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Abstract
Objectives  Both type 1 diabetes (T1D) and type 2 diabetes (T2D) are classified as forms of diabetes mellitus (DM) and 
commonly considered inflammatory process. Intercellular adhesion molecule-1 (ICAM-1) is involved in the development 
and progression of diabetes mellitus. However, the genetic association between ICAM-1 rs5498, and T1D and T2D risk 
was inconclusive.
Materials and methods  A meta-analysis by searching the PubMed, Embase, Cochrane Library, and Chinese National Knowl-
edge Infrastructure (CNKI) databases was performed out. The pooled odds ratio (OR) and 95% confidence interval (CI) were 
used to describe the strength of association of T1D and T2D risk.
Results  A total of 14 studies encompassing 3233 cases and 2884 controls were included in the present meta-analysis. Signifi-
cant associations were found between the allele and recessive models of ICAM1 rs5498 and DM in Asian population (allele: 
OR 1.13; 95% CI 1.03–1.23, p = 0.008; recessive: OR 1.25; 95% CI 1.06–1.48, p = 0.008), but not in Caucasian population 
(p > 0.05). In addition, the allele model of rs5498 was found to be significantly associated with the increased risk of T2D 
(OR 1.10; 95% CI 1.01–1.21, p = 0.03), but not T1D (p > 0.05).
Conclusions  The ICAM1 rs5498 might be a susceptible factor for T2D, but not T1D. And the allele and recessive models 
of ICAM1 rs5498 might be a risk factor in Asian population.

Keywords  Diabetes mellitus (DM) · Intercellular adhesion molecule-1 (ICAM-1) · Genetic association · Meta-analysis

Introduction

Diabetes mellitus (DM) is a major endocrine disorder char-
acterized by chronic hyperglycemia that results from inef-
ficient insulin secretion and impaired glucose metabolism 
[1–3]. By the year 2030, the number of persons with DM 

will increase to 366 million in the whole world [4]. There are 
three types of DM including type 1 diabetes, type 2 diabetes 
and gestational diabetes [5]. T1D caused by autoimmunity 
against pancreatic beta cells, resulting in insulin deficiency, 
and T2D initiated by metabolic changes that render target 
tissues resistant to insulin [6, 7]. The metabolic, genetic and 
environmental factors, as well as inflammatory mediators 
were shown to play an important role in the pathogenesis of 
T1D and T2D [8–13].

Commonly, T1D and T2D are considered inflamma-
tory processes [14–17]. Pro-inflammatory cytokines such 
as IL-6, IL-18, IL-1 and TNF-α, as well as chemokines 
including intercellular adhesion molecule-1 (ICAM-1), 
vascular cell adhesion molecule-1 (VCAM-1) and nuclear 
transcription factor κB (NF-κB) were reported to be sig-
nificantly increased in patients with T1D and T2D [18–21]. 
The ICAM-1, a well-characterized transmembrane glycopro-
tein, is known to be expressed on the surface of endothelial 
cell, vascular endothelial cells, macrophages, and activated 
lymphocytes [22, 23]. A previous study has approved that 
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elevated ICAM-1 levels were independently associated with 
insulin resistance [24]. Clinical investigations have shown 
that increased serum ICAM-1 levels are associated with all 
caused mortality and cardiovascular morbidity in T1D and 
T2D [25, 26]. Lines of evidence have emphasized the impor-
tance of ICAM-1 for the pathogenesis of DM and indicated 
on ICAM1 as a candidate gene in the DM susceptibility [27, 
28].

