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Lipid profiles in patients with juvenile iy

idiopathic arthritis: a systematic literature
review and meta-analysis
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Abstract

Objective The purpose of this study was to comprehensively evaluate the lipid profiles in patients with juvenile idi-
opathic arthritis (JIA).

Methods The literature and relevant reviews were searched for published clinical studies on the relationship
between JIA and blood lipid levels. The Newcastle—Ottawa scale (NOS) was applied to evaluate the risk and meth-
odological value of the included case—control and cohort studies. Standardized mean differences (SMDs) and 95%
confidence intervals were derived for all variables with adequate unprocessed data. This meta-analysis followed
the Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) guidelines.

Results In total, 16 studies were incorporated through screening. The analysis findings revealed that the levels

of very low-density lipoprotein cholesterol [SMD=-0.411, 95% Cl (-0.774~-0.048), P=0.026], high-density lipoprotein
cholesterol [SMD=-0.528, 95% Cl (-0.976~-0.079), P=0.021], and apolipoprotein A1 [SMD=-1.050, 95% Cl (-1.452~-
0.647), P=0.000] in JIA patients were statistically lower than those observed in healthy controls. The level of low-
density lipoprotein cholesterol [SMD=0.202, 95% Cl (0.003 ~0.400), P=0.046] was significantly higher in JIA patients
than in healthy controls. In JIA patients, body mass index [SMD=-0.189, 95% CI (-0.690~0.311), P=0.459], high-
density lipoprotein [SMD =-1.235, 95% Cl (-2.845 ~0.374), P=0.133), low-density lipoprotein [SMD=0.616, 95% Cl
(-0.813~2.046), P=0.398), triglycerides (SMD=0.278, 95% Cl (-0.182 ~0.738), P=0.236], total cholesterol [SMD=-0.073,
95% (I (-0.438~0.293), P=0.696] and apolipoprotein B levels [SMD=0.226, 95% CI (-0.133 ~0.585), P=0.217] were
not significantly different from those in healthy controls.

Conclusions The outcomes of this meta-analysis suggest that dyslipidemia is common in JIA patients compared
to healthy controls. Patients with JIA have a significantly increased risk of atherosclerosis and cardiovascular disease
later in life.

Keywords Juvenile idiopathic arthritis, Lipid profile, Meta-analysis, Rheumatology

Introduction
Juvenile idiopathic arthritis (JIA) is a long-term rheu-
matic disorder that is mainly characterized by joint dam-

*Comrespondence: age, which can be accompanied by multiple systemic
Cai-Feng Li systems [1]. The onset of the disease occurs before the
]Ca‘feng—“@yeah‘”er _ _ i age of 16 years, and the main feature of the disease is
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ment of the functions of the eyes, liver, spleen, and other
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organs and serious long-term health disorders, including
physical disabilities [3]. The incidence of JIA ranges from
0.007 to 0.401%, affecting more females than males [4].

Much research evidence shows that long-term chronic
inflammation affects lipid metabolism [5, 6]. The mecha-
nism of dyslipidemia in JIA may be related to the chronic
inflammatory process during the active phase of joint
disease, the excessive release of some proinflammatory
cytokines, and anti-rheumatic drug therapy [7]. Many
studies [8—10] have demonstrated the presence of dyslip-
idemia in JIA patients during both acute and prolonged
phases, yet findings across various investigations remain
inconsistent. This study aims to measure and assess the
existing research on lipid profiles in patients with JIA.
The basic characteristics of dyslipidemia in JIA patients
may preliminarily explore the mechanism of lipid metab-
olism disorder.

Methods

This analysis was carried out in compliance with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) regulations [11]. The protocol has
been registered in PROSPERO (CRD42023445239).

Inclusion and exclusion criteria

The criteria for inclusion were as follows: (1) cohort stud-
ies, case—control studies, or cross-sectional studies evalu-
ating the relationship between serum lipid levels and JIA.
The diagnosis of JIA was made according to the consen-
sus conference of the International League of Associa-
tions for Rheumatology (ILAR) in 2001 or the American
College of Rheumatology (ACR) in 1986. The control
group was composed of healthy children. (2) Quantitative
measurements of blood lipids and the total number of
cases were provided in the article. (3) Studies were pub-
lished in either Chinese or English.

The exclusion criteria were as follows: (1) duplicate
studies; (2) research papers or conference abstracts that
could not be procured online; and (3) reviews and case
series.

