
ity was greater in patients with fistula occlusion than without fistula occlusion (26.9% vs. 23.2%,
P = 0.01, I2 =72%); the same applied to the PP of lupus anticoagulant positivity (23% vs. 0.3%,
P < 0.0001, I2 = 0%). The standardized mean difference of IgG aCL favored fistula occlusion
(P = 0.004, I2 = 91%).

Discussion: Lupus anticoagulant relates to ESRD regardless of management whereas IgG aCL
relates specifically to ESRD on hemodialysis, but only lupus anticoagulant associates with fistula
occlusion. The expression of aPL as patients positive for aPL rather than as titers precludes further
assumptions on the relationship.
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INTRODUCTION

The presence and persistence of antiphospholipid anti-
bodies (aPL) detected via immune or clotting assays in
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association with vascular occlusions in either arterial or
venous districts characterize the antiphospholipid syn-
drome (APS). APS may occur in autoimmune disease, the
so-called “secondary APS,” or in systemic lupus
erythematosus (“lupus-related APS”) but may present in
isolation as “primary APS.”1 While renal artery stenosis
and thrombosis, renal infarction, renal vein thrombosis,
and chronic nephropathy are recognized features of kid-
ney involvement in the APS,2 the role of aPL in chronic
kidney disease, especially in end-stage renal disease
(ESRD) patients, whether on hemodialysis or not, is less
clear given the varying types of studies performed, the
different aPL measured and the different endpoints
employed. We performed this systematic review and
meta-analysis to evaluate the frequency of aPL in patients
with chronic renal disease and their potential association
with fistula occlusion outside the setting of systemic
lupus erythematosus.

SEARCH STRATEGY AND SELECTION
CRITERIA

We carried out a systematic review according to the PRI-
SMA guidelines3 by searching the electronic databases
MEDLINE and EMBASE from inception to June 2019;
we used the terms “hemodialysis” OR “end-stage renal
disease” OR “uremia” OR “chronic renal disease” and
“anticardiolipin” OR “anti-beta 2-glycoprotein-I” OR
“antiphospholipid” OR “lupus anticoagulant” (LA) OR
“lupus inhibitor” for the search strategy. We also used
the same search terms to screen Open Gray. The search
yielded 995 records from MEDLINE and EMBASE but
none from Open Gray: they were processed according to
the flow diagram in Figure S1. In a preliminary screening
process, we noted that adding the term arterovenous fis-
tula occlusion restricted the search yield by around 25%
and led to the omission of a few articles containing rele-
vant data, so we performed the searches without
this term.

Criteria for selecting articles

Three investigators (P. R. J. A., T. B., and F. G.) screened
all the retrieved papers for relevancy. Inclusion criteria
were: (1) observational studies (retrospective, prospective,
case–control, cross-sectional, and/or cohort) investigating:
(a) the difference in the prevalence or titers of aPL
between patients with ESRD and control groups; (b) the
difference in the prevalence or titers of aPL between
patients with and without fistula occlusion; (c) the

difference in the prevalence of fistula occlusion in patients
positive or negative for aPL; (2) aPL measured by immune
or clotting assays; (3) articles 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: (1) prevalence studies
only; (2) studies investigating systemic lupus
erythematosus; (3) nonoriginal research (review articles,
case studies); (4) studies not reporting the relationship
between aPL and ESRD; (5) articles not written in the lan-
guages indicated in the inclusion criteria.

EVALUATION OF THE QUALITY OF
THE STUDIES

The quality of the studies identified was assessed by the
Newcastle Ottawa Quality Assessment Scale for case–
control and cohort studies specifically developed to
assess the quality of observational studies; the studies
included in the meta-analysis are simply comparing two
different groups because they had no real exposure to
qualify as true case–control, and the same applies to the
ESRD cohorts, with or without aPL.4 The scale covers
three major domains (selection of cases and controls,
comparability of groups, and ascertainment of either the
exposure or the outcome of interest) and the resulting
score may range between 0 and 8, a higher score rep-
resenting a better methodological quality. Data were
independently extracted into a standard electronic form,
averaged, and any discrepancies were resolved by
consensus.

Outcome measures

The primary outcomes were: (1) the comparative pooled
prevalence (PP) of aPL in ESRD participants and controls;
(2) the comparative PP of aPL in ESRD participants with
and without fistula occlusion; (3) the standardized mean
difference of aPL titers between the groups indicated in
number one and two; (4) the comparative PP of fistula
occlusion on ESRD patients with and without aPL. The
secondary outcomes were: (1) the comparative PP of aPL
of ESRD patients on different types of hemodialysis;
(2) the comparative PP of aPL of ESRD patients using dif-
ferent types of dialysis membranes.

