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Abstract. 
Gestational diabetes mellitus (GDM) can be considered a silent risk for out-of-pregnancy diabetes mellitus (DM) and cardiovascular disease (CVD) later in life. We aimed to assess the predictive role of 3rd trimester lipid profile during pregnancy for the susceptibility to markers of subclinical atherosclerosis (CVD susceptibility) at 3 years in a cohort of women with history of GDM. A secondary aim is to evaluate the usefulness of novel nutrigenetic markers, in addition to traditional parameters, for predicting early subclinical atherosclerosis in such women in order to plan adequate early prevention interventions. We assessed 28 consecutive GDM women in whom we collected socio-demographic characteristics and clinical and anthropometric parameters at the 3rd trimester of pregnancy. In a single blood sample, from each patient, we assessed 9 single nucleotide polymorphisms (SNPs) from 9 genes related to nutrients and metabolism, which were genotyped by High Resolution Melting analysis. All women then attended a 3-year-postpartum follow-up and on that occasion performed an oral glucose tolerance test (OGTT, with 75 g oral glucose), the measurement of carotid artery intima-media thickness (cIMT), and analyses of metabolic parameters. In addition, we evaluated the physical activity level and the adherence to Mediterranean diet (MedDiet) using the International Physical Activity Questionnaire (IPAQ-short version) and PREDIMED questionnaires. We found an association between 3rd trimester triglycerides and cIMT (). We also found significant associations between the APOA5 CC genotype and cIMT after adjustments for age and body mass index () and between the interaction CC APOA5/CC LDLR and cIMT (). At the follow-up, the cohort also featured a mean BMI in the overweight range and a high mean waist circumference. We found no difference in the MedDiet adherence, physical activity, and smoking but an inverse correlation between the PREDIMED and the IPAQ scores with the IMT. In conclusion, this preliminary study provides insight into the predictive role of lipid profile during pregnancy and of some genetic variants on cIMT taken as a parameter of subclinical CVD susceptibility in GDM.