Literature searches

Before designing the search strategy, the opinions of lit-
erature search experts were sought. From database estab-
lishment to July 15, 2023, under English and Chinese
language restrictions, the MEDLINE, EMBASE, Cumula-
tive Index to Nursing and Allied Health Literature, and
Web of Science databases were systematically searched.
The MEDLINE search strategy (Table 1) was modified to
facilitate its application in other databases. Further rel-
evant research was identified by manually searching the
bibliographies of excluded review articles.
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Table 1 Search syntax used for MEDLINE

Line Syntax

(Juvenile adj2 arthritis).tw
Arthritis, Juvenile/

Lipid/

Fat/

Triglyceride/
Hyperlipemia/

Hypertriglyceridemia/
Hypercholesteremia/
Cholesterol/
Cholesterin/
Lipoprotein/
Apolipoprotein/
Lipid. tw

fat*.tw

cholest*.tw
weigh*.tw

Tor2

3or4or5or6or/7or8or9ori0
orllorl2ori13orl4ori5ori6
or17

20 18and 19

1
2
3
4
5
6
7 Hyperlipoidemia/
8
9
1
1
1
1
1
1
1
1
1
1

O 00 N O L1 A W N — O

Data extraction

To ensure the quality of this meta-analysis, strict treat-
ment control was carried out in the research design,
literature retrieval and screening, data extraction, and
data entry processes. The papers were retrieved, and
then the content and data that met the criteria were
sorted. The extraction of variables and inputting of data
were independently conducted by two research mem-
bers (J.-H.D., W.-].Z.) back to back to ensure the qual-
ity of data entry. Conflicting literature or data that were
difficult to determine were resolved by consultation or
with the assistance of a third researcher (C.-F.L).

Risk of bias (quality) assessment

The Newcastle—Ottawa scale (NOS) was applied to
evaluate the risk and methodological value of the
included case-control and cohort studies [12]. The
scale evaluates three research areas (selection crite-
ria, comparability, and results) on a nine-point scor-
ing system to indicate the level of quality achieved. To
assess risk in the included cross-sectional surveys, the
assessment standards were suggested by the Agency for
Healthcare Research and Quality (AHRQ). Responses
were evaluated as “Yes” (1 point), “No” (0 points), or
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“unclear” (0 points) [13]. A deviation risk table was cre-
ated, and the research quality was summarized.

Data synthesis and statistical analysis

The statistical software Stata (version 14.2) was utilized
for synthesizing data and statistical interpretation [14].
To assist in the synthesis process, data were compressed
through a dual approach. First, although all relevant data
in the research reports were extracted, the comprehen-
sive report only contains the most exhaustive evidence
for the lipid profiles in each paper. Second, a single-point
value was estimated for each variable in every study, and
the confidence interval was 95%. The indicators in this
meta-analysis were the mean and standard deviation of
TC, TG, HDL and LDL levels, which were continuous
variables. The detection methods in each study were dif-
ferent or did not provide the detection methods, so the
standardized mean difference (SMD) was used for data
analysis. If zero events were reported for one group in a
comparison, a value of 0.5 was added to both groups for
each study. All tests were 2-tailed, and P <0.05 was con-
sidered statistically significant. Where possible, before
meta-analysis, the ordered classification data were trans-
formed into a single estimation through the implemen-
tation of the generalized trend least-squares method,
as facilitated by the Stata glst module [15]. A random-
effects model was used to pool the data, and statistical
heterogeneity between summary data was evaluated uti-
lizing Cochran’s Q-test and Higgin’s I* value [16]. When
P>0.1 and I*<50%, there was no statistical heterogene-
ity among the studies, and the fixed effect model method
was used to calculate the SMD value. Conversely, when
P<0.1 or I*>50%, the presence of statistical heterogene-
ity necessitates the employment of a random effect model
for calculating the SMD value. Begg’s test and Egger’s test
were used to test publication bias. Sensitivity analysis
was performed by recombining and analyzing individual
studies one by one.

Results

Study characteristics

The literature search obtained 1894 unique database
records. Most of the studies (1739) were eliminated dur-
ing the initial screening process based on their titles and
summaries. Out of the 155 full-text studies that were
scrutinized, only 16 studies [17-32] satisfied the pre-
determined inclusion criteria (Fig. 1; Table 2). Table 2
details the 2 case—control studies, 7 cohort studies, and
7 cross-sectional studies incorporated in this meta-anal-
ysis. In total, this study encompassed 1502 participants,
comprising 639 individuals diagnosed with JIA and 863
healthy controls. Most of the JIA patients included in the
study were female, accounting for an average of 64.31%.
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Risk of bias

The incorporated papers exhibited varying degrees of
quality, with scores ranging from five to eight. The scores
were frequently downgraded due to the absence of inde-
pendent verification of case status and insufficient fol-
low-up measures (Tables 3, 4 and 5).

