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Abstract

Background: Elevated lipids in umbilical cord blood affect fetal programming, leading to a higher risk of developing
cardiovascular disease in later life. However, the causes of changes in the lipid profile of umbilical cord blood are not
clear yet. This study aimed for the first time to determine the association of asprosin concentration with TAG, TC, HDL-
C, LDL-C concentrations and TAG/HDL-C, TC/HDL-C, LDL-C/HDL-C and non-HDL-C/HDL-C ratio in umbilical cord blood
as well as newborn anthropometric indices. This cross-sectional study was based on 450 mother- newborn pairs of a
birth cohort study in Sabzevar, Iran. Multiple linear regression was used to estimate the association of lipid concentra-
tion and lipid ratios as well as birth weight (BW), birth length (BL), head circumference (HC) and chest circumference
(CO) with asprosin in cord blood samples controlled for the relevant covariates.

Result: In fully adjusted models, each 1 ng/mL increase in asprosin was associated with 0.19 (95% CI 0.06, 0.31,
P<0.01),0.19 (95% C1 0.10,0.29, P<0.01), 0.17 (95% C1 0.09, 0.25, P <0.01), 0.17 (95% CI 0.09, 0.25, P <0.01), 0.01 (95%
C10.00,0.013,P<0.01),0.01 (95% C1 0.01,0.01, P<0.01),0.01 (95% CI 0.01,0.01, P<0.01) and 0.01 (95% CI 0.01, 0.01,
P<0.01) increase in TAG, TC, LDL-C, TAG/HDL-C, TC/HDL-C, LDL-C/HDL-C and non-HDL-C/HDL-C ratio respectively.
Moreover, higher asprosin levels was positively associated with newborn BW, BL, HC and CC; however, these associa-
tions were not statistically significant.

Conclusion: Overall, our findings support the positive association between cord asprosin concentration and the
development of atherogenic lipid profile in newborns. Further studies are needed to confirm the findings of this
study in other populations.
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Introduction cause of CVDs, including ischemic heart disease, heart

Coronary vascular disease (CVDs) is the leading cause
of mortality in the world, accounting by 31.5% of all
global death [1]. Atherosclerosis is the most common
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failure, and peripheral arterial disease [2, 3]. The athero-
genic processes involved in CVDs pathogenesis begin in
the intrauterine environment during fetal development
and then gradually progress in subsequent years [4]. By
detecting CVDs lipid risk factors including Apo Al, Apo
B and atherogenic index in the umbilical cord blood of
the term newborns, it is possible to recognize newborns
at a higher risk for CVDs in the future [5].
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The causes of changes in lipid metabolism of umbili-
cal cord blood are not completely known. Still, there is
some evidence that maternal adiposity status and adi-
pokines (including resistin and leptin) may play an active
role in regulating fetal lipid profile [6—13]. Asprosin, a
novel adipokine identified by Omre et al, is secreted in
response to starvation from adipocytes and promotes
rapid releases of glucose from the liver cells [14]. The
association between circulating asprosin and lipids
metabolism has been identified [15, 16]. Asprosin was
positively correlated with LDL-c, APOB, APOE and TAG
concentrations and negatively correlated with HDL-C
concentration [15-18]. Therefore, it can be speculated
that asprosin may be involved in a process that develops
an atherogenic lipid profile in umbilical cord blood. To
the best of our knowledge, there is no study on the asso-
ciation of asprosin and umbilical cord blood lipid profile.
Therefore, this study aimed to investigate the relationship
between umbilical cord blood asprosin with lipid profile
and newborn anthropometric indices. Besides, the rela-
tionship between umbilical asprosin with different lipid
ratios as predictors of CVDs has been studied.

Material and methods

Study population

This study was conducted from June 2018 to August
2018 at the Mobini Hospital in Sabzevar (a town in
the Khorasan-Razavi province), Iran. We enrolled 450
healthy pregnant women recruited to the hospital for
their delivery based on our inclusion/exclusion criteria.
The inclusion criteria were mothers with a normal term
of pregnancy (37-42 weeks of gestation), normal single-
ton pregnancies, normal vaginal delivery, normal lipid
profile, self-report of no hypertension, preeclampsia,
diabetes, and gestational diabetes. The exclusion criteria
included intrauterine fetal growth restriction, fetal struc-
tural abnormalities, and drug intake that affects metab-
olism. It should be noted that the inclusion/exclusion
criteria were detected through self-reports and medi-
cal records of participants. The project was approved by
the Clinical Research Ethical Committee (IR.MEDSAB.
REC.1397.012) of Sabzevar University of Medical Sci-
ences and all participants signed the informed consent
form before to enrollment.