1. Introduction
Gestational diabetes mellitus (GDM) is defined as “diabetes diagnosed in the 2nd or 3rd trimester of pregnancy, with or without remission after end of pregnancy” [1]. GDM prevalence has been reported to vary between 1% and 28% [2] and is increasing, especially in developed countries [3]. GDM may have clinical implications for both maternal and fetal adverse outcomes and for the later development of type 2 diabetes in the years following pregnancy. In addition to type 2 diabetes, women with GDM are also at greater risk of overt cardiovascular disease (CVD) later in life. Several modifiable and unmodifiable risk factors are involved in the connection between GDM and subsequent CVD: these include hyperglycemia and impaired glucose tolerance, atherogenic lipid profiles, higher age, and elevated high-sensitivity C-reactive protein (CRP) [4]. Particularly, the development of diabetes purports an increased risk of developing later CVD [5, 6]. Nevertheless, mechanisms linking GDM and CVD are still unclear [6–11]. Metabolic impairments, including dyslipidemia and vascular dysfunction, are common later in life in women with previous GDM (pGDM) [12, 13]. In these women, elevated markers of inflammation, decreased levels of adiponectin, increased peripheral resistance, and decreased cardiac output have been detected [11]. Women with pGDM also have higher total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), and triglycerides (TG), as well as lower high-density lipoprotein cholesterol (HDL-C), compared with healthy women of the same age, suggesting that pGDM women have a greater susceptibility to be exposed to “an atherogenic insult” [14, 15]. Here, an obesogenic lifestyle (unhealthy diet and physical inactivity) and a genetic predisposition [16] likely explains the later development of CVD in most such women.
Carotid artery intima-media thickness (cIMT) is a subclinical measure of early atherosclerosis that strongly predicts heart disease and stroke, particularly in women [17, 18], and also predicts the development of CVD from GDM [4, 19].
Several studies recently carried out in women with pGDM have shown higher values of endothelial dysfunction markers and of cIMT in such women compared with controls, despite the absence of evident metabolic abnormalities [10, 19–21]. Previous studies of ours [22, 23] also showed a relationship between several nutrigenetic variants and cardiometabolic risk factors in women with or without GDM, suggesting the need to consider such factors in association with routinely assessed markers (such as lipid profile during pregnancy) for their role in the development of post-GDM CVD.
In this context, in the present study, we aimed to assess the joint predictive role of lipid profile during pregnancy and of some genetic variants on cIMT taken as a parameter of subclinical atherosclerosis and indicating an early susceptibility to CVD in a cohort of women with GDM history. If proven predictive, such prediction models would allow the planning of adequate primary cardiometabolic disease (CMD) prevention interventions in post-GDM women.
2. Materials and Methods
2.1. Study Design and Participants
Twenty-eight consecutive pGDM women attending the Diabetes and Metabolism Unit and the Obstetrics and Gynaecology Clinic, School of Medicine and Health Sciences, “G. d’Annunzio” University of Chieti-Hospital “SS Annunziata” of Chieti, were recruited. Socio-demographic characteristics and clinical parameters, such as blood glucose, TC, HDL-C, LDL-C, TG, and blood pressure, were collected. BMI was measured at the beginning (BMI 1) and at the end of pregnancy (BMI 2). A blood sample was obtained from each patient and nine single nucleotide polymorphisms (SNPs) from 9 genes related to nutrients and metabolism were included in the analysis.
All 28 women attended a 3-year-postpartum follow-up. Postpartum glucose tolerance (75 g oral glucose tolerance test (OGTT)) was assessed. Clinical parameters were collected in all subjects. Cardiovascular and metabolic markers were analyzed, including total, HDL, and LDL cholesterol levels; TG; homocysteine; and carotid artery IMT. In addition, HbA1C and fasting blood glucose were measured.
Adherence to the Mediterranean diet (MedDiet) was evaluated through a validated 14-item questionnaire (PREDIMED), which generates a range of possible scores namely (i) no adherence (score ≤ 5), (ii) medium adherence (6 ≤ score ≤ 9), and (iii) maximum adherence (score ≥ 10) [24]. In addition, physical activity (PA) was assessed using a short version of the International Physical Activity Questionnaire (IPAQ), comprising 7 items concerning PA, 4 relating to demographic information, and the remaining 6 about the comprehension of the questionnaire [25]. IPAQ registers three different levels of intensity (low, moderate, and high PA).
All participants gave their written informed consent prior to their inclusion in the study. The study was approved by the Ethics Committee of the “G. d’Annunzio” University, Chieti-Pescara, Italy.
2.2. Inclusion and Exclusion Criteria
The inclusion criteria admitted women with ≥18 years of age with pGDM. The GDM diagnosis was confirmed when established both at the 16–18th and the 24–28th weeks of gestation, according to the International Association of Diabetes and Pregnancy Study Groups (IADPSG) criteria [26].
The exclusion criteria were women with type 1 or 2 prepregnancy diabetes, overt diabetes, or monogenic diabetes, specifically GCK diabetes.
2.3. Gene and SNP Selection
The genetic analysis was conducted at the Laboratory of Molecular Genetics, School of Medicine and Health Sciences, “G. d’Annunzio” University of Chieti. A total of 9 SNPs previously associated in literature with obesity, lipid, and glucose metabolism were selected. These SNPs, on different loci, have been associated with cardiovascular disease in previous studies, under the assumption that these variants may also contribute to cardiovascular risk assessment [22, 23].
In particular, three of these variants, namely, rs7903146 (C > T) in TCF7L2, rs1801282 (C > G) in PPARG2, and rs8192678 (C > T) in PPARGC1A are involved in carbohydrate metabolism; other three, namely, rs662799 (T > C) in APOA5, rs2228671 (C > T) in LDLR, and rs1260326 (C > T) in GCKR are involved in fat metabolism. In addition, two other SNPs, rs9939609 (T > A) in FTO and rs17782313 (T > C) near MC4R, associated with hunger control, were also selected. Finally, rs1801133 (C > T) in MTHFR, involved in folate metabolism, was also genotyped. It is of great relevance that all the selected gene variants make up a panel of CVD markers, which could provide a unique opportunity to use genetic information in clinical practice to predict early CVD in pGDM women [22, 23].
All SNPs were genotyped by High Resolution Melting (HRM) analysis. HRM was performed on 96-well PikoReal Real-Time PCR System (Thermo Scientific™) using the Luminaris Color HRM Master Mix (Thermo Scientific™) according to the manufacturer’s instructions, as previously described [22].
2.4. Carotid Intima-Media Thickness Assessment
Carotid intima-media thickness (cIMT) was assessed in the Institute of Cardiology, School of Medicine and Health Sciences, “G. d’Annunzio” University of Chieti.
Left and right intima-media thickness (IMT) was measured on common carotid posterior wall, 1 centimeter from bulb bifurcation on each side, according to the latest European Society of Cardiology (ESC) and European Society of Hypertension (ESH) guidelines [27].
All the exams were performed with a dedicated Esaote MyLab 30 Gold portable ultrasound, with a standard 7.5 MHz linear probe, provided with Quality Intima Media Thickness (QIMT™) software. The software uses radio frequency data processing signal in real time and ensures high accuracy and low intra- and interobserver variability [28]. One expert operator (FB) performed all the exams in a blinded fashion from genetics; before the automatic measurement of QIMT, a manual image acquisition of carotid vessels was obtained with each participant lying supine, with the neck hyperextended. At each patient was attributed the mean value between three measurements for QIMT. Concordance correlation coefficient between the three measurements was 0.99 (95% CI: 0.98-0.99).
2.5. Statistical Analysis
We estimated the minimum required sample size for the correlation analysis on the basis of previously observed data or published results. The minimum sample size () was determined in order to obtain an expected correlation coefficient () [20] between cIMT and lipid profile parameters with at least 80% of desired statistical power level and an alpha error rate of 5%.
The quantitative variables were summarized as mean and standard deviation (SD) or median and interquartile range (IQR), according to their distribution. Qualitative variables were summarized as frequency and percentage. Shapiro-Wilk’s test was performed to evaluate the departures from normality distribution for each variable.
Lin’s concordance correlation coefficient (CCC) was calculated along with the 95% confidence intervals of assessing the intraobserver reproducibility of measurements.
Nonparametric Kruskal-Wallis test was performed to test the effect of different APOA5 genotypes on levels of cIMT and on levels of TC, HDL-C, LDL-C, and TG.
The relationship between cIMT and TC, HDL-C, LDL-C, and TG at the 3rd trimester was explored by linear multiple regression analysis adjusted for age and BMI. The univariate regressions between cIMT and lipid profile at the 3rd trimester of pregnancy were reported graphically as a scattergram.
Hardy-Weinberg equilibrium (HWE) deviations in the genotype frequency distributions were calculated using the chi-square analysis.
The level of statistical significance was set at . Statistical analysis was performed using the Statistical Package for Social Science (SPSS) software for Windows (SPSS, Chicago, IL, USA) and Stata v14.1 (StataCorp, College Station, TX).
3. Results
The demographic and clinical characteristics of the cohort of women, both during pregnancy and at follow-up, are reported in Tables 1 and 2, respectively. A total of 28 women were included in the study. No difference has been found in the adherence to the MedDiet, PA, and smoking among the sample.
Table 1: Characteristics of patients during pregnancy.
	