Body mass index (BMI)

A total of 11 studies [17-19, 22-25, 27, 29, 30, 32] sur-
veyed the association between BMI and JIA. The hetero-
geneity result (P=0.000, >=92.9%) showed that there
was a significant level of heterogeneity in the research lit-
erature, and the random effects model was employed for
combined statistics. The results indicated a pooled SMD
of -0.189, a 95% CI of -0.690 ~0.311, and a Z score of 0.74
(P=0.459), suggesting no significant differences in BMI
between JIA patients and healthy controls. To further
analyze the sources of heterogeneity, sensitivity analy-
sis was used to eliminate the studies one by one, and it
was found that the analysis results were relatively robust.
Subgroup analysis was conducted on potential regulatory
variables. Subgroup analyses were performed accord-
ing to the study design, and none of the results changed
(Fig. 2; Table 6).

High-density lipoprotein (HDL)

A total of 6 studies [17, 20, 21, 26, 28, 29] surveyed the
association between HDL and JIA. The heterogeneity
result (P=0.000, I*=98.0%) showed that there was a sig-
nificant level of heterogeneity in the research literature,
and the random effect model was employed for com-
bined statistics. The results indicated a pooled SMD of
-1.235, a 95% CI of -2.845~0.374, and a Z score of 1.50
(P=0.133), suggesting no significant differences in HDL
cholesterol between JIA patients and healthy controls.
To further analyze the sources of heterogeneity, sensitiv-
ity analysis was used to eliminate the studies one by one,
and it was found that the analysis results were relatively
robust. Subgroup analyses were performed according to
the study design, and none of the results changed (Fig. 3;
Table 6).

Low-density lipoprotein (LDL) cholesterol

A total of 5 studies [17, 20, 21, 26, 28] surveyed the
association between LDL cholesterol and JIA. The het-
erogeneity result (P=0.000, 1>=97.5%) shows that there
was a significant level of heterogeneity in the research
literature, and the random effect model was utilized for
combined analysis. The results indicated a pooled SMD
of 0.616, a 95% CI of -0.813~2.046, and a Z score of
0.84 (P=0.398), suggesting no significant differences in
LDL cholesterol levels between JIA patients and healthy



Page 4 of 12

(2023) 22:136

Zhao et al. Lipids in Health and Disease

|y-ody
DI@1D-1aH  sagvIng pue
OL1aH INg 'sdIvSN viIr BLSILD Yy 1| €€S 179 §9FLIT L9FELL SL 6C vSN 0D [67]9l0TIueN
g-ody |y
-0dy D1 DL 1AIA [87] 9661
107 1aH INg vor BLSIID YOV 8l 6l Asspng S ‘njboexpieg
[Las1oz
IWg vir L3I Yyl SYFSS SS9 YFLL YYFPEL 0z 0§ lizeig oD ‘Lepnis
SQyvwa pue
'SAIVSN [o7) 810¢
2151101 1aH 'SpIOJAS vSdr eU3IID Yyl L6EF8YS 95 95 OEFLO¥L 86TFLEEL TAT4 BINRAO|S 0D ‘eroyoIn
(s 610C
Iwg 6'€E I RLIAID Yy 7| SET6L 68 S8  97FSEL  TTFIEL 65 65 AemioN oD ‘wnsty
[ve] 10T
IWg viIr RLBIID Yy1| 08ET0LTL SSETVLTL oy  of puejod SO "YO3IM
sQyvINg pue [eqlolot
IWg 'sdIVSN viIr eLRILD Yy1| LTFIE €9 99  ¥LIFO0L CTLFYOL LEL 9/ spuepayieN b)) 'sog
g-ody XL pue
Ly-ody D191 'sdIVSN [cl 6661
D107 D-1aH INg 'SpIoJR1S 6'€S vdr RLBID YDV 01-50) 5P 9€9  6€S rFLL EFLL w % aduel4 0D ‘sidajest
SQyvNg pue
oL 'sdIvVSN [12] z00z
1d7A AT IaH 'SpI0IRIS viIr BLISIID Yy/1| 108 97/ SEFSTL  THFELL s 1S lizelg $D 's9A[eSU0D)
SI0)
-IgIyur N1 pue
OL1dIA 'SQYVING [07] s10T
1a711aH DL 'SpI0IRS viIr RUBUD YV o(E1-520) 09 0EF0STL  0TF06LL s€  s¢ lizeig $D ‘as211bnd
D-1a1 X1\ pue 611 €10C
D-1QH OLDLING SAIVSN vir RLBILD Yy | S5 ¥89 STTFVE9 6£TFSOL or 8 Aley Bb) ‘epalg
SJ10)
-IgIyur 4NL pue
D-1a1 'SQYVING [sllsloz
D-1H DLOLING 'SpI0IA1S /9 viIr eLBILD Yy | S. /9.  SLFYYL  SLFOVL 0z 0f puejod $D ‘Zoeupar
XL pue
1aH 'sdIvVSN [£11 020t
1a11a1AINg 'SpI0IAS 147 vIr BLISILD YV 7| 00 € W T8E  WLL-6)El LO1-9)STL 8/ 18 epu| $D ‘uressny
|osuo) ese) |oa3uo) ase) |o4juo0) ase)
(%) (s1eaKk)
jusuwijjoius oseasip el uoneinp Aﬁo co_mwm_
juswainsesy je juswieaa OAIY m_mo:mm_ﬁ_ uonedyisse|d osesasig G_aEw.t XoS Aﬁ_m F :mm:.: wm< 9ZIS w_nrcmm \>._u:=ou :m_me >_u:um

