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Background: To date, consistent data have not been reported on the association between serum amyloid A (SAA) levels and type 2 
diabetes mellitus (T2DM). The purpose of this study was to systematically summarize their relationship.
Methods: Databases including PubMed, Cochrane Library, Embase, Web of Science, and MEDLINE were searched until August 
2021. Cross-sectional and case-control studies were included.
Results: Twenty-one studies with 1,780 cases and 2,070 controls were identified. SAA levels were significantly higher in T2DM pa-
tients than in healthy groups (standardized mean difference [SMD], 0.68; 95% confidence interval [CI], 0.39 to 0.98). A subgroup 
analysis showed that the mean age of participants and the continent that participants were from were related to differences in SAA 
levels between cases and controls. Furthermore, in T2DM patients, SAA levels were positively associated with body mass index 
(r=0.34; 95% CI, 0.03 to 0.66), triglycerides (r=0.12; 95% CI, 0.01 to 0.24), fasting plasma glucose (r=0.26; 95% CI, 0.07 to 0.45), 
hemoglobin A1c (r=0.24; 95% CI, 0.16 to 0.33), homeostasis model assessment for insulin resistance (r=0.22; 95% CI, 0.10 to 0.34), 
C-reactive protein (r=0.77; 95% CI, 0.62 to 0.91), and interleukin-6 (r=0.42; 95% CI, 0.31 to 0.54), but negatively linked with high-
density lipoprotein cholesterol (r=–0.23; 95% CI, –0.44 to –0.03).
Conclusion: The meta-analysis suggests that high SAA levels may be associated with the presence of T2DM, as well as lipid metab-
olism homeostasis and the inflammatory response.
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) has become the most common 
chronic disease worldwide; the number of cases and the signifi-
cance of T2DM both continue to rise as economic development 
and urbanization lead to changing lifestyles characterized by re-
duced physical activity and increased obesity [1]. Previous re-
search has shown that T2DM increases the risk of many diseases, 
such as cardiovascular diseases, some cancers, and eye and kid-
ney diseases [2]. In particular, lipid metabolism disorders are a 
common but severe complication of T2DM that could further 
lead to the development of atherosclerosis [3]. Extensive evidence 
has demonstrated that inflammation could play a vital role in 
the pathogenesis of T2DM [4,5]. Serum amyloid A (SAA) has 
been identified as a protein involved in acute-phase inflamma-
tion in humans and many mammals, and it has been extensively 
studied [6,7].

SAA regularly acts as an allele cluster on chromosome 11 in 
humans and is mainly synthesized in white adipose tissues and 
hepatocytes [7], and is an essential component of apolipoprotein 
and high-density lipoprotein (HDL) particles [8]. Increasing ev-
idence indicates that high SAA levels in vitro have a number of 
adverse effects, including mediating the binding of HDL to dif-
ferentiated macrophages and endothelial cells [9] and impairing 
the capacity of HDL to promote cholesterol efflux from macro-
phages, which could potentially promote dyslipidemia and even 
atherosclerosis [10]. Free SAA in vitro also has been shown to 
induce expression of extracellular matrix-degrading metallopro-
teinases and promote chemotaxis and adhesion of both mono-
cytes and T lymphocytes [11,12].

Studies have documented that high levels of SAA are indepen-
dently associated with a series of chronic diseases, including 
obesity, rheumatoid arthritis, coronary heart disease, and cancer 
[7,13-15]. However, consistent findings regarding the relation-
ship between SAA levels and T2DM have not been published. 
The aim of this study was to synthesize a large number of re-
ports about SAA levels and T2DM to further elucidate their re-
lationship.

METHODS

The present analysis was performed based on the Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses guide-
lines and was registered on the PROSPERO registry for system-
atic reviews (registration number: CRD 42020203008).

Data sources and searches
We searched the following databases from inception up to Au-
gust 2021 for studies reporting on relationships between SAA 
and T2DM: PubMed, Cochrane Library, Embase, Web of Sci-
ence, and MEDLINE. The keywords consisted of “serum amy-
loid A” OR “SAA” OR “amyloid protein AA” OR “amyloid A 
protein-related serum component” OR “amyloid protein AA 
precursor” OR “serum A related protein” AND “type 2 diabe-
tes” OR “type 2 diabetes mellitus” OR “T2DM” OR “Non-insu-
lin dependent diabetes mellitus.” All search results were screened 
by title and abstract, and potentially relevant full text articles 
were retrieved and assessed. Reference lists were also searched 
for additional relevant publications.