	Variable	
	

	Age (yr), mean ± SD	35.3 ± 3.8
	School education, (%)	 
	    Low school	2 (7.1)
	    High school	14 (50.0)
	    University degree	12 (42.9)
	Marital status, (%)	 
	    Single	5 (17.9)
	    Married	23 (82.1)
	Employment, (%)	 
	    Employed	18 (64.3)
	    Unemployed	10 (35.7)
	Prepregnancy BMI (kg/m2), mean ± SD	27.4 ± 7.1
	BMI at OGTT (kg/m2), mean ± SD	30.8 ± 6.9
	BMI at the end of pregnancy (kg/m2), mean ± SD	31.6 ± 5.8
	Weight variation, mean ± SD	 
	OGTT vs prepregnancy (kg)	6.2 ± 4.7
	Delivery vs prepregnancy (kg)	6.3 ± 5.9
	Systolic blood pressure (mmHg), mean ± SD	113.0 ± 16.8
	Diastolic blood pressure (mmHg), mean ± SD	72.2 ± 10.9
	3rd LDL-C (mg/dl), mean ± SD	150.5 ± 56.4
	3rd HDL-C (mg/dl), mean ± SD	68.8 ± 13.5
	3rd TC (mg/dl), mean ± SD	273.4 ± 51.0
	3rd TG (mg/dl), mean ± SD	242.7 ± 75.8
	Smoking habit, (%)	 
	    No	20 (71.4)
	    Yes	2 (7.1)
	    Ex	6 (21.4)
	OGTT, mean ± SD	 
	    T0	94.5 ± 6.3
	    T60	161.8 ± 27.1
	    T120	134.6 ± 34.5
	Fasting blood glucose (mg/dl), mean ± SD	83.0 ± 8.0
	Family history of DM (1st degree), (%)	12 (42.9)
	Previous GDM, (%)	5 (17.9)
	



Table 2: Characteristics of patients at follow-up.
	

	Variable	
	

	Age (yr), mean ± SD	37.9 ± 4.2
	Height (m), mean ± SD	1.60 ± 0.06
	Weight (kg), mean ± SD	71.4 ± 20.7
	BMI (kg/m2), mean ± SD	26.7 ± 9.2
	Waist circumference (cm), mean ± SD	86.2 ± 16.1
	Systolic blood pressure (mmHg), mean ± SD	118.5 ± 14.4
	Diastolic blood pressure (mmHg), mean ± SD	74.8 ± 8.9
	LDL-C (mg/dl), mean ± SD	110.1 ± 30.4
	HDL-C (mg/dl), mean ± SD	54.2 ± 12.7
	TC (mg/dl), mean ± SD	186.5 ± 33.2
	TG (mg/dl), mean ± SD	110.8 ± 72.1
	Fasting blood glucose (mg/dl), mean ± SD	91.4 ± 9.5
	OGTT (mg/dl), mean ± SD	 
	T0	95.6 ± 9.4
	T60	133.9 ± 35.7
	T120	106.7 ± 24.4
	HbA1C (mmol/mol), mean ± SD	35.4 ± 4.1
	IPAQ, (%)	 
	Low	14 (50.0)
	Moderate	9 (32.1)
	High	5 (17.9)
	PREDIMED, median (Q1-Q3)	7.5 (6.0–9.0)
	cIMT (mm), mean ± SD	0.51 ± 0.09
	Homocisteina, mean ± SD	9.6 ± 3.1
	



Although not statistically significant, an inverse correlation between the PREDIMED and the IPAQ scores with the cIMT values was found (Rho = −0.060,  and Rho = −0.276, , respectively). In addition, our results showed a connection between the women’s waist circumference and cIMT values (Rho = 0.378, ) at the follow-up, which, however, does not reach a statistical significance.
Furthermore, a significant positive relation between the 3rd trimester TG and cIMT (Rho = 0.468; ) was found (Figure 1). The genotype distribution of investigated SNPs in patients is reported in Table 3. All the investigated genotype frequencies were within the Hardy-Weinberg equilibrium range ( test  value > 0.05). Also, a significant association was found in the codominant model (TT vs. TC vs. CC) between APOA5 CC genotype and cIMT after adjustments for age and BMI (0.50 ± 0.07 vs 0.48 ± 0.08 vs 0.65 ± 0.08; ) (Figure 2). Finally, a significant association between the interaction CC APOA5/CC LDLR and cIMT () has been observed.
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Figure 1: Nonparametric correlation analysis between cIMT and lipid profile during 3rd trimester of pregnancy.


Table 3: Genotypes distribution.
	