The ICAM1 gene is located on chromosome 19p13 
within the linkage region of diabetes [29]. Several studies 
have demonstrated that single-nucleotide polymorphisms 
(SNPs) in the ICAM-1 gene such as rs5498 E469K (A/G) 
and rs1799969 R241G (A/G) were associated with coronary 
heart disease [30], ischaemic stroke [31], diabetic retinopa-
thy (DR) [19, 29, 30], and diabetic nephropathy (DN) [32, 
33]. Furthermore, the frequencies of the allelic (G vs. A) and 
the dominant models (GG + GA vs. AA) of ICAM1 rs5498 
were higher than that in patients with T2D [33]. However, 
most of other studies have shown no association between 
ICAM1 rs5498 and T2D risk [34, 35]. In addition, signifi-
cant association was also detected between the recessive 
model of ICAM1 rs5498 and T1D risk in Swedish [28], 
while negative results were reported in Finlish [38] and 
Japanese [39].

Due to relatively small sample sizes and inconsistent 
results in previous individual studies, we aimed to system-
atically evaluate the genetic association between ICAM1 
rs5498, and T1D and T2D using a meta-analysis.

Materials and methods

Search strategy

This meta-analysis followed the Cochrane collaboration defi-
nition and PRISMA 2009 guidelines for meta-analysis and 
systematic review [40]. A comprehensive literature search 
throughout PubMed, Embase, Cochrane Library, and Chi-
nese National Knowledge Infrastructure (CNKI) databases 
was performed out to retrieve the genetic association stud-
ies of ICAM1 polymorphisms and DM risk. The following 
search terms were used: “diabetes mellitus”, “Type 1 dia-
betes mellitus”, “Type 2 diabetes mellitus”, “DM”, “T1D”, 
“T2D”, “Intercellular adhesion molecule-1”, “ICAM-1”, 
“polymorphism”, “variant”. No language and published year 
was limited. Other relevant references of identified studies 
were retrieved by cross-references. The latest search was 
updated on August 1, 2018.

Inclusion criteria: (1) case–control study. The cases 
should be patients with T1D or T2D without DR or DN and 
the control group consisted of unrelated healthy subjects, 
(2) regarding the genetic association between ICAM1 poly-
morphisms and T1D or T2D risk, (3) the allele and genotype 

frequencies in cases and controls were available, (4) the gen-
otype distribution in control group was in Hardy–Weinberg 
equilibrium (HWE).

Exclusion criteria: (1) duplicated study, (2) review, letter, 
abstract, brief communication, and case report, (3) irrelevant 
to the association between ICAM1 polymorphisms and T1D 
or T2D risk, (4) insufficient data for genotypes.

Data abstraction and quality assessment

Two authors (Mi WS and Bian YH) independently reviewed 
the relevant articles and extracted the following data: the 
first author, year of publications, ethnicity, age of cases and 
controls, duration year of DM, percent of males, body mass 
index (BMI), level of fasting glucose, type of DM, num-
ber of cases and controls, genotype and allele frequency, 
and evidence of HWE in controls. All discrepancies were 
resolved by discussion. The study quality was assessed by 
the Newcastle–Ottawa Scale (NOS) [41]. Total score ranged 
from 0 (lowest quality) to 8 (highest quality). A score of 6 or 
higher was selected in present study.

Statistical analysis

The association between the allele, dominant, and reces-
sive models of ICAM-1 rs5498 and the risk of T1D and 
T2D was evaluated by crude OR and 95% CI. The signifi-
cance of the pooled OR was assessed by the Z test. Sub-
group analyses were performed stratified by ethnicity and 
type of DM (T1D or T2D). Heterogeneity was evaluated 
by the chi-square-based Q statistic and I2 statistic. When 
the heterogeneity < 50% or p > 0.05, a fixed-effect model 
was used. Otherwise, a random effect model was selected. 
To evaluate the stability of the overall results, sensitivity 
analyses by omitting each study was performed. Potential 
publication bias was assessed using Begg’s and Egger’s test. 
A p value of less than 0.05 was considered to be significant. 
The STATA 12.0 software (Stata Corp, College Station, TX, 
USA) and Revman 5 (Cochrane Collaboration, London, UK) 
were used in statistical analyses.