SalpN3s papn|oul ayy Jo Ubisap pue sdispadeIey) T alqel



Page 5 of 12

(2023) 22:136

Zhao et al. Lipids in Health and Disease

‘(314enb Jamo| ‘ajntenb saddn) abe sbeiany, 910N

urajoiadodi| Aysuap-mo| KIS 1T/ ‘DpHSdA|BLIL D “103D.) SISOIDRU JOWN 4N/ ‘|0491SS|0YD |e3O] DI

‘sipLyIe d1yledolpl 9|1usAN( J1WR1ISAS Vjrs ‘sbnip Alojewiwejul-1lue [eploIdISUoN SgJYSN ‘91eX110YId|N XL ‘|0191s9joyd uiaroidodi) Alisuap-mo -7g7 ‘utdloidodi) Alsuap-moT 7g7 ‘SiayLIe pio1ewnays d|IUSAN( vy,
‘si3Ye d13erosd 3|IUSANS YS4r ‘sialay3e d1yiedolpl S[IUSANS jf ‘SIIIYLIR DIUOIYD 3|IUSAN( /D ‘ABOjoIeWINBYY 1O SUOIIRIDOSSY JO dnbeaT [euoneulalu| yy/7) ‘|o191sajoyd utaloidodi| Ausuap-ybiH )-1gH ‘uteroadodi| Aususp
-ybIH 7gH ‘sbnip dnewnayl-nue buikjpow-asessiq sgy g ‘Apnis [euoidas-ssoud e §) ‘Apnis 110yod 0D ‘ApNnis [011U0d-3sed e ) “xapul ssew Apog (g ‘uisroidodijody ody ‘Abojorewnayy jo a63|j0D ueduswyY YOV

2-1d1
D-1aH DLOLING 99f vir eLBIID Yy | S/E L0 9LEFSIVL TLPF8SYL ¢EC [T eulyd ‘uemiel 0D [zeleloz'usys
2-1d1 eulyd
D-1aH D151 789 vIrs BUSID YVl Sy ‘puejuiepy 0D [lLelslozuns
ylex)
-Igiyur 4N1 pue
'SQUYING [o€]
g-ody D-1d1 'sAIVSN 0z0z'®I3eA
D-1aH DLOLING 'Sp101331S viIr BLSIID Yy/1| LYSFLYEL 7S 9S YSTFLITLT LTLFLLST ST st ureds ) -epuely
|osuo) 9se) |oa3uod ase) |o43uo0) 9se)
(%) (s4eaKk)
juswijoiud  Iseasip eLIRND uoneinp (% uoibay
JUBWIDINSED|\ 1 jJudwiledl] 9ADY sisoubelq  uonedyisse]d aseasiqg ‘a]eway) xas (as ¥ ueaw) aby 9z|s 9|dwes /A13uno) ubisaq Apms