Statistical analysis

We employed random effects meta-analyses for categori-
cal and continuous outcomes because the estimates
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derived from observational studies and not from planned
experiments. Peto’s odds ratio explored the effect size
between groups as it is the appropriate statistical method
for rare events.5 Subgroup analyses were based on clini-
cal judgment. Statistical heterogeneity was estimated by
I2 statistics: an I2 value of 0% indicated no heterogeneity;
values less than 25% indicate low, between 25% and
50% moderate and over 50% high heterogeneity. Exami-
nation of the funnel plot generated by 15 studies
(Figure S2) having similar outcomes revealed a minor
degree of publication bias due to imprecise study effect,6

but we did not rely on this result, as funnel plots may
yield fallacious results when performed on a small num-
ber of studies.7,8 The statistical analysis was carried out
using Comprehensive Meta-Analysis, Biostat (Englewood,
NJ); 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
(Figure 1), we identified 45 articles exploring the rela-
tionship between aPL and ESRD9-53 (Table 1). A
Newcastle–Ottawa quality assessment score (NOQAS)
≥7 defined a good study and only two studies had low
score at 4; reasons for achieving lower scores were fail-
ure to show the ages and sex of the patients and con-
trols, poor documentation of inclusion/exclusion
criteria, limited comparability, and failure to describe
average titers of aPL. The inter-rater reliability agree-
ment (Cohen’s kappa) of the two investigators
(T. B. and P. R. J. A.) for NOQAS was 0.76 (95% confi-
dence interval = 0.643–0.884).

Figure 1 Forest plot showing effect size of IgG anticardiolipin antibodies from end stage renal disease (ESRD) patients
relative to controls (CTR).

Antiphospholipid antibodies & uremia
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Figure 2 Forest plots showing the effect size of IgM anticardiolipin from end-stage renal disease (ESRD) patients relative to
controls (CTR).

Figure 3 Forest plots showing the effect size of lupus anticoagulant from end-stage renal disease (ESRD) patients relative to
controls (CTR).

Ames et al.

388 Hemodialysis International 2020; 24:383–396

 15424758, 2020, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/hdi.12847 by H

IN
A

R
I-L

E
B

A
N

O
N

, W
iley O

nline L
ibrary on [24/04/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Clinical definitions

Fistula occlusion
The diagnosis of fistula occlusion varied across studies:
(1) inability to use the fistula for more than one dialysis
session9,43,46; (2) palpation and auscultation28,29,34,35,
38,42,46,49,53; (3) duplex scanning38,50,53; (4) fis-
tulography12,28,34,35,50; the remaining studies did not
include a diagnostic method for fistula occlusion.

Type of dialysis membranes employed

Twenty-six articles reported the type of dialysis mem-
brane employed. Eleven groups used bioincompatible
membranes only (cuprophane)12,14,15,18,19,20,23,25,28,29,36

though three used undisclosed membranes alongside
cuprophane12,15,29; six groups used biocompatible mem-
branes40,43,44,46,49,53 and nine groups used a mix of
bioincompatible and biocompatible membranes.17,21,26,
27,34,35,38,39,42

Expression of aPL positivity

Positivity for anticardiolipin antibodies (aCL) was reported
as the frequency of positive participants in
24 studies,9,12,17,20,21,24,25,28,29,33–35,39–43,45–52 in numeri-
cal format in 7 studies22,23,32,36,37,44,53 and
4 studies10,11,13–16,18,19,26,27,30,31,36,38 employed both for-
mats. Three studies expressed aCL in optical densi-
ties13,22,32: the average IgG aCL of patients from the above
studies ranged from 5.67 �1.4 to 25.7 �10 GPL. The
demographics of each study are shown in Table 1. Only
few studies measured IgG/IgM anti beta-2-glycoprotein-I
and anti-prothrombin antibodies31,48,49,51 and the data
were not evaluable in the meta-analysis.

