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Abstract

:

Retinol-binding protein 4 (RBP4) is claimed to be associated with the development of preeclampsia, yet the reports are inconclusive. This systematic review and meta-analysis aimed to assess the association between RBP4 levels and preeclampsia. The PubMed, Google Scholar and ScienceDirect databases were searched for studies that investigated RBP4 levels in preeclampsia patients and compared them with normal controls. The meta-analysis was conducted by calculating the standardized mean difference (SMD) of RBP4 between cases and controls. The meta package with the R software was used to perform all statistical analysis. A total of 13 studies, comprising 569 cases and 1411 controls, met the inclusion criteria and were thus included in the meta-analysis. According to the random effect model, the SMD of RBP4 was significantly higher in women with preeclampsia compared with normal controls [SMD of RBP4: 0.55 ng/mL; 95% CI (0.06; 1.05); p = 0.028; I2 = 89%]. Likewise, the stratified meta-analysis showed the same pattern in the studies which measured RBP4 levels in the third trimester, as well as in the studies that investigated severe preeclampsia. Meta-regression did not identify any factor that significantly affected the overall estimate. There was no evidence of reporting bias (Egger’s test; t = 0.43; p = 0.587). This meta-analysis with high heterogeneity showed that higher levels of RBP4 were associated with preeclampsia risk. More longitudinal studies spanning the three trimester periods are needed to clarify the association of RBP4 and its dynamics in preeclampsia cases throughout pregnancy.
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1. Introduction


Preeclampsia is a major medical disorder that frequently occurs during pregnancy. It is characterized by increased blood pressure and proteinuria in previously healthy women. It is a prevalent problem worldwide that affects around 4.5% of all pregnancies [1]. Without appropriate treatment, preeclampsia is associated with an increased risk of maternal and fetal deaths [2]. The definite cause of preeclampsia remains obscure. However, many predisposing factors, such as obesity, insulin resistance state, gestational diabetes, nulliparity and genetic factors are associated with the development of preeclampsia [3]. It has been reported that poor placental invasion is associated with ischemic reperfusion injury, which in turn generates ample amounts of free radicals that induce oxidative stress and release several angiogenic and inflammatory cytokines that are diffused into the maternal blood circulation [4]. These cytokines collectively initiate the endothelial changes that end up with preeclampsia [5].



Adipokines constitute a group of cytokines that are released from the adipose tissues. These adipokines are believed to affect the energy metabolism process, trigger an inflammatory response and enhance angiogenesis [6]. Retinol-binding protein 4 (RBP4) is an adipokine that is synthesized and released from the adipose tissues, just as liver cells are [7]. In addition to its major function as a transporter of Vitamin A and other retinoid derivatives in blood [7], it has been reported that it could affect the insulin hormone signaling cascade and mediate insulin resistance [8]. Moreover, an experimental animal model study has shown that mice with RBP4 overexpression have higher blood pressure levels compared with mice with normal RBP4 expression [9]. Taken together, all these premises have pointed to the involvement of RBP4 in the pathogenesis of preeclampsia.



Nevertheless, the published documents about the association between RBP4 and the development of preeclampsia in humans are inconclusive. Some studies have indicated increased levels of RBP4 in preeclampsia [10,11,12,13,14,15,16], while others have reported low levels [17] or no association [18,19,20,21,22,23]. Therefore, we conducted this systematic review and meta-analysis to assess the association between RBP4 and preeclampsia.




2. Materials and Methods


In this systematic review and meta-analysis, we followed the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) 2020 recommendations [24], and the PRISMA checklist was added as a supplementary table (Table S1).



2.1. Search Strategy and Sources


Two researchers (H.Z.H. and T.A.) independently searched three electronic databases (PubMed, Google Scholar and ScienceDirect) for relevant articles that investigated the association between RBP4 and preeclampsia since inception, until 3 November 2022. The detailed search strategy used for each database is available in Table S2. To design the search strategy, we used the following [MeSH] terms: retinol-binding protein 4, adipokines, preeclampsia, pre-eclampsia, EPH complex and EPH gestosis, combined with the following non-MeSH terms: normotensive, normal pregnancy and healthy pregnant. The reference lists in the selected articles were further scanned for more eligible studies. Conflicts were resolved by discussing them with a referee reviewer (I.A.).




2.2. Eligibility Criteria


2.2.1. Inclusion Criteria


We included articles if they (1) were published in peer-reviewed journals, reported serum/plasma levels of RBP4 in women with preeclampsia and were in the normal control group; (2) were written in the English language; (3) provided RBP4 concentration as the mean (standard deviation [SD]) or the median (interquartile range [IQR]) and reported the measuring unit; and (4) employed a case-control, cohort and cross-sectional study design.




2.2.2. Exclusion Criteria


The articles were excluded if they (1) were clinical trials, experimental studies, review articles, letters to the editor, case series or conference abstracts; (2) reported RBP4 without the measuring unit or without related measures of dispersion, namely SD, range or 25th–75th IQR; (3) measured RBP4 in patients with preeclampsia and another chronic disease or another pathology; and (4) were written in a language other than English.





2.3. Data Extraction


Two researchers (T.A. and H.Z.H.) independently extracted the studies’ data using a structured sheet, guided by the Joanna Briggs Institute reviewers’ data extraction form [25]. The extracted data included the name of the first author, publication year, study’s location, continent, design and sample size (number of cases/number of controls), levels and assay method for RBP4, type of collected sample, parity status, trimester at which RBP4 was measured and maternal age and preconception body mass index (BMI) if available.