Cord blood collection and biochemical assessments

Cord blood samples were collected from the umbilical
cord vein in serum separator tubes with a clot activa-
tor at delivery time. Sera were separated, aliquoted and
stored at -80 until subsequent analysis. TAG, HDL-C,
and TC were measured using an automated analyzer
(Biotecnica, BT 1500, Rome, Italy) and commercial
kits (P.L:38,231,049, Pars Azmoon, Tehran, Iran) by
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enzymatic colorimetric methods. LDL-C concentration
was calculated using the Friedewald equation. Asprosin
concentration was quantified by enzyme-linked immu-
nosorbent assay (ELISA) using a commercially avail-
able kit according to manufacture instructions (Cat.
No: CK-E91570, EASTBIOPHARM, China). Asprosin
concentration was reported in ng/mL. The limit of
detection (LOD) was 0.34 ng/mL. The intra-assay and
interassay coefficients of variation were<10% and <12%,
respectively.

Statistical analyses

Main analysis

All statistical analyses were performed using Stata ver-
sion 15 software (Stata Corp LP, College Station, Texas).
The Shapiro—Wilk test and P-P plot tested the distri-
bution of data. Data normally distributed were shown
as mean=+SD and data with skewed distribution were
shown as median (interquartile range (IQR)).

Multiple regression models were used to investigate the
association of umbilical asprosin concentration and lipid
profile and anthropometric indices. Models were further
adjusted for a priori of the selected variables: maternal
age and pre-pregnancy BMI, parity, gestational age at
delivery, environmental tobacco exposure at home during
pregnancy (Yes/No) and two household socioeconomic
status (SES) indicators as well as two neighborhood SES
indicators. Maternal education (no education, primary
school, secondary school or university) and income (15
million, 15-30 million and more than 30 million riyals)
were used as household SES indicators, and illiter-
ate adults and unemployment percentages per census
tract based on the last census of Iran (2016) were used
as neighborhood SES indicators. Regression coefficients
were reported for each 1 ng/ml increase in asprosin con-
centration. A significant level of 0.05 was used for all sta-
tistical analyses.

Sensitivity analysis

Asprosin is introduced as a fasting-induced hormone and
the level of asprosin in cord blood may be significantly
determined by the glucose concentration [19]. Therefore
we further adjusted our models for umbilical blood glu-
cose. Moreover, we further adjusted our models with the
mother’s lipid profile during pregnancy.

Results

Descriptive statistics

The descriptive statistics of the participants are presented
in Table 1. The mean (standard deviation (SD)) age of
mothers was 27.65 (5.36) years. Of the 450 newborns
included in our study, 225 (50%) were male. The median
(IQR) of umbilical TAG, TC, LDL-C, HDL-C, were 29.9
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Table 1 Descriptive statistics of participants and lipid profile

Parameter Discription
Maternal characteristics
Age (year); mean (SD) 27.7 (5.4)
Pre-pregnancy BMI (kg/m?); Median (IQR) 24.6 (5.69)
Parity; Median (IQR) 2(1)
Gestational age (day); Median (IQR) 278 (12)
Birth weight (gr); Median (IQR) 3250 (550)
Birth length (cm); Median (IQR) 51(3)
Head circumference (cm); Median (IQR) 35(2)
Chest circumference (cm); Median (IQR) 33(3)
Education
No education/ primary school; N (%) 169 (37.6)
Secondary school education; N (%) 212 (47.1)
University degree or higher; N (%) 69 (15.3)
Self-reported tobacco exposure at home
Yes; N (%) 81 (18.0)
No; N (%) 369 (82.0)
Income
> 15 million Rials; N (%) 21(49.7)
15 to 30 million Rials; N (%) 100 (22.2)
30 < million Rials; N (%) 79 (17.5)
llliterate percent per census tract (%); Median (IQR) 25.38(17.5)
Unemployed percent per census tract (%); Median (IQR) 91 (5.1)
TAG (mg/dl); Median (IQR) 29.9 (26.9)
TC (mg/dl); Median (IQR) 60.4 (28)
HDL-C (mg/dl); Median (IQR) 28.2 (12.5)
LDL-C (mg/dl); Median (IQR) 23.28(21.48)
Non-HDL-C (mg/dl); Median (IQR) 30.8 (21)
TC/HDL-C; Median (IQR) 01(0.76)
TAG/HDL-C; Median (IQR) 1.15(1.18)
LDL-C/HDL-C; Median (IQR) 0.78 (0.67)
Non-HDL-C/HDL-C; Median (IQR) 01(0.76)
Asprosin (ng/mL); Median (IQR) 30.44 (19.08)