Inclusion and exclusion criteria
Studies were selected for the meta-analysis according to wheth-
er they met the following criteria: (1) the study investigated the 
potential association between SAA levels and T2DM; (2) com-
plete data were available on SAA concentrations in both patients 
and controls or the correlations of SAA with some factors; (3) 
the study was a cross-sectional or case-control study; and (4) 
the language of publication was English. If an article had been 
published more than one time, we only used the latest edition. 
Articles were excluded based on the following criteria: (1) re-
view or commentary articles; (2) repeated publications or simi-
lar studies; (3) animal experiments rather than human research; 
and (4) studies with incomplete and/or unavailable data.

Quality assessment
The quality of studies was separately evaluated by two indepen-
dent authors (T.L. and M.L.). The Newcastle-Ottawa Quality 
Assessment Scale was used to evaluate the quality of included 
observational studies [16]. Only those studies for which the ma-
jority of the questions were deemed satisfactory (i.e., with a 
score of 6 or higher) were categorized as being of high method-
ological quality.

Data extraction and data conversion
Two investigators (T.L. and J.Z.) filtered the abstracts and col-
lected data independently. When divergences appeared, we strived 
to reach an agreement after panel discussion. The following char-
acteristics of the selected articles are shown in Table 1: (1) pub-
lication details, including the first author and the publication year; 
(2) study design; (3) characteristics of the study population, such 
as sample size, age, sex, continent (country); (4) SAA detection 
method; (5) the SAA levels in cases and controls, or the correla-
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Table 1. Characteristics of 21 Studies Included in the Meta-Analysis

Study Sex Age 
(mean)

Continent 
(country)

Group (n; SAA level mean±SD/
median value [IQR])

BMI in T2DM 
patients 

(mean±SD), 
kg/m2

Correlation of SAA 
with other factors in 

T2DM patients

Study 
type Method Quality 

assessment

Ebtehaj 
et al. 
(2017) 
[22]

27 Men 
and 49 
women

43–70 
(59)

Europe 
(Nether-
lands)

Case (40; 1.71 [1.25–2.48] mg/L)
Control (36; 1.58 [0.82–2.18] mg/L)

28.9±4.9 NA Cross- 
sectional

ELISA ******

Yang et al. 
(2017) 
[23]

125 Men 
and 261 
women

44–63 
(54)

Asia  
(China)

Case (185; 892 [537–1,129] μg/L)
Control (201; 657 [462–831] μg/L)

26.8±4.0 NA Case- 
control

NA ******

Griffiths 
et al. 
(2017) [24]

84  
Women

28–49 
(37)

Europe 
(Ireland)

Case (42; 13 [8–29] μg/L) 
Control (42; 6 [3–13] μg/L)

35.88±7.72 SAA and BMI, FPG, 
HbA1c, HDL-C 
(r=0.48, 0.294, 
0.348, –0.197) 

Case- 
control

ELISA *******

Zhao et al. 
(2016) 
[25]

299 Men 
and 299 
women

45–65 
(54)

Asia  
(China)

Case (300; 928.5±326.8 μg/L) 
Control (298; 811.9±286.8 μg/L)

26.4±3.7 NA Case- 
control

ELISA ******

Moura 
Neto et al. 
(2014) 
[26]

52 Men 
and 88 
women

50–63 
(57)

South 
America 
(Brazil)

Case (70; 14.68 [5.92–26.04] μg/mL)
Control (70; 10.72 [3.67–19.11] μg/mL)

30.0±6.44 NA Cross- 
sectional

ELISA *******

Leinonen 
et al. 