	Genotype  (%)	No carrier	Carrier	HWE ( value)
	

	TCF7L2	CC	CT	TT	CC	CT + TT	 
	rs7903146 (C > T)	8 (28.6)	10 (35.7)	10 (35.7)	8 (28.6)	20 (71.4)	0.095
	PPARG2	CC	CG	GG	CC	CG + GG	 
	rs1801282 (C > G)	21 (75.0)	7 (25.0)	—	21 (75.0)	7 (25.0)	0.389
	PPARGC1A	CC	CT	TT	CC	CT + TT	 
	rs8192678 (C > T)	9 (32.1)	16 (57.1)	3 (10.7)	9 (32.1)	19 (87.8)	0.460
	APOA5	TT	CT	CC	TT	CT + CC	 
	rs662799 (T > C)	13 (46.4)	12 (42.9)	3 (10.7)	13 (46.4)	15 (53.6)	0.857
	MC4R	TT	CT	CC	TT	CT + CC	 
	rs17782313 (T > C)	19 (67.9)	6 (21.4)	3 (10.7)	19 (67.9)	9 (32.1)	0.099
	LDLR	CC	CT	TT	CC	CT + TT	 
	rs2228671 (C > T)	22 (78.6)	6 (21.4)	—	22 (78.6)	6 (21.4)	0.460
	GCKR	CC	CT	TT	CC	CT + TT	 
	rs1260326 (C > T)	4 (14.3)	16 (57.1)	8 (28.6)	4 (14.3)	24 (85.7)	0.293
	FTO	TT	TA	AA	TT	TA + AA	 
	rs9939609 (T > A)	8 (28.6)	10 (35.7)	10 (35.7)	8 (28.6)	20 (71.4)	0.509
	MTHFR	CC	CT	TT	CC	CT + TT	 
	rs1801133 (C > T)	5 (17.9)	18 (64.3)	5 (17.9)	5 (17.9)	23 (82.1)	0.190
	


HWE = Hardy-Weinberg equilibrium.






			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
			
			
		
			
		
			
		
			
		
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
			
		
			
			
			
			
			
			
			
		Figure 2: Box-whisker graphs of cIMT values with respect to APOA5 genotypes. Box-whisker plots show the 25th and 75th percentile range (box) with Tukey 95% confidence intervals (whiskers) and median values (transverse lines in the box).  value in figure is relative to Kruskal-Wallis test.