(26.9), 60.4 [27], 23.28 (21.48), 28.2 (12.5) mg/dL, respec-
tively. Moreover, the median (IQR) for TAG/ HDL-C, TC
/HDL-C, and Non-HDL-C/HDL-C were 1.15 (1.18), 2.01
(0.766) and 1.01 (0.76), respectively. The median (IQR) of
umbilical asprosin was 30.44 (19.08) ng/mL. No signifi-
cant differences were observed in asprosin concentration
as well as lipid profile between male and female new-
borns (P-value > 0.05). The median (IQR) for birth weight
(BW), birth length (BL), head circumference (HC) and
chest circumference (CC) were 3250 (550) gr, 51 (3) cm,
35 (2) cm and 33 (3) cm, respectively.

Association with anthropometric indices
The results of the relationship between umbilical cord
blood concentration of asprosin and BW, BL, HC and CC

Page 3 of 6

Table 2 Association of cord blood asprosin concentration and
anthropometric indices

Anthropometric indices Model B-coefficient (95% Cl) P value
Birth weight Crude 0.64 (—=1.21,2.50) 049
Adjusted 039 (—1.55,2.32) 0.69
Birth length Crude 01(=0.01,0.02) 042
Adjusted  0.00 (—0.01,0.02) 0.59
Head circumference Crude 0.00 (—=0.01,0.01) 0.74
Adjusted  0.00 (—0.01,0.01) 0.52
Chest circumference Crude 0.02 (—0.03,0.07) 0.39
Adjusted  0.01 (—0.06, 0.07) 0.29
Gestational age at Crude 0.03 (—0.01, 0.06) 0.13
delivery*
Adjusted  0.02 (—0.02, 0.06) 0.24

Adjusted for Age of mother, BMI of mother before pregnancy, Number of
pregnancies, Gestational age, Percent of illiterate per census tract, Percent

of unemployment per census tract, Paternal education, Maternal education,
Income and Tobacco exposure at home. The regression coefficient was reported
based on 1 ng/mL increase in asprosin concentration

Cl confidence interval

* Adjusted for above covariates except for Gestational age

are presented in Table 2. In crude and adjusted models,
higher levels of cord blood asprosin were positively asso-
ciated with BW, BL, HC and CC as well as gestational age
at delivery; however, these associations were not statisti-
cally significant.

Association with lipid biomarkers

The association of asprosin concentration and lipid pro-
file are presented in Table 3. In fully adjusted models
increase in umbilical asprosin concentration was asso-
ciated with increase in umbilical TAG, TC, LDL-C lev-
els as well as TAG/HDL-C, TC/HDL-C, LDL-C/HDL-C
and non-HDL-C/HDL-C ratio. Each 1 ng/ml increase in
asprosin was associated with 0.19 mg/dL (95% CI 0.06,
0.31, P<0.01), 0.19 mg/dL (95% CI 0.10, 0.29, P<0.01),
0.17 mg/dL (95% CI 0.09, 0.25, P<0.01), 0.17 (95% CI
0.09, 0.25, P<0.01), 0.01 (95% CI 0.00, 0.01, P<0.01),
0.01 (95% CI 0.01, 0.01, P<0.01), 0.008 (95% CI 0.01,
0.01, P<0.01) and 0.01 (95% CI 0.01, 0.01, P<0.01)
increase in TAG, TC, LDL-C, TAG/HDL-C, TC/HDL-C,
LDL-C/HDL-C and non-HDL-C/HDL-C ratio respec-
tively. The association of asprosin concentration and
HDL-C concentration was not statistically significant
(P-value =0.43).