Comparative PP of aCL positivity in ESRD
and in controls

We first compared the pooled frequency of positivity for
different aCL between ESRD and controls. Eighteen

Figure 4 Forest plot showing the effect size of IgG anticardiolipin antibodies in end-stage renal disease (ESRD) patients with
and without fistula thrombosis (FT).
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articles (14 dealing with hemodialysis alone and 4 with
hemodialysis plus conservatively managed ESRD), com-
prising 1709 patients and 1221 controls compared the
frequency of IgG aCL: the PP of IgG aCL positivity was
greater in ESRD than in (25.6% vs. 2.6%), with high het-
erogeneity (I2 = 91%, P < 0.0001) (Figure 1). Nine arti-
cles (all dealing with hemodialysis), comprising
438 patients and 746 controls compared the frequency
of IgM aCL; the PP of IgM aCL was greater in ESRD than
in controls (26% vs. 1.4%), with high heterogeneity
(I2 = 89.7%, P < 0.0001) (Figure 2). Eight articles (5 on
hemodialysis and 3 on hemodialysis plus conservatively
managed ESRD) comprising 822 patients and 484 con-
trols, compared the frequency of LA; the PP of LA was
greater in ESRD than in controls (8.7% vs. 0.2%), with
no heterogeneity (Figure 3).

Comparative pooled aCL averages in
ESRD and in controls

We then compared the pooled averages of aCL between
ESRD and controls. Average IgG aCL titers from 10 stud-
ies (8 dealing with hemodialysis alone, 2 pediatric stud-
ies, and 1 dealing with hemodialysis plus conservatively
managed ESRD), comprising 714 ESRD patients and
750 controls, were pooled for the effect size of this out-
come: random effect meta-analysis revealed wide hetero-
geneity (I2 = 97%, P < 0.0001), invalidating the pooled

estimate (Figure S3). Subgroup analysis, excluding the
two pediatric studies, changed neither heterogeneity nor
the pooled estimate (graph not shown). Average IgM aCL
titers from eight studies (all dealing with hemodialysis
alone, two pediatric studies), comprising 570 ESRD
patients and 704 controls, were pooled for the effect size
of this outcome: random effect meta-analysis revealed
wide heterogeneity (I2 = 99%, P < 0.0001), invalidating
the pool estimate (Figure S4). Subgroup analysis exclud-
ing the two pediatric studies and by type of dialysis
membrane changed neither heterogeneity nor the pooled
estimate (graphs not shown).

Comparative PP of aPL positivity in
conservatively and hemodialyis-
managed ESRD

Seven studies compared the prevalence of IgG aCL from
742 patients managed with hemodialysis and from
149 managed conservatively for the effect size of this out-
come: the PP of IgG aCL was greater in the former than
in the latter patients (18.3% vs. 8%), with no heterogene-
ity (Figure S5). Six studies compared the prevalence of
LA from 426 hemodialysis managed with and from
138 conservatively managed patients for the effect size of
this outcome: the PP of LA was greater in the former
than in the latter patients (33% vs. 10.1%), with low het-
erogeneity (I2 = 19%, P = 0.28; Figure S6).

Figure 5 Forest plot showing the effect size of lupus anticoagulant in end-stage renal disease (ESRD) patients with and
without fistula thrombosis (FT).
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Comparative PP of aCL positivity by
dialysis type and membrane

Three studies compared aCL (2 on IgG and 1 on IgM) in
59 patients on continuous ambulatory peritoneal dialysis
and 259 on hemodialysis: the PP of aCL was similar in
the two groups (8.4% vs. 8.9%), with moderate hetero-
geneity (I2 = 55%, P = 0.1; Figure S7). Three studies
compared aCL (2 on IgG and 1 on IgM in 69 patients
dialyzed with cuprophane and 102 with other mem-
branes: the PP of aCL was similar in the 2 groups (21.7%
vs. 16.6%), with low heterogeneity (I2 = 0%, P = 0.7;
Figure S8).

Comparative PP of fistula occlusion in
hemodialysis patients positive and
negative for aPL

Eleven articles comprising 384 IgG aCL-positive and
994 IgG aCL-negative hemodialysis patents evaluated the
retrospective relationship between IgG aCL and fistula
occlusion but one article reported no fistula occlusion in
either group14; the PP of fistula occlusion was greater in
IgG aCL-positive patients than negative patients (39%
vs. 27%), with high heterogeneity (I2 = 97%, P < 0.0001)
that invalidated the pooled estimate (Figure S9). Exclu-
sion of a pediatric study16 improved the effect size
(P = 0.001), with a modest decrease in heterogeneity
(I2 = 65%, P = 0.003) (graph not shown). Three articles,
comprising 168 IgG aCL-positive and 294 IgG aCL-
negative hemodialysis patients, evaluated the prospective
relationship between IgG aCL and fistula occlusion; the
PP of fistula occlusion was similar between aPL-positive
and aPL-negative patients (36.3% vs. 31.9%), with mod-
erate heterogeneity (I2 = 55%, P = 0.1; Figure S10). Four
articles, comprising 32 LA-positive and 290 LA-negative
hemodialysis patients, evaluated the retrospective rela-
tionship between LA and fistula occlusion; the PP of fis-
tula occlusion was similar between LA-positive and LA-
negative patients (46.8% vs. 34.4%), with moderate het-
erogeneity (I2 = 35%, p = 0.2) (Figure S11).