2.4. Definition of the Primary Outcome


In this study, the primary outcome is the association between the plasma/serum levels of RBP4 in pregnant women with preeclampsia compared with normotensive pregnant controls. Preeclampsia is defined according to the following criteria used by the American College of Obstetricians and Gynecologists [26]: detection of systolic blood pressure ≥ 140 mmHg and diastolic blood pressure ≥ 90 mmHg, as well as the presence of proteinuria > 300 mg/day.




2.5. Study Quality Assessment


Two researchers (T.A. and H.Z.H.) used the Newcastle–Ottawa Scale (NOS) to assess the methodological quality of each included study. The NOS assesses each study based on three major principles: recruitment of the participants, comparability of the study group and ascertainment of the outcomes of interest. Based on the NOS, the study is considered of high quality if it scores ≥ 7 stars. The maximum score in the NOS is 9 stars [27].




2.6. Statistical Analysis


All the data in this meta-analysis were analyzed by using the meta package [28] in the open-source statistical software R. The standardized mean difference (SMD) of RBP4 between the cases and the controls was calculated after applying the function “metacont”. In brief, the mean of RBP4 in a case group is subtracted from that in a control group and then divided by the difference of standard deviation between the case and control group. The pooled difference in mean for all studies is standardized by the pooled SD differences and corrected for bias according to modified Hedge’s methods [29]. We used Cochran’s Q with p < 0.010 and I2 > 50% as an indicator of significant inter-study heterogeneity [30,31]. If the meta-analysis indicated low heterogeneity, then the fixed effect model was followed; otherwise, the random effect model was used. Sensitivity analysis was conducted to identify studies with great impact and significant heterogeneity after their deletion. The presence of reporting bias was assessed subjectively by depicting studies in the funnel plot and quantitatively by performing an Egger’s test. Stratified meta-analysis was conducted to identify the possible sources of inter-study heterogeneity. Accordingly, the studies were grouped based on the timing of measuring RBP4 (first versus third trimester), studies that investigated the severity of the disease (severe versus mild to moderate preeclampsia), study’s continent (Asia versus Europe and America) and assay method for RBP4 (ELISA versus other methods). Meta-regression analysis was conducted to recognize possible factors (study’s publication year, location, total sample size, etc.) that significantly affected the SMD of RBP4. The Kappa statistics were used to evaluate the agreement between the researchers [32].





3. Results


3.1. Study Selection and Characteristics


The detailed search in the databases identified 263 articles. Of these, and after removing the duplicates and animal model studies, 62 articles remained eligible for screening. In the screening, based on their titles and abstracts, 20 articles were further excluded since they presented studies of other adipokines. After the retrieval of the articles, 29 were excluded further: 16 studies investigated other adipokines, 11 were found to be irrelevant, one did not mention the measuring unit of RBP4 and one examined preeclampsia in already diabetic patients. Finally, 13 articles were included in this study (see Figure 1). The researchers had high inter-rater agreement on study inclusion (Kappa = 0.86, p < 0.001). All included studies were of intermediate to high quality; their features are detailed in Table 1.




3.2. Association between RBP4 and Preeclampsia


Thirteen observational studies were included in this meta-analysis [10,11,12,13,14,15,16,17,18,19,21,22,23]. These studies enrolled a total of 569 preeclamptic women and compared them with 1411 pregnant controls. The pooled SMD of RBP4 showed significantly higher levels of RBP4 among preeclamptic cases than in normal pregnant controls [SMD = 0.55 ng/mL; 95% CI (0.058; 1.050); p = 0.028; random effect model] (Figure 2). Heterogeneity measures (Cochrane Q = 108.83; p = <0.0001) and (I2 = 89%) both indicated the presence of significant inter-study heterogeneity (Figure 2).



Sensitivity analysis was performed to recognize any study that significantly changed the overall effect upon deletion. None of the studies affected the heterogeneity measures significantly after deletion; therefore, none were excluded (Table S3).



We investigated the presence of reporting bias visually, by depicting the studies in the funnel plot, and quantitatively, by performing an Egger’s test. The funnel plot showed a symmetrical plot of the included studies (Figure 3) and the result of the Egger’s test (t = 0.43; p = 0.587) was found nonsignificant.




3.3. Stratified Meta-Analysis and Meta-Regression


We performed a stratified meta-analysis of the included studies, based on the trimester at which RBP4 was measured: third trimester [10,11,12,13,14,15,17,18,22,23] and first trimester [16,19,21]. Additionally, the studies were divided based on those that examined only severe preeclampsia cases [12,15,16,23] and those that investigated the whole disease spectrum (severe and mild to moderate preeclampsia) [10,11,13,14,17,18,19,21,22]. The stratification was also performed based on each study’s continent: Asia [11,12,13,15,17,22,23] and Europe and America [10,14,16,18,19,21]. The assay method for RBP4 was also used to divide the studies into the ELISA group [10,11,13,14,15,17,18,19,21,22,23] and the group that used other methods [12,16].



The findings of the stratified meta-analysis are summarized in Table 2. The studies that measured RBP4 in the third trimester had higher levels of RBP4 in the cases compared with the controls [SMD = 0.70; 95% CI (0.08; 1.331); I2 = 90%]. A similar pattern was observed in the studies that investigated severe preeclampsia [SMD = 0.71; 95% CI (0.27; 1.15); I2 = 61%].