Sensitivity analysis

The results of adjusted our models for umbilical blood
glucose and mother’s lipid profile on the association of
asprosin concentration with anthropometric indices and
umbilical lipid profile showed no notable differences in
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Table 3 Linear regression for cord asprosin concentration and
change in lipid profile in newborns

B-coefficient (95% CI) P_value
Lipid profile
TAG Crude 0.19(0.08,0.3) <0.01
Adjusted 0.19(0.07,0.32) <0.01
TC Crude 0.19(0.11,0.28) <0.01
Adjusted 0.20(0.10,0.29) <0.01
LDL-C Crude 0.17(0.10,0.24) <0.01
Adjusted 0.18(0.10,0.26) <0.01
HDL-C Crude —0.02 (—=0.06,0.02) 036
Adjusted —0.02 (—=0.06,0.03) 043
Lipid ratio
TAG/HDL-C Crude 0.01(0.00,0.01) <0.01
Adjusted 0.01(0.00,0.01) <0.01
TC/HDL-C Crude 0.01(0.01,0.01) <0.01
Adjusted 0.01 (0.01,0.01) <0.01
LDL-C/HDL-C Crude 0.01(0.01,0.01) <0.01
Adjusted 0.01(0.01,0.01) <0.01
Non-HDL-C/HDL-C ~ Crude 0.01 (0.01,0.01) <0.01
Adjusted 0.01(0.01,0.01) <0.01

Adjusted for Age of mother, BMI of mother before pregnancy, Number of
pregnancies, Gestational age, Percent of illiterate per census tract, Percent

of unemployment per census tract, Paternal education, Maternal education,
Income and Tobacco exposure at home. The regression coefficient was reported
based on 1 ng/mL increase in asprosin concentration

Cl confidence interval

the main results in terms of significance and direction
(data not shown).

Discussion

To the best of our knowledge, this is the first study on
the relationship between asprosin concentration with
some anthropometric indices (e.g., HC and CC) and lipid
profile in cord blood samples. We observed that serum
asprosin concentration was positively associated with
TAG, TC, LDL-C concentrations and TAG/HDL-C, TC/
HDL-C, LDL-C/HDL-C and non-HDL-C/HDL-C ratio
in umbilical cord blood. However, we did not find any
significant association with HDL-C concentrations in
umbilical cord blood. Moreover, there was a positive but
not statistically significant association between asprosin
levels and anthropometric indices.

Interpret the results

We did not find a study on the association of asprosin
concentration and lipid profile in cord blood; therefore,
it is impossible to compare our results with other stud-
ies. However, several studies have examined the asso-
ciation of serum asprosin concentrations and lipid
profile in adults. Wang et al. 2018 showed that serum
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concentrations of asprosin were positively correlated with
TAG concentrations. They also reported that asprosin
concentrations were negatively correlated with HDL-C
concentrations [20]. Moreover, the association of serum
concentration of asprosin and HDL-C has been reported
in a study by Long et al. [16]. The studies by Whang et al.
2018 and Zhang et al. 2019 reported there was no statis-
tically significant association between serum concentra-
tions of asprosin and LDL-C [15, 20]. However, Li et al.
2018 showed that serum concentrations of asprosin were
positively associated with LDL-C, apoB and apoE [21].

We did not observe any significant difference in lipid
profile as well as asprosin concentration between male
and female newborns. However, a study by Kelishadi
et al. 2007 reported that total and HDL cholesterol in
girls were significantly higher than in boys [9]. Moreo-
ver, a study by Ghiasi et al. 2013 reported that the cord
blood from female newborns had higher levels of LDL-
C, HDL-C and total cholesterol compared to male new-
borns [22]. Furthermore, Jahanfar et al. 2016 in a cohort
study of twins, reported that male-male twins were heav-
ier than male-females and female-female twin pairs [23].

Our study found a positive but non-significant associa-
tion between asprosin concentration and anthropometric
indices. A study by Hoffmann et al. 2022 on 247 umbili-
cal plasma samples reported that there was no significant
correlation between BW and BL with asprosin concen-
tration [24].

