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Introduction. The present meta-analysis was to explore the efficacy of hydroxychloroquine (HCQ) in IgA nephropathy patients in
terms of proteinuria. Method. We systematically searched PubMed and Embase for studies that compared HCQ and other
treatments to reduce proteinuria in patients with IgA nephropathy up to June 2021. Mean + SD of percentage change and level
of proteinuria was calculated. Results. A total of 5 studies with 587 participants were included. IgA nephropathy patients who
received HCQ were at a lower level of mean proteinuria at 6 months. However, there was no statistical difference between
HCQ and control group considering percentage reduction in proteinuria. The long-term therapeutic effect of HCQ might be
inferior to HCQ and renin-angiotensin-aldosterone system inhibition. Conclusion. HCQ might play a role in the reduction of
proteinuria in IgA nephropathy patients. The addition of HCQ to other immunosuppressive agents should be clarified further.

1. Introduction

IgA nephropathy, also known as Berger disease, is the most
common primary glomerulonephritis and prevalent chronic
glomerular disease in the world. About 40% of renal biopsies
in Asia, 10% in the United States, and 20% in Europe show
IgA nephropathy [1]. Immunofluorescence microscopy
shows the deposition of IgA in the glomerular basement
membrane, causing subsequent hematuria and progressive
kidney disease. Proteinuria has been recognized as a risk
factor for kidney function decline in kidney disease [2] and
poor prognosis in IgA nephropathy [3].

The management of IgA nephropathy involved moni-
toring of blood pressure, proteinuria, hematuria, and
estimated glomerular filtration rate (GFR). Renin-
angiotensin-aldosterone system inhibition (RAASi) or
angiotensin receptor blocker is recommended to slow
proteinuria and lower blood pressure. Immunosuppression
and corticosteroid can also benefit for heavy proteinuria. It
was suggested that patients with persistent proteinuria>1g
/d and GFR >50mL/min per 1.73m? should receive a 6-
month course of corticosteroid therapy [4]. However, corti-
costeroids should not be used for more than six months due
to serious adverse effects [5, 6].

Hydroxychloroquine (HCQ), regarded as an immuno-
modulatory and anti-inflammatory agent, is a current thera-
peutic option for several autoimmune and rheumatic
diseases, such as systemic lupus erythematosus and rheuma-
toid arthritis. Evidence suggests that HCQ can prevent organ
damage [7] and thrombosis [8]. However, the definite effect
of HCQ on proteinuria in IgA nephropathy patients was still
on debate [9, 10]. Therefore, we conducted this meta-
analysis to evaluate the efficacy of HCQ for proteinuria in
IgA nephropathy patients.

2. Method

2.1. Search Strategy. This meta-analysis followed meta-
analyses (PRISMA) guidelines [11]. The published study
protocol is available at the PROSPERO registry (http://
www.crd.york.ac.uk/PROSPERO/, CRD42021251836). Arti-
cles were identified via PubMed and Embase databases
through June 2021. Studies suggesting treatment of HCQ
for proteinuria in IgA nephropathy patients satisfied the
inclusion criteria. Search terms for PubMed included
((((Hydroxychloroquine) OR (plaquenil)) OR (hydroxy-
chlorochin)) AND (((((IgA nephropathy) OR (IgA glomeru-
lonephritides)) OR (Berger’s disease)) OR (Immunoglobulin
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Query

#10 AND (clinical study’/de OR ‘observational study’/de OR ‘randomized controlled trial’/de)

#3 AND #6 AND #9

#7 OR #8

(Digestive AND proteinuria:ab,ti OR tuble) AND proteinuria:ab,ti

Proteinuria

#4 OR #5

((((((Berger AND nephropathy:ab, ti OR berger) AND s AND glomerulonephritis:ab,ti OR glomerulonephrities,) AND iga:ab, ti OR iga) AND

glomerulonephritis:ab, ti OR iga) AND nephropathy:ab, ti OR igan) AND immunoglobin:ab, ti AND nephropathy:ab, ti OR immunoglobulin)
AND a AND glomerulophrities:ab, ti OR immunoglobulin) AND a AND type AND nephropathy:ab,ti

Results
5

59
98059
4955
98059
18762

2272

#4  Immunoglobulin AND a AND nephropathy
#3  #1O0R#2

18762
33841

#2  ‘Apo hydroxychloroquine’ab, ti OR hydrochloroquine:ab ti OR hydrocloroquine:ab, ti 67

#1  Hydroxychloroquine

33835

FIGURE 1: Search strategy for Embase.
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A nephropathy)) OR (IgA type nephritis))) AND (((albu-
minuria) OR (proteinuria)) OR (microalbuminuria)) (search
string for Embase available in Figure 1).