Although we noticed that the RBP4 SMD level increased by the years of publication, which can be attributed to the increased sensitivity of ELISA used, meta-regression analysis did not show any factor (sample size, continent and design, trimester of RBP4 measurements) that significantly changed the SMD of RBP4, including the study’s publication year (Table 3).





4. Discussion


The major finding in this meta-analysis of 13 observational studies is that the RBP4 levels are higher in patients with preeclampsia compared with normal pregnant controls. The same pattern is observed in the studies that measured RBP4 during the third trimester of pregnancy and in studies that investigated severe preeclampsia only. To the best of our knowledge, this is the first meta-analysis that investigated the association between RBP4 levels and the risk of preeclampsia. However, two previously published meta-analyses on the association between RBP4 and the risk of gestational diabetes mellitus (GDM) have also reported higher levels of RBP4 among GDM cases [33,34]. Notably, both preeclampsia and GDM usually develop in previously healthy women, whose symptoms usually commence during the second trimester of their pregnancy, with some variations. Moreover, preeclampsia and GDM are both well associated with the insulin resistance state [35,36]. Recently, RBP4 has been identified as a leading factor for endothelial dysfunction, a landmark pathology observed in preeclampsia as well as in GDM [37,38]. Perhaps RBP4 is the key modulator for the pathogenesis of both preeclampsia and GDM.



The stratified meta-analysis indicates that RBP4 levels are significantly higher in the third trimester of pregnancy compared with the first trimester. This finding should be taken with caution, as only three studies in this meta-analysis have evaluated the RBP4 levels in the first trimester of pregnancy [16,19,21]. Of these, two have reported insignificant differences [19,21] and only one has found significantly higher RBP4 levels [16]. From this paucity of studies, it is inconclusive whether first-trimester levels of RBP4 are associated with the development of preeclampsia. It is worth mentioning that RBP4 is a well-associated marker of insulin resistance [39]. Indices of insulin resistance are highly correlated with the gestational age in normal pregnancy as well as in preeclampsia [13,40]. However, RBP4 is not correlated with the gestational age in normal pregnancy [41], which may exclude the involvement of adipose tissue as a source of the increment of RBP4 during preeclampsia [14]. In this meta-analysis, nine of the 13 studies have recruited controls matched for BMI. Therefore, some scientists have proposed that liver dysfunction observed in preeclampsia is perhaps the major source of this increment in RBP4 [42]; renal dysfunction also complicates preeclampsia and may result in the excretion of less RBP4 in the urine [43]. Interestingly, RBP4 resists insulin action, particularly in blood vessels, which in turn curtails the nitric-oxide (NO) mediated vasodilatory action [44]. This may precipitate further blood vessel dysfunction observed in preeclampsia [45].



In this study, the stratified meta-analysis, based on preeclampsia severity, also indicates that RBP4 is significantly higher in the group with severe preeclampsia only. It has been mentioned that RBP4 is significantly higher in cases that develop severe preeclampsia compared with mild cases [13]. Moreover, Yliniemi et al. have found significantly higher levels of RBP4 in early-onset severe preeclampsia compared with controls [16]. Likewise, Inoue et al. have reported significantly increased levels of RBP4 in cases of severe pregnancy-induced hypertension compared with normal controls. Although insulin and Homeostatic Model Assessment of Insulin Resistance (HOMA-IR) levels are insignificantly higher in the cases than in the controls, the blood glucose levels are significantly higher in the pregnancy induced hypertension (PIH) group compared with the normotensive control group [12]. Moreover, RBP4 is found to be positively correlated with systolic blood pressure in severe preeclampsia [23]. Perhaps the severity of preeclampsia can be attributed to the insulin resistance that is mediated by high levels of RBP4.



Nulliparity is a known risk factor for developing preeclampsia. Nulliparous women have a 1.5 to 5.5 times increased risk of preeclampsia compared with multiparous women [46]. Maternal immune reaction to paternal sperm antigen is among the hypotheses that have been postulated to explain the mechanism by which nulliparity contributes to the pathogenicity of preeclampsia [47]. Since RBP4 is considered a cytokine [6] that can be an inflammatory mediator involved in the pathogenicity of preeclampsia, we hypothesized that its level is expected to be increased among nulliparous women in comparison to multiparous. However, only 4/13 studies [13,14,19,21] have recruited nulliparous women in their studies and one [13] of these four studies presented an analyzable RBP4 for nulliparous women. This limited data hindered us from performing a stratified meta-analysis based on the parity status, and hence, hindered us from drawing a reasonable judgement on the effect of parity on RBP4 levels.



Although the included studies in this meta-analysis are of moderate to high methodological quality and no evidence of reporting bias is detected, inter-study heterogeneity remains high. Zhang et al. [23] and Vaisbuch et al. [14] have both included cases of a mixture of early- and late-onset preeclampsia patients, while Yliniemi et al. [16] have only included patients with early-onset severe preeclampsia (<32 weeks of gestation). We think that these studies collectively contribute significantly to the overall inter-study heterogeneity, yet the sensitivity analysis indicates that no individual study has significantly changed the heterogeneity measures.



In this study, we observed that the reported levels of RBP4 are widely different between the included studies. This can be attributed to the differences in genetic factors that can affect the expression of RBP4 and hence, its levels [48]. Moreover, the degree of obesity is a documented, determining factor for the levels of RBP4 [7]. Furthermore, different assay methods were used in the included studies to assess the levels of RBP4, such as ELISA, immunoassay and Dot-plot. There is a notable variation in the sensitivity of these different methods [49]. Even the ELISA, which is a widely used method, has a different sensitivity based on the affinity of the antibody to RBP4 [49]. Taken together, these factors can contribute to the inter-study variations of the levels of RBP4 observed in this study.



The current meta-analysis has some limitations that need to be addressed for a better interpretation of the results. First, in the stratified meta-analysis, some of the groups only have three studies (stratification based on the trimester of pregnancy). This small number of studies with a small sample size will decrease the power for the estimation of RBP4 and increase the risk of bias. Moreover, only four studies recruited nulliparous women; however, they did not present their RBP4 separately. Accordingly, we could not perform stratified meta-analysis according to parity status, hence, we deduced a meaningful conclusion regarding the parity effect on RBP4 levels. Second, most of the included studies are retrospective case-control studies, so causality cannot be deduced. Third, inter-study heterogeneity is high, and the stratified meta-analysis and meta-regression could not identify major sources of this heterogeneity. Fourth, although RBP4 and preeclampsia both pertain to insulin resistance, a limited number of studies have investigated this relationship, so we could not include it in the meta-analysis. Therefore, further research is needed, which should use a larger sample size, a prospective design and longitudinal sampling for RBP4 to provide better insights into the RBP4 dynamics in preeclampsia cases.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/nu14245201/s1. Table S1: Prisma checklist. Table S2: Searching strategies. Table S3: Sensitivity analysis of the meta-analysis.





Author Contributions


Conceptualization, H.Z.H. and I.A.; Methodology, I.A. and T.A.; Formal analysis, H.Z.H.; Investigation, T.A. and I.A.; Data Curation, T.A. and I.A.; Writing—Original Draft Preparation, H.Z.H., I.A. and T.A.; Writing—Review & Editing, H.Z.H., T.A. and I.A.; Supervision, H.Z.H.; Funding Acquisition, H.Z.H. All authors have read and agreed to the published version of the manuscript.




Funding


The authors extend their appreciation to the Deputyship for Research & Innovation, Ministry of Education, Saudi Arabia for funding this research work through the project number (QU-IF-4-2-1-28857). The authors also thank to Qassim University for technical support.




Institutional Review Board Statement


Since this is a systematic review and meta-analysis, ethical approval is not recommended and not required.




Informed Consent Statement


Not applicable.




Data Availability Statement


The datasets used and/or analyzed during the current study are available within the paper.




Conflicts of Interest


The authors have no relevant financial or non-financial interest to declare.




References


	



Abalos, E.; Cuesta, C.; Grosso, A.L.; Chou, D.; Say, L. Global and Regional Estimates of Preeclampsia and Eclampsia: A Systematic Review. Eur. J. Obstet. Gynecol. Reprod. Biol. 2013, 170, 1–7. [Google Scholar] [CrossRef] [PubMed]

	



Steegers, E.A.P.; Von Dadelszen, P.; Duvekot, J.J.; Pijnenborg, R. Pre-Eclampsia. Lancet 2010, 376, 631–644. [Google Scholar] [CrossRef] [PubMed]

	



Meazaw, M.W.; Chojenta, C.; Muluneh, M.D.; Loxton, D. Systematic and Meta-Analysis of Factors Associated with Preeclampsia and Eclampsia in Sub-Saharan Africa. PLoS ONE 2020, 15, e0237600. [Google Scholar] [CrossRef] [PubMed]

	



Holland, O.; Dekker Nitert, M.; Gallo, L.A.; Vejzovic, M.; Fisher, J.J.; Perkins, A.V. Review: Placental Mitochondrial Function and Structure in Gestational Disorders. Placenta 2017, 54, 2–9. [Google Scholar] [CrossRef] [PubMed]

	



Bellos, I.; Karageorgiou, V.; Kapnias, D.; Karamanli, K.E.; Siristatidis, C. The Role of Interleukins in Preeclampsia: A Comprehensive Review. Am. J. Reprod. Immunol. 2018, 80, e13055. [Google Scholar] [CrossRef] [PubMed]

	



Maury, E.; Brichard, S.M. Adipokine Dysregulation, Adipose Tissue Inflammation and Metabolic Syndrome. Mol. Cell. Endocrinol. 2010, 314, 1–16. [Google Scholar] [CrossRef]

	



Yang, Q.; Graham, T.E.; Mody, N.; Preitner, F.; Peroni, O.D.; Zabolotny, J.M.; Kotani, K.; Quadro, L.; Kahn, B.B. Serum Retinol Binding Protein 4 Contributes to Insulin Resistance in Obesity and Type 2 Diabetes. Nature 2005, 436, 356–362. [Google Scholar] [CrossRef]

	



Mary, S.; Kulkarni, M.J.; Malakar, D.; Joshi, S.R.; Mehendale, S.S.; Giri, A.P. Placental Proteomics Provides Insights into Pathophysiology of Pre-Eclampsia and Predicts Possible Markers in Plasma. J. Proteome Res. 2017, 16, 1050–1060. [Google Scholar] [CrossRef]