Biological plausibility

Asprosin may affect lipid metabolism by two different
mechanisms: the effect on the insulin signaling pathway
and proopiomelanocortin (POMC)-positive neurons
activity. Some effects of asprosin on lipid profile may be
exerted by altering gene expression in liver cells through
insulin resistance induction [25-28]. High insulin con-
centrations in IR alter the expression of some genes
[29-32]. In the liver, the target tissue of asprosin, insu-
lin induces the expression and activation of enzymes
involved in hepatic lipid production [33-37]. Although
the molecular mechanism of asprosin on insulin singling
is not well known; however, several studies suggested
elevated concentrations of asprosin interfere with insulin
function and induces insulin resistance [38—41]. Romere
et al. 2016 showed that single injection of asprosin results
in hyperglycemia and hyperinsulinemia [14]. Wang
et al. 2018 found a negative relationship between serum
asprosin concentrations and indicators regarding the
first-phase insulin secretion, such as AUC, AIR, and GDI
and HOMA-B, and a positive correlation with HOMA-IR
[20]. They suggested that the asprosin-related metabolic
pathways dysregulation might be through its role in --cell
dysfunction and insulin resistance [20]. Jung et al. 2019
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showed that treatment of skeletal muscle cells by recom-
binant asprosin results in impairment of insulin sensi-
tivity through PKCd&-associated ER stress/inflammation
pathways [26]. Lee et al. 2019 showed that treatment of
primary human islets with recombinant asprosin induced
the inflammation response, cellular dysfunction, and
apoptosis in a dose-dependent manner [42].

Asprosin exerts some of its effects by changing the
function of the CNS system. Duerrschmid et al. 2017
demonstrate that asprosin in the circulation crosses the
blood-brain barrier and inhibits the downstream ano-
rexigenic proopiomelanocortin (POMC)-positive neu-
rons. The inhibition of these neurons leads to appetite
stimulation and a drive to accumulate adiposity and body
weight [19, 43, 44]. Blockade of the CNS melanocortin
system increased triglyceride synthesis in the periphery
and triglyceride content in the liver [45, 46].

Limitations

Our study has some limitations that should be considered
in future studies. The sample size was relatively limited,
and the findings of this study required to confirm from
other ethnicities. Also, the cross-sectional nature of this
study did not allow us to address the underlying signal-
ing pathways. Moreover, we did not have any data on pre-
pregnancy lipid profile, maternal diet, maternal weight
gain and other prevalent endocrine disorders like PCOS
that can affect our results. Furthermore, we missed data
about timing of cord clamping that could affect TG and
total cholesterol. Research in cellular models is required
to determine underlying mechanisms.

Conclusion

The present study indicated that asprosin concentration
in umbilical cord blood was positively associated with
TAG, TC, LDL-C concentration and TAG/HDL-C, TC/
HDL-C, LDL-C/HDL-C and non-HDL-C/HDL-C ratio.
Our data provide new clinical information about the
role of adipokines in the regulation of atherogenic lipids
including TC and LDL-C in umbilical cord blood. Fur-
ther studies including the identification of the molecular
changes in tissue structure or functions, are needed for
a better understanding of asprosin- lipid profile and its
clinical outputs in humans.

Acknowledgements

The authors thank form the staff of Shahidan-Mobini Hospital and Sabzevar
University of Medical Sciences for their help and support. Moreover,

the authors would like to thank the Deanship of Scientific Research

at Umm Al-Qura University for supporting this work by Grant Code:
(22UQU4331100DSR05).

Author contributions

HKH: Conceptualization, Methodology, Software, Writing- Original draft
preparation. MA: Data curation, Writing—Original draft preparation. HHK:
Visualization, Investigation. YSK: Visualization, Investigation., AHA: Visualization,

Page 5 of 6

Investigation., MEA: Visualization, Investigation., TIA: Visualization, Investiga-
tion., MAJ: Visualization, Investigation. ATH: Visualization, Investigation Writing-
Reviewing and Editing. ATJ: Visualization, Investigation, Writing—Reviewing
and Editing. YFM: Supervision, Writing—Reviewing and Editing. MMS:
Supervision, Software, Validation, Writing—Reviewing and Editing. HH, Writ-
ing—Original Draft Preparation, Writing—Review & Editing. All authors read
and approved the manuscript.

Funding
None.

Availability of data and materials
The data that support the findings of this study are available from the cor-
responding author upon reasonable request.

Declarations

Ethics approval and consent to participate

The project was approved by the Clinical Research Ethical Committee (IR.
MEDSAB.REC.1397.012) of Sabzevar University of Medical Sciences and

all participants signed the informed consent form prior to enroliment. All
authors confirm that all methods were carried out in accordance with relevant
guidelines.

Consent for publication
Not applicable.

Competing interests
The authors declared they do not have anything to disclose regarding conflict
of interest with respect to this manuscript.