(2004) [31]

144 Men 
and 102 
women

52–67 
(60)

Europe 
(Fin-
land)

Case (168; 23 [4.8–2,082] μg/mL)
Control (78; 19 [5.1–153] μg/mL)

30.4±5.4 NA Cross- 
sectional

ELISA ****

Morgantini 
et al. 
(2011) 
[32]

22 Men 
and 28 
women

52–74 
(62)

Europe  
(Italy)

Case (26; 48.2±35.1 μg/dL) 
Control (24; 22.7±1.5 μg/dL)

34.0±8.0 NA Cross- 
sectional

ELISA *****

Murakami 
et al. 
(2013) 
[33]

25 Men 
and 20 
women

30–73 
(54)

Asia  
(Japan)

Case (36; 2.69±1.75 μg/mL) 
Control (9; 3.22±2.05 μg/mL)

NA NA Cross- 
sectional

ELISA ****

Yassine 
et al. 
(2015)
[34]

76 Men 
and 84 
women

36–69 
(53)

North 
America 
(USA)

Case (91; 21.2 [9.9–38.6] ng/mL)
Control (69; 28.7 [17.3–44.5] ng/mL)

33.9±8.4 NA Cross- 
sectional

ELISA *****

Hatanaka 
et al. (2007) 

[27]

17 Men 
and 21 
women

43–75 
(60)

South 
America 
(Brazil)

Case (18; 3,443.4±5,036.0 pg/mL) 
Control (20; 1,179±1,235.2 pg/mL)

26.5±3.5 NA Case- 
control

ELISA ******

Tsun et al. 
(2013) 
[35]

90 Men 
and 295 
women

38–59 
(47)

Asia  
(China)

Case (110; 115.6 [66.1–151.1] ng/mL) 
Control (275; 106.5 [79.4–137.2] ng/mL)

25.2±3.7 NA Cross- 
sectional

ELISA *****

Du et al. 
(2008) 
[36]

7 Men 
and 15 
women

60–72 
(66)

Asia  
(China)

Case (10; 3.34±2.32 g/mL) 
Control (12; 0.95±0.41 g/mL)

26.5±1.83 NA Case- 
control

ELISA *****

Stettler  
et al. 
(2009) 
[37]

553 Men 
and 158 
women

53–70 
(61)

Europe 
(Ireland)

Case (159; 3.15 [2.05–4.9] mg/L) 
Control (552; 2.65 [1.60–4.60] mg/L)

29.2±4.63 NA Cross- 
sectional

Immu-
nonephe-
lometry

*****

(Continued to the next page)
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Table 1. Continued

Study Sex Age 
(mean)

Continent 
(country)

Group (n; SAA level mean±SD/
median value [IQR])

BMI in T2DM 
patients 

(mean±SD), 
kg/m2

Correlation of SAA 
with other factors in 

T2DM patients

Study 
type Method Quality 

assessment

Turgutalp 
et al. 
(2013) 
[38]

74 Men 
and 72 
women

40–45 
(42)

Asia  
(Turkey)

Case (62; 5.8±1.33 mg/mL) 
Control (84; 3.8±1.33 mg/mL)

NA NA Cross- 
sectional

Immu-
noneph-
elome-

try

***

Karlsson  
et al. 
(2004) 
[28]

21 Men 56–60 
(58)

Europe 
(Swe-
den)

Case (10; 3.16±1.71 mg/mL) 
Control (11; 2.22±1.03 mg/mL)

28.0±1.0 NA Case- 
control

Immu-
noneph-
elome-

try

******

Kumon  
et al. 
(1994) 
[39]

89 Men 
and 107 
women

46–74 
(59)

Asia  
(Japan)

Case (105; 2.1±1.3 mg/L)
Control (91; 1.2±0.5 mg/L)

NA NA Case- 
control

ELISA ****

Wu et al. 
(2007) 
[40]

NA NA North 
America 
(USA)

Case (31; 5.25±7.9 mg/L)
Control (23; 2.4±2.1 mg/L)

NA NA Cross- 
sectional

ELISA *****

Chen et al. 
(2013) 
[41]

NA 42–58 
(55)

Asia  
(China)

Case (112; 318.31±34.35 μg/L)
Control (86; 163.90±37.31 μg/L)

26.3±3.7 SAA and BMI, TG, 
HDL-C, LDL-C, 
TC, HbA1c, SBP, 
DBP (r=–0.069, 
0.112, –0.120, 
0.559, 0.527, 0.198, 
0.615, 0.507)

