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Objective

To assess whether low-grade inflammation, measured by serum high-sensitivity C-reactive protein (hsCRP) levels, is associated with in vitro fertilization (IVF) outcomes.



Design

A retrospective study.



Setting

University-affiliated IVF center.



Patient(s)

In the present study, 875 women of normal weight who underwent their first fresh embryo transfer (ET) cycles for IVF treatment were divided into three groups according to serum concentrations of hsCRP.



Intervention(s)

Serum from women undergoing IVF was collected on days 2-4 of a spontaneous menstrual cycle prior to the commencement of ovarian stimulation.



Main Outcome Measure(s)

The IVF outcomes included implantation, biochemical pregnancy, clinical pregnancy, miscarriage and live birth rates.



Result(s)

The women were divided into three groups according to the baseline serum levels of hsCRP as follows: low hsCRP (<1 mg/L; n=517), medium hsCRP (1-3 mg/L; n= 270), high hsCRP (>3 mg/L; n=88). The maternal age was similar among the three groups. The women in the high and medium hsCRP group had significantly higher BMI compared with those in the low hsCRP group. The protocol of controlled ovarian hyperstimulation, the gonadotropin dose administered, the serum estradiol levels, progesterone levels and the endometrial thickness on the day of triggering, as well as the number of retrieved oocytes, fertilized oocytes and good quality embryos, and the oocyte maturation rate were similar among the three groups. Implantation, biochemical pregnancy and clinical miscarriage rates did not differ significantly were not significantly different among three groups. The clinical pregnancy rate was significantly lower in the high hsCRP group compared with that in the low hsCRP group (50.0% versus 63.4%; P<0.0167), which contributed to a significant decrease in birth rate (39.8% versus 53.8%; P<0.0167). High serum hsCRP levels was found to be a factor affecting live birth rate



Conclusion(s)

Among women of normal weight undergoing their first IVF treatment, it was found that low-grade inflammation was associated with reduced clinical pregnancy and live birth rates following fresh ET cycles.
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Introduction

Inflammatory molecules and immune cells play an essential role in the functional processes of ovarian folliculogenesis, ovulation and embryo implantation (1). The increased expression of the pro-inflammatory cytokines, tumor necrosis factor (TNF-α), interleukin (IL)-6 and IL-8, has been shown to be associated with ovulatory dysfunction and impaired oocyte quality (2, 3). The genomic and transcriptomic analyses on follicular cells and endometrial fluid from women who achieved pregnancy and those who did not following in vitro fertilization (IVF) has revealed that an increased local inflammatory state was a key factor limiting IVF success (4, 5). Moreover, circulating levels of pro-inflammatory molecules, such as resistin, leptin, and IL-22 have been found to be elevated in patients with recurrent miscarriage and repeated implantation failure (6). These findings demonstrate that a disrupted balance of pro- and anti-inflammatory factors may underlie reproductive failure.

High-sensitivity C-reactive protein (hsCRP) is a well-established marker of systemic inflammation in clinical practice, and is a liver-derived acute phase protein produced in response to the release of IL-6 from activated immune cells, such as macrophages and adipocytes (7). In response to acute infection and tissue damage, serum levels of CRP increase rapidly by ~1,000-fold within several hours, whereas moderately elevated levels of hsCRP are considered to reflect chronic low-grade inflammation that is caused by various factors (7–11). Increased serum CRP levels have been linked to reduced fecundability and poor ART outcomes (11, 12). In the Effects of Aspirin in Gestation and Reproduction (EAGER) trial, among women with higher levels of systemic inflammation (hsCRP≥1.95 mg/L) attempting conception, the daily use of low-dose aspirin(LDA) improved clinical pregnancy and live birth rates compared with women assigned the placebo. Such a significant effect of LDA was identified in women with a body mass index (BMI) <25 kg/m2, although no statistically significant effect was found in overweight/obese women (13). It has been suggested that BMI is strongly and positively associated with serum CRP concentrations (14–16). These findings indicate that BMI is a confounder of the association between low-grade inflammation and fertility.

However, the association between serum CRP concentrations measured measured prior to ovarian stimulation and IVF success has not yet been fully investigated. Buyuk et al. (14) showed a significant decrease of CRP levels in pregnant women compared with non-pregnant women, whereas others found similar CRP levels in both groups (17, 18). These studies had a small sample size, and none of them assessed the association between baseline CRP concentrations and live birth rates following IVF. To date, to the best of our knowledge, there are no available data on the effects of elevated hsCRP levels on IVF outcomes in women of normal weight.