Author details

'College of Medicine, University of Babylon, Babil, Irag. “Department

of Obstetrics and Gynecology, Hammurabi College of Medicine, University

of Babylon, Babil, Iraq. *Veterinary Medicine College, Al-Qasim Green Univer-
sity, Al-Qasim, Irag. *Al-Manara College For Medical Sciences, Maysan, Iraq.
°Deanship of Scientific Research, Umm Al-Qura University, Makkah, Saudi Ara-
bia. 8Zoology Department, Faculty of Science, Mansoura University, Mansoura,
Egypt.’College of Medicine, University of Al-Ameed, Karbala, Irag. ®Depart-
ment of Biochemistry, SKIMS, Srinagar, J&K, India. ?Al-Nisour University College,
Baghdad, Irag. '°Computer Engineering Techniques, Faculty of Information
Technology, Imam Ja'afar Al-Sadiq University, Baghdad, Iraq. ''Faculty of Biol-
ogy and Ecology, Yanka Kupala State University of Grodno, 230023 Grodno,
Belarus. '“College of Technical Engineering, The Islamic University, Najaf, Iraq.
3Department of Pharmaceutical Chemistry, College of Pharmacy, University
of Mosul, Mosul 41001, Iraq. *Department of Biophysics, College of Applied
Sciences, University Of Anbar, Ramadi, Irag. '°Non-Communicable Diseases
Research Center, Sabzevar University of Medical Sciences, Sabzevar, Iran.

Received: 26 March 2022 Accepted: 5 May 2022
Published online: 18 May 2022

References

1. Benjamin EJ. Correction to: heart disease and stroke statistics-2017
update: a report from the American Heart Association. Circulation.
2017;135(10):e646.

2. Herrington W, Lacey B, Sherliker P, Armitage J, Lewington S. Epidemiol-
ogy of atherosclerosis and the potential to reduce the global burden of
atherothrombotic disease. Circ Res. 2016;118(4):535-46.

3. Salari A, Roshanaei K, Rasoulian B, Khalili Fard J. Carvacrol attenuates
disrupted lipid profile induced by organophosphates in male wistar
rat: a comparative toxicity. J Chem Health Risks. 2021;11((Special Issue:
Bioactive Compounds: Their Role in the Prevention and Treatment of
Diseases)):121-8.

4. Napoli C, DArmiento FP, Mancini FP, Postiglione A, Witztum JL, Palumbo
G, et al. Fatty streak formation occurs in human fetal aortas and is greatly
enhanced by maternal hypercholesterolemia. Intimal accumulation of



Hussein et al. Diabetology & Metabolic Syndrome (2022) 14:74

20.

21.

22.

23.

24.

25.

26.

27.

low density lipoprotein and its oxidation precede monocyte recruitment
into early atherosclerotic lesions. J Clin Invest. 1997;100(11):2680-90.
Casanueva VY, Cid X, Chiang M, Molina M, Ferrada M, Perez R, et al. Lipids,
lipoproteins and apolipoproteins in normal newborns. Rev Med Chil.
1998;126(9):1073-8.

Nelson SM, Freeman DJ, Sattar N, Johnstone FD, Lindsay RS. IGF-1 and
leptin associate with fetal HDL cholesterol at birth: examination in off-
spring of mothers with type 1 diabetes. Diabetes. 2007;56(11):2705-9.
Fonseca MJ, Santos AC. Umbilical cord blood adipokines and newborn
weight change. Arch Gynecol Obstet. 2015;291(5):1037-40.

Xiao-yun C. A study of changes of leptin, cholesterol and triglyceride in
cord blood of newborns. J Taishan Med Coll. 2008;10.

Kelishadi R, Badiee Z, Adeli K. Cord blood lipid profile and associated
factors: baseline data of a birth cohort study. Paediatr Perinat Epidemiol.
2007,21(6):518-24.

. Khan W, Augustine D, Rao RS, Patil S, Awan KH, Sowmya SV, et al. Lipid

metabolism in cancer: a systematic review. J Carcinog. 2021;20:4.

. Sowndarya K, Joseph JA, Shenoy A, Hegde A. Evaluation of triglyceride/

high-density lipoprotein ratio as a surrogate marker for insulin resistance
in healthy young males. J Nat Sci Biol Med. 2021;12:213.