Results

Study selection and characteristics

According to the inclusion criteria, 673 publications were 
identified from the initial search. Of these, 126 studies were 
excluded for being replications. After screening the titles and 
abstracts, 92 were excluded for being review, abstracts, or 
letter. 417 were excluded for being not related to the associa-
tion between ICAM1 rs5498 and DM risk. In addition, 16 
were excluded for being not case–control-designed study. 8 
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were excluded for unavailable data. Therefore, a total of 14 
publications encompassing 3233 cases and 2884 controls 
were included in the final meta-analysis. Selection for eli-
gible papers included in this meta-analysis is presented in 
Fig. 1. The detailed characteristics of individual study are 
listed in Table 1. The NOS scores ranged from six to eight 
stars, indicating that all the included studies of high qual-
ity (Suppl Table s1). Among the studies, 3 articles were in 

Fig. 1   PRISMA flow chart of studies inclusion and exclusion
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Caucasian, 11 were in Asian. In addition, three articles were 
carried out in subjects with T1D; the remaining ten studies 
were carried out in subjects with T2D.

Results of meta‑analysis

A fixed effects model was conducted for allele model (G 
vs. A), dominant model (GG + GA/AA) and recessive 
model (GG/GA + GG) without significant heterogeneity. 
As shown in Table 2, no statistically significant association 
was detected between the allele, dominant, and recessive 
models of ICAM1 rs5498 and DM (allele: OR 1.08; 95% CI 
1.00–1.16, p = 0.05; dominant: OR 1.13; 95% CI 1.00–1.27, 
p = 0.05; recessive: OR 1.11; 95% CI 0.96–1.27, p = 0.16). 
Stratified analyses were performed based on ethnicity. 
The results indicated that the allele and recessive models 
of rs5498 were significantly associated with the increased 
risk of DM in Asian (allele: OR 1.13; 95% CI 1.03–1.23, 
p = 0.008; recessive: OR 1.25; 95% CI 1.06–1.48, p = 0.008), 
but not in Caucasian (p > 0.05). In the stratified analysis by 
the type of DM, we found the allele model of rs5498 was 
significantly associated with the increased risk of T2D (OR 
1.10; 95% CI 1.01–1.21, p = 0.03), but not T1D (p > 0.05) 
(Table 2; Fig. 2).

We carried out sensitivity analysis by omitting individual 
study once at a time. The pooled ORs for all the genetic 
models of rs5498 polymorphism for DM risk indicated that 
our data were stable and trustworthy (Fig. 3). Both Egger’s 
and Begg’s tests were used to evaluate the publication bias 

of this meta-analysis. The results revealed that there was 
no obvious publication bias in overall analysis for ICAM1 
rs5498 (Fig. 4).

Discussion

In present study, we detected a significant association 
between the allelic and recessive models of ICAM1 rs5498 
and DM risk in Asian population, but not Caucasian popu-
lation. In addition, the rs5498G might be a risk factor for 
T2D, but not T1D.

ICAM1 is a cell surface adhesion molecule and expressed 
in endothelial cells and leukocytes in the immune system 
[42, 43]. The ICAM-1 molecule has been shown to play an 
important role in stabilizing cell–cell interactions, facilitat-
ing leukocyte endothelial transmigration, as well as T-cell 
receptor-mediated activation of resting T cells [44, 45]. The 
role of ICAM1 in T1D has been concentrically investigated 
in NOD mice, an animal model resembling human T1D [46]. 
It serves as a receptor for the leukocyte function-associated 
antigen-1 (LFA-1) and the macrophage differentiation anti-
gen-1 (Mac-1). ICAM1 and LFA1 expression are restricted 
to regions of immune cell infiltration. Significant prevention 
of the onset of diabetes was detected in NOD mice using 
monoclonal antibodies against LFA1 and ICAM1 [47, 48].