No statistically significant differences were found among the 3rd trimester lipid profile, PREDIMED, and IPAQ scores in different APOA5 genotypes.
No other significant differences were detected with respect to other genes.
4. Discussion
The main aim of the present study was to assess the joint predictive role of lipid profile during pregnancy and of some genetic variants, cIMT taken as a parameter of subclinical atherosclerosis, and indicating an early susceptibility to CVD in a cohort of women with GDM history. Another aim was to examine new nutrigenetic markers as well as traditional parameters to predict early subclinical atherosclerosis in pGDM and to plan adequate early prevention interventions.
Several routine parameters and biochemical markers are currently available to quantify the risk in pGDM women to develop diabetes after pregnancy [3]. Although the incidence of CVD events in young women is low, an early identification of possible CMD risk may provide an irreplaceable opportunity for well-timed intervention and timely prevention. In order to reduce not only the occurrence of diabetes but also its subsequent cardiovascular complications, it is necessary to improve the provision of postpartum follow-ups. In fact, many authors have highlighted the close relationship between common CVD risk factors and a GDM history. In addition to traditional parameters, cIMT and arterial stiffness (RFQAS) values can be significant in assessing the risk for heart disease and strokes [18]. Bo et al. [20] measured cIMT in 82 women with a history of GDM and 113 without one, 6.5 years after delivery: their study showed that women with pGDM, regardless of their BMI and the presence of metabolic abnormalities, displayed remarkably higher E-selectin, ICAM-1, and IMT values than controls. IMT proved to be significantly associated with pGDM in a regression model, after adjustments for BMI, waist circumference, blood pressure, and glucose values. Volpe et al. [21] measured cIMT in 28 women with and 24 without a history of GDM 2 years after delivery, finding that young women with pGDM presented early signs of vessel involvement, albeit within upper normal levels. GDM and control groups differed in terms of their main metabolic syndrome components, such as waist circumference, blood pressure, fasting plasma glucose, and TG, all significantly higher in GDM women than in the control group.
Kaul et al. [29] observed that GDM was associated with 1.4 times higher rates of CVD. Then, Retnakaran and Shah [11] confirmed similar results, noting that women with GDM have an elevated risk of bad cardiovascular outcomes, even in the absence of type 2 diabetes.
Hypertriglyceridemia and low HDL-C are known to be characteristic traits of type 2 diabetes. It may not be surprising that in our previous studies their presence was detected in women with pGDM. Although the CV risk implications of hypertriglyceridemia and low HDL-C remain controversial, the CV significance of LDL-C and its main lipoprotein (apolipoprotein B (apoB)) is well established [30]. In our previous studies, GDM women showed significantly higher serum concentrations of TC and LDL-C during the 3rd trimester than the control group, and a significant correlation was observed between lipid parameters and some polymorphisms in genes APOA5 and LDLR; also, TG were higher in GDM women than controls, although not reaching statistical significance [23]. Interestingly, in our present study, an association between 3rd trimester TG and cIMT has been found ().
These remarkable results echo those of Di Cianni et al. [31], who reported that TC, TG, LDL-C, glucose, and systolic blood pressure were all significantly higher among the GDM cohort, suggesting a condition similar to the metabolic syndrome occurring in these women. These peculiar changes in lipoprotein profile may favour endothelial damage in pregnancy [32, 33]. The GDM lipid profile is very similar to the one accompanying the insulin resistance in the metabolic syndrome. More recently, Gongora and Wenger [34] showed that women with GDM have a more atherogenic lipid profile by three months postpartum, characterized by an increase of cIMT compared to controls and that the risk of developing metabolic syndrome increased by up to 10% in those with pGDM.
It is known that pregnancy is a stress test, as hyperglycemia seems to have a significant impact on the CV system during this limited period [35]; we could hypothesize that lipid pattern modifications during pregnancy with GDM are an injury which results in a possible susceptibility to future CVD risk. Unfortunately, the mechanisms involved in an increased risk of CVD in pGDM need to be further investigated. GDM women’s lipid profile displays a preponderance of small dense LDL particles; also, they present an increased susceptibility of LDL oxidation during pregnancy [30].
These data reveal the necessity of monitoring women with GDM adequately and long term, to prevent both CVD and diabetes risks. Unfortunately, several studies showed low rates of postdelivery glucose testing [36, 37]. It should be emphasised that, to date, the postpartum screening of women with pGDM is still suboptimal [3]; therefore, this issue also prompts the need to identify a practical and feasible tool which ideally should include panel genes and routine clinical and metabolic parameters, to identify GDM women at high risk of diabetes and CVD [23] and summon them for follow-ups. Previous investigations highlighted that women with pGDM have an increased risk of CVD later in life as a result of a combination of genetic factors and gene-diet interaction.
Furthermore, it is essential to define the characteristics of the studied gene variants. Interestingly, a previous Italian study showed that APOA5-1131T > C may affect the risk of early-onset myocardial infarction (MI), with an odds ratio of 1.44 (CI: 1.23–1.69) per C allele [38]. Apolipoprotein A-V gene, as described for the first time in 2001, is located proximal to the APOAI, APOCIII, and APOA-IV gene cluster on human 11q23 [39]. APOA5 encodes apolipoprotein (apo) AV, which is expressed in the liver and circulates on chylomicrons (CM), very low density lipoproteins (VLDL), and HDL. Common genetic variants of the apolipoprotein gene family members are related to variations in serum lipid levels.