. Vaccaro C, Shakeri A, Czaplinski E, Eltonsy S. New-generation antiepileptic

drugs during pregnancy and the risk of attention-deficit hyperactivity
disorder: a scoping review. J Popul Ther Clin Pharmacol. 2020;27(4).e1-18.

. Nakhaei P, Margiana R, Bokov DO, Abdelbasset WK, Kouhbanani MAJ,

Varma RS, et al. Liposomes: structure, biomedical applications, and stabil-
ity parameters with emphasis on cholesterol. Front Bioeng Biotechnol.
2021,9:705886.

. Romere C, Duerrschmid C, Bournat J, Constable P, Jain M, Xia F,

et al. Asprosin, a fasting-induced glucogenic protein hormone. Cell.
2016;165(3):566-79.

. Zhang L, Chen C, Zhou N, Fu Y, Cheng X. Circulating asprosin concen-

trations are increased in type 2 diabetes mellitus and independently
associated with fasting glucose and triglyceride. Clin Chim Acta.
2019;489:183-8.

. Long W, Xie X, Du C, Zhao'Y, Zhang C, Zhan D, et al. Decreased circulating

levels of asprosin in obese children. Horm Res Paediatr. 2019,91(4):271-7.

. Rerksuppaphol L, Rerksuppaphol S. Comparison of equations for the

calculation of low-density lipoprotein cholesterol in thai population. J Nat
Sci Biol Med. 2021;12:224.

. jManna M, Jabur MS. The value of lisnopril in managing impaired fertility

in experimental rats following alloxan induced hyperglycemia. J Pharm
Negat Results. 2022;12(2):18.

. Duerrschmid C, He Y, Wang C, Li C, Bournat JC, Romere C, et al. Asprosin is

a centrally acting orexigenic hormone. Nat Med. 2017;23(12):1444-53.
Wang Y, Qu H, Xiong X, QiuY, Liao Y, Chen Y, et al. Plasma asprosin
concentrations are increased in individuals with glucose dysregulation
and correlated with insulin resistance and first-phase insulin secretion.
Mediators Inflamm. 2018;2018:9471583.

Li X, Liao M, Shen R, Zhang L, Hu H, Wu J, et al. Plasma asprosin levels
are associated with glucose metabolism, lipid, and sex hormone

profiles in females with metabolic-related diseases. Mediators Inflamm.
2018;2018:7375294.

Ghiasi A, Ziaee S, Faghihzadeh S. A Comparison of lipid and lipoprotein
B-100 (Apo B-100) Levels in the umbilical cord blood of male and female
newborns and the assessment of their impact on neonatal anthropomet-
ric indices. Pathobiol Res. 2013;16(1):55-62.

Jahanfar S, Lim K. The impact of gender on anthropometric measures of
twins. Twin Res Hum Genet. 2016;19(6):652-8.

Hoffmann T, Morcos YAT, Janoschek R, Turnwald E-M, Gerken A, Muller

A, et al. Correlation of metabolic characteristics with maternal, fetal and
placental asprosin in human pregnancy. Endocr Connect. 2022;11(3):
€220069.

Alan M, Gurlek B, Yilmaz A, Aksit M, Aslanipour B, Gulhan |, et al. Asprosin:
a novel peptide hormone related to insulin resistance in women with
polycystic ovary syndrome. Gynecol Endocrinol. 2019;35(3):220-3.

Jung TW, Kim HC, Kim HU, Park T, Park J, Kim U, et al. Asprosin attenu-
ates insulin signaling pathway through PKCdelta-activated ER stress and
inflammation in skeletal muscle. J Cell Physiol. 2019;234(11):20888-99.
Pawitan JA, Leviana M, Sukmawati D, Liem IK, Margiana R, Tarcisia T.
Prospect of umbilical cord mesenchymal stem cell culture waste in
regenerative medicine. J Global Pharma Technol. 2017;9(7):1-5.

Page 6 of 6

28. Margiana R, Jusuf AA, Lestari SW. Immunohistochemistry Detection
Method of Rejection Reaction of Human Umbilical Cord Derived Mesen-
chymal Stem Cell on Rat Sciatic Nerve Tissue. 2009.

29. Lebovitz HE. Insulin resistance: definition and consequences. Exp Clin
Endocrinol Diabetes. 2001;109(Suppl 2):5135-48.