Type 1 diabetes is an organ-specific autoimmune disease 
that selectively destroys islet beta cells [49]. The major 
genetic T1D component resides in regions mapping to 6q21 

Table 2   The association between ICAM1 rs5498 and diabetes mellitus

ICAM1  intercellular adhesion molecule-1, SNP single-nucleotide polymorphism, R random model, F fixed model, OR odds ratios, CIs confi-
dence intervals

SNP (minor allele) Genetic model Subgroup Number 
of studies

Numbers Test of association Model Test of heteroge-
neity

Case Control OR (95% CI) p value p value I 2 (%)

Rs5498 (G) Allelic (G vs. A) Total 14 6466 5768 1.08 (1.00, 1.16) 0.05 F 0.82 0
Asian 11 4372 4570 1.13 (1.03, 1.23) 0.008 F 0.95 0
Caucasian 3 2094 1198 0.96 (0.83, 1.12) 0.62 F 0.57 0
T1D 3 1232 1140 0.98 (0.83, 1.15) 0.79 F 0.32 13
T2D 10 4958 4352 1.10 (1.01, 1.21) 0.03 F 0.92 0

Dominant (GG + GA/AA) Total 14 3233 2884 1.13 (1.00, 1.27) 0.05 F 0.07 39
Asian 11 2186 2285 1.15 (1.00, 1.32) 0.05 F 0.04 46
Caucasian 3 1047 599 1.07 (0.85, 1.35) 0.58 F 0.30 17
T1D 3 616 570 1.10 (0.85, 1.42) 0.46 F 0.92 0
T2D 7 2479 2176 1.14 (0.99, 1.31) 0.07 R 0.03 52

Recessive (GG/GA + GG) Total 14 3233 2884 1.11 (0.96, 1.27) 0.16 F 0.04 44
Asian 11 2186 2285 1.25 (1.06, 1.48) 0.008 F 0.86 0
Caucasian 3 1047 599 0.82 (0.64, 1.06) 0.13 R 0.004 82
T1D 3 616 570 0.83 (0.62, 1.10) 0.19 R 0.001 85
T2D 7 2479 2176 1.18 (1.00, 1.40) 0.05 F 0.32 13
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A

B

C

Fig. 2   Forest plots of odds ratios for the association between ICAM1 rs5498 and diabetes mellitus. a Allele model, b dominant model, c recessive model
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Fig. 3   Sensitivity analyses 
between ICAM1 rs5498 and 
diabetes mellitus. a Allele 
model, b dominant model, c 
recessive model
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(MHC) and 19p13 (ICAM1) [28, 50]. K469E, a frequent 
exon 6 substitution, which encodes Ig-like domain 5-Lys 
(AAG) or Glu (GAG), has been investigated in DM in small 
samples, with variable results [51]. The first study con-
ducted by Nishimura et al. [39] showed that the frequency 
of ICAM-1 469AG genotype was significantly higher in the 
adult-onset T1D patients than that in controls. Subsequently, 
Ma et al. suggested that the ICAM-1 rs5498 polymorphism 

was associated with T1D [28]. A combined analysis of the 
transmission disequilibrium test from T1D families with 
728 affected offspring of Romanian, Finnish and Danish 
ancestry has suggested association between ICAM1 E469 
allele and T1D (p = 0.013) [52]. However, our combined 
analysis of case–control data with 616 cases and 570 con-
trols suggested no association between ICAM1 K469E and 
T1D risk. Notable, only three studies were included in the 

Fig. 4   Publication bias of lit-
eratures for ICAM1 rs5498 and 
diabetes mellitus were tested by 
Begg’s funnel plot and Egger’s 
test. a Allele model, b dominant 
model, c recessive model
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analysis of correlation of ICAM1 K469E and T1D, which 
may reduce the statistical power to evaluate the precise 
association between ICAM1 K469E and T1D risk for the 
relatively small sample size. To further investigate the asso-
ciation between ICAM1 K469E and T1D risk, larger number 
of case–control studies with more subjects is necessary in 
the future.