(panupuOd)  3jqey



Page 6 of 12

(2023) 22:136

Zhao et al. Lipids in Health and Disease

L 0 L L 0 0 L L L L L [€2]1910T 'sog
9 0 L L 0 0 L L 0 L L [611€10C "ep=1g
slo1de} sl101de}
jueyodwi jueyodwi
S|ORU0d  sBeyu)l JudWSSISSE pullq Jay30 ay3 1oy 1sow ayj 10y
puesased>  pioday juapuadapu| |o13u0d Apnis |oauod Apnis sjuedppied uohepijea
sdnoub yjoq buluieliadse SawodINo aseasip |o13u0d juspuadapul
10} dwes ajel 10 poylaw slojoey Jo f101s1y ou Aunwwod  danejussaidal Yam uoniuysp
asuodsaluon swesay| ainsodxd jo uopeujwisleg siapunojuod uo ajqesedwo) dAeY S|043U0D J0 uonds|as sase) ased ajenbapy
Ayjenb
[LIEYYe} ainsodx3y Aqesedwod uond9|Ss Apms

S9lPN1s |[0AUOD—9SeD JOJ S2J10DS 1UaUUSSasSe seld JO %S 9|eDS emell0—9(1SeOMaN € 9jqel



Page 7 of 12

(2023) 22:136

Zhao et al. Lipids in Health and Disease

143
8 L 0 0 L 0 L L L 0 L L L 0 Z10¢ 'Usys
[L€]
8 l 0 0 L 0 L L L 0 L L L 0 610C 'uns
[67]
L 0 0 0 L 0 L L L 0 L l L 0 910¢ uew
[a
8 L 0 0 L 0 L L L 0 L L L 0 S0z Mepnms
[ozl gloT
8 L 0 0 L 0 L L L 0 L L L 0 ‘eAOYOIN]
[sal
L 0 0 0 L 0 L L L 0 L L L 0 6l0C'wnsiy
[czl 6661
9 0 0 0 L 0 0 L L 0 L L L 0 ‘sidajas|
dn-mojjoy
01 550] JO si01de} s1030e}
papinoid juepodwi  jueysodwi
uondudsap JUDWISSISSe J3430 3y} jsow ayy Apnis ays jo
10 dn-mojjoj dn-mojjoy abeyul puilq Jojjosuod>  Jojjosuod  MEISSYlje Aanans  piodas
%56< 919]dwo) (s1edh  piodey juspuadapuy Apnis Apms M9saId 10U painpnng sjqenPy jeymawos  Anip
G<)awn semisaqlur " sjopuod
dn-mojjoy SI9PUNOJUOd  JO AWO0INO juswulelIadse Jo  1oyod pasodxs jo
p b dn mojjoy jo Aoenbapy  ajenbapy  judwWIssasse awodNNQ uo a|qesedwo) ayl JO32IN0S  UoIDJIRS SSaUSANEIUISAIdRY
Hjen
TEIETYo) awod31no Ajiqesedwod uond3|as Apnis

SolPN1s LIOYOD JOJ S=2J02S JUsWISSasSe selq JO %Sl 9|edS emell0—o|1SedMaN f 9jqel



Zhao et al. Lipids in Health and Disease (2023) 22:136 Page 8 of 12
Table 5 Quality evaluation of cross-sectional studies by the Agency for Healthcare Research and Quality (AHRQ)

Study 1 2 3 4 5 6 7 8 9 10 11 Score
Hussain, 2020 [17] Y Y N Y U Y N Y N Y N 6
Jednacz, 2015 [18] Y Y Y Y U Y N Y N Y N 7
Pugliese, 2015 [20] Y Y Y Y U Y N Y N Y N 7
Goncalves, 2007 [21] Y Y N U U Y N Y N Y N 5
Wiech, 2018 [24] Y Y N Y U Y N Y N Y N 6
Bakkaloglu, 1996 [28] Y Y N U U Y N Y N Y N 5
Aranda-Valera, 2020 [30] Y Y N Y U Y N Y N Y N 6

Note: (1) The data source was clear; (2) The inclusion and exclusion criteria of the exposed group and nonexposed group (case and control) were listed or referred to
in previous publications; (3) The collection time of the research object was clear; (4) The research object was representative; (5) The measured variables were covered
by other characteristics; (6) Describe any assessment to ensure quality; (7) The analysis results described the excluded objects; (8) Measures to evaluate and/or control
confounding factors were described; (9) Describe the processing of lost data; (10) The response rate of patients and the integrity of data collection were summarized.
11. If there was a follow-up, the expected percentage of patients with incomplete data or follow-up results was written. Y: “Yes”; N: “No”; U:“Unclear”

Table 6 Summary of meta-analysis results

Factors Design N Heterogeneity test Effect model Outcomes
1%(%) P SMD(95%Cl) z P
BMI (@) 4 86.4 0.001 random -0.736 (-1.987,0.514) 1.15 0.248
CC 2 0.0 0.659 random -0.040 (-0.278, 0.199) 033 0.745
cOo 5 76.8 0.002 random 0.177 (-0.273,0.627) 0.77 0.441
HDL CS 4 88.8 <0.001 random -1.526 (-3.995, 0.944) 1.21 0.226
Cco 2 64.7 0.092 random -0.652 (-1.379,0.075) 1.76 0.079
LDL CS 4 88.1 <0.001 random 0.737 (-1.047,2.520) 0.81 0418
co 1 - - - 0.128 (-0.427,0.683) 045 0.651
VLDL cs 4 63.3 0.043 random -0411 (-0.774,-0.048) 2.22 0.026
TG cS 5 80.5 0.001 random -0.171 (-0.709, 0.368) 0.62 0.534
cC 1 - - - 0.573(0.119, 1.026) 248 0.013
Cco 5 91.0 <0.001 random 0.687 (-0.164, 1.538) 1.58 0.114
TC (S 4 62.1 0.048 random 0.060 (-0.407, 0.528) 0.25 0.800
CcC 1 - - - 0.522 (0.070,0.973) 2.26 0.024
CcO 4 79.2 0.002 random -0.362 (-0.949, 0.226) 1.21 0.228
HDL-C cs 2 37.8 0.205 random 0.165 (-0.368, 0.697) 061 0.544
CcC 1 - - - -0.154 (-0.598, 0.291) 0.68 0499
Co 4 64.7 0.037 random -0.949 (-1.432,-0.466) 3.85 <0.001
LDL-C (&) 2 0.0 0476 fixed 0.236(-0.182,0.653) 111 0.269
CcC 1 - - - 0.651(0.195, 1.107) 2.80 0.005
co 4 249 0.262 fixed 0.043 (-0.217,0.303) 032 0.745
Apo-Al (&) 1 - - - -1438 (-2.165,-0.711) 3.87 0.001
co 2 69.3 0.071 fixed -0.878 (-1.361,-0.395) 3.56 <0.001
Apo-B (&) 2 46.9 0.170 fixed 0.180 (-0.243, 0.604) 0.83 0404
co 1 - - - 0.341 (-0.334, 1.016) 0.99 0322

Apo apolipoprotein, BMI Body mass index, CC A case—control study, CO Cohort study, CS A cross-sectional study, HDL High-density lipoprotein, HDL-C High-density
lipoprotein cholesterol, LDL Low-density lipoprotein, LDL-C Low-density lipoprotein cholesterol, TC Total cholesterol, TG Triglyceride, VLDL Very low-density lipoprotein

controls. To further analyze the sources of heterogeneity,
sensitivity analysis was used to eliminate the studies one
by one, and it was found that the analysis results were
relatively robust. Subgroup analyses were performed
according to the study design, and none of the results
changed (Fig. 4; Table 6).

Very low-density lipoprotein (VLDL) cholesterol

A total of 4 studies [17, 20, 21, 28] surveyed the associa-
tion between VLDL cholesterol and JIA. The heteroge-
neity result (P=0.043, I*=63.3%) showed that there was
some homogeneity in the research literature, and the
random effect model was implemented for combined
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statistics. The results indicated a pooled SMD of -0.411, a
95% CI of -0.774~-0.048, and a Z score of 2.22 (P=0.026),
suggesting that the VLDL cholesterol level of JIA patients
was statistically less than that of healthy controls (Fig. 5;
Table 6). To further analyze the sources of heterogeneity,
sensitivity analysis was used to eliminate the studies one
by one, and it was found that the analysis results were
relatively robust. All four study designs were of the same
type, so no subgroup analysis was conducted.

Triglyceride (TG)

A total of 11 studies [18-22, 26, 28—32] surveyed the
association between TGs and JIA. The heterogeneity
result (P=0.000, I>=87.8%) showed that there was some
homogeneity in the research literature, and the ran-
dom effect model was employed for combined statistics.
The results indicated a pooled SMD of 0.278, a 95% CI
of -0.182~0.738, and a Z score of 1.18 (P=0.236), sug-
gesting no significant differences in TG levels between
JIA patients and healthy controls. To further explore the
potential sources of heterogeneity, subgroup analysis
was conducted on potential regulatory variables. Sub-
group analyses were performed according to the study
design. Subgroup analyses were performed according to
the study design. The results found significant differences
in the case-control study and no differences in the other
types (Fig. 6; Table 6).

Total cholesterol (TC)

A total of 9 studies [17, 19, 20, 22, 26, 28, 30—32] sur-
veyed the association between TC and JIA. The hetero-
geneity result (P=0.000, 1°=76.1%) showed that there
was some homogeneity in the research literature, and the
random effect model was utilized for combined statistics.
The results indicated a pooled SMD of -0.073, a 95% CI
of -0.438 ~0.293, and a Z score of 0.39 (P=0.696), sug-
gesting no significant differences in TC levels between
JIA patients and healthy controls. To further explore the
potential sources of heterogeneity, subgroup analysis was
conducted on potential regulatory variables. Subgroup
analyses were performed according to the study design.
The results found significant differences in the case—con-
trol study and no differences in the other types (Fig. 7;
Table 6).

High-density lipoprotein cholesterol (HDL-C)

A total of 7 studies [18, 19, 22, 29-32] surveyed the
association between HDL-C and JIA. The heterogeneity
result (P=0.000, I>=78.1%) showed that there was some
homogeneity in the research literature, and the random
effect model was implemented for combined statistics.
The results indicated a pooled SMD of -0.528, a 95%
CI of -0.976~-0.079, and a Z score of 2.31 (P=0.021),
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suggesting that the HDL-C level of JIA patients was sta-
tistically lower than that of healthy controls. To further
explore the potential sources of heterogeneity, subgroup
analysis was conducted on potential regulatory variables.
Subgroup analyses were performed according to the
study design. The results found significant differences in
the cohort studies and no differences in the other types
(Fig. 8; Table 6).

LDL-C

A total of 7 studies [18, 19, 22, 29-32] surveyed the
association between LDL-C and JIA. The heterogeneity
result (P=0.138, 12=38.1%) showed that there was lit-
tle homogeneity in the research literature, and the fixed
effect model was utilized for combined statistics. The
results indicated a pooled SMD of 0.202, a 95% CI of
0.003 ~0.400, and a Z score of 1.99 (P=0.046), suggest-
ing that the LDL-C level of JIA patients was statistically
higher than that of healthy controls. To further explore
the potential sources of heterogeneity, subgroup analysis
was conducted on potential regulatory variables. Sub-
group analyses were performed according to the study
design. The results found significant differences in the
case—control study and no differences in the other types
(Fig. 9; Table 6).

Apolipoprotein (Apo)-A1

A total of 3 studies [22, 28, 29] surveyed the associa-
tion between Apo-Al and JIA. The heterogeneity result
(P=0.950, I>=0.0%) showed that there was little homo-
geneity in the research literature, and the fixed effect
model was employed for combined statistics. The results
indicated a pooled SMD of -1.050, a 95% CI of -1.452~-
0.647, and a Z score of 5.11 (P=0.000), suggesting that
the Apo-Al level of JIA patients was statistically infe-
rior to that of healthy controls. To further explore the
potential sources of heterogeneity, subgroup analysis was
conducted on potential regulatory variables. Subgroup
analyses were performed according to the study design,
and none of the results changed (Fig. 10; Table 6).

Apo-B

A total of 3 studies [22, 28, 30] surveyed the associa-
tion between Apo-B and JIA. The heterogeneity result
(P=0.361, I’=1.9%) showed that there was little homoge-
neity in the research literature, and the fixed effect model
was employed for combined statistics. The results indi-
cated a pooled SMD of 0.226, a 95% CI of -0.133 ~0.585,
and a Z score of 1.23 (P=0.217), suggesting no significant
differences in Apo-B between JIA patients and healthy
controls. Subgroup analyses were performed accord-
ing to the study design, and none of the results changed
(Fig. 11; Table 6).
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Sensitivity analysis and publication bias test

Sensitivity analysis did not identify any studies that
caused heterogeneity in this study, and the results of this
study are stable and reliable (Fig. 12). Begg’s and Egger’s
bias tests and funnel plots showed no obvious asymme-
try, indicating that there was little publication bias in the
selected studies (Figs. 13 and 14).

Discussion

The differences in serum lipid levels between the JIA and
control groups were compared in this meta-analysis. In
this meta-analysis of 16 trials involving 1502 participants,
the results showed that the VLDL, HDL-C, and Apo-Al
levels in the JIA group were lower than those observed in
the control group, and the LDL-C level in the JIA group
was higher than that in the control group. There were no
significant differences in BMI, HDL, LDL, TG, TC, and
Apo-B between the JIA group and the control group.

In recent years, many studies have reported that com-
pared with healthy children, children with JIA have blood
fat metabolism disorders [33]. Current studies suggest
that the inflammatory state and overexpression of pro-
inflammatory cytokines caused by immune disorders
in children with JIA at the active stage may lead to lipid
metabolism disorders [34]. Chronic systemic inflamma-
tion in JIA patients can also induce changes in the struc-
ture and level of lipoproteins. Studies on dyslipidemia in
children with JIA have shown different results. Ilowite
et al. [35] first described the changes in blood lipids in
children with JIA, characterized by decreased HDL-C
levels and increased TG and VLDL levels. In contrast,
Gonvalves et al. [21], in a study of 51 children with JIA,
found lower HDL-C levels and lower TG and VLDL lev-
els in children with JIA than in healthy controls. Bohr
et al. [36] reported that children with JIA had no obvi-
ous dyslipidemia, and TC, LDL-C, and HDL-C levels
were within the normal range. However, Marangoni et al.
[37] showed that plasma triglyceride, TC, and LDL-C
levels were elevated and HDL-C levels were decreased in
children with multiarticular JIA. This difference may be
related to the JIA subtype and disease activity and to JIA
treatment drugs. Glucocorticoids can increase the levels
of all lipid components, while TNF-a antagonists and
methotrexate may improve lipid metabolism [38].

VLDL is one of the plasma lipoproteins. VLDL may
be related to physical activity and disease activity in JIA
[39]. Some studies have shown that Apo-Al is nega-
tively related to JIA disease activity [40]. Apo-Al can
inhibit the activation of monocytes and macrophages and
release interleukin-1, TNF-a, and other inflammatory
factors [41]. In the process of inflammation in JIA, the
level of SAA is significantly increased and replaces Apo-
A1, resulting in a decrease in Apo-A1l [42].
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Study strengths and limitations

The literature included in this study was all case—control
studies or cohort studies published in the last 30 years,
and the NOS evaluation criteria were applied to score
each study. The criteria for the diagnosis and exposure
of JIA were clear in the included literature, so the bias
caused by disease diagnosis errors and the determination
and measurement errors of exposure factors was low. The
funnel plot also suggested low publication bias.

This study, nonetheless, is not without its constraints.
First, bibliographic bias occurs in the process of litera-
ture collection. The language scope of the included stud-
ies was restricted to Chinese and English; thus, valuable
research published in various linguistic versions could not
be retrieved or evaluated. Second, all the papers included
have been previously published, and unpublished research
results and documentary evidence from other nontradi-
tional sources were lacking. The literature with “positive”
results may overstate the strength of the association for
some risk factors. An analysis of the causes showed that
publication bias may be related to the failure to retrieve
unpublished literature with negative results, database bias,
etc. Due to publication bias, the results may exaggerate the
association strength of a risk factor and deviate from the
authenticity of JIA. Therefore, this conclusion is clinically
relevant for reference. Finally, the included case-control
and cross-sectional studies were observational, and the
strength of evidence was low. The quality assessment of
the incorporated studies based on NOS and AHRQ evalu-
ation criteria showed that the character of each study was
different, and the assessment of some literature was low.

Conclusions

This review highlights studies of serum lipids in JIA. The
outcomes of this meta-analysis suggest that dyslipidemia
is common in JIA patients compared to healthy controls.
The inflammatory status in JIA patients during the active
phase of the disease or previous medication use may lead
to lipid metabolism disorders. Patients with JIA have a sig-
nificantly increased risk of atherosclerosis and cardiovas-
cular disease later in life. Therefore, in clinical work, early
intervention in lowering blood lipids can be performed on
JIA patients with hyperlipidemia, thereby improving the
prognosis and quality of life of patients. In future studies,
it is still necessary to further analyze whether there is an
interaction between different lipid indexes and to conduct
a larger sample size population cohort study to explore the
pathophysiological mechanism of lipid disorders in JIA.
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