30. Kalvisa A, Siersbaek MS, Praestholm SM, Christensen LJL, Nielsen R, Stohr
O, et al. Insulin signaling and reduced glucocorticoid receptor activity
attenuate postprandial gene expression in liver. PLoS Biol. 2018;16(12):
€2006249.

31. LiuY,NakagawaY,Wang, Liu L, Du H, Wang W, et al. Reduction of
hepatic glucocorticoid receptor and hexose-6-phosphate dehydroge-
nase expression ameliorates diet-induced obesity and insulin resistance
in mice. J Mol Endocrinol. 2008;41(2):53-64.

32. Ahmad K. Insulin sources and types: a review of insulin in terms of its
mode on diabetes mellitus. J Tradit Chin Med. 2014;34(2):234-7.

33. Foufelle F, Ferre P.New perspectives in the regulation of hepatic glycolytic
and lipogenic genes by insulin and glucose: a role for the transcrip-
tion factor sterol regulatory element binding protein-1c. Biochem J.
2002;366(Pt 2):377-91.

34. Titchenell PM, Lazar MA, Birnbaum MJ. Unraveling the regula-
tion of hepatic metabolism by insulin. Trends Endocrinol Metab.
2017,28(7):497-505.

35. Santoleri D, Titchenell PM. Resolving the paradox of hepatic insulin resist-
ance. Cell Mol Gastroenterol Hepatol. 2019;7(2):447-56.

36. Cook JR, Langlet F, Kido Y, Accili D. Pathogenesis of selective insulin resist-
ance in isolated hepatocytes. J Biol Chem. 2015;290(22):13972-80.

37. Bahrebar M, Edalatpanah Y. The effect of consumption the alcoholic
extract of cedar on blood glucose, urea and total cholesterol diabetic
rats. J Chem Health Risks. 2021;11((Special Issue: Bioactive Compounds:
Their Role in the Prevention and Treatment of Diseases)):93-7.

38. Wang M, Yin C,Wang L, Liu Y, Li H, Li M, et al. Serum asprosin concentra-
tions are increased and associated with insulin resistance in children with
obesity. Ann Nutr Metab. 2019;75(4):205-12.

39. Groener JB, Valkanou A, Kender Z, Pfeiffenberger J, Kihm L, Fleming T,
et al. Asprosin response in hypoglycemia is not related to hypoglycemia
unawareness but rather to insulin resistance in type 1 diabetes. PLoS
ONE. 2019;14(9): €0222771.

40. Zhang X, Jiang H, Ma X, Wu H. Increased serum level and impaired
response to glucose fluctuation of asprosin is associated with type 2
diabetes mellitus. J Diabetes Investig. 2019;11(12):349-55.

41. Pradhan MR, Patel SK, Patel S. Risk Factors and spatial clustering of pri-
mary infertility in India. J Infertil Reprod Biol. 2021;9(1):27-34.

42. LeeT,Yun S, Jeong JH, Jung TW. Asprosin impairs insulin secretion in
response to glucose and viability through TLR4/JNK-mediated inflamma-
tion. Mol Cell Endocrinol. 2019;486:96-104.

43. Millington GW. The role of proopiomelanocortin (POMC) neurones in
feeding behaviour. Nutr Metab. 2007;4:18.

44. MoriY. Regulation of appetite by melanocortin and its receptors. Nihon
Rinsho Japanese J Clin Med. 2001;59(3):431-6.

45. Nogueiras R, Wiedmer P, Perez-Tilve D, Veyrat-Durebex C, Keogh JM,
Sutton GM, et al. The central melanocortin system directly controls
peripheral lipid metabolism. J Clin Investig. 2007;117(11):3475-88.

46. Albarado DC, McClaine J, Stephens JM, Mynatt RL, Ye J, Bannon AW, et al.
Impaired coordination of nutrient intake and substrate oxidation in mel-
anocortin-4 receptor knockout mice. Endocrinology. 2004;145(1):243-52.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Association of cord blood asprosin concentration with atherogenic lipid profile and anthropometric indices
	Abstract 
	Background: 
	Result: 
	Conclusion: 

	Introduction
	Material and methods
	Study population
	Cord blood collection and biochemical assessments
	Statistical analyses
	Main analysis
	Sensitivity analysis


	Results
	Descriptive statistics
	Association with anthropometric indices
	Association with lipid biomarkers
	Sensitivity analysis

	Discussion
	Interpret the results
	Biological plausibility
	Limitations

	Conclusion
	Acknowledgements
	References