The aim of the present study was to examine whether low-grade inflammation, measured by serum hsCRP levels prior to ovarian stimulation, is associated with IVF outcomes independently from adiposity, using a larger sample of women. In addition, the present study assessed whether the baseline serum CRP levels were independently associated with the possibility of live birth. Our study defined low-grade inflammation as serum hsCRP levels>3 mg/L. This cut-point has been chosen based on the Center for Disease Control and Prevention and the American Heart Association recommendations, which defined hsCRP levels of >3 mg/L as high (19). Clear CRP thresholds are considered to denote inflammation levels (<1 = ‘low’, 1-3 = ‘medium’, >3mg/L= ‘high’) in studies on cardiovascular disease, depression and cancer (19–21). Therefore, we carried out analyses using the above cut-off values as indicators of hsCRP levels.



Materials and methods


Study population and design

We retrospectively reviewed women who underwent their first fresh ET cycles for IVF/ICSI treatment in the reproductive medical center of the First Affiliated Hospital of Zhengzhou University between 1 July 2021 and 31 November 2021. In the course of routine workup for treatment, women underwent transvaginal ultrasound, testing of baseline sex hormones serum levels on day 2-4 of menstruation. As part of their routine workup, women at our center also underwent CRP assessments. In total, 875 normal-weight women (BMI 18.5-25kg/m2) who had their serum hsCRP measured prior to initiation of ovarian stimulation were included. Baseline serum concentrations of hsCRP were quantified by immunoturbidimetric assay using Aristo autoanalyzer. Exclusion criteria were: 1) women who had all their oocytes or embryos electively cryopreserved; 2) cycles that were cancelled because of no transferable embryos or personal reasons;3) women with hsCRP≥10 mg/L, a level which usually indicates the presence of acute infection or injury as opposed to chronic low-grade inflammation; 4) women with autoimmune disorders, such as antiphospholipid syndrome, sjogren’s syndrome and systemic lupus erythematosus, etc. Data from oocyte donation cycles were excluded. To investigate the relation of low-grade inflammation to IVF outcomes, three groups were established based on serum hsCRP levels (low, <1 mg/L; medium, 1-3 mg/L; high, >3 mg/L). Finally, implantation rates, clinical pregnancy rates, live birth rates and miscarriage rates were compared between the groups, we then used binary logistic regression model to examine the effect of hsCRP levels on the probability of live birth. The study was a retrospective study approved by the Medical Ethics Committee, and written informed consent was obtained from all women during the first consultation.

The data in current study were collected from the Clinical Reproductive Medicine Management System/Electronic Medical Record Cohort Database (CCRM/EMRCD) at our center. The baseline characteristics were the woman’s age, BMI, AMH, AFC, the baseline FSH, previous miscarriages, and the type and the duration of infertility, infertility factors (tubal factor, male factor, diminished ovarian reserve, polycystic ovary syndrome, endometriosis, and unexplained infertility). The cycle characteristics included the type of ART (IVF or ICSI), the stimulation protocol for fresh ET, the total gonadotropin dose, the number of retrieved, mature and fertilized oocytes, the number of good quality embryos, the number of frozen embryos, and the number of transferred embryos.

The implantation rate was calculated as the number of gestational sacs observed by vaginal ultrasound divided by the number of transferred embryos. Clinical pregnancy rate was calculated as the number of women with ultrasound detected presence of one or more gestational sacs after ET divided by the number of women undergoing ET.

Biochemical pregnancy was defined as a pregnancy diagnosed only by the testing for HCG in serum or urine and did not develop into a clinical pregnancy. The clinical miscarriage rate was calculated as the number of women with pregnancy loss before 20 weeks of gestation divided by the number of women with clinical pregnancy. Live birth was defined as delivery of any viable infant after 20 weeks of gestational age. Live birth rate was calculated by dividing the number of live births by the number of transfer cycles.



Treatment protocol

Ovarian stimulation was performed with a starting dose of exogenous gonadotrophin (ranging from 112.5 to 300 IU) based on the patient’s age, BMI and ovarian function. The subsequent dose was continuously adjusted to meet patient’s needs. Follicle growth was monitored by transvaginal ultrasound and the serum levels of estradiol, progesterone and LH were measured regularly. When the dominant follicles larger than 16mm accounted for more than 2/3 of all follicles or a follicle reached 20mm in mean diameter, final follicular maturation and ovulation was triggered with the use of Aizer 250 μg (Merck Serono, Italy) or hCG 2,000 IU (Zhuhai Lizhu Medicine). Oocyte retrieval was performed under the guidance of transvaginal ultrasound 36-37 hours after hCG administration, followed by fresh embryo transfers on day 3 or day 5.