Recently, a meta-analysis [40] showed that the APOA5 rs662799 C allele is associated with elevated circulating TG levels, regardless of ethnicity, indicating a possible mediating role for circulating TG in the association between the risk variant at APOA5 and the atherosclerotic process [41, 42]. This variant was correlated with not only higher plasma TG but also with lower HDL-C levels by our [22, 23] and other groups [38, 43]. Emerging data about APOA5-1131T > C suggested that APOA5 gene may have a direct effect above and beyond its effect on TG but, until now, needs to be confirmed by further studies [38]. In the Framingham Heart Study, an almost 2-fold increased risk of CVD was observed in females carrying the C allele of the −1131T > C [44]. Moreover, the relationship with IMT was observed for the rare allele of the −1131T > C SNP in overweight and obese subjects [45, 46].
Qiao et al. [47] observed that in type 2 diabetes patients, TG levels and the TG/HDL-C ratio were greater in those with TC and CC genotypes than in those with TT genotype subjects (). In addition, diabetic patients with CC genotype had greater carotid IMT than those with TT genotype (), although these data do not reach statistical significance.
We found a significant association between APOA5 CC genotype and cIMT (). Current evidence indicates that the increased risk of CVD is influenced by a merging of modifiable risk factors, ages, and/or genetics; however, the proportion of the contribution of these factors in modulating is still debated. Our findings suggest that even though the age of our study cohort was very young, women with C genotype probably experience the disadvantage of such genetic factor leading to CVD susceptibility in the form of a cIMT increase.
LDLR gene can regulate cholesterol metabolism. Among the several genetic variants identified at LDLR locus, the rs2228671 has been intensively studied and it has shown the strongest association with total and LDL-C levels across multiple populations [48–50] with the T allele being associated consistently, to a decreased risk of CAD [48]. Our previous findings are consistent with the previous literature; in fact, we showed that carriers of the rs2228671 T allele were significantly associated with the 3rd trimester LDL-C levels in GDM women [22, 23].
Furthermore, we observed a significant association between CC APOA5/CC LDLR interaction and cIMT (). Surprisingly, women with CC genotype in APOA5 rs662799 in the absence of the T protective allele of LDLR rs2228671 present a cIMT increase. It would be interesting to further investigate the causal molecular mechanism underlying this interaction. We could hypothesize that the interaction effect of LDLR rs2228671 and APOA5 rs662799 implies a probable mitigation on cIMT values.
As expressed by Mecacci et al. [35], GDM can be considered as a “window into future health” in which it is advisable to adopt a healthy lifestyle to prevent or delay diabetes and/or CVD development postpartum.
In our previous study [23], we found that women with GDM had a greater BMI than the control group both in prepregnancy and at the end of pregnancy. In the present study, we analyzed women’s lifestyle at follow-up: the pGDM women had a mean BMI that falls within the overweight range, as well as a high mean waist circumference (86.2 ± 16.1 cm). Moreover, no difference of adherence to the MedDiet, PA, and smoking was observed, although an inverse correlation between both the PREDIMED and the IPAQ scores with the cIMT values was found. This is an interesting feature supporting the potential role of preventive intervention. In fact, we noted that our cohort had a median MedDiet score of 7.5 (medium adherence), suggesting a poor adherence to healthy nutritional habits; also, a high percentage of them reported lower levels of PA. These modifiable risk factors can be easily acted upon to allow for early cardiovascular prevention.
In this view, tailored nutrition and lifestyle prescription represent a promising strategy for the prevention and management of metabolic syndrome [51]. In this regard, the main goals are a correct identification and stratification of GDM women at risk for CVD and an evaluation of the preventive strategies, as well as the improvement of postpartum screening.
Longer-term studies are indicated to define a potential role of lifestyle intervention [4]. Follow-up after GDM could be enhanced by similar quality and accountability measures requiring that patients and clinicians discuss future risks and referral to primary care as a standard of practice [36].
To our knowledge, this is the first study using multisectoral innovative biomarkers to evaluate the cardiometabolic risk in pGDM. Therefore, women with pGDM could be enrolled in follow-up programs designed to ensure continuous monitoring, thus providing effective prevention of both type 2 diabetes and CVD [7, 15].
It would be clinically valuable to have a risk marker during pregnancy so that long-term follow-ups and appropriate strategies of interventions can be focused on the women at greatest risk in a timely manner [52].
This study has some limitations. First of all, the sample size: this may have limited the statistical significance of metabolic and vascular function data. Second, non-pGDM women have not been involved. The present research is a preliminary small-scale study to evaluate the joint predictive role of lipid profile during pregnancy and of some genetic variants on cIMT taken as a parameter of subclinical atherosclerosis in a cohort of women with GDM history. Results obtained about the potential role of routine biomarkers and nutrigenetic variants in our small sample could be validated in a larger study.
However, our study provides a remarkable insight into the potential predictive role of both genetic factors and 3rd trimester lipid profile for CVD susceptibility in pGDM. It will be crucial to replicate and expand our findings and further studies are warranted for better understanding of the potential gene-gene and gene-environment interactions, thus attributing a significant prognostic role to new and old biomarkers during pregnancy.
Data Availability
The data used to support the findings of this study are available from the corresponding author upon request.
Conflicts of Interest
The authors declare that there is no conflict of interests associated with this manuscript.
Authors’ Contributions