Case- 
control

ELISA ****

Muller  
et al. 
(2002) 
[29]

145 Men 
and 87 
women

60–71 
(65)

Europe 
(Germa-
ny)

NA 29.7±6.65 SAA and IL-6, CRP 
(r=0.35, 0.6)

Case- 
control

Immu-
noneph-
elome-

try

******

Leinonen  
et al. 
(2003) 
[42]

163 Men 
and 76 
women

54–67 
(61)

Oceania, 
Europe 
(Austra-
lia, New 
Zealand 
and Fin-
land)

NA 30.51±5.63 SAA and BMI, WC, 
HbA1c, HOMA-IR, 
CRP, IL-6 
(r=0.277, 0.347, 
0.232, 0.307, 0.687, 
0.449)

Cross- 
sectional

ELISA *****

Catalan  
et al. 
(2007) 
[30]

25  
Women

33–46 
(38)

Europe 
(Spain)

NA 39.77±10.01 SAA and BMI, FPG, 
insulin, HOMA-IR, 
TG, TC, LDL-C, 
HDL-C (r=0.66, 
0.10, 0.40, 0.27, 
0.25, –0.08, –0.15, 
–0.55)

Case- 
control

ELISA ******

SAA, serum amyloid A; SD, standard deviation; IQR, interquartile range; BMI, body mass index; T2DM, type 2 diabetes mellitus; NA, not applicable; 
ELISA, enzyme-linked immune sorbent assay; FPG, fasting plasma glucose; HbA1c, hemoglobin A1c; HDL-C, high-density lipoprotein cholesterol; 
TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure; IL-6, in-
terleukin-6; CRP, C-reactive protein; WC, waist circumference; HOMA-IR, homeostasis model assessment for insulin resistance. 

tions of SAA levels to body mass index (BMI), total cholesterol 
(TC), triglyceride (TG), high-density lipoprotein cholesterol 
(HDL-C), low-density lipoprotein cholesterol (LDL-C), fasting 

plasma glucose (FPG), hemoglobin A1c (HbA1c), homeostasis 
model assessment for insulin resistance (HOMA-IR), C-reactive 
protein (CRP), and interleukin-6 (IL-6) in patients with T2DM. 
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Since SAA levels sometimes showed a skewed distribution, 
some studies reported the mean and standard deviation of SAA 
levels in the original data, while others reported the median and 
quartiles. Therefore, it was necessary to convert the original data 
into usable means and standard deviations prior to analysis. The 
interquartile ranges of SAA levels were converted to the mean 
and standard deviation in accordance with methods reported in 
the literature [17-20].

Statistical methods
All statistical analyses were carried out using Stata version 12.0 
(StataCorp LLC, College Station, TX, USA). Standardized mean 
differences (SMDs) were used to explore SAA differences in 
SAA levels between T2DM and healthy control groups. Hetero-
geneity between studies was assessed with the I 2 statistic (0%< 
I 2 <50%, no heterogeneity; I 2 >50%, large heterogeneity) [21]. 
If heterogeneity was significant (I 2 >50%, P<0.05), a random-
effect model was adopted to pool the SMD values; otherwise, a 
fixed-effect model was used. Sensitivity analyses were performed 
to assess the stability of our results. In order to identify the sourc-
es of heterogeneity, subgroup and meta-regression analyses were 
performed by the sex, mean age, and BMI of participants; study 
design; SAA detection method; and the continents that partici-

pants were from.
Using the pooled statistical values, the Spearman correlation 

coefficient (r) was utilized to assess the correlations of SAA lev-
els to BMI, TC, TG, HDL-C, LDL-C, FPG, HbA1c, HOMA-IR, 
CRP, and IL-6 levels in patients with T2DM. The Egger and Begg 
tests were used to detect potential publication bias. A P value less 
than 0.05 was set as the threshold for statistical significance.

RESULTS

Characteristics of included studies
A total of 1,407 articles were retrieved from PubMed, Cochrane 
Library, Embase, Web of Science, and MEDLINE, of which 782 
articles were filtered out because they were editorials, letters, 
reviews, commentaries, interviews, or studies of non-human 
subjects. After carefully examining each article’s title, abstract, 
and full text, 587 studies were excluded due to being duplicates, 
having an irrelevant topic or incomplete data, or dealing with an 
undefined disease. Eventually, 21 articles with 1,780 patients 
and 2,070 healthy controls were included in this meta-analysis 
(Fig. 1). Of these, 18 studies contained data on SAA levels (mean± 
standard deviation) in cases and controls, while five studies re-
ported the correlations of SAA levels with BMI, TC, TG, LDL-

Fig. 1. Flow chart for screening articles. SAA, serum amyloid A; SD, standard deviation.

Records identified through searching 
PubMed (n=108), Embase (n=554), 

and Cochrane Library (n=239)

Records included for screening
title and abstracts (n=625)

Full-text articles assessed for eligibility 
(n=68)

21 Reports included for this 
meta-analysis

18 Studies were available for each group 
of the SAA (mean±SD)

5 Studies obtained the correlation of 
SAA and some factors in type 2 diabetes

Additional records identified through
searching Web of science (n=460) 

and MEDLINE (n=46)

Record excluded (n=782) 
Records not for humans (n=275) 
Records editorials (n=23), letters (n=78),  

reviews (n=347), commentaries (n=11),  
interviews (n=48)

Record excluded (n=557)
Record duplicates (n=225)
Records not relevant for the topic (n=332)

Record excluded (n=47)
Record cannot extract the related data (n=39)
Record disease was clearly undefined (n=8)
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C, HDL-C, FPG, HbA1c, HOMA-IR, CRP, and IL-6 levels in 
T2DM.

The basic features of the articles included in this meta-analy-
sis are displayed in Table 1. The studies were published between 
1994 and 2017. Sixteen studies indicated that they included both 
men and women, one study contained only men, two studies in-
cluded only women, and two studies did not indicate participants’ 
sex. Five studies were conducted in China (Asia), one in Ger-
many (Europe), two in the USA (North America), one in Sweden 
(Europe), two each in Ireland (Europe), Brazil (South America), 
and Japan (Asia), one each in Netherlands (Europe), Finland 
(Europe), Italy (Europe), Turkey (Asia), and Spain (Europe), 
and one in multiple countries, including Australia, New Zealand, 
and Finland (Oceania and Europe). Eleven cross-sectional and 
10 case-control studies were included in the current meta-analy-
sis. SAA levels were detected using enzyme-linked immunosor-
bent assays in 16 studies and immunonephelometry in four stud-
ies, while one study did not provide this information. Nine of 
the studies included in the meta-analysis were considered to be 
good quality [22-30], while 12 studies were categorized as poor 
quality [31-42].

Meta-analyses of SAA and T2DM
A meta-analysis was conducted of differences in SAA levels be-

tween T2DM patients and healthy controls. The average SAA 
levels in T2DM patients were obviously higher than those in 
healthy individuals (SMD, 0.68; 95% confidence interval [CI], 
0.39 to 0.98), although a forest plot visually conveyed signifi-
cant heterogeneity (I 2=94.4%, P<0.001) (Fig. 2). In order to 
identify the source of heterogeneity, subgroup analyses were 
conducted according to the sex, mean age, and BMI of partici-
pants; the study design, the SAA detection method, and the con-
tinents that participants were from (Table 2). The SAA levels of 
T2DM patient groups who had mean ages of 50 to 59 years or 
over 60 years were remarkably higher than those of healthy con-
trols (SMD, 0.69; 95% CI, 0.24 to 1.15; and SMD, 0.50; 95% 
CI, 0.13 to 0.87, respectively). Markedly higher SAA levels in 
T2DM patients than in normal controls were found among par-
ticipants from Europe (SMD, 0.33; 95% CI, 0.09 to 0.56), Asia 
(SMD, 1.04; 95% CI, 0.53 to 1.54), and South America (SMD, 
0.37; 95% CI, 0.07 to 0.66). To further clarify the source of het-
erogeneity, meta-regression analysis was also performed. The 
results of meta-regression indicated that the sex, mean age and 
BMI of participants; study type; SAA detection method; and 
continents where participants were from could not explain the 
origin of heterogeneity (Table 3).

Sensitivity analyses also showed that removing studies indi-
vidually did not substantially change the associations (Fig. 3). 

Fig. 2. Forest plot of differences in serum amyloid A levels between patients with type 2 diabetes mellitus (T2DM) and healthy controls. 
SMD, standardized mean difference; CI, confidence interval.
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Therefore, the overall magnitude of differences in SAA levels 
between T2DM patients and healthy controls was stable.

Meta-analysis of correlations between SAA and several 
factors in T2DM
Next, a meta-analysis of the correlations between SAA levels 
and cardiometabolic risk factors, glucose metabolic homeostasis 
indexes, and inflammation factors was conducted to further ex-
plore the associations of SAA levels with T2DM (Fig. 4). The 
result revealed that, in T2DM patients, SAA levels were posi-
tively linked with the levels of BMI (r=0.34; 95% CI, 0.03 to 
0.66) and TG (r=0.12; 95% CI, 0.01 to 0.24), but negatively as-

sociated with HDL-C (r=–0.23; 95% CI, –0.44 to –0.03) levels. 
Furthermore, the pooled analysis suggested that, in T2DM pa-
tients, SAA levels were positively associated with FPG (r=0.26; 
95% CI, 0.07 to 0.45), HbA1c (r=0.24; 95% CI, 0.16 to 0.33), 
HOMA-IR (r=0.22; 95% CI, 0.10 to 0.34), CRP (r=0.77; 95% 
CI, 0.62 to 0.91), and IL-6 (r=0.42; 95% CI, 0.31 to 0.54) levels.

Publication biases
The Begg’s correlation test and the Egger’s regression test indi-
cated no evidence of significant publication bias in these studies 
(all P>0.05) (Table 4).

Table 2. Subgroup Analysis of Differences in SAA Levels between Type 2 Diabetes Mellitus Patients and Healthy Individuals

Variable No. of 
studies SMD (95% CI)

Test of SMD Heterogeneity

Z P value χ2 I2, % P value

All studies 20 0.68 (0.39 to 0.98) 4.50 <0.001 336.83 94.4 <0.001

Sex

   Men 2 0.54 (0.32 to 0.77) 4.76 <0.001 0.06 0.0 0.806

   Women 2 0.36 (0.16 to 0.56) 3.47 0.001 0.45 0.0 0.505

   Men and women 16 0.74 (0.36 to 1.11) 3.86 <0.001 334.25 94.4 <0.001

Mean age, yr

   NA 1 0.46 (–0.08 to 1.01) 1.66 0.097 - - -

   ≤50 3 0.89 (–0.22 to 2.01) 1.57 0.116 62.08 96.8 <0.001

   50–59 11 0.69 (0.24 to 1.15) 2.97 0.003 242.66 95.9 <0.001

   ≥60 5 0.50 (0.13 to 0.87) 2.62 0.009 18.19 78.8 0.001

BMI, kg/m2

   NA 4 0.81 (–0.03 to 1.65) 1.89 0.059 41.12 92.7 <0.001

   <28 8 1.03 (0.48 to 1.58) 3.67 <0.001 233.19 97.0 <0.001

   ≥28 8 0.27 (0.06 to 0.47) 2.53 0.011 16.70 58.1 0.019

Study type

   Case-control 10 1.02 (0.53 to 1.51) 4.10 <0.001 224.55 96.0 <0.001

   Cross-sectional 10 0.37 (0.03 to 0.72) 2.12 0.034 90.92 90.1 <0.001

SAA detection method

   NA 1 0.65 (0.44 to 0.85) 6.21 <0.001 - - -

   ELISA 15 0.62 (0.24 to 0.99) 3.22 0.001 260.87 94.6 <0.001

   Immunonephelometry 4 0.96 (0.14 to 1.77) 2.30 0.022 69.08 95.7 <0.001

Continent

   Europe 6 0.33 (0.09 to 0.56) 2.67 0.008 12.77 60.9 0.026

   North America 2 0.06 (–0.75 to 0.87) 0.15 0.880 3.90 74.3 0.048

   Asia 10 1.04 (0.53 to 1.54) 4.05 <0.001 292.07 96.9 <0.001

   South America 2 0.37 (0.07 to 0.66) 2.43 0.015 0.80 0.0 0.370

SAA, serum amyloid A; SMD, standardized mean difference; CI, confidence interval; NA, no application; BMI, body mass index; ELISA, enzyme-
linked immunosorbent assay.
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DISCUSSION

The findings of the present meta-analysis indicated that high 
SAA levels showed statistically significant associations with the 
presence of T2DM, which is consistent with the studies of Ebte-
haj et al. [22], Yang et al. [23], and Griffiths et al. [24]. More 
importantly, our study found that SAA levels were positively 
correlated with BMI, TG, FPG, HbA1c, HOMA-IR, CRP, and 
IL-6 levels in T2DM patients, suggesting that measuring SAA 
may be beneficial for assessing impaired lipid metabolism ho-
meostasis and the inflammatory response in patients with T2DM. 
These findings enhance our knowledge of the usefulness of SAA 
as a marker of inflammation and may also provide evidence of a 
mechanistic link between inflammation and lipid metabolism 

dysregulation in T2DM patients.
SAA has been found to be expressed at high levels in vivo un-

der conditions of decreased insulin sensitivity [43], which can 
activate the neutrophil nuclear factor κB, inhibitory factor, ki-
nase β signaling pathway in the liver, skeletal muscle, and adi-
pose tissue, inducing liver and systemic local insulin resistance 
[44,45]. Furthermore, long-term insulin resistance increases gly-
cosylation end products that stimulate macrophages and mono-
cytes to release more inflammatory factors, inducing a chronic 
low-grade inflammatory state in the body [44,45] and accelerat-
ing the progression of T2DM and its complications. In addition, 
animal evidence has demonstrated that the administration of re-
combinant A-SAA (the acute-phase isoform) in the adipocytes 
of mice resulted in the downregulation of genes that were criti-

Table 3. Meta-Regression Analysis of Differences in SAA Levels between Patients with Type 2 Diabetes Mellitus and Normal Controls

Covariates β SE T P> | T | 95% CI Tau2 I2 Adjusted R2, %a

Sex 0.12 0.37 0.33 0.74 –0.65 to 0.90 1.00 94.65 –5.21

Mean age –0.04 0.30 –0.15 0.88 –0.68 to 0.59 1.01 94.52 –5.79

BMI –0.33 0.30 –1.10 0.29 –0.97 to 0.30 0.94 93.85 1.74

Study design –0.34 0.22 –0.53 0.15 –0.79 to 0.13 0.90 94.29 6.28

SAA detection method 0.24 0.48 0.49 0.63 –0.78 to 1.25 1.00 94.65 –4.52

Continent 0.22 0.22 0.97 0.35 –0.25 to 0.68 0.96 94.36 –0.37

SAA, serum amyloid A; β, regression coefficient; SE, standard error; CI, confidence interval; Tau2, between-study variance in components; BMI, body 
mass index.
aAdjusted R2 (%): the current covariate can explain the magnitude of heterogeneity.

Fig. 3. The sensitivity analysis of differences in serum amyloid A levels between patients with type 2 diabetes mellitus and healthy controls. 
CI, confidence interval.
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Fig. 4. Correlations of serum amyloid A levels with cardiometabolic risk factors in patients with type 2 diabetes mellitus. CI, confidence in-
terval; BMI, body mass index; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density li-
poprotein cholesterol; FPG, fasting plasma glucose; HbA1c, hemoglobin A1c; HOMA-IR, homeostasis model assessment for insulin resis-
tance; CRP, C-reactive protein; IL-6, interleukin-6.

cal for insulin sensitivity in the treated cells [46].
We observed that the average SAA levels in T2DM patients 

were notably higher than those in healthy controls. However, 
subgroup analyses showed that this difference was associated 
with the mean age of participants and the continent that they 
were from, with particularly strong relationships in studies with 

a mean age of more than 50 years and those from Europe, Asia, 
or South America. A previous study showed that age was tightly 
correlated with obesity and T2DM [47,48], and that SAA was 
associated with obesity [13]. Moreover, obesity was reported to 
increase the risk of T2DM in numerous studies [49,50]. Howev-
er, previous studies placed less emphasis on differences in SAA 
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Table 4. Results of the Egger Test and Begg Test for Publication 
Bias

Type 
Egger test Begg test 

T P value Z P value

SAA and T2DM 1.37 1.89 1.07 0.28

SAA and BMI 2.04 0.42 0.25 0.17

SAA and TC 1.00 0.32 - -

SAA and TG 1.00 0.32 - -

SAA and HDL-C 1.57 0.12 0.25 0.12

SAA and LDL-C 1.00 0.32 - -

SAA and FPG 1.00 0.32 - -

SAA and HbA1c 1.57 0.12 0.17 0.14

SAA and HOMA-IR 1.00 0.32 - -

SAA and CRP 1.00 0.32 - -

SAA and IL-6 1.00 0.32 - -

SAA, serum amyloid A; T2DM, type 2 diabetes mellitus; BMI, body 
mass index; TC, total cholesterol; TG, triglyceride; HDL-C, high-densi-
ty lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; 
FPG, fasting plasma glucose; HbA1c, glycosylated hemoglobin A1c; 
HOMA-IR, homeostasis model assessment for insulin resistance; CRP, 
C-reactive protein; IL-6, interleukin-6.

levels between T2DM cases and normal controls in different 
continents. We assumed that environmental, genetic, and life-
style-related factors may be responsible for these differences. 
However, a meta-regression model indicated that the source of 
heterogeneity could not be explained by the sex, mean age, and 
BMI of participants; study type; SAA detection method; or the 
continents that participants were from.

The meta-analysis of correlations found that SAA levels were 
positively linked with cardiometabolic risk factors (BMI and 
TG) in T2DM patients, which is in line with previous studies 
[13,51-53]. Elevated FPG is the most common indicator of 
T2DM, and HbA1c and insulin resistance are the two key indi-
cators in the pathogenesis of T2DM. This meta-analysis found 
that SAA levels were positively associated with FPG, HbA1c, 
and insulin resistance, indicating a link between SAA levels and 
the occurrence and development of T2DM. These data further 
support the association of SAA levels with T2DM. SAA is an 
acute-phase response protein and can serve as a sensitive mark-
er of the acute inflammatory response [15]. Its acute-phase iso-
form (A-SAA) is up-regulated up to 1,000-fold in response to 
inflammatory stimuli such as trauma, infection, injury, and 
stress [54], thereby stimulating the production of CRP, IL-6, and 
other inflammatory mediators [13], as exhibited in our study.

This study has some strengths. First, the meta-analysis was 

conducted based on a comprehensive search of the literature 
and addressed concerns about professionally determined SAA 
levels and T2DM. Second, the sensitivity analysis revealed that 
excluding any study did not affect the pooled effect of differ-
ences in SAA levels between T2DM patients and healthy con-
trols, suggesting that our results are robust. Third, considering 
some potential confounding factors, the meta-analysis was 
stratified by age, sex, BMI, and other variables, which could in-
crease the stability and accuracy of the results. Fourth, the find-
ings of a systematic review and meta-analysis using secondary 
data are valuable and can provide new directions for future 
studies. Direct measurements of SAA will be necessary to dem-
onstrate whether it may be of pathological significance in 
T2DM.

Nonetheless, this article is also subject to some unavoidable 
limitations. Foremost, correlation does not mean causation in 
terms of T2DM. Second, the large amount of heterogeneity was 
a weakness of the present study, although it could be explained 
by various subgroup analyses. Therefore, caution in interpreting 
these results is necessary for research focusing on these aspects. 
Third, a small number of participants may experience worsened 
symptoms of T2DM, and these outliers are not well represented 
in sample means. Fourth, participants’ age, sex, and BMI were 
inconsistent in the reported articles. These factors could not be 
adjusted to calculate the pooled effect due to the limited data. 
Finally, the specific mechanism underlying the relationship be-
tween SAA levels and T2DM must be validated through animal 
experiments in the future.

In summary, high SAA levels were found to show statistically 
significant associations with the presence of T2DM. Further-
more, these findings demonstrate that SAA may have an impact 
on the development of T2DM by elevating the levels of BMI, 
TG, FPG, HbA1c, HOMA-IR, CRP, and IL-6, or by decreasing 
HDL-C levels. However, firm confirmation of the role played 
by SAA in T2DM will require direct testing in both transgenic 
and SAA-deficient animal models.
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