	



Kraus, B.J.; Sartoretto, J.L.; Polak, P.; Hosooka, T.; Shiroto, T.; Eskurza, I.; Lee, S.A.; Jiang, H.; Michel, T.; Kahn, B.B. Novel Role for Retinol-Binding Protein 4 in the Regulation of Blood Pressure. FASEB J. 2015, 29, 3133–3140. [Google Scholar] [CrossRef]

	



Celik, S.; Celik, H.; Calışkan, C.S.; Tosun, M.; Avcı, B. Prospective Comparative Study of Third Trimester Serum Retinol Binding Protein 4 as a Potential Adipokine Marker of Pre-Eclampsia. Cumhur. Med. J. 2019, 41, 379–384. [Google Scholar] [CrossRef]

	



EL-Refai, A.A.; Fatani, S.H.; Kamel, H.F.M. Association of Adipocytokines: Resistin and Retinol Binding Protein-4 with Severity of Preeclampsia and Insulin Resistance. Am. J. Med. Biol. Res. 2014, 2, 76–82. [Google Scholar] [CrossRef]

	



Inoue, S.; Takamoto, N.; Akahori, Y.; Masumoto, A.; Nakatsukasa, H.; Msuyama, H.; Hiramatsu, Y. Elevated Level of Serum Retinol-Binding Protein 4 in Pregnancy-Induced Hypertension. J. Obstet. Gynaecol. Res. 2009, 35, 293–300. [Google Scholar] [CrossRef]

	



Shangguan, X.; Liu, F.; Wang, H.; He, J.; Dong, M. Alterations in Serum Adipocyte Fatty Acid Binding Protein and Retinol Binding Protein-4 in Normal Pregnancy and Preeclampsia. Clin. Chim. Acta. 2009, 407, 58–61. [Google Scholar] [CrossRef] [PubMed]

	



Vaisbuch, E.; Romero, R.; Mazaki-Tovi, S.; Erez, O.; Kim, S.K.; Chaiworapongsa, T.; Gotsch, F.; Than, N.G.; Dong, Z.; Pacora, P.; et al. Retinol Binding Protein 4--a Novel Association with Early-Onset Preeclampsia. J. Perinat. Med. 2010, 38, 129–139. [Google Scholar] [CrossRef] [PubMed]

	



Wang, F.; Cao, G.; Liu, Q.; Li, X.; Song, M.; Zhang, Z. Retinol-Binding Protein 4 Regulates the Biological Functions and Molecular Mechanisms of JEG-3 Cells. Int. J. Clin. Exp. Pathol. 2018, 11, 5877. [Google Scholar]

	



Yliniemi, A.; Nurkkala, M.M.; Kopman, S.; Korpimaki, T.; Kouru, H.; Ryynanen, M.; Marttala, J. First Trimester Placental Retinol-Binding Protein 4 (RBP4) and Pregnancy-Associated Placental Protein A (PAPP-A) in the Prediction of Early-Onset Severe Pre-Eclampsia. Metabolism 2015, 64, 521–526. [Google Scholar] [CrossRef]

	



Seol, H.J.; Kim, J.W.; Kim, H.J. Retinol-Binding Protein-4 Is Decreased in Patients with Preeclampsia in Comparison with Normal Pregnant Women. J. Perinat. Med. 2011, 39, 287–289. [Google Scholar] [CrossRef]

	



Stepan, H.; Ebert, T.; Schrey, S.; Reisenbüchler, C.; Blüher, M.; Stumvoll, M.; Kratzsch, J.; Tönnessen, P.; Faber, R.; Fasshauer, M. Preliminary Report: Serum Levels of Retinol-Binding Protein 4 in Preeclampsia. Metabolism 2009, 58, 275–277. [Google Scholar] [CrossRef]

	



Nanda, S.; Nikoletakis, G.; Markova, D.; Poon, L.C.Y.; Nicolaides, K.H. Maternal Serum Retinol-Binding Protein-4 at 11-13 Weeks’ Gestation in Normal and Pathological Pregnancies. Metabolism 2013, 62, 814–819. [Google Scholar] [CrossRef]

	



Kelly, C.B.; Hookham, M.B.; Yu, J.Y.; Lockhart, S.M.; Du, M.; Jenkins, A.J.; Nankervis, A.; Hanssen, K.F.; Henriksen, T.; Garg, S.K.; et al. Circulating Adipokines Are Associated with Pre-Eclampsia in Women with Type 1 Diabetes. Diabetologia 2017, 60, 2514–2524. [Google Scholar] [CrossRef]

	



Fruscalzo, A.; Biasioli, A.; Londero, A.P.; Ceraudo, M.; Stel, G.; Bertozzi, S.; Marchesoni, D.; Driul, L.; Curcio, F. Retinol Binding Protein as Early Marker of Fetal Growth Restriction in First Trimester Maternal Serum. Gynecol. Endocrinol. 2013, 29, 323–326. [Google Scholar] [CrossRef] [PubMed]

	



Meena, U.K.; Jain, S.; Vaid, N.B.; Sharma, A.; Chawla, S.; Guleria, K.; Mehndiratta, M. Role of serum retinol binding protein 4 in preeclampsia: A case control study. Indian Obstet. Gynaecol. 2018, 8, 1–7. [Google Scholar]

	



Zhang, Y.; Wang, T.; Gui, S.; Liu, X.; Dai, L.; Zhou, B.; Zhou, R.; Gong, Y. Association between Plasma Retinol Binding Protein 4 Levels and Severe Preeclampsia. J. Obstet. Gynaecol. 2018, 38, 438–441. [Google Scholar] [CrossRef] [PubMed]

	



Page, M.J.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.; Brennan, S.E.; et al. The PRISMA 2020 Statement: An Updated Guideline for Reporting Systematic Reviews. BMJ 2021, 372, n71. [Google Scholar] [CrossRef] [PubMed]

	



Munn, Z.; Tufanaru, C.; Aromataris, E. JBI’s Systematic Reviews. AJN Am. J. Nurs. 2014, 114, 49–54. [Google Scholar] [CrossRef]

	



ACOG. Hypertension in Pregnancy; American College of Obstetricians and Gynecologists: Washington, DC, USA, 2013; ISBN 9781934984284. [Google Scholar]

	



Wells, G.; Shea, B.; O’Connell, D.; Peterson, J.; Welch, V.; Losos, M.; Tugwell, P. Ottawa Hospital Research Institute. Available online: http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp (accessed on 10 December 2021).

	



Balduzzi, S.; Rücker, G.; Schwarzer, G. How to Perform a Meta-Analysis with R: A Practical Tutorial. Evid. Based. Ment. Health 2019, 22, 153–160. [Google Scholar] [CrossRef]

	



Hedges, L.V. Distribution Theory for Glass’s Estimator of Effect Size and Related Estimators. J. Educ. Behav. Stat. 2016, 6, 107–128. [Google Scholar] [CrossRef]

	



Higgins, J.P.T.; Thompson, S.G. Quantifying Heterogeneity in a Meta-Analysis. Stat. Med. 2002, 21, 1539–1558. [Google Scholar] [CrossRef]

	



Higgins, J.P.T.; Thompson, S.G.; Deeks, J.J.; Altman, D.G. Measuring Inconsistency in Meta-Analyses. BMJ 2003, 327, 557–560. [Google Scholar] [CrossRef]

	



Gorelick, M.H.; Yen, K. The Kappa Statistic Was Representative of Empirically Observed Inter-Rater Agreement for Physical Findings. J. Clin. Epidemiol. 2006, 59, 859–861. [Google Scholar] [CrossRef]

	



Huang, Q.T.; Huang, Q.; Luo, W.; Li, F.; Hang, L.L.; Yu, Y.H.; Zhong, M. Circulating Retinol-Binding Protein 4 Levels in Gestational Diabetes Mellitus: A Meta-Analysis of Observational Studies. Gynecol. Endocrinol. 2015, 31, 337–344. [Google Scholar] [CrossRef] [PubMed]

	



Hu, S.; Liu, Q.; Huang, X.; Tan, H. Serum Level and Polymorphisms of Retinol-Binding Protein-4 and Risk for Gestational Diabetes Mellitus: A Meta-Analysis. BMC Pregnancy Childbirth 2016, 16, 52. [Google Scholar] [CrossRef] [PubMed]

	



Chu, A.H.Y.; Godfrey, K.M. Gestational Diabetes Mellitus and Developmental Programming. Ann. Nutr. Metab. 2020, 76 (Suppl. 3), 4–15. [Google Scholar] [CrossRef] [PubMed]

	



Balani, J.; Hyer, S.; Syngelaki, A.; Akolekar, R.; Nicolaides, K.H.; Johnson, A.; Shehata, H. Association between Insulin Resistance and Preeclampsia in Obese Non-Diabetic Women Receiving Metformin. Obstet. Med. 2017, 10, 170–173. [Google Scholar] [CrossRef]

	



Majerczyk, M.; Olszanecka-Glinianowicz, M.; Puzianowska-Kuźnicka, M.; Chudek, J. Retinol-Binding Protein 4 (RBP4) as the Causative Factor and Marker of Vascular Injury Related to Insulin Resistance. Postepy Hig. Med. Dosw. 2016, 70, 1267–1275. [Google Scholar] [CrossRef]

	



Lan, Q.; Zhou, Y.; Zhang, J.; Qi, L.; Dong, Y.; Zhou, H.; Li, Y. Vascular Endothelial Dysfunction in Gestational Diabetes Mellitus. Steroids 2022, 184, 108993. [Google Scholar] [CrossRef]

	



Graham, T.E.; Yang, Q.; Blüher, M.; Hammarstedt, A.; Ciaraldi, T.P.; Henry, R.R.; Wason, C.J.; Oberbach, A.; Jansson, P.-A.; Smith, U.; et al. Retinol-Binding Protein 4 and Insulin Resistance in Lean, Obese, and Diabetic Subjects. N. Engl. J. Med. 2006, 354, 2552–2563. [Google Scholar] [CrossRef]

	



Guo, J.; Liu, G.; Guo, G. Association of Insulin Resistance and Autonomic Tone in Patients with Pregnancy-Induced Hypertension. Clin. Exp. Hypertens. 2018, 40, 476–480. [Google Scholar] [CrossRef]

	



Chan, T.F.; Chen, H.S.; Chen, Y.C.; Lee, C.H.; Chou, F.H.; Chen, I.J.; Chen, S.Y.; Jong, S.; Bin; Tsai, E.M. Increased Serum Retinol-Binding Protein 4 Concentrations in Women with Gestational Diabetes Mellitus. Reprod. Sci. 2007, 14, 169–174. [Google Scholar] [CrossRef]