2.2. Selection Criteria. We included articles in English that
met the eligibility criteria based on the PICOS strategy: (1)
patients diagnosed with IgA nephropathy and being given
HCQ, (2) compared HCQ with placebo or other immuno-
suppressive agents, (3) relevant outcomes included protein-
uria level from baseline to the end of study, and (5)
published randomized controlled trials and observational
studies. Two reviewers independently screened for studies,
and any disagreement in the literature screening or data
extraction was resolved by a third reviewer through discus-
sion. Reviewers also screened the reference list of review arti-
cles and other systematic reviews for other potentially
relevant citations. A flowchart depicting the search strategy
is presented in Figure 2.

2.3. Statistical Analysis. All statistical analyses were per-
formed by Review Manager 5.3. Results presented in median
(interquartile range) were transformed into mean +SD
according to formula [12, 13]. Statistical heterogeneity of

the included studies was assessed using the I* statistics
[14]. Random-effect model was used to minimize the hetero-
geneity and external variance while I > 50%; otherwise, a
fixed-effect model was employed. To further identify poten-
tial differences across the studies, subgroup analyses were
conducted. The quality of studies was appraised using the
Newcastle-Ottawa Scale (NOS) for assessing quality of
nonrandomized trials in meta-analysis. Scores of 0 to 9
were allocated to each study. Scores of 6 and above were
deemed to be of high quality. Sensitivity analyses were
performed by removing each study stepwise, while publi-
cation bias was evaluated by funnel plot. A p <0.05 repre-
sents statistical significance.

3. Results

3.1. Characteristics of the Studies Included in This Meta-
Analysis. After a comprehensive search, 13 potentially rele-
vant articles were totally screened in PubMed and Embase.
Eight studies were removed because of duplication, nonrele-
vant, or desired outcomes. Finally, a total of 5 studies [9, 10,
15-17] were included in our meta-analysis aiming to evalu-
ate the effect of HCQ on proteinuria in IgA nephropathy
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Experimental Control Std.mean difference Std.mean difference
Study or subgroup Mean SD  Total Mean SD TotalWeight IV.Random.95%CI IV.Random.95%CI
L}u,L.J.2019 2 months -28.76 2593 30 0.56 497 30 7.8% -0.73(-1.25,-0.21)
L}u,L.].2019 4 months -41.17 2363 30 -1.5 443 30 7.7% -1.10(-1.65,-0.56)
Liu,L.J.2019 6 months -47.65 2496 30 -0.02 5133 30 7.7% -1.16 (-1.71,-0.61)
Tang, C.2020 2 months  -36.33 20.61 26 -10.5 775 26 7.7% -0.45 (-1.00, -0.10) e
Tang, C.2020 4 months  -32.14 26.07 26 -31.7 477 26 7.7% -0.01 (-0.55,-0.53) I —
Tang, C.2020 6 months  -39.46 39.92 26 -36.37 4292 26 7.7% -0.07 (-0.62, -0.47) ]
Tang, C.2021 12 months -35.5 29.77 77 -54.05 40.01 34 8.5%  0.55(-0.14,0.97) -
Tang, C.2021 24 months -36.16 50.35 77 -71.48 17.93 34 8.5%  0.81(-0.39,1.23) -
Yang, Y. Z.2018 6 months -37.01 33.33 90 -15.83 46.67 90 9.1% -0.52(-0.82,-0.22) =
Yang, Y. Z.2019 2 months -28.42 32.89 92 -24.27 51.63 92 9.2% -0.10(-0.38,-0.19) 1
Yang, Y. Z.2019 4 months -42.74 2637 92 -45.08 383 92 9.2% 0.07 (-0.22,0.36) -1
Yang, Y. Z.2019 6 months -47.44 23.11 92 -59.45 3422 92 92%  0.41(-0.12,0.70) -
Total (95% CI) 688 602 100.0% -0.17 (-0.49, 0.15) q
Heterogeneity:Tau? = 0.27:Chi? = 83.07, df = 11 (P < 0.00001): I? = 87% 5 | 0 | 5

Test for overall effect:Z = 1.03 (P = 0.30)

Favours (experimental) favours (control)

FIGURE 3: Forest plot of percentage reduction of proteinuria comparing HCQ and control.
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FIGURE 4: Forest plot of sensitivity analysis ((a) sensitivity analysis for percentage reduction of proteinuria comparing HCQ and control; (b)
sensitivity analysis for mean level of proteinuria at 6 months comparing HCQ and control).