Comparative PP of aPL positivity in
hemodialysis patients with and without
fistula occlusion

Thirteen articles, comprising 474 patients with and 1080
patients without fistula occlusion, compared the fre-
quency of IgG aCL that was slightly greater in patients
with than patients without fistula occlusion (26.9%

vs. 23.2%), but with a high heterogeneity (I2 = 72%,
P < 0.0001), (Figure 4). Six articles, comprising
201 patients with and 310 patients without fistula occlu-
sion, compared the PP of LA; this was markedly higher
in patients with than without fistula occlusion (23%
vs. 0.3%), with no heterogeneity (Figure 5). Data from
6 cohort studies, comprising 123 hemodialysis patients
with 2 or more fistula occlusions and 237 hemodialysis
patients with none or only 1 fistula occlusion, were
pooled to determine the standardized mean difference of
IgG aCL between the two groups: random effect meta-
analysis revealed wide heterogeneity (I2 = 91%,
P < 0.0001), which invalidated the effect size
(Figure S12).

DISCUSSION

Our meta-analysis indicates that aCL positivity of either
IgG/IgM isotype was more common in patients with
ESRD in comparison to controls, and despite the elevated
heterogeneity, almost all studies favored the relationship.
On the other hand, the greater prevalence of LA in ESRD
was devoid of heterogeneity, probably indicating a
greater reproducibility of the coagulation assays for LA
compared to the evolution of the aCL immunoassays
over the decades. When splitting ESRD patients
according to management (hemodialysis
vs. conservative), IgG aCL and LA were more common
among patients on hemodialysis, an issue addressed by
seven studies. At variance, dialysis modality did not affect
the prevalence of aPL positivity, though only three stud-
ies investigated this aspect. These accruing figures indi-
cate that aPL might play some clinical role in ESRD: data
from the pooled average IgG aCL titers lend support to
this possibility, but the significant effect size was offset
by elevated heterogeneity, though most of the studies
presented higher mean IgG aCL levels in the ESRD
groups. However, the average IgG aCL titers were below
the thrombogenic threshold of 40 GPL determined in a
study on APS patients from the mid-1990s.54 Conversely,
the effect size for the pooled average of IgM aCL was not
significant and was accompanied by high heterogeneity.

With regard to a possible relation between aPL and fis-
tula occlusion, our systematic review evidenced two
complementary scenarios: in the first one, the PP of fis-
tula occlusion was compared between aPL-positive and
aPL-negative hemodialysis groups, in the second one, the
prevalence of aPL positivity was compared between
hemodialysis groups with and without fistula occlusion.

Antiphospholipid antibodies & uremia
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In the first scenario, we separately evaluated the retro-
spective and prospective studies assessing the PP of fis-
tula occlusion in IgG aCL-positive patients; the
retrospective studies showed slightly more common fis-
tula occlusion in IgG aCL-positive hemodialysis patients,
with a significant effect size, but offset by high heteroge-
neity, whereas the fewer prospective studies did not
show a difference in fistula occlusion frequency between
IgG aCL-positive and IgG aCL-negative hemodialysis
patients; likewise, patients on hemodialysis positive and
negative for LA did not show a different fistula occlusion
frequency.