Statistical analyses

Statistical analysis was performed using SPSS 26.0 software. Categorical variables were expressed as frequency (percentages) and continuous variables as means ± standard deviation. We used chi-square tests and Bonferroni correction to compare differences in categorical variables. Comparisons of continuous variables among independent groups were performed using Kruskal-Wallis test or one-way ANOVA, with a Bonferroni correction for multiple comparisons. We included some clinical variables as potential confounders that may have interacted with the effect of hsCRP on pregnancy outcomes. A multivariable logistic regression analysis was used to examine the effect of hsCRP categories on the probability of live birth. Adjusted odds ratios (aORs) with 95% confidence intervals (CIs) were estimated. P values were two-sided and a P value of <0.05 defined statistical significance (adjusted P-value following Bonferroni was 0.0167).




Results

A total of 875 women undergoing their first fresh ET cycle for IVF treatment were included in this research. The median serum concentration of hsCRP was 0.8 mg/L, ranging from 0.01 to 9.6 mg/L, with overall wide range of hsCRP in study subjects. Of all women, 517 (59.1%) had low (<1 mg/L), 270 (30.9%) had medium (1-3 mg/L) and 88(10.0%)had high (>3 mg/L) levels of hsCRP. The basic characteristics of the three groups were shown in Table 1. The women’s median age was 33.8 years and ranged from 20 to 49 years, there was no statistical difference in age among the three groups. As expected, with increasing serum hsCRP levels, BMI increased, the medium and high hsCRP group had significantly higher BMI compared with the low hsCRP group (22.52 ± 1.70 versus 21.51 ± 1.77 kg/m2, 22.88 ± 1.43 versus 21.51 ± 1.77 kg/m2, respectively; P<0.001). There was a significant difference among three groups in baseline FSH levels (7.44 ± 3.05, 6.50 ± 2.22 and 6.51 ± 1.91mIU/ml, respectively; P<0.001). Groups were similar in terms of history of miscarriage, duration and the type of infertility. Apart from PCOS, other causes of infertility were similar among the different hsCRP groups, with tubal factor being the most common. In total, 18.2% of the women in the high hsCRP group were diagnosed with PCOS, which was significantly higher than that in the low hsCRP group (18.2% versus 7.4%; P<0.0167). This may lead to differences in the baseline FSH levels among groups.


Table 1 | Basic clinical characteristics of women with low, moderate and high hsCRP.



The IVF cycle characteristics were listed in Table 2. There were no statistically significant differences among the three groups in terms of the protocol of controlled ovarian hyperstimulation or gonadotropin dose administered; the same can be said for the serum estradiol, progesterone and the endometrial thickness on the day of triggering. The number of retrieved oocytes, fertilized oocytes and good quality embryos, and the oocyte maturation rate showed no significant difference among the hsCRP groups.


Table 2 | Basic cycle characteristics of women with low, moderate and high hsCRP.



Regarding clinical outcomes, implantation rate and clinical miscarriage rate were not significantly different among the three groups, although there was a tendency to poorer results in women with high hsCRP levels (Figure 1A and Table 3). However, the clinical pregnancy rate was significantly lower in the high hsCRP group compared with that in the low hsCRP group (50.0% versus 63.4%; P<0.0167), which contributed to a significant decrease in birth rate (39.8% versus 53.8%; P<0.0167) (Figure 1B and Table 3).




Figure 1 | IVF clinical outcomes according to woman’s hsCRP level. (A) Percentage of implantation, biochemical pregnancy and clinical miscarriage rate after fresh embryo transfer cycles among women with low (<1 mg/L), medium (1-3 mg/L) and high (>3 mg/L) hsCRP level. (B) The frequencies of clinical pregnancy and live birth after fresh embryo transfer cycles according to the hsCRP levels. “*” means statistically significant difference (P<.0.0167) for clinical pregnancy and live birth rate in the high hsCRP group compared with low hsCRP group.




Table 3 | IVF outcomes of women with low, moderate and high hsCRP.



As shown in Figure 2, the logistic regression analysis showed that high hsCRP levels, compared with low hsCRP levels (aOR: 0.543 (0.332–0.888); P=0.015), was significantly associated with a reduction in live birth rate per fresh ET. Maternal age and the serum progesterone and the endometrial thickness on the day of triggering were also associated with live birth rate. However, the distribution of these factors was similar in the three hsCRP groups. No other factor was found to have an influence on the rate of live birth.




Figure 2 | Logistic regression analysis of potential factors associated with live birth rate. ‘aOR’ indicates that the odds ratio (OR) and 95% CI were adjusted for potential confounding factors.





Discussion

In the present retrospective study on women of normal weight undergoing their first fresh ET cycles for IVF treatment, reduced clinical pregnancy and live birth rates were observed in women with high baseline serum levels of hsCRP (>3 mg/L) compared with women with low levels of hsCRP (<1 mg/L). In addition, our study found that high baseline serum levels of hsCRP were associated with the reduced live birth rate, independently of several potential confounding factors, such as maternal age, baseline FSH levels, infertility diagnosis, infertility factors, and the serum progesterone and the endometrial thickness on the day of triggering.

A previous prospective study demonstrated a significant decrease in CRP concentrations prior to ovarian stimulation in women who became pregnant compared with those who did not following IVF treatment (621 ± 140 ng/mL versus 1,007 ± 131 ng/mL; P=0.047). Such a difference was shown to be more pronounced in women with diminished ovarian reserve (DOR), suggesting that higher CRP levels could lead to lower pregnancy rates and that serum CRP levels had a greater sensitivity for predicting no clinical pregnancy in women with DOR (14). In agreement with these findings, the present study observed a significantly higher rate of clinical pregnancy in the low hsCRP group than in the high hsCRP group (63.4% versus 50.0%; P<0.0167). Notably, Buyuk et al. (14) included only a very small number of participants (n=38) in their analysis, comprising 11 pregnant women and 27 non-pregnant, and had relatively lower baseline CRP levels overall. In addition, two other studies found that the baseline concentrations of CRP were lower in women who conceived compared with women who failed to conceive, although this difference was not significant; however, in the study by Sack et al., the median CRP concentrations in the serum of both groups of women were <2 mg/L, thus potentially weakening the difference between the groups (15, 22). Furthermore, two small retrospective studies indicated that there was no association between circulating CRP levels measured before ovarian stimulation and IVF success (17, 18). Previous findings have supported that female age and BMI are strongly associated with pregnancy rates in women undergoing IVF (23). As women age, the quality and quantity of their oocytes decline, leading to decreased IVF success rates (24). However, women who achieved pregnancy were at significantly younger ages than those who did not in three studies (14, 15, 22), and the female age was not provided in one study (17), which may influence the association between CRP levels and clinical pregnancy rates following IVF. Seckin et al. (18) included study subjects with high CRP levels (3.61 ± 2.86 and 3.24 ± 2.68 mg/L) and high BMI (25.9 ± 3.9 and 25.3 ± 4.0 kg/m2) in both the pregnant and non-pregnant groups; thus, it was difficult to detect the effects of low-grade inflammation on pregnancy outcomes.

In the present study, the sample size allowed for a detailed analysis stratified by hsCRP levels, comprising 875 cycles, with 517 women with low hsCRP levels, 270 women with medium hsCRP levels and 88 women with high hsCRP levels. The maternal age was similar among the three hsCRP groups. Additionally, obesity may result in the increased secretion of pro-inflammatory cytokines, including TNF-α, IL-6 and CRP, causing chronic inflammation, and the impaired quality and development of embryos. Adipocytes also produce adipokines, which promote the additional release of pro-inflammatory cytokines (25, 26). Furthermore, female obesity can negatively and significantly affect pregnancy outcomes following IVF, regardless of an inflammatory milieu (3, 27). Therefore, there may be differences in the association between obesity-associated and non-obesity-associated inflammation and reproduction. Recently, a prospective study found that high preconception CRP levels (≥1.95 mg/L) were associated with a significant decrease in the number of clinical pregnancies and live birth rates among women attempting to conceive naturally. However, this association was attenuated following the adjustment for BMI (12). On the whole, BMI is a confounding factor for the association between CRP levels and pregnancy rates, as previously described (13), and hsCRP has been shown to function as an indicator of women who are at a risk of impaired fertility. To our knowledge no data are available in the literature on the effects of elevated baseline levels of hsCRP on IVF outcomes in women of normal weight. Our study is therefore unique, since it was demonstrated that high serum levels of hsCRP were significantly associated with a decreased clinