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ABSTRACT

Evidence suggests that immune system alterations in Down syndrome (DS) may 
be early events that drive neuropathological and cognitive changes of Alzheimer’s 
disease. The primary objective of this meta-analysis was to investigate whether there 
is an abnormal cytokine profile in DS patients when compared with healthy control 
(HC) subjects. A systematic search of Pubmed and Web of Science identified 19 
studies with 957 DS patients and 541 HC subjects for this meta-analysis. Random 
effects meta-analysis demonstrated that patients with DS had significantly increased 
circulating tumor necrosis factor-α (Hedges’ g = 1.045, 95% confidence interval  
(CI) = 0.192 to 1.898, p = 0.016), interleukin (IL)-1β (Hedges’ g = 0.696, 95% 
confidence CI = 0.149 to 1.242, p = 0.013), interferon-γ (Hedges’ g = 0.978, 95% 
CI = 0.417 to 1.539, p = 0.001) and neopterin (Hedges’ g = 0.815, 95% CI = 0.423 
to 1.207, p < 0.001) levels compared to HC subjects. No significant differences were 
found between patients with DS and controls for concentrations of IL-4, IL-6, IL8 
and IL-10. In addition, most of the cytokine data in this meta-analysis were from 
children with DS and HC, and subgroup analysis showed that children with DS had 
elevated tumor necrosis factor-α, IL-1β and interferon-γ levels when compared with 
controls. Taken together, these results demonstrated that patients (children) with 
DS are accompanied by increased circulating cytokine tumor necrosis factor-α, IL-1β 
and interferon-γ levels, strengthening the clinical evidence that patients (children) 
with DS are accompanied by an abnormal inflammatory response.

INTRODUCTION

Down syndrome (DS), also known as trisomy 21, is 
one of the most common chromosomal abnormalities in 
humans, which is the prevailing cause of mental 
retardation [1]. It is estimated that more than 5 million 
people worldwide are affected by DS, and the prevalence 
of the disease varies between 250,000 and 400,000 in the 
United States [2]. In addition to the mental disabilities 
caused early in life, virtually all patients with DS develop 
Alzheimer’s-disease (AD) neuropathological changes 
in the brain by their 40 s, and at least 70% will develop 
dementia by age 55–60 s [1, 3–5]. Unfortunately, there 
are no treatments to delay or prevent the progression of 

dementia in adult DS patients. Given the ability to identify 
DS patients at or before birth and the high incidence of 
AD among adults with DS, improved understanding 
of early events that contribute to and/or promote the 
neuropathophysiological progression of AD in DS may 
provide early intervention or prevention of AD in this 
population, and may also shed light on the ways in which 
neurodegeneration occurs in sporadic AD. 

One early event that may contribute to the 
progression of dementia in DS patients is amyloid beta 
deposition in the brains, as amyloid beta plagues have 
been noticed in some DS children [1]. Another possible 
pathogenic link between DS and AD is the dysregulation 
of immune response in those patients both in central and 
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peripheral, this is evidenced by glial cell activation with 
excessive expression of inflammatory markers such 
as chromosome 2 gene product IL-1 and chromosome  
21 gene product S100B in DS and AD brains [6, 7]. The 
pro-inflammatory cytokines TNF-α, IL-1β, IL-6 and IFN-γ 
are considered to play key roles in inflammatory responses. 
It has been reported that macrophages and T cells secret 
IL-6 to stimulate the inflammatory responses, while IL-1β 
promotes B cell maturation and induces immunoglobulin 
production, which eventually leads to inflammation [8]. 
Therefore, a substantial number of studies have analyzed 
levels of these inflammatory cytokines in patients with AD 
and DS, in hope of better understanding of the etiology of 
the diseases and potentially use cytokines as biomarkers for 
disease progression. Although clinical data were not always 
consistent across studies, results from a meta-analysis 
demonstrated that peripheral blood inflammatory cytokines 
including tumor necrosis factor (TNF) -α, interleukin 
(IL)-1β and IL-6 were significantly increased in patients 
with AD compared with healthy control (HC) subjects 
[9]. However, the changes of inflammatory cytokines 
in DS patients were unclear due to the inconsistent data 
for individual cytokine and between studies [10–14]. 
Therefore, a meta-analysis on this subject is necessary to 
address the inconsistency in clinical data, especially the 
inflammatory cytokine changes in children with DS. 

MATERIALS AND METHODS

We performed meta-analysis in this study adhered 
to the guidelines that are recommended by the PRISMA 
statement (Preferred Reporting Items for Systematic 
reviews and Meta-Analysis) [15] . 

Two independent investigators performed a 
systematic review of peer reviewed English articles 
from databases of Pubmed and Web of Science through 
May, 2017. The database search term was: (inflammation 
or cytokine or chemokine or tumor necrosis factor or 
interleukin or interferon or neopterin or C-reactive protein) 
and (down syndrome or trisomy 21), no year limitation 
was applied. Original clinical studies that reported data 
on circulating cytokine concentrations in down syndrome 
patients and controls were included. Excluded criteria 
were: (1) in vitro studies with reported stimulated or 
unstimulated levels of cytokines; (2) samples were same 
cohort with other studies; (3) Cytokines were not analyzed 
in at least three studies. 

Data extraction

 The data were extracted by two independent 
investigators. Data on sample size, mean cytokine 
concentration, standard deviation (SD) and p value 
were extracted as primary outcomes. Data for potential 
moderator analysis of age, gender, sampling source and 
assay type were also extracted (see Table 1). It should be 

noted that the “children” in this study were individuals 
aged between 0–18 years as PubMed classified.

Statistical analysis 

We used Comprehensive Meta-Analysis Version 
2 software (Biostat Inc., Englewood, NJ, USA) to 
perform all the statistical analyses. Sample size, mean 
concentration and standard deviation (SD) were primarily 
used to generate effective size, in some cases effective 
sizes were generated by sample size and p value when 
mean concentration and SD were not available. Effective 
size was calculated as standardized mean difference of 
cytokine concentrations between DS patients and controls, 
and converted to Hedges’g which provides an unbiased 
ES adjusted for sample size [16]. Random effects meta-
analysis was chosen in this study because we hypothesized 
that both within-study variance and between-study 
variance affected the true effective size. In addition, we 
performed sensitivity analysis by removing one study at a 
time to assess whether a single study could influence the 
statistical significance of the meta-analysis.

We assessed between-study heterogeneity by 
Cochrane’s Q test and I2 index as described previously 
[17]. Statistical difference for the Cochrane’s Q test was 
set at p < 0.1; I2 of 0.75, 0.50 and 0.25 indicated high, 
moderate and small levels of heterogeneity, respectively. 
The potential moderating effects of age, gender and 
sample size on the meta-analysis were analyzed by 
unrestricted maximum-likelihood random-effects meta-
regressions of effective size. Furthermore, Egger’s test 
was used to test publication bias, which assesses the 
funnel plot asymmetry. 

P < 0.05 was considered statistical significant in this 
study except where noted. 

RESULTS

Systematic review of the literature identified 1906 
records from Pubmed and 1730 records from Web of 
Science. Scanning of titles and abstracts resulted in 
identification of 41 articles for full text scrutiny. Several 
studies were excluded because: in vitro blood cytokine 
levels were reported (3 studies); no necessary data  
(6 studies); lack of control group (4 studies); samples were 
overlapping with other studies (6 studies); Cytokines were 
not analyzed in at least three studies (3 studies). Therefore, 
a total of 19 studies encompassing 957 DS patients and 
541 HC subjects were included in the meta-analysis 
[10–14, 18–31] (Flowchart see Figure 1).

Main association of DS with cytokines

Random effects meta-analysis demonstrated that 
patients with DS had significantly higher circulating 
inflammatory marker levels compared with HC subjects 
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for TNF-α (Hedges’ g = 1.045, 95% confidence interval 
(CI) = 0.192 to 1.898, p = 0.016), IL-1β (Hedges’  
g = 0.696, 95% CI = 0.149 to 1.242, p = 0.013), IFN-γ  
(Hedges’ g = 0.978, 95% CI = 0.417 to 1.539, p = 0.001) 
and neopterin (Hedges’ g = 0.815, 95% CI = 0.423 
to 1.207, p < 0.001), as shown in Table 2 and Figure 2. 
However, circulating IL-4, IL-6, IL8 or IL-10 levels did not 
differentiate between DS patients and HC subjects (Table 2). 

Investigation of heterogeneity

Significant heterogeneity was found for all eight 
cytokines analyzed in this meta-analysis. TNF-α, IL-1β, 
IL-4, IL-6, IL8, IL-10 and IFN-γ showed high levels of 
heterogeneity, and neopterin showed moderate levels of 
heterogeneity (Table 2). 

Subgroup analysis

We then performed subgroup analysis to test 
whether theoretically relevant categorical variables 

moderate the between-study heterogeneity. Since most of 
the studies measured cytokine levels in children with DS, 
we therefore performed meta-analysis to analyze cytokine 
changes in children with DS. As shown in Supplementary 
Figure 1, children with DS had elevated TNF-α  
(7 studies, Hedges’ g = 0.988, 95% CI = –0.043 to 2.02, 
p = 0.06), IL-1β (6 studies, Hedges’ g = 0.606, 95%  
CI = 0.003 to 1.209, p = 0.049) and IFN-γ (4 studies, Hedges’  
g = 0.754, 95% CI = 0.162 to 1.346, p = 0.013) levels 
when compared with control children, although it did 
not reach statistical significance for TNF-α. However, 
between-study heterogeneity remains high for TNF-α  
(Q6 = 13.202; p < 0.001; I2 = 95.646), IL-1β (Q5 = 32.839; 
p < 0.001; I2 = 84.774) and IFN-γ (Q3 = 13.26; p = 0.004; 
I2 = 77.376). 

We also analyzed blood cytokine levels in DS 
patients, considering most of the samples in the included 
studies in this meta-analysis were from blood. The meta-
analysis suggested that blood TNF-α (8 studies, Hedges’ 
g = 1.045, 95% CI = 0.077 to 2.013, p = 0.034), IL-1β 
(5 studies, Hedges’ g = 0.683, 95% CI = 0.027 to 1.34, 

Table 1: Characteristics of included studies measuring peripheral circulating cytokine concentration  

Study/Year Cytokines Measured Country Samples 
(DS/Control)

Gender 
(% Male)

(DS/Control)

Mean Age 
(DS/Control)

Sample 
Source Assay type

Barr-Agholme et al. 1997 IL-1β Sweden 15/15 NA 12.1/13.8 GCF ELISA

Broers et al. 2012 IFN-γ, IL-1β, IL-6, IL-8, 
IL-10, TNF-α Netherlands 61/57 64/40 7.8/9.3 Blood Cytometric Bead Assay, 

ELISA

Carta et al. 2002 IFN-γ, IL-6, TNF-α Italy 19/19 68.4/68.4 30.11/30.27 Blood ELISA

Cattell et al. 1989 Neopterin UK 53/32 NA NA Urine HPLC

Cetiner et al. 2010 IL-1β, IL-4, IL-6, IL-8, 
IL-10, TNF-α Turkey 32/32 43.8/56.2 3.9/4.5 Blood ELISA

Coppus et al. 2010 Neopterin Netherlands 401/48 62.3/66.7 52/50.2 Blood HPLC

Dogliotti et al. 2010 IL-6 Italy 50/30 NA NA Blood biochip array analyzer

Licastro et al. 2005 IL-6, Neopterin Italy 40/20 NA NA Blood ELISA

Mehta et al. 2007 Neopterin USA 35/34 80.0/58.8 7.17/10.71 Blood ELISA

Mehta et al. 2005 Neopterin USA 38/37 50/51.4 45/44 Blood ELISA

Nelson et al. 2006 IL-8 USA 46/40 NA NA Blood xMAP Luminex

Parisotto et al. 2015 IL-1β, TNF-α Brazil 21/18 55.6/57.1 7.7/6.7 Blood ELISA

Rodrigues et al. 2014 IFN-γ, IL-1β, IL-6, IL-10, 
TNF-α Brazil 23/23 47.8/39.1 28.3/27.7 Blood ELISA

Rostami et al. 2012 IFN-γ , IL-10, TNF-α Iran 24/24 45.8/NA 5.75/5.75 Blood ELISA

Shimada et al. 2007 IFN-γ, IL-1β, IL-4, IL-6, IL-
8, IL-10, TNF-α Japan 15/10 NA NA Blood Multiplex Suspension

Array System

Smigielska-Kuzia et al. 2010 IL-4, IL-10 Poland 5/10 NA NA Blood ELISA

Torre et al. 1995 IFN-γ Italy 12/20 NA 38.3/34.9 Blood ELISA

Tsilingaridis et al. 2012 IFN-γ, IL-1β, IL-4, IL-6, IL-
10, TNF-α Sweden 24/29 54.2/48.3 16.4/16.4 GCF Bio-Plex Cytokine Assay

Zaki et al. 2017 IL-6, TNF-α Egypt 43/43 46.5/51.2 6.4/6.3 Blood ELISA

Abbreviations: DS, Down syndrome; IL, interleukin; GCF, gingival crevicular fluid; ELISA, enzyme linked immunosorbent assay; IFN-γ, interferon-γ; TNF-α, tumor necrosis 
factor-α; HPLC, high performance liquid chromatography; NA, not available.



Oncotarget84492www.impactjournals.com/oncotarget

Figure 1: PRISMA flowchart of the literature search.

Table 2: Summary of comparative outcomes for peripheral circulating cytokine measurements

Cytokine No.of 
studies

No.with  DS/
Controls

Main effects Heterogeneity Publication Bias

Hedges g (95% CI) z Score P Value Q Statistic df P Value I2 Statistic Egger 
Intercept P Value

IL-1β 7 191/184 0.696 (0.149 to 1.242) 2.497 .013 37.211 6 < .001 83.876 2.41 .55

IL-4 4 76/81 1.041 (–0.394 to 2.477) 1.422 .155 44.097 3 < .001 93.197 –4.88 .71

IL-6 9 307/263 0.665 (–0.260 to 1.591) 1.409 .159 190.392 8 < .001 95.798 –1.42 .85

IL-8 4 154/139 0.291 (–0.249 to 0.831) 1.056 .291 14.706 3 .002 79.600 –4.24 .47

IL-10 6 179/175 –0.169 (–0.970 to 0.633) –0.413 .68 63.282 5 < .001 92.099 –4.76 .44

INF-γ 7 178/182 0.978 (0.417 to 1.539) 3.417 .001 35.686 6 < .001 83.187 3.85 .29

Neopterin 5 567/171 0.815 (0.423 to 1.207) 4.075 < .001 15.471 4 .004 74.146 0.21 .97

TNF-α 9 262/255 1.045 (0.192 to 1.898) 2.4 .016 152.717 8 < .001 94.762 8.95 .13

Abbreviations: CI, confidence interval; DS, Down syndrome; TNF, tumor necrosis factor-ɑ; IFN, interferon; IL, interleukin; df, degree of freedom; Q, Cochran’s Q test; z (test of 
null hypothesis); p (statistical significance); I2 (heterogeneity level).
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p = 0.041), IFN-γ (6 studies, Hedges’ g = 0.978, 95%  
CI = 0.306 to 1.651, p = 0.004) and neopterin (4 studies, 
Hedges’ g = 0.722, 95% CI = 0.271 to 1.173, p = 0.002) 
levels were significantly increased in DS patients compare 
with controls. Still, we found high levels of heterogeneity 
for TNF-α (Q7 = 150.973; p < 0.001; I2 = 95.363),  
IL-1β (Q4 = 27.102; p < 0.001; I2 = 85.241) and IFN-γ  
(Q5 = 35.291; p < 0.001; I2 = 85.832).  

Meta-regression analyses

We next performed meta-regression analyses on the 
association between TNF-α and DS, and revealed that age 
and gender of patients, and sample size (p > 0.05 in all the 
analyses) had no moderating effects on the outcome of the 
meta-analysis.

Sensitivity analyses

Sensitivity analyses suggested that no single study 
significantly influenced the significant difference on 
circulating TNF-α, IFN-γ, IL-1β and neopterin levels 
between DS patients and HC subjects. 

Publication bias

Furthermore, no publication bias was found for the 
studies included in the meta-analysis, as suggested by 
funnel plots (Supplementary Figure 2) and Egger’s test  
(p > 0.1 in all the analyses, see Table 2).    

DISCUSSION

To the best of our knowledge, this is the first 
meta-analysis undertaken to investigate alterations of 
circulating inflammatory cytokines in patients with 
DS compared with controls. It reports significant 
elevations of peripheral circulating pro-inflammatory 
cytokines TNF- α, IL-1β and IFN-γ in DS patients 
compared with HC subjects. Levels of another 
inflammatory marker neopterin, which is synthesized 
by human macrophages upon stimulation with the 
cytokine IFN-γ, were also elevated in patients with DS. 
The effective size associated with the results of TNF- α, 
IFN-γ and neopterin were large, and the effective size 
for IL-1β was medium. In addition, sensitivity analysis 
demonstrated that the significant associations between 
TNF- α, IFN-γ, IL-1β and neopterin levels and DS 
were not influenced by any single study, suggesting 
the robustness of the outcome of the meta-analysis. 
However, sensitivity analysis suggested that one study 
[11] significantly influenced the outcome of the meta-
analysis for IL-6. Removing this outlier, IL-6 levels were 
significantly associated with DS, with large effective size 
(8 studies, Hedges’ g = 1.114, 95% CI = 0.46 to 1.767, 
 p = 0.001). Thus, more work would be necessary to study 
the association between IL-6 and DS. Although clinical 
data from literature showed inconsistency in individual 
cytokines and between studies, results from our meta-
analysis provided strong clinical evidence of a heightened 
pro-inflammatory cytokine profile in patients with DS.

Figure 2: Forest plot displaying random effects meta-analysis results of the association between TNF-α (A), IL-1β (B), IFN-γ (C), 
neopterin (D) and DS. The sizes of the squares are proportional to study weights. 
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Accumulating evidence suggest that reactive 
microglial cells in central nervous system and aberrant 
levels of inflammatory cytokines may contribute to the 
onset and progression of major neurological disorders, 
these include AD [32, 33] and Parkinson’ disease (PD) 
[34, 35]. Previous meta-analyses have been performed for 
peripheral blood cytokine levels in AD [9] and PD [36]. 
Similar to the findings of our present meta-analysis in 
DS, levels of blood TNF-ɑ and IL-1β were elevated in 
patients with AD and PD, suggesting that the elevations 
of circulating inflammatory cytokine TNF-ɑ and  
IL-1β are not specific in DS. However, the inflammatory 
cytokine IFN-γ, which the present meta-analysis showed 
highly significant association with DS, was not reported 
to be associated with AD and PD in the respective meta-
analyses. Consistently, this meta-analysis found that the 
IFN-γ stimulated inflammatory marker neopterin levels 
were increased in DS patients. The strong evidence of 
hyperactivity of IFN-γ pathway found in DS patients 
are in consistent with the fact that genes encoding IFN 
families and receptors are located on chromosome 21  
[37, 38]. Since it is known that activation of IFN receptors 
induce pro-inflammatory cytokines, including expression 
of TNF-ɑ and IL-1β [1], it is natural to assume that IFN 
signaling plays a critical role in regulating immune 
response in DS, and may serve as accelerators of AD 
neuropathogenesis in DS. 

For those cytokines significantly associated with 
DS, we found high levels of between-study heterogeneity 
for TNF-ɑ, IL-1β and IFN-γ. Although this meta-analysis 
used sub-group and meta-regression analyses to adjust for 
potential confounders, none of the theoretically relevant 
continuous and categorical variables that we analyzed 
could explain the heterogeneity. The sub-group analysis 
showed that IL-1β and IFN-γ levels were significantly 
increased in children with DS when compared with 
controls, but the high levels of heterogeneity among studies 
were not reduced in this sub-group. Similarly, the between 
study heterogeneity for the blood inflammatory marker 
TNF-ɑ, IL-1β, IFN-γ and neopterin were not reduced. 
Although it is unclear what caused the between-study 
heterogeneity for cytokines analyzed in this meta-analysis, 
clinical and methodological moderators that were not 
assessed in our meta-analysis may have contributed to the 
observed high levels of between-study heterogeneity. These 
include various methodological issues such as handling of 
samples (the timing of sampling, the time between sample 
collection and processing/analysis, storage conditions, 
and the freeze–thaw cycle effect). Furthermore, operator 
reliability in different laboratories and variability in assay 
procedure using kits from different manufacturers may 
also confound the results. In terms of clinical moderators, 
several confounders such as unreported medication, disease 
comorbidity and sleep problems could be potential sources 
to explain the between-study heterogeneity. Although 
most of the studies included in this meta-analysis did not 

include or report DS patients with disease comorbidity, 
Tsilingaridis et al. reported that some children with DS had 
congenital cardiac malformations, epilepsy or autism [30], 
but it is unclear whether the disease comorbidity affected 
the inflammatory response in the patients. Taken together, 
these highlight the need for continued work on aberrant 
regulations of cytokines in DS patients to better understand 
the altered immune response in those patients. 

Although this meta-analysis provides strong clinical 
evidence of a heightened pro-inflammatory response in 
DS, with increased circulating TNF-ɑ, IL-1β, IFN-γ and 
neopterin levels, this study has several limitations. First, the 
meta-analysis of circulating cytokine levels in patients with 
DS compared with HC subjects provides us pooled results 
originating from cross-sectional studies. Therefore, it is 
unclear whether the inflammatory cytokines contribute to 
the development of AD in DS patients, longitudinal studies 
maybe necessary to reveal the potential of the cytokines to 
serve as biomarkers for disease progression of AD in DS, 
and subsequently develop targeted intervention to prevent 
or delay the onset of AD. Second, this meta-analysis did 
not find altered levels of pro-inflammatory cytokines IL-6 
and IL-8, and anti-inflammatory IL-4 and IL-10 levels in 
patients with DS compared with HC subjects, the limitation 
of this meta-analysis is that the limited number of studies 
with a smaller sample size may have made observation 
of significant associations difficult for cytokine IL-4, 
IL-8, and IL-10. In addition, other inflammatory 
markers, including chemokines and C-reactive protein 
were not included in this meta-analysis, this is because 
these inflammatory marker data were not reported in 
at least three studies. However, Dogliotti et al. showed 
that blood chemokine (C-C motif) ligand-2 (CCL-2) 
levels were significantly elevated in patients with DS [22]. 
Moreover, data from Carta et al. indicated that patients with 
DS had increased blood CCL-3 levels when compared with 
controls, but CCL-4 and CCL-5 levels did not differentiate 
between cases and controls [19]. For C-reactive protein, 
one study reported normal blood levels of C-reactive 
protein in patients with DS [39], whereas another study 
demonstrated that the levels of this inflammatory marker 
were elevated in the blood of DS patients [23]. Therefore, 
patients with DS may have abnormal chemokine and 
C-reactive protein profile in circulation, but future studies 
are necessary to substantiate this idea.

In conclusion, this meta-analysis demonstrated 
elevated peripheral circulating TNF-ɑ, IL-1β, IFN-γ and 
neopterin in patients with DS. The finding strengthen 
the clinical evidence that patients (children) with DS is 
accompanied by an aberrant inflammatory response.
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