(placebo or other agents were used as control) (shown in
Figure 2). Characteristics of participants and studies were
described in Table 1. The mean age of participants ranged

m

from 28.8 £ 10.2 to 42.2 + 13.1 years, and the percentage of

en varied across studies (range, 34.6-67%). Range of base-

line proteinuria level from studies included in the meta-
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Experimental Control Mean difference Mean difference

Study or subgroup Mean SD _Total MeanSD Total Weight IV.Fixed.95%CI IV.Fixed.95%CI

iu,L.J,2019 6 month 03 098 30 126179 30 56% -0.96(-1.69, -0.23 i

an ,Icg.zzozo dmonths. 056 119 26 127159 26 51% _071 (147 005 p—
Yang Y. 72018 0 months 037 091 90 074132 90 30.3% 055 (_0'68. 0.08 ——
Yang, Y. Z.2019 2 months 0.37 0.84 92 059 0.7 92 59.4% 022 (—0.44. —0.00
Total (95% CI) 238 238 100.0% —0.33 (-0.50, ~0.16) >
Heterogeneity:Chi’ = 4.80, df = 3 (P = 0.19): I = 38% 5 B 0 j 5

Test for overall effect:Z = 3.77 (P = 0.0002)

Favours (experimental) favours (control)

FI1GURE 5: Forest plot of mean level of proteinuria at 6 months comparing HCQ and control.
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FI1GURE 6: Funnel plot to assess the risk of publication bias.

Experimental Control
1.2.1 2 month
Liu,L.J.2019 2 months -28.76 2593 30 0.56 49.7 30 7.9%
Tang, C20202 months ~ -36.33 20.61 26 -105 775 26  63%
-28.42 32.89 92 -242751.63 92 9.0%
Yang,Y.Z.2019 2 months 148 148 23.2%
Subtotal (95%CI)
Heterogeneity:Tau® = 160.29:Chi’® = 5.13, df = 2 (P = 0.08): I* = 61%
Test for overall effect:Z = 1.84 (P = 0.07)
Subtotal (95%CI)
Liu,L.J.2019 4 months -41.17 23.63 30 -1.5 443 30 82%-
Tang, C.2020 4 months ~ —32.14 26.07 gg -31.7 47.7 gg 7.8%
-42.74 26.37 -45.08 38.3 9.3%
Yang, Y. Z.2019 4 months 148 148 2539

Subtotal (95%CI)

Heterogeneity: Tau® = 472.47:Chi* = 16.72, df = 2 (P = 0.0002): I* = 88%
Test for overall effect:Z = 0.91 (P = 0.36)

1.2.3 6 months

LiuLJ.2019 6 months  -47.65 2496 30 -0.0251.33 30  7.9%-
Tang, C.2020 6 months -39.46 39.92 26 -36.37 4292 26 7.6%
Yang, Y. 22018 6 months ~37:01 33.33 90 -158346.67 90  9.0%
(e -47.44 23.11 92 -59.4534.22 92 9.4%
Yang, Y. Z.2019 6 months 238 238 33.9%

Subtotal (95%CI)

Heterogeneity:Tau® = 614.16:Chi’ = 39.44, df = 3 (P < 0.00001): I* = 92%
Test for overall effect:Z = 1.09 (P = 0.27)

1.2.4 > 6 months

Tang, C.2021 12 months -35.529.77 77 -54.0540.01 34 8.6%
-36.16 50.35 77 -71.481793 34 8.9%
Tang, C.2021 24 months 154 68 176%

Subtotal (95%CI)
Heterogeneity: Tau? = 90.13:Chi® = 2.79, df = 1 (P = 0.10): I* = 64%

Test for overall effect:Z = 3.28 (P = 0.001)

Total (95% CI) 688 602 100.0%
Heterogeneity:Tau” = 456.47:Chi’ = 106.57, df = 11 (P < 0.00001): I* = 90%
Test for overall effect:Z = 1.11 (P = 0.27)

Test for subgroup differences:Chi? = 16.07, df = 3 (P = 0.001): I” = 81.3%

Mean difference
0

-29.32 (-49.38, -9.26)
~25.83 (~56.65, 4.99)
~4.15 (-16.66, 8.36)
~17.38 (-35.90, 1.14)

39.67 (-57.64, -21.70)
-0.44 (-21.33, 20.45)
2.34 (-7.16,11.84)
-12.20 (-38.58, 14.19)

47.63 (-68.05, -27.21)
-3.09 (-25.62, 19.44)
-21.18 (-33.03, -9.33)
12.01 (3.57, 20.45)
-14.31 (-39.96, 11.33)

18.55 (3.55, 33.55)
35.32 (22.56, 48.08)
27.42 (11.01, 43.83)

-7.44 (-20.52, 5.64)
r

Mean difference
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FIGURE 7: Forest plot of subgroup analysis according to the duration.
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Experimental Control

Mean difference Mean difference

1§1tlfd or subgrou _Mean SD Total Mean SD Total Weight IV.Random.95%CI IV.Random.95%CI
4. +. 1 VS 1
Liw,L.J.2019 6 months -47.65 2496 30 -0.02 5133 30 7.9% _47.63 (-68.05,-27.21) .
Tang C.2021 12 h -355 29.77 77 -5405 4001 34 8.6% 18.55 (3.55, 33.55)
ang, L. months -36.16 50.35 77 -71.48 17.93 34 89% 35.32 (22.56, 48.08) —=—
Tang, C.2021 24 months  _3701 3333 90 -15.83 4667 90 9.0%  _21.18(-33.03,-9.33) ——
Yang, Y. Z2018 6 months 2876 2593 30 056 49.7 30  7.9%  _29.32(-49.38, -9.26) ———
Liu,L.J.2019 2 months -41.17  23.63 30 -1.5 443 30 82% _39.67 (-57.64,-21.70) T
Liw,L.J.2019 4 months 334 248 50.7%  -13.46 (-40.75, 13.82) e
Subtotal (95%CI)
Heterogeneity:Tau? = 1091.19:Chi* = 91.51, df = 11 (P < 0.00001): I* = 95%
Test for overall effect:Z = 0.97 (P = 0.33)
1.4.2 HCQ vs corticosteroid ¢, 3289 92 5477 5163 92 90% -4.15 (~16.66, 8.36) ——
Yang, Y.Z.20192months 4y 7y H¢; 92 Tyoge CaPt 92 93% 234 (-7.16, 11.84)
Yang, Y. 22019 4months  _4744 5373 5045 3427 02 4% 12.01 (3.57, 20.45) <
Yang, Y. Z.2019 6 months 276 276 27.6% 4.23 (-4.91, 13.36)
Subtotal (95%CI)
Heterogeneity:Tau” = 38.85:Chi® = 4.99, df = 2 (P = 0.08): I* = 60%
Test for overall effect:Z = 0.91 (P = 0.36)
1.4.3 HCQ vs immunosuppressive agent 26 6.3% ~25.83 (~56.65, 4.99
D632 2061 26 105 775 o 2aw ( ) —
Tang, C.2020 2 months 3214 2607 317 479 6 i -0.44 (-21.33, 20.45)
Tang C20204months 3946 3000 20 3637 4262 g gygw  30(25:621940)
Tang, C.2020 6 months 78 e 78 2L7% -6.45 (-20.17,7.27)
Subtotal (95%CI)
Heterogeneity:Tau® = 0.00:Chi® = 1.92, df = 2 (P = 0.38): I* = 0%
Test for overall effect:Z = 0.92 (P = 0.36) 5 B B
Total (95% C1) 688 602 100.0% 7.44 (-20.52, 5.64)
Heterogeneity: Tau® = 456.47:Chi® = 106.57, df = 11 (P < 0.00001): I* = 90% : ' ! ' '
-100 -50 0 50 100

Test for overall effect:Z = 1.11 (P = 0.27)
Test for subgroup differences:Chi® = 2.61, df = 2 (P = 0.27): I* = 23.3%

Favours (experimental) favours (control)

FIGURE 8: Forest plot of subgroup analysis according to the type of agent.

analysis was from 1.5 (1.2, 1.9) to 2.35 (1.54, 2.98) g/d. Three
retrospective studies scored 6/9 on the NOS, and a remain-
der scored 7/9.

3.2. Clinical Outcomes. IgA nephropathy patients who
received HCQ did not show a significant percentage reduc-
tion in proteinuria compared with those in the control group
(shown in Figure 3). Although a random-effect model was
employed, significant heterogeneity was identified across
studies (I* =87, p <0.00001). Sensitivity analysis indicated
that results remained unchanged with the exclusion of any
individual study (shown in Figure 4(a)). Another four stud-
ies [9, 10, 15, 16] performed that patients treated with a 6-
month regimen for HCQ were at a lower mean proteinuria
level compared with patients in the control group
(SMD =-0.33, 95%CI =-0.50 to -0.16, p =0.0002) (shown
in Figure 5). No significant heterogeneity was identified
across studies. Further sensitivity analysis indicated that
the effect of HCQ on mean proteinuria level did not substan-
tially differ with exclusion of any individual study (shown in
Figure 4(b)). Publication bias was shown in funnel plot
(shown in Figure 6).

3.3. Subgroup Analysis. Of the five studies, four studies [9,
10, 15, 16] compared the percentage reduction in protein-
uria at 2, 4, and 6 months in the HCQ group to the control
group, while one study [17] showed percentage reduction in
proteinuria at 12 and 24 months. We performed a subgroup
analysis according to the duration of treatment of HCQ, and
significant differences were not observed in percentage
reduction in proteinuria between HCQ and controls for 2,
4, and 6 months. However, we found IgA nephropathy
patients treated with HCQ for more than 6 months were at
a significantly lower percentage reduction in proteinuria

(SMD =27.42, 95%CI=11.01 to 43.83, p=0.001) (shown
in Figure 7). Furthermore, considering three studies com-
paring the efficacy of HCQ and RAASi to RAASI only, two
studies comparing HCQ to corticosteroid or conventional
immunosuppressive agent, we also performed subgroup
analysis according to the individual agent. Overall, nonsig-
nificant difference was found (shown in Figure 8).

4. Discussion

In the current study, we compared HCQ with controls in
IgA nephropathy patients in terms of the percentage change
in proteinuria and mean proteinuria level. By meta-analysis
of 5 studies, we found HCQ might play a slight role in reduc-
ing proteinuria in IgA nephropathy patients. However, the
long-term effect of HCQ on percentage change in protein-
uria was relatively poor.

IgA nephropathy is the most common primary glomeru-
lonephritis worldwide [18]. IgA nephropathy can present
with gross hematuria, nephrotic syndrome, chronic kidney
disease, and rapidly progressive glomerulonephritis. IgA,
mainly produced at mucosal surfaces, is mainly responsible
for mucosal defense. Kidney biopsy remains the only way
to diagnose IgA nephropathy with light microscopy, electron
microscopy, and immunofluorescence. The main pathogen-
esis of IgA nephropathy is excess deposits of galactose-
deficient IgAl in serum and glomerular basement
membrane, triggering circulating immune complexes accu-
mulated in the mesangial cells, leading to mesangial prolifer-
ation, extracellular matrix synthesis, and podocyte damage.
Considering high incidence of end-stage renal disease and
mortality in IgA nephropathy patients, it is urgent to find
an appropriate treatment plan in the clinical practice.



Measurement of proteinuria, an important factor for
poor prognosis, offers a noninvasive method to risk stratify
IgA nephropathy patients. A retrospective observational
study reported kidney function of patients with time —
averaged proteinuria > 1.0 g/day deteriorated faster than
those with time — averaged proteinuria < 1.0 g/day [19]. Le
et al. also confirmed that IgA nephropathy patients with
time — averaged proteinuria > 1.0 g/day were associated with
a 9.4-fold risk for renal failure than patients with time —
averaged proteinuria < 1.0 g/day [20]. As a result, protein-
uria might be an indicator to evaluate the efficacy of HCQ
in patients with IgA nephropathy.