	



Seo, J.A.; Kim, N.H.; Park, S.Y.; Kim, H.Y.; Ryu, O.H.; Lee, K.W.; Lee, J.; Kim, D.L.; Choi, K.M.; Baik, S.H.; et al. Serum Retinol-Binding Protein 4 Levels Are Elevated in Non-Alcoholic Fatty Liver Disease. Clin. Endocrinol. 2008, 68, 555–560. [Google Scholar] [CrossRef]

	



Beetham, R.; Dawnay, A.; Menabawy, M.; Silver, A. Urinary Excretion of Albumin and Retinol-Binding Protein during Normal Pregnancy. J. Clin. Pathol. 1988, 41, 1089–1092. [Google Scholar] [CrossRef] [PubMed]

	



Vincent, M.A.; Barrett, E.J.; Lindner, J.R.; Clark, M.G.; Rattigan, S. Inhibiting NOS Blocks Microvascular Recruitment and Blunts Muscle Glucose Uptake in Response to Insulin. Am. J. Physiol. Endocrinol. Metab. 2003, 285, E123–E129. [Google Scholar] [CrossRef]

	



Park, S.E.; Kim, D.H.; Lee, J.H.; Park, J.S.; Kang, E.S.; Ahn, C.W.; Lee, H.C.; Cha, B.S. Retinol-Binding Protein-4 Is Associated with Endothelial Dysfunction in Adults with Newly Diagnosed Type 2 Diabetes Mellitus. Atherosclerosis 2009, 204, 23–25. [Google Scholar] [CrossRef] [PubMed]

	



Luo, Z.C.; An, N.; Xu, H.R.; Larante, A.; Audibert, F.; Fraser, W.D. The Effects and Mechanisms of Primiparity on the Risk of Pre-Eclampsia: A Systematic Review. Paediatr. Perinat. Epidemiol. 2007, 21 (Suppl. 1), 36–45. [Google Scholar] [CrossRef] [PubMed]

	



Galaviz-Hernandez, C.; Sosa-Macias, M.; Teran, E.; Garcia-Ortiz, J.E.; Lazalde-Ramos, B.P. Paternal Determinants in Preeclampsia. Front. Physiol. 2019, 9, 1870. [Google Scholar] [CrossRef]

	



Munkhtulga, L.; Nagashima, S.; Nakayama, K.; Utsumi, N.; Yanagisawa, Y.; Gotoh, T.; Omi, T.; Kumada, M.; Zolzaya, K.; Lkhagvasuren, T.; et al. Regulatory SNP in the RBP4 Gene Modified the Expression in Adipocytes and Associated With BMI. Obesity 2010, 18, 1006–1014. [Google Scholar] [CrossRef]

	



Graham, T.E.; Wason, C.J.; Blüher, M.; Kahn, B.B. Shortcomings in Methodology Complicate Measurements of Serum Retinol Binding Protein (RBP4) in Insulin-Resistant Human Subjects. Diabetologia 2007, 50, 814–823. [Google Scholar] [CrossRef]








[image: Nutrients 14 05201 g001 550] 





Figure 1. Flow chart showing the study selection process. 
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Figure 2. Forest plot for the overall meta-analysis [10,11,12,13,14,15,16,17,18,19,21,22,23]. 
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Figure 3. Funnel plot for reporting bias assessment. 
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Table 1. Study characteristics included in the meta-analysis.
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	1st Author, Year, Citation
	Study Design
	Country
	NOS

Score
	No. Preeclampsia/

No. Controls
	RBP4

Mean (SD)

Preeclampsia

ng/mL
	RBP4

Mean (SD)

Controls

ng/mL
	Maternal Age

Cases Mean (SD):

Controls Mean (SD):
	Maternal BMI

Cases: Mean (SD)

Controls: Mean (SD)
	%Nulliparous among Cases/

%Nulliparous among Controls
	Assay





	Celik et al., 2019 [10]
	Case-Control
	Turkey
	5
	27/27
	27,380 (7140)
	15,450 (4520)
	Cases: 30.59 ± 5.73

Controls: 29 ± 5.96
	Cases: 28.76 ± 2.12

Controls: 27.97 ± 2.67
	-
	ELISA



	El-Refae et al., 2014 [11]
	Case-Control
	KSA
	5
	50/50
	37,700 (5810)
	18,100 (15,100)
	Cases: 33.25 ± 6.1

Controls: 31.65 ± 5.47
	Cases: 28.28 ± 1.4

Controls: 27.06 ± 2.04
	-
	ELISA



	Fruscalzo et al., 2013 [21]
	Case-Control
	Italy
	8
	14/11
	15,100 (3290)
	16,100 (3300)
	Cases: 34.93 ± 5.31

Controls: 32.45 ± 5.56
	Cases: 28 ± 7.4

Controls: 24 ± 2.5
	50%/45%
	ELISA



	Inoue et al., 2009 [12]
	Case-Control
	Japan
	8
	12/11
	50,200 (8450)
	40,270 (5300)
	Cases: 34.7 ± 4.9

Controls: 31.5 ± 4.7
	Cases: 21.3 ± 2.3

Controls: 20.3 ± 4
	-
	DOT plot



	Meena et al., 2018 [22]
	Case-Control
	India
	5
	75/75
	35,481 (1905)
	33,884 (1513)
	-
	-
	-
	ELISA



	Nanda et al., 2013 [19]
	Cohort
	UK
	7
	60/240
	12,768.33 (3469.7)
	12,798.333 (3584.4)
	Cases: 32.3 ± 7.5

Controls: 32 ± 6.41
	Cases: 27.7 ± 7.2

Controls: 23.9 ± 3.35
	65%/42.5%
	ELISA



	Seol et al., 2011 [17]
	Case-Control
	Korea
	8
	16/16
	171,066.67 (18,694.8)
	200,533.33 (12,029.8)
	Cases: 31.9 ± 4.8

Controls: 30.8 ± 5.4
	Cases: 23.7 ± 3.4

Controls: 21.6 ± 2
	-
	ELISA



	Shangguan et al., 2009 [13]
	Case-Control
	China
	7
	26/27
	4.27 (3.13)
	2.65 (1.16)
	Cases: 27.5 ± 1.4

Controls: 29 ± 1.5
	Cases: 27.68 ± 3.28

Controls: 25.75 ± 3.03
	100%/100%
	ELISA



	Stepan et al., 2009 [18]
	Case-Control
	Germany
	8
	16/20
	24,500 (7600)
	22,300 (5500)
	Cases: 31.9 ± 5.9

Controls: 27.7 ± 6
	Cases: 22.4 ± 3.6

Controls: 20.7 ± 2.6
	-
	ELISA



	Vaisbuch et al., 2010 [14]
	Cross-sectional
	USA
	9
	104/134
	9760.7 (2971.4)
	9035.56 (2590.6)
	Cases: 24.16 ± 6.74 Controls: 25 ± 6.01
	Cases: 26.7 ± 4.88

Controls: 27.3 ± 7.86
	62.5%/27.6%
	ELISA



	Wang et al., 2018 [15]
	Case-Control
	China
	8
	18/25
	164.5 (44.07)
	120.25 (30.79)
	Cases: 28.85 ± 4.72

Controls: 31.18 ± 4.05
	Cases: 21.38 ± 3.2

Controls: 22.16 ± 3.15
	-
	ELISA



	Yliniemi et al., 2014 [16]
	Case-Control
	Finland
	9
	65/742
	57,733.3 (11,599.8)
	52,400 (12,032.7)
	Cases: 29.3 ± 5.3

Controls: 29.8 ± 5.86
	-
	-
	Immunoassay



	Zhang et al., 2017 [23]
	Case-Control
	China
	6
	86/33
	18,390 (5990)
	16,000 (7470)
	Cases: 30.28 ± 5.58

Controls: 30.49 ± 4.8
	Cases: 22.48 ± 3.02

Controls: 21.35 ± 2.13
	-
	ELISA







ELISA: Enzyme-linked Immunosorbent Assay; NOS: Newcastle–Ottawa Scale; RBP4: Retinol-binding protein 4; KSA: Kingdom of Saudi Arabia; UK: United Kingdom; USA: United States of America.
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Table 2. Subgroup analysis of the association between retinol-binding protein 4 and preeclampsia.
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Sub-Group

	
No. Included Studies

	
No. Preeclampsia

	
No. Normal Controls

	
SMD (95% CI)

	
Higgin’s Index

I2






	
Trimester of RBP4

measurements

	

	

	

	




	
3rd trimester

	
10

	
430

	
418

	
0.70 (0.081; 1.331)

	
90%




	
1st trimester

	
3

	
139

	
993

	
0.14 (−0.264; 0.531)

	
72%




	
Disease severity

	

	

	

	

	




	
Severe-preeclampsia

	
4

	
181

	
811

	
0.71 (0.270; 1.145)

	
61%




	
All spectrum

	
9

	
388

	
600

	
0.44 (−0.271; 1.143)

	
92%




	
Studies Continent

	

	

	




	
Europe & America

	
6

	
286

	
1174

	
0.44 (−0.144; 1.025)

	
82%




	
Asia

	
7

	
283

	
237

	
0.64 (−0.180, 1.466)

	
90%




	
RBP4 assay

	

	

	

	

	




	
ELISA

	
11

	
492

	
658

	
0.50 (−0.08; 1.08)

	
85%




	
Other methods

	
2

	
77

	
753

	
0.78 (−0.07; 1.63)

	
15%








Bold indicates a significant difference in the sub-group.
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Table 3. Meta-regression analysis for the factors that could affect the SMD of RBP4 in association with preeclampsia.
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	Covariate
	Estimate Coefficient
	Standard Error
	p-Value
	95% CI





	Study sample size
	−0.0002
	0.0019
	0.9001
	(−0.0034; 0.0039)



	Measuring RBP4 in the 3rd trimester
	0.8831
	0.9235
	0.339
	(−0.927; 2.6932)



	NOS
	−0.5838
	0.3516
	0.0969
	(−1.2729; 0.1054)



	Disease severity: Severe-preeclampsia
	1.2851
	0.9464
	0.1745
	(−0.5698; 3.1401)



	Year of publication
	−0.0575
	0.1219
	0.6373
	(−0.2964; 0.1815)



	Continent: Europe and America
	1.0822
	0.8609
	0.2087
	(−0.6051; 2.7696)



	Study design: Non-case-control design
	−0.0102
	0.8851
	0.9908
	(−1.745; 1.7246)
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