The study was designed by EV, LS, RDC, and MF. CC and ML contributed to clinical evaluation and support to the recruitment of patients. MF, FF, MDN, and EV contributed to data acquisition, analysis, and interpretation. The experiments were performed by MF. Nutritional status was assessed by FF. Carotid intima-media thickness was assessed by FB. The manuscript was drafted by MF, FF, and EV. DM contributed to data analysis. MDN was the statistician that performed the statistical analyses; she also helped in the drafting and editing of the manuscript. All authors were involved in critical revision and approved the final version of the manuscript before submission. EV, LS, and MDN are the guarantors of this work and, as such, had full access to all the data in the study and take responsibility for the integrity of the data and the accuracy of the data analysis. Marica Franzago and Federica Fraticelli contributed equally to this work.
References
	 American Diabetes Association (ADA), “Standards of medical care in diabetes—2018,” Diabetes Care, vol. 41, Supplement 1, pp. S13–S27, 2018.
	M. Hod, A. Kapur, D. A. Sacks et al., “The International Federation of Gynecology and Obstetrics (FIGO) initiative on gestational diabetes mellitus: a pragmatic guide for diagnosis, management, and care,” International Journal of Gynecology & Obstetrics, vol. 131, Supplement 3, pp. S173–S211, 2015.
	S. Burlina, M. G. Dalfrà, and A. Lapolla, “Clinical and biochemical approach to predicting post-pregnancy metabolic decompensation,” Diabetes Research and Clinical Practice, 2018.
	J. Harreiter, G. Dovjak, and A. Kautzky-Willer, “Gestational diabetes mellitus and cardiovascular risk after pregnancy,” Womens Health, vol. 10, no. 1, pp. 91–108, 2014.
	M. J. Legato, A. Gelzer, R. Goland et al., “Gender-specific care of the patient with diabetes: review and recommendations,” Gender Medicine, vol. 3, no. 2, pp. 131–158, 2006.
	D. K. Tobias, J. J. Stuart, S. Li et al., “Association of history of gestational diabetes with long-term cardiovascular disease risk in a large prospective cohort of US women,” JAMA Internal Medicine, vol. 177, no. 12, pp. 1735–1742, 2017.
	B. Daly, K. A. Toulis, N. Thomas et al., “Increased risk of ischemic heart disease, hypertension, and type 2 diabetes in women with previous gestational diabetes mellitus, a target group in general practice for preventive interventions: a population-based cohort study,” PLoS Medicine, vol. 15, no. 1, article e1002488, 2018.
	D. B. Carr, K. M. Utzschneider, R. L. Hull et al., “Gestational diabetes mellitus increases the risk of cardiovascular disease in women with a family history of type 2 diabetes,” Diabetes Care, vol. 29, no. 9, pp. 2078–2083, 2006.
	B. R. Shah, R. Retnakaran, and G. L. Booth, “Increased risk of cardiovascular disease in young women following gestational diabetes mellitus,” Diabetes Care, vol. 31, no. 8, pp. 1668-1669, 2008.
	E. P. Gunderson, V. Chiang, M. J. Pletcher et al., “History of gestational diabetes mellitus and future risk of atherosclerosis in mid-life: the Coronary Artery Risk Development in Young Adults study,” Journal of the American Heart Association, vol. 3, no. 2, article e000490, 2014.
	R. Retnakaran and B. R. Shah, “Role of type 2 diabetes in determining retinal, renal and cardiovascular outcomes in women with previous gestational diabetes mellitus,” Diabetes Care, vol. 40, no. 1, pp. 101–108, 2017.
	S. M. Heitritter, C. G. Solomon, G. F. Mitchell, N. Skali-Ounis, and E. W. Seely, “Subclinical inflammation and vascular dysfunction in women with previous gestational diabetes mellitus,” The Journal of Clinical Endocrinology and Metabolism, vol. 90, no. 7, pp. 3983–3988, 2005.
	M. Edwards, S. Meltzer, E. Rahme, and K. Dasgupta, “Predictors of postpartum lipid abnormalities in women with gestational diabetes,” Canadian Journal of Diabetes, vol. 36, no. 6, pp. 305–309, 2012.
	A. C. O’Higgins, V. O’Dwyer, C. O’Connor, S. F. Daly, B. T. Kinsley, and M. J. Turner, “Postpartum dyslipidaemia in women diagnosed with gestational diabetes mellitus,” Irish Journal of Medical Science, vol. 186, no. 2, pp. 403–407, 2017.
	G. Di Cianni, E. Lacaria, C. Lencioni, and V. Resi, “Preventing type 2 diabetes and cardiovascular disease in women with gestational diabetes - the evidence and potential strategies,” Diabetes Research and Clinical Practice, 2018.
	K. Goueslard, J. Cottenet, A. S. Mariet et al., “Early cardiovascular events in women with a history of gestational diabetes mellitus,” Cardiovascular Diabetology, vol. 15, no. 1, p. 15, 2016.
	E. B. Mathiesen, S. H. Johnsen, T. Wilsgaard, K. H. Bønaa, M. L. Løchen, and I. Njølstad, “Carotid plaque area and intima-media thickness in prediction of first-ever ischemic stroke: a 10-year follow-up of 6584 men and women: the Tromsø study,” Stroke, vol. 42, no. 4, pp. 972–978, 2011.
	S. H. Johnsen, E. B. Mathiesen, O. Joakimsen et al., “Carotid atherosclerosis is a stronger predictor of myocardial infarction in women than in men: a 6-year follow-up study of 6226 persons: the Tromsø study,” Stroke, vol. 38, no. 11, pp. 2873–2880, 2007.
	J. W. Li, S. Y. He, P. Liu, L. Luo, L. Zhao, and Y. B. Xiao, “Association of gestational diabetes mellitus (GDM) with subclinical atherosclerosis: a systemic review and meta-analysis,” BMC Cardiovascular Disorders, vol. 14, no. 1, 2014.
	S. Bo, S. Valpreda, G. Menato et al., “Should we consider gestational diabetes a vascular risk factor?” Atherosclerosis, vol. 194, no. 2, pp. e72–e79, 2007.
	L. Volpe, I. Cuccuru, C. Lencioni et al., “Early subclinical atherosclerosis in women with previous gestational diabetes mellitus,” Diabetes Care, vol. 31, no. 5, article e32, 2008.
	M. Franzago, F. Fraticelli, A. Nicolucci et al., “Molecular analysis of a genetic variants panel related to nutrients and metabolism: association with susceptibility to gestational diabetes and cardiometabolic risk in affected women,” Journal Diabetes Research, vol. 2017, article 4612623, 7 pages, 2017.
	M. Franzago, F. Fraticelli, D. Marchetti et al., “Nutrigenetic variants and cardio-metabolic risk in women with or without gestational diabetes,” Diabetes Research and Clinical Practice, vol. 137, pp. 64–71, 2018.
	M. A. Martínez-González, A. García-Arellano, E. Toledo et al., “A 14-item Mediterranean diet assessment tool and obesity indexes among high risk subjects: the PREDIMED trial,” PLoS One, vol. 7, no. 8, article e43134, 2012.
	A. Mannocci, D. Di Thiene, A. Del Cimmuto et al., “International physical activity questionnaire: validation and assessment in an Italian sample,” Italian Journal of Public Health, vol. 7, no. 4, pp. 369–376, 2010.
	 International Association of Diabetes and Pregnancy Study Groups Consensus Panel, “International association of diabetes and pregnancy study groups recommendations on the diagnosis and classification of hyperglycemia in pregnancy,” Diabetes Care, vol. 33, no. 3, pp. 676–682, 2010.
	G. Mancia, R. Fagard, K. Narkiewicz et al., “2013 ESH/ESC practice guidelines for the management of arterial hypertension,” Blood Pressure, vol. 23, no. 1, pp. 3–16, 2014.
	L. Di Geso, E. M. Zardi, A. Afeltra et al., “Comparison between conventional and automated software-guided ultrasound assessment of bilateral common carotids intima-media thickness in patients with rheumatic diseases,” Clinical Rheumatology, vol. 31, no. 5, pp. 881–884, 2012.
	P. Kaul, A. Savu, K. A. Nerenberg et al., “Impact of gestational diabetes mellitus and high maternal weight on the development of diabetes, hypertension and cardiovascular disease: a population level analysis,” Diabetic Medicine, vol. 32, no. 2, pp. 164–173, 2015.
	R. Retnakaran, “Hyperglycemia in pregnancy and its implications for a woman’s future risk of cardiovascular disease,” Diabetes Research and Clinical Practice, 2018.
	G. Di Cianni, R. Miccoli, L. Volpe, C. Lencioni, and S. Del Prato, “Intermediate metabolism in normal pregnancy and in gestational diabetes,” Diabetes/Metabolism Research and Reviews, vol. 19, no. 4, pp. 259–270, 2003.
	N. Sattar, A. Bendomir, C. Berry, J. Shepherd, I. A. Greer, and C. J. Packard, “Lipoprotein subfraction concentrations in preeclampsia: pathogenic parallels to atherosclerosis,” Obstetrics & Gynecology, vol. 89, no. 3, pp. 403–408, 1997.
	G. León-Reyes, R. F. Maida-Claros, A. X. Urrutia-Medina et al., “Oxidative profiles of LDL and HDL isolated from women with preeclampsia,” Lipids in Health and Disease, vol. 16, no. 1, p. 90, 2017.
	M. C. Gongora and N. K. Wenger, “Cardiovascular complications of pregnancy,” International Journal of Molecular Sciences, vol. 16, no. 10, pp. 23905–23928, 2015.
	F. Mecacci, S. Ottanelli, and F. Petraglia, “Mothers with HIP - the short term and long-term impact, what is new?” Diabetes Research and Clinical Practice, vol. 18, article 30532-1, 2018.
	J. A. Bernstein, E. Quinn, O. Ameli et al., “Follow-up after gestational diabetes: a fixable gap in women’s preventive healthcare,” BMJ Open Diabetes Research & Care, vol. 5, no. 1, article e000445, 2017.
	S. Poola-Kella, R. A. Steinman, B. Mesmar, and R. Malek, “Gestational diabetes mellitus: post-partum risk and follow up,” Reviews on Recent Clinical Trials, vol. 13, no. 1, pp. 5–14, 2018.
	R. De Caterina, P. J. Talmud, P. A. Merlini et al., “Strong association of the APOA5-1131T>C gene variant and earlyonset acute myocardial infarction,” Atherosclerosis, vol. 214, no. 2, pp. 397–403, 2011.
	L. A. Pennacchio, M. Olivier, J. A. Hubacek et al., “An apolipoprotein influencing triglycerides in humans and mice revealed by comparative sequencing,” Science, vol. 294, no. 5540, pp. 169–173, 2001.
	Y. Pi, L. Zhang, Q. Yang et al., “Apolipoprotein A5 gene promoter region-1131T/C polymorphism is associated with risk of ischemic stroke and elevated triglyceride levels: a meta-analysis,” Cerebrovascular Diseases, vol. 33, no. 6, pp. 558–565, 2012.
	Z. Zhang, B. Peng, R. Gong et al., “Apolipoprotein A5 polymorphisms and risk of coronary artery disease: a meta-analysis,” Bioscience Trends, vol. 5, no. 4, pp. 165–172, 2011.
	A. Au, L. R. Griffiths, L. Irene, C. W. Kooi, and L. K. Wei, “The impact of APOA5, APOB, APOC3 and ABCA1 gene polymorphisms on ischemic stroke: evidence from a meta-analysis,” Atherosclerosis, vol. 265, pp. 60–70, 2017.
	Y. W. Yin, Q. Q. Sun, P. J. Wang et al., “Genetic polymorphism of apolipoprotein A5 gene and susceptibility to type 2 diabetes mellitus: a meta-analysis of 15,137 subjects,” PLoS One, vol. 9, no. 2, article e89167, 2014.
	C. Q. Lai, S. Demissie, L. A. Cupples et al., “Influence of the APOA5 locus on plasma triglyceride, lipoprotein subclasses, and CVD risk in the Framingham Heart Study,” Journal of Lipid Research, vol. 45, no. 11, pp. 2096–2105, 2004.
	R. Elosua, J. M. Ordovas, L. A. Cupples et al., “Variability at the APOA5 locus is associated with carotid atherosclerosis with a modifying effect of obesity: the Framingham Heart Study,” Journal of Lipid Research, vol. 47, no. 5, pp. 990–996, 2006.
	M. Guardiola, M. Cofán, I. de Castro-Oros et al., “APOA5 variants predispose hyperlipidemic patients to atherogenic dyslipidemia and subclinical atherosclerosis,” Atherosclerosis, vol. 240, no. 1, pp. 98–104, 2015.
	Y. Qiao, R. Liu, H. M. Tian, Y. Liu, O. Qiang, and B. W. Liu, “Association of apolipoprotein A5 gene -1131T/C polymorphism with serum lipids and carotid intima-media thickness in patients with type 2 diabetes mellitus,” Sichuan Da Xue Xue Bao Yi Xue Ban, vol. 39, no. 6, pp. 965–8, 999, 2008.
	P. Linsel-Nitschke, A. Götz, J. Erdmann et al., “Lifelong reduction of LDL-cholesterol related to a common variant in the LDL-receptor gene decreases the risk of coronary artery disease—a Mendelian randomisation study,” PLoS One, vol. 3, no. 8, article e2986, 2008.
	N. Martinelli, D. Girelli, B. Lunghi et al., “Polymorphisms at LDLR locus may be associated with coronary artery disease through modulation of coagulation factor VIII activity and independently from lipid profile,” Blood, vol. 116, no. 25, pp. 5688–5697, 2010.
	H. Ye, Q. Zhao, Y. Huang et al., “Meta-analysis of low density lipoprotein receptor (LDLR) rs2228671 polymorphism and coronary heart disease,” BioMed Research International, vol. 2014, Article ID 564940, 6 pages, 2014.
	J. de Toro-Martín, B. Arsenault, J.-P. Després, and M.-C. Vohl, “Precision nutrition: a review of personalized nutritional approaches for the prevention and management of metabolic syndrome,” Nutrients, vol. 9, no. 8, 2017.
	H. Fadl, A. Magnuson, I. Östlund, S. Montgomery, U. Hanson, and E. Schwarcz, “Gestational diabetes mellitus and later cardiovascular disease: a Swedish population based case-control study,” BJOG, vol. 121, no. 12, pp. 1530–1536, 2014.


EPUB/Navigation/nav.xhtml


		

			

		  1. Introduction

		  2. Materials and Methods

		  3. Results

		  4. Discussion

		  References 





EPUB/Content/page-template.xpgt
 

   


     
	 
    

     
	 
    


     
	 
    


     
         
             
             
             
        
    

  