Previous meta-analysis has proved the combination of
RAASI and steroid to reduce proteinuria effectively in IgA
nephropathy patients [21, 22]. However, the investigation
of HCQ was limited. Liu et al. [9] included 30 IgA nephrop-
athy patients and found percentage change in proteinuria
from baseline to 2, 4, and 6 months was significantly higher
in the HCQ and RAASi group than that in the RAASi and
placebo group. Yang et al. [16] also confirmed the efficacy
of HCQ and RAASi on proteinuria reduction when com-
pared to RAASi alone. In the current study, we found the
mean proteinuria level at 6 months was significantly lower
in the HCQ group than patients in the control group. Fur-
thermore, the treatment of HCQ was relatively well tolerated
by most patients with IgA nephropathy. No serious adverse
events were documented during treatment with HCQ in the
including articles. The mechanism of HCQ to reduce pro-
teinuria in patients with IgA nephropathy was not clarified
yet. HCQ is usually absorbed in the upper intestinal tract
and eliminated in renal. It is widely accepted to accumulate
in the lysosomes, probably due to its flat aromatic core struc-
ture and basic side chain. Accumulated HCQ might increase
the local pH and inhibit the function of lysosomes which
might involve in antigen processing and MHC class II
presentation [23]. On the other hand, HCQ might block
Toll-like receptor (TLR) signaling by directly binding to
nucleic acids [24], which played a crucial role in the innate
immune system. Furthermore, HCQ might also inhibit cyto-
kine production by inhibiting TLR pathways. Willis et al. [25]
have reported that HCQ resulted in a significant decrease in
interferon-a level. Hjorton et al. [26] also showed that
HCQ might interfere with cytokine production and gene
expression in plasmacytoid dendritic cells and peripheral
blood mononuclear cells. The effect of HCQ on B cell differ-
entiation and T cell activation was also confirmed [27, 28].

In this meta-analysis, we included studies exploring the
level of proteinuria in IgA nephropathy patients received
HCQ. However, the difference of percentage reduction in
proteinuria between HCQ and control group was not signif-
icant. We further performed a subgroup analysis according
to the duration of HCQ, and no significant difference in
the percent change in proteinuria was noted between two
groups after received HCQ for 2, 4, and 6 months. The
follow-up period was probably not long enough to draw a
clear conclusion. In this meta-analysis, three studies com-
pared HCQ and RAASi to RAASi only, while two studies
compared HCQ to corticosteroid or conventional immuno-
suppressive agent. We found the efficacy of antiproteinuria
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was comparable between HCQ and other agents according
to the subgroup analysis. Otherwise, we found the antipro-
teinuric effect of HCQ and RAASi was slightly inferior to
that of RAASI alone for a >12-month regimen. A previous
study also reported a slight benefit of corticosteroids com-
pared to HCQ [10]. Meanwhile, in patients with proteinuria
above 1g/day, the antiproteinuric effect of HCQ and
immunosuppressive agent was not significantly different
from immunosuppressive treatment alone. Patients in the
control group might have received other antiproteinuria
agent before the study, which might overestimate the effi-
cacy of treatment in the control group. Considering the
sample size was relatively small, the results might not be
stable enough. As a result, the effect of reducing proteinuria
might be attenuated by duration of therapy, and the defi-
nite interaction of HCQ and other immunosuppressants
on proteinuria should be explored by more large-scale
randomized clinical trials in the future.

To our knowledge, this is the first meta-analysis to defi-
nite the efficacy of HCQ to reduce proteinuria in IgA
nephropathy patients compared to other agents. In this
meta-analysis, we performed subgroup analysis according
to the duration of treatment and different agents in the con-
trol group. Although the superiority of HCQ to other agents
was slight, we found the efficacy of HCQ might be modified
by duration of treatment. Our study also has potential limi-
tations. First, the number of studies included was relatively
small. Although no serious adverse events were recorded in
this study, more randomized clinical trials are preferred to
clarify the efficacy and safety of HCQ. Second, studies in this
meta-analysis only included IgA nephropathy patients from
China. Despite of the high heterogeneity, we could not per-
form a subgroup analysis according to the race. Third, the
effect of pathological types and renal function on treatment
was not considered.

In conclusion, HCQ has a slight antiproteinuric effect
in IgA nephropathy patients. The long-term effect of
HCQ in addition to other immunosuppressants should
be explicated further.
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