In the second scenario, the PP of IgG aCL positivity
was slightly greater in hemodialysis patients with fistula
occlusion, but the effect size was offset by high heteroge-
neity; conversely, the PP of LA was much greater in
patients with fistula occlusion, with a strong effect size
devoid of heterogeneity. The standardized mean differ-
ence of average IgG aCL titer favored fistula occlusion on
hemodialysis patients, in support of a pathogenic role for
aPL in fistula occlusion though also in this scenario the
average titers of hemodialysis patients with fistula occlu-
sion from individual studies were below the
thrombogenic threshold of 40 GPL established for IgG
aCL.54

At first glance, our findings challenge a thrombogenic
role of aPL in ESRD, but they cannot exclude it, as even
low aPL titers could be relevant in ESRD: in fact APS and
ESRD share common pathogenic mechanisms such as
oxidative stress and coagulation activation,31,55–57 and
pre-existing or de novo aPL developing in patients with
ESRD may add to the oxidative and thrombogenic poten-
tial of the background status to favor fistula occlusion.
Indeed, in a previous meta-analysis on aPL and systemic
sclerosis patients with low aPL titer had worse renal
function than systemic sclerosis patients without aPL.58

On the other hand, some of the aPL measured in
ESRD may be cross-reactive against epitopes of oxidized
lipids59 and in this respect they may behave as natural
auto-antibodies (not always of the IgM isotype),60–62

devoid of thrombogenic potential and simply reflecting a
response to oxidation that worsens as ESRD progresses.57

This phenomenon could also explain the presence and
strong relation of LA with fistula occlusion in our meta-
analysis, because IgG directed against oxidized phospho-
lipids strongly associate with LA positivity.63 Accord-
ingly, the low heterogeneity displayed in the relation
between LA and fistula occlusion might imply that the
fluid phase coagulation assays detect a wider repertoire
of aPL against native and oxidized lipid epitopes than
aPL detected by solid-phase immunoassays. The

cessation of oxidative stress postrenal transplant may
decrease or prevent the generation of these oxidized lipid
epitopes,64 which in turn may account for the disappear-
ance of LA after the allograft, as previously shown.65

Alternatively, an atherogenic hypothesis may explain
the link between aPL and fistula occlusion: the
arterovenous junction undergoes changes in hemody-
namic flow, vessel wall remodeling and thickening,
whereas the venous endothelium and adventitia adapt to
the new hemodynamic forces, maintaining the patency of
the vessel.66 The latter is supported by the vasodilator
effect of nitric oxide generated by endothelial nitric oxide
synthase, in addition to its anti-inflammatory and anti-
platelet properties.67 APL can impair the re-
endothelialization of a denuded endothelium,68 as well
as the biologic activity of nitric oxide69; moreover, persis-
tent systemic inflammation, including elevated plasma
levels of clotting factors,31 endothelial dysfunction,70 and
dyslipidemia occur in ESRD,57 as well as in APS71,72:
therefore, aPL might either contribute to the early failure
of a non-mature fistula or to the late failure of a mature
but rapidly aging fistula.

In keeping with this atherogenic hypothesis, one study
reported that 34% of fistulas were stenosed rather than
thrombosed23 and three studies reported a temporal rela-
tionship between longer hemodialysis duration and
increased rates of fistula occlusion.27,30,49 This athero-
genic theory receives support by an unrelated study
exploring the role of aPL in lower limb bypass graft on
147 patients who underwent elective suprainguinal or
infrainguinal bypass graft surgery. The progression of
atherosclerotic occlusive disease, particularly in the distal
limb segments, was greater in aPL positive than negative
patients (73% vs. 37%, P < 0.001) and aPL indepen-
dently predicted progression postrevascularizations
(P < 0.001).73

The limitations of the meta-analysis are: (1) variability
in sample size of the studies; (2) a degree of publication
bias evidenced by our preliminary funnel plot, the per-
formance of which, however, can be misleading when
run on a limited number of studies (7,8); (3) expression
of data as frequency of aPL-positive participants, rather
than average antibody titers in many papers; (4) lack of
enough studies measuring additional aPL, such as anti-
beta-2-glycoprotein-I and antiprothrombin; (5) lack of
aPL measurement over time; (6) inability for older stud-
ies to conform to the current laboratory criteria for aPL;
(7) inability to evaluate the number of patients with fis-
tula occlusion from some studies that instead reported
the average number of occlusions per patient; (8) inability
to account for some background disorders, themselves

Ames et al.
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associated with an increased atherothrombotic risk, such
as diabetes, though systemic lupus erythematosus was
excluded.

To conclude, the meta-analysis does not prove causal-
ity between aPL and fistula occlusion, rather it shows
that: (1) aPL differentially relate to ESRD: IgG aCL asso-
ciates with ESRD on hemodialysis whereas LA associates
with ESRD regardless of hemodialysis; (2) fistula occlu-
sion relates to LA whereas the relation with IgG aCL is
less certain; nevertheless an atherogenic effect of aPL
leading to progressive stenosis of the fistula wall cannot
be excluded, a possibility that should be assessed in a
dedicated prospective study.
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