T2D is a so-called multifactorial disease in which the 
genes (loci) not only interact with each other but also 
with environmental factors such as age, physical activity, 
diet, and obesity [53]. Oxidative stress, inflammation, and 
endothelial dysfunction may be ameliorated by a healthy 
diet and lifestyle, and have also been linked to the etiology 
of T2D [54]. It has been suggested that an acute increase 
of plasma glucose may produce an oxidative stress in man 
[55]. In vitro studies have demonstrated that high glucose 
and free radicals may induce cellular expression of ICAM-1 
[56]. Odegaard et al. has reported a higher incidence rate of 
T2D with higher levels of ICAM-1 regardless of oxidized 
LDL level in young adults [54]. Thus, ICAM-1 may play an 
important role in oxidative stress through by high glucose 
in T2D. Both T1D and T2D show a familial predisposition, 
which is a strong indication for the involvement of genes in 
people’s susceptibility to the disease. Notable, the ICAM1 
rs5498 allele was significantly associated with T2D, but 
not with T1D. Although T1D and T2D share some clinical 
similarities, these diseases are the result of distinct biologi-
cal mechanisms. T1D is caused by autoimmunity against 
pancreatic beta cells, resulting in insulin deficiency and typi-
cally presents in childhood, while T2D is initiated by meta-
bolic changes that render target tissues resistant to insulin 
and typically presents in adults (> 40 years of age). Despite 
suggestions that genetic similarities exist between T1D and 
T2D [57], few genes were shown to be associated with both 
the T1D and T2D. And the loci reported for each of these 
phenotypes appear largely different from one another which 
further supports the fact that these are two distinct diseases 
[58, 59]. In our meta-analysis, the ICAM1 rs5498 allele was 
found to be significantly associated with T2D, but not T1D, 
which may indicate the etiology underlying types 1 and 2 is 
different and different genes are likely to be involved in each 
type of diabetes mellitus.

Interesting, significant association between the allele 
and recessive models of ICAM1 rs5498 and DM in Asian, 
but not in Caucasian, was observed, which may indicate an 
important role of genetic background in the pathogenesis of 
DM. The average frequency of ICAM1 rs5498G in patients 
with DM in Caucasian was not significantly different from 
that in Asian (Caucasian 0.463; Asian 0.407). Among the 
included studies, only Seman et al. has shown significant 
association between ICAM1 rs5498 and DM in Malaysian. 
After excluded this study, significant associations were also 
detected between allele and recessive models of ICAM1 

rs5498 and DM risk in Asian, which indicate the ICAM1 
rs5498 might contribute to the pathogenesis of DM in Asian, 
but not in Caucasian. However, there were only three studies 
included in Caucasian subgroup, which may partly influence 
the evaluation of the precise correlation of ICAM1 rs5498 
and DM in Caucasian.

The limitations of this study should be mentioned. First, 
the sample size was relatively small, especially for the analy-
sis of ICAM1 K469E and T1D. Several studies enrolled only 
dozens of patients. Large-scale case–controls would have 
improved the accuracy of the present findings. Second, the 
results have shown the importance of gene background in the 
pathogenesis of DM. However, the subgroup analysis strati-
fied by ethnicity was performed out in only Asian and Cau-
casian. The results may be need further accessed in multiple 
ethnicity groups. Third, multiple factors can influence the 
development of DM, especially the gene–gene interaction 
and gene–environment interaction. The age and gender were 
important factors in the pathologenesis of DM. However, 
we failed to evaluate the effect of these two factors in the 
association between ICAM1 rs5498 and DM risk for lack 
of sufficient data.

Conclusion

The ICAM1rs5498 might be a susceptible factor for T2D, 
but not T1D. In addition, the allele and recessive models of 
ICAM1 rs5498 were associated with DM in Asian, but not in 
Caucasian. For the limited studies included in present study, 
it is necessary to investigate the genetic association between 
ICAM1 rs5498 and DM risk using a case–control-designed 
study with larger number of subjects.
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