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Apparent Sex-Specific Divergence of Acylation Stimulating 
Protein Levels With Respect to Metabolic Parameters of 

Pathogenetic and Clinical Relevance
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Abstract

Background: Acylation stimulating protein (ASP) is an adipose 
tissue-derived hormone that regulates triglyceride (TG) synthesis 
and glucose transport. Associations of ASP and/or its precursor 
complement C3 have been demonstrated with obesity, insulin resis-
tance, diabetes, and cardiovascular diseases. We determined fasting 
serum ASP in a Turkish adult population sample and assessed rela-
tionships with cardiometabolic risk factors.

Methods: Cross-sectional population-based study recruiting 224 
men and women from the Turkish Adult Risk Factor (TARF) study.

Results: Geometric Mean ASP levels (median) in women (271 
nmol/L) tended to be lower than men (305 nmol/L) (P = 0.059), 
and this was also true in most subgroups with vs. without cardio-
metabolic disorders. Interestingly, correlations of ASP diverged in 
direction across genders with TG, glucose, height, age and other 
risk variables.

Conclusions: Gender divergence is an aspect of this Turkish 
population that has been noted for various lipid parameters (HDL, 

Lp(a)), association of cardiometabolic risk with smoking and alco-
hol intake and the response of the pro-inflammatory state to adipos-
ity. This is consistent in the present study, where metabolic states 
correlate with ASP, but are divergent between genders.
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Introduction

Cardiometabolic risk is a constellation of metabolic and 
underlying risk factors that significantly increase an indi-
vidual’s risk of having a cardiovascular event or developing 
metabolic abnormalities such as type 2 diabetes (T2D). Met-
abolic syndrome (MetS) has been considered as a specific 
subset of cardiometabolic risks that, when clustered together, 
impart a relative increase in risk of cardiovascular disease 
(CVD) [1]. Approximately 9%, 21%, and 35% of normal 
weight, overweight, and obese adolescents [2] and 23.5%, 
48.7% and 68.3% of normal weight, overweight, and obese 
adults respectively [3] have cardiometabolic risk factor clus-
tering in U.S. The prevalence of metabolic syndrome (MetS) 
is approximately 34.6% in the United States, 17.8 - 34.0% in 
Europe and 12.8 - 41.1% in Asia [4]. Various studies based 
on the results of National Health and Nutrition Examination 
(NHANES) [2, 3] indicate that over a 10- to 15- year period, 
the prevalence of obesity, metabolic syndrome (MetS), and 
diabetes has increased by 34%, 48%, and 19% respectively. 
Obese individuals are characterized by a state of chronic 
low-grade inflammation [5] that may be causal in the devel-
opment of insulin resistance and other disorders associated 
with obesity, such as hyperlipidemia, metabolic syndrome, 
or atherosclerosis [5]. 

Recently, adipose tissue has been recognized as a rich 
source of hormones (adipokines), some of which are pro-
inflammatory and anti-inflammatory mediators [6]. Altera-
tion of adipose tissue function, including modified adipokine 
secretion, plays a key role in the pathogenesis of obesity and 
metabolic disorders [7]. Acylation Stimulating Protein (ASP, 
aka C3adesArg) is one candidate, potentially contributing 
to the etiology of metabolic syndrome and cardiovascular 
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disorders [8]. ASP is an adipokine generated by the ordered 
interaction of complement C3, factor B, and adipsin through 
activation of the alternative complement pathway, all pro-
duced by adipocytes (ASP review [9]). However, ASP/C3a-
desArg is also generated systemically following pro-inflam-
matory immune activation [8]. 

The main known roles of ASP are stimulation of free 
fatty acid incorporation into adipose tissue by increasing 
triglyceride synthesis and storage [9], increase in glucose 
uptake through enhanced translocation of glucose transport-
ers [9] and reduction of triglyceride lipolysis in adipocytes 
through inhibition of hormone sensitive lipase [9]. The au-
tocrine effect of ASP in human adipose tissue was shown to 
be mediated through binding to its receptor, C5L2, mediated 
through activation of protein kinase C, PI3kinase and Akt 
[10]. 

Several studies have shown that fasting ASP levels 
are increased in subjects with obesity [11, 12], insulin re-
sistance [13], and type 2 diabetes (T2D) [14, 15]. These 
studies strongly support the idea that obesity and/or insulin 
resistance are associated with increased ASP levels [16]. 
However, higher ASP values were also observed in several 
metabolic disorders including cardiovascular disease [17], 
polycystic ovary syndrome [18], renal disease [19], nonal-
coholic steatotic hepatitis [13] and dyslipidemia [9], without 
necessarily being associated with obesity and/or insulin re-
sistance. 

The prevalence of obesity and its consequences are rap-
idly increasing in developing countries [20]. Obesity and ab-
dominal obesity are major and growing problems for Turk-
ish adults, especially for Turkish women [20]. The Turkish 
population is known for the following characteristics: 1) The 
prevalence of obesity in the adult Turkish population (20.6% 
in men and 39.9% in women) is higher than most Western 
European countries (10 - 25% in Europe) and comparable 
with the United States (29% in white men and 50% in black 
women) [20, 21]. 2) The prevalence of obesity is similar in 
rural and urban areas in Turkey [20]. 3) In the Turkish popu-
lation there is a high prevalence of cardiovascular risk factors 
including metabolic syndrome components (Onat A, review 
[22]). Consequently, there is an increased rate of cardiovas-
cular disease and type 2 diabetes [22]. 4) Studies suggest that 
prevalence of abdominal obesity, MetS, and T2D are as great 
among Turkish women as men [23, 24]. 5) Adult Turks are 
recognized to generally have lower levels of plasma choles-
terol and higher levels of triglyceride (TG) than Westerners 
[22]. The Turkish Adult Risk Factor (TARF) study, an estab-
lished prospective population-based study, has contributed 
novel information on characterization of this population, in-
cluding disorders with systemic inflammation [22].

The aims of this study were: to evaluate the adipokine 
ASP, in a large sample from a homogenous Turkish popula-
tion and to evaluate the relationship of this adipokine with 
cardiometabolic risk factors in men as compared to women.

Materials and Methods

Sample population

Two hundred and twenty-four adult men and women were 
recruited randomly from participants of the 2005 - 2008 
follow-up surveys of the TARF Study, a prospective study 
on cardiac disease and its risk factors in a representative 
sample of adults in Turkey, carried out biennially since 1990 
in 59 communities throughout 7 geographical regions of 
the country [22]. Samples from available deep-frozen sera 
were randomly selected for study, without knowledge of any 
clinical or biochemical data. The study was approved by the 
Ethics Committee of the Medical Faculty, Istanbul Univer-
sity. Written informed consent for participation was obtained 
from all individuals. Data were obtained on medical and fa-
milial history via a questionnaire, physical examination, and 
blood samples. 

Measurement of risk factors

Blood pressure (BP) was measured with an aneroid sphyg-
momanometer (Erka, Germany) in the sitting position on the 
right arm, and the mean of two recordings 3 min apart was 
recorded. Waist circumference was measured with the sub-
ject standing and wearing only underwear, at the level mid-
way between the lower rib margin and the iliac crest. Blood 
samples were collected, after an overnight fast >11 hours, 
spun at 1000 g and shipped on cooled gel packs to Istanbul 
to be stored at -75 oC, until analyzed in a central laboratory. 
Serum concentrations of apolipoprotein apoB, apoA-I and 
C-reactive protein (CRP) were measured by nephelometry 
(BN Prospec, Behring Diagnostics, Westwood, MA). Plasma 
fibrinogen levels were assayed by modified Clauss method 
using Behring Fibrinometer II coagulometer and multifibren 
U kit. Serum concentrations of triglycerides and glucose, 
measured in the fasting state, as well as of total, low density 
lipoprotein (LDL) and high density lipoprotein (HDL) cho-
lesterol (LDL-C, HDL-C plus 2nd generation, direct quanti-
fication) were determined using enzymatic kits from Roche 
Diagnostics with a Hitachi 902 autoanalyzer. 

Fasting concentrations of sex hormone-binding globulin 
(SHBG) and insulin were assayed by electrochemilumines-
cence immunoassay (ECLIA) on Roche Elecsys 2010 immu-
nautoanalyzer (Roche Diagnostics, Mannheim, Germany). 
ASP concentration was measured using an in-house sand-
wich ELISA, following previously published methodology 
[25].

Definitions

Atherogenic dyslipidemia was defined as TG > 1.7 mmol/L 
and HDL-C ≤ 1.03 mmol/L [26]. MetS was positive when 3 
of 5 criteria of the National Cholesterol Education Program 
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ATP-III were met, modified for prediabetes (fasting glucose 
5.56 - 6.95 mmol/L) [27] with male central obesity defined 
as a waist circumference > 95 cm, as assessed in the Turkish 
Adult Risk Factor study [26]. In 2% of individuals exhibiting 
two MetS components and missing data on fasting triglyc-
erides, the MetS status of a previous survey was adopted. 
Diabetes was diagnosed with the criteria of the American 
Diabetes Association [28], namely by self-report, plasma 
fasting glucose > 7mmol/L or with 2-h postprandial glucose 

> 11.1 mmol/L. HOMA was calculated as (insulin (mIU/L) 
× glucose (mmol/L) )/ 22.5. Nonfatal coronary heart disease 
(CHD) was identified by presence of angina pectoris, a his-
tory of myocardial infarction with/without accompanying 
Minnesota codes of the ECG [29] or a history of myocardial 
revascularization. Typical angina and, in women, age > 45 
years, were prerequisites for a diagnosis when angina was 
isolated.  ECG changes of “ischemic type” of greater than 
minor degree (Codes 1.1-2, 4.1-2, 5.1-2, 7.1) were consid-

Women n = 94               Men n = 130

Unit Mean SD Mean SD P-value

Age year 52.2 12.9 51.0 11.1 NS

Waist cm 95.3 15.5 97.8 10.4 NS

Height  cm 156.2 6.6 168.5 6.7 < 0.001

BMI kg/m2 29.9 5.2 28.1 3.9 < 0.01

Systolic BP mmHg 127.0 22.5 125.4 21.5 NS

Diastolic BP mmHg 76.4 10.5 76.5 10.6 NS

Total C mg/dl 200.6 42.6 188.8 43.0 < 0.05

HDL C mg/dl 51.1 11.8 41.4 10.8 < 0.001

LDL C mg/dl 120.7 35.3 114.8 36.8 NS

TG      mg/dl 148.0 76.6 181.9 119.4 < 0.01

Glucose  mg/dl 97.2 22.0 106.9 41.5 <0.05

Creatinine mg/l 0.75 0.15 0.93 0.16 < 0.001

ApoAI mg/dl 145.0 23.2 128.8 22.6 < 0.001

ApoB  mg/dl 103.0 34.0 100.1 31.9 NS

Insulin¶ µIU/ml 8.97 2.09 7.76 1.89 NS

CRP     mg/l 3.1 3.3 3.9 5.4 NS

Fibrinogen      mg/dl 3.2 0.8 3.1 1.0 NS

SHBG nmol/l 61.1 37.7 42.5 24.5 < 0.001

Testosterone nmol/l 0.56 0.74 10.0 9.1 < 0.05

ASP * nmol/l 271 (242 - 303) 305 (274 - 339) 0.059

Metabolic disorders                   N/% N/% Fisher

CHD    7/7.4%
44/47%

16/12.3%
61/47%

NS

MetS  NS

T2D     7/7.4%
45/48%

22/17%
49/38%

0.044

HT      NS

Table 1. Characteristics of the Study Population According to Sex

¶ log-transformed values. Mean and SD are provided for men and women (*for ASP, geometric mean and 95th 
confidence limits are provided), where Apo apolipoprotein, BP blood pressure, C cholesterol, CHD coronary 
heart disease, CRP C-reactive protein, HT hypertension, MetS metabolic syndrome, T2D type 2 diabetes, TG 
triglyceride, SHBG sex hormone binding globulin.
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ered as myocardial infarct sequelae or myocardial ischemia, 
respectively.

Data statistical analysis

This study is a cross-sectional population-based study. The 
study population characteristics according to gender are re-
ported as mean values ± standard deviations for continuous 
variables and proportions for categorical variables. Graphi-
cal and statistical analyses were performed using GraphPad 
Prism and SPSS. Two sided t-tests and Fisher’s exact test 
were used to analyze the differences between means and 
proportions of two groups, respectively. Spearman’s corre-
lation coefficients served to analyze univariate correlations. 
A value of P < 0.05 was considered statistically significant.

Results

The study sample consisted of a random sampling of 224 
adult Turkish men and women from the TARF study. The 
average age of the sample population was 51.5 yrs. This 
group was middle-aged to older, overweight (mean BMI = 
28.1 men and 29.9 women), prone to abdominal obesity and 
similar to the overall cohort of the Turkish Adult Risk Factor 
study. In the group as a whole, presence of cardiometabolic 
disorders (at least one of these disorders; CHD, MetS, hy-
pertension (HT), T2D) was 60.7% (60.8% in men, 60.6% in 
women). The study group characteristics and metabolic pro-
files, separated based on gender are shown in Table 1. There 
was no significant difference in age, waist and blood pressure 
values between men and women, but there were significant 

Figure 1. Geometric mean of plasma ASP concentrations in women (lower panel) and men (upper panel) 
without and with CHD, metabolic syndrome (MetS), Type-2 diabetes (T2D) and hypertension (HT). Levels were 
non-significantly higher in men with MetS and Type-2 diabetes than without. Otherwise, including overall in 
women, ASP concentrations were non-significantly lower in the presence of cardiometabolic disorders. Analy-
sis used log-transformed ASP values.
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differences in height (men > women, P < 0.001) and BMI 
(women > men, P < 0.01). In general there was no signifi-
cant difference between men and women in distribution of 
cardiovascular and metabolic disorders (Table 1). Total cho-
lesterol, HDL-C, TG, glucose, creatinine, apolipoprotein A1, 
and (as expected) sex hormone binding globulin (SHBG), 
and testosterone were significantly different between men 
and women. However, apolipoprotein B and C-reactive pro-
tein, were not significantly different. The ASP values ranged 
from 51 to 1277 (nmol/L) in men with a geometric mean 
value of 305 nmol/L (25th percentile = 197.00, 75th percen-
tile = 378.5) and 271 nmol/L (25th percentile = 192.8, 75th 
percentile = 484.3) in women (P = 0.059) (Table 1).

In Figure 1, geometric mean ASP concentrations based 
on presence/absence of specific cardiometabolic disorders 
(CHD, metabolic syndrome, type-2 diabetes and hyperten-
sion) is shown in men and women. Levels were non-signif-
icantly higher in men with MetS and diabetes than without. 
Otherwise, including overall in women, ASP concentrations 
were non-significantly lower in the presence of cardiometa-
bolic disorders. 

Correlation of ASP with various parameters in these 
subgroups is shown in Table 2. Overall, subjects with hy-
pertension (HT) had several factors that correlated with 
ASP including SHBG, C-reactive protein (CRP), fibrinogen 
and creatinine. In subjects without hypertension there were 

Table 2. Spearman Correlation Coefficients of ASP With Certain Variables According to Metabolic Disorders

Spearman Correlation (R values) and significance level (P values) are provided according to metabolic disor-
der where CRP C reactive protein, HT hypertension, MetS metabolic syndrome, SHBG sex hormone binding 
globulin. Values with P < 0.1 are underlined.

ALL subjects (n = 224)

R P value R P value

Height 0.17       0.01              

SHBG -0.10       0.08

Healthy (88) Non-healthy (136)

SHBG 0.04 0.77 -0.30 0.002

Height 0.17 0.12 0.16 0.07

Non-MetS (119) With MetS (105)

Glucose -0.17 0.08 0.13 0.22

Height 0.10 0.29 0.15 0.03

HDL-C -0.09 0.31 -0.20 0.03

SHBG -0.02 0.86 (78) -0.31 0.01

Without HT (130) With HT (94)

Height 0.19 0.03 0.07 0.47

HDL-C -0.16 0.07 -0.06 0.56

LDL-C -0.18 0.04 0.13 0.21

SHBG -0.03 0.77 -0.33 0.005

CRP 0.05 0.52 (86) 0.21 0.04

FIBRINOGEN -0.04 0.68 (127) 0.25 0.04

CREATININE 0.13 0.17 (96) -0.21 0.05

AGE 0.06 0.47 (117) -0.19 0.06
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Table 3. Spearman Correlation Coefficients of ASP With Certain Variables According to Gender

Spearman Correlation (R values) and significance level (P values) are provided according to metabolic disorder 
where BMI body mass index, BP blood pressure, C cholesterol, CRP C reactive protein, HT hypertension, MetS met-
abolic syndrome, SHBG sex hormone binding globulin, WC waist circumference. Values with P < 0.1 are underlined.

All
Men (130) Women (94)

R P value R P value

Age -0.19 0.03 0.08 0.47

Glucose 0.19 0.03 -0.23 0.03

Triglyceride 0.19 0.03 -0.18 0.09

CRP 0.16 0.07 0.04 0.73 (91)

SHBG -0.19 0.07 -0.01 0.95 (68)

Testosterone 0.05 0.63 -0.26 0.04

Height 0.26 0.003 -0.03       0.79

Healthy (51) (37)

LDL-C -0.00 0.96  -0.36      0.03

Creatinine 0.26 0.07  -0.12      0.49 (33)

Non-healthy (79) (57)

Age -0.29 0.01       0.13 0.35

Height 0.27 0.01      -0.17 0.20

BMI 0.22 0.04       0.13 0.33

Triglyceride 0.24 0.04      -0.15 0.26 (55)

HDL-C -0.03 0.02       0.16 0.22

SHBG -0.32 0.01      -0.19 0.23 (41)

Glucose        0.21 0.06      -0.27 0.05

With MetS (61) (44)

Glucose        0.31 0.02  -0.21      0.17 (42)

Fibrinogen        0.28 0.06   0.04      0.83 (28)

SHGB -0.28 0.06 -0.2      0.26 (33)

CRP        0.23 0.07   0.03      0.86 (43)

Height        0.23 0.07  -0.21      0.18

Without MetS (69) (50)

Height        0.27 0.02    -0.06      0.70

Age -0.21 0.08     0.16      0.28

WC -0.10 0.39 0.31      0.03

Diastolic BP -0.12 0.33   0.33      0.02

Systolic BP -0.09 0.49   0.26      0.07

Total C        0.07 0.56    -0.24      0.09
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positive correlations with height and negative with LDL-C. 
Similarly, ASP correlated with height, HDLC and SHBG in 
subjects with metabolic syndrome, but not in those without.

Correlation analysis of ASP was then performed strati-
fied by sex, presence of MetS or other metabolic disorders 
(Table 3). Overall, correlations with ASP were stronger in 
men than in women in whom certain variables exhibited 
the opposite direction to those in men. Correlations of ASP 
overall in men were significant and positive with height, tri-
glyceride, and glucose and tended to be so with CRP, with 
an inverse correlation with age and SHBG. In men with 
cardiometabolic disorders or with MetS, these correlations 
persisted and even tended to be accentuated as compared to 
men without MetS. Overall these correlations with ASP were 
in the opposite direction in women, even in healthy women. 
Significant inverse correlations were displayed with fasting 
glucose, LDL cholesterol, and testosterone and tended to be 
so with total cholesterol and fasting TG. Significant positive 
correlations with waist girth, (diastolic) BP, and age have 
been shown. These correlations were strongly attenuated in 
the presence of MetS or otherwise “non-healthy” women. 
Correlation of ASP to height tended to be inversely, although 
very weakly, correlated in “non-healthy” women.

Discussion
  
The salient findings in this population-based cross-sectional 
study among middle-aged Turkish adults were: 1) Higher av-
erage ASP concentrations in comparison with those reported 
in other ethnicities. 2) Diverging correlations across genders 
between ASP levels on the one hand and TG, glucose and 
height among other risk variables.

The average concentration of ASP in all Turkish subjects 
in this study was generally higher (median = 292 nmol/L) 
than in other studies [9]. Factors such as obesity, metabolic 
disorders, ethnic and nutritional differences may all contrib-
ute to this [9]. The ASP values measured here were higher 
than other ethnic groups such as Caucasian [12, 30, 31], 
African American [30], Pima Indian [12], Inuit from Nun-
avik [31] and Chinese [32] that have been measured so far, 
although the present group also contained a high percent-
age of known non-healthy subjects. ASP values were more 
similar to severely obese subjects from a North American 
cohort [11]. Further, there was a borderline sex difference 
(P = 0.059) between men and women, which was not seen 
in a normal-weight North American population, although 
there were differences between severely obese men and 
women [11]. As mentioned above, the present group has a 
high percentage of overweight and obese subjects as well 
as metabolic disorders (hypertension, metabolic syndrome, 
cardiovascular disease, type 2 diabetes), although this is a 
random representative sampling of the TARF study, and was 
not selected for the presence of metabolic disorders. Previ-

ous studies have shown that obese subjects, T2D subjects 
and subjects with cardiovascular diseases have higher ASP 
levels (58 - 400%) vs. normal weight controls [9]. A study 
by Yang et al. showed an increased ASP level in diabetic 
subjects even in the absence of obesity [15], and this was 
also true of women with polycystic ovary disease [18]. All 
of these factors likely contributed to the higher ASP levels. 

The level of ASP may also be influenced by the concen-
tration of its precursors [9]. ASP precursor components adip-
sin, C3, and factor B increase in obesity by approximately 
30% for C3, 45% for factor B, and 37% for adipsin, how-
ever, small changes in substrate (C3) and enzyme (adipsin) 
may produce much larger changes in product (ASP) [33]. In 
several studies, C3 mRNA expression has been reported to 
be increased in older vs. younger subjects and in omental vs. 
subcutaneous tissue [9].

A number of studies have demonstrated that plasma ASP 
correlates positively with various indices of body size [9]. 
This includes BMI and percentage ideal body weight [17, 
34], waist to thigh or waist to hip ratio [32], total fat mass 
or percentage body fat [17, 35]. In this study, BMI in non-
healthy men had a significant positive correlation with ASP 
concentration and waist circumference, in women (without 
metabolic syndrome), this also correlated. Height was a body 
size marker that consistently correlated significantly with 
ASP in men, regardless of the group tested. Stepwise mul-
tiple forward analysis in this study indicated that height was 
an independent covariate of ASP only in men (results are not 
shown). In Caucasian population studies, it has been shown 
that height has an inverse association with CVD [36]. How-
ever, in rapidly developing populations, the protective effect 
of height on cardiovascular mortality or its risk factors is less 
obvious [37]. In an Asian (Hong Kong) population, height 
was inversely associated with increased blood pressure and 
raised fasting plasma glucose but only after adjustment for 
central obesity [37]. 

In both the present study and other studies, ASP consis-
tently correlated with plasma lipid profile, factors commonly 
related to metabolic syndrome, diabetes and cardiovascular 
disease. Whether the increase in plasma ASP is a cause or a 
consequence of abnormal lipid metabolism cannot be deter-
mined simply by correlation studies, but examination of ASP 
function is supportive of linkages. 

It has been proposed that a decrease in the ASP cell-
surface receptor concentration or ASP response are related 
to hyperapoB, and that an elevated plasma ASP in patients 
with hyperapoB identifies individuals likely to have reduced 
cellular response to ASP stimulated peripheral TG synthe-
sis and glucose transport [38]. Further, there are strong sup-
ports that ASP binding and subsequent response may be a 
significant factor in determining regional differences in fat 
distribution [39].

Enhanced ASP action in subcutaneous tissue can lead to 
an increase in triglyceride storage. Impaired ASP action in 
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visceral adipose tissue, however, can contribute to decreased 
efficiency of triglyceride storage and increase circulating 
fatty acid fluxes, leading to metabolic imbalance and dis-
orders that are commonly associated with visceral obesity, 
such as diabetes and cardiovascular disease [39]. Reduced 
adipose tissue response to ASP could contribute to an in-
creased fatty acid flux, which leads to stimulation of hepatic 
apolipoprotein B lipoprotein production, explaining the as-
sociations between plasma ASP and lipid parameters [9]. 
With the identification of an ASP receptor, C5L2, in adipose 
tissue and other insulin-sensitive tissues [40] the presence 
of chronically elevated levels of ASP, in conjunction with 
insulin resistance and plasma lipid abnormalities, would be 
consistent with the hypothesis of ‘ASP resistance’ [14, 41]. 

Correlation between plasma ASP and other factors was 
different between men and women, and sex hormones could 
play a partial role in this. Overall, plasma ASP levels in 
normal weight girls were significantly higher than normal 
weight boys [32]. An in vitro study by Wen et al. [42] in-
dicated that physiological concentrations of progesterone as 
well as high concentrations of testosterone induce ASP resis-
tance in both adipocytes and preadipocytes, although other 
explanations are possible. While ASP may be increased as a 
response to insulin resistance, some cellular studies support 
the interpretation that the alteration in ASP pathway may be 
a direct response to the effect of the sex steroid hormones 
on downregulation of C5L2. For instance, physiological in-
creases in sex steroid hormones in PCOS (polycystic ovary 
syndrome) and late pregnancy likely induce decreased C5L2 
expression and signaling, leading to ASP resistance [18, 43]. 

A study by Xia and Cianflone [33] demonstrated marked 
changes in expression of factors involved in ASP genera-
tion associated with increased obesity that were very differ-
ent in men and women. Specifically, with increased BMI, in 
women there was a decreased expression of C3 and adipsin, 
while in men there was increased expression of C3, factor B, 
and adipsin. In women, subcutaneous tissue was the primary 
target, while in men visceral tissue was more often affected. 
These results also demonstrated a greater relative expres-
sion in visceral than subcutaneous tissue with development 
of obesity in both men and women. Koistinen et al. demon-
strated an increase in C3 mRNA in adipose tissue from obese 
men compared to lean men [41]. While these obese men only 
demonstrated a slight but not significant increase in plasma 
C3, they did have a substantial increase in plasma ASP. In-
terestingly, the level of C3 mRNA correlated inversely with 
glucose disposal rate but positively with BMI and postpran-
dial triglyceride clearance [41]. 

Other divergent gender related associations have also 
been noted in this Turkish population. Gender influences the 
pro-inflammatory response to overall adiposity, central obe-
sity and associated impaired function of HDL, with women 
affected to a greater extent [44]. Association of inflamma-
tory mediators is largely independent of MetS components 

in men, but tends to act in conjunction in women [44]. Gen-
der modulates response of cardiometabolic risk variables to 
moderate alcohol consumption and smoking status [44]. Ag-
gregation of Lp(a) to apoA1 to form an immune complex 
contributes as a CHD risk factor [44] and gender divergence 
in Lp(a) and LP-PLA2 has also been noted in this population 
[45]. This inverse correlation, particularly in women, is in 
line with an enhanced role of pro-inflammatory status/oxida-
tive stress in the pathogenesis of cardiovascular risk in Turk-
ish women compared with men, and might relate to various 
HDL parameters (HDL, apoA1, apoCIII) [45]. The present 
findings pertaining to divergent associations in genders of 
fasting glucose, triglycerides and height (and circulating to-
tal testosterone) could be consistent with a notion that ASP is 
related to variations in Lp(a) and LP-PLA2 (data not shown) 
and possibly to HDL and its apolipoproteins, reflecting a bal-
ance in anti- and pro- inflammatory activities. 

This population-based study has potential limitations 
in being cross-sectional in design wherein the causal role of 
ASP in cardiometabolic risk cannot be assessed. Secondly, 
the sample size for some cardiometabolic disorders (CHD, 
T2D) was less than adequate and precluded correlation 
analyses in subgroups. On the other hand, the availability 
of diverse lipid and non-lipid parameters, and identification 
of various cardiometabolic disorders in a population-based 
study comprising adults prone to enhanced low-grade in-
flammation, form its strength.

We conclude that ASP levels not only reflect dysgly-
cemia and atherogenic dyslipidemia in men but also other 
inflammatory and anti-inflammatory biomarkers as well as 
height. The addition of MetS marginally accentuates these 
associations. In contrast, in women, correlations with ASP 
(notably triglycerides, glucose, LDL-C, SHBG and height) 
are in the opposite direction, as are those with serum Lp(a) 
(data not shown), in the absence of currently defined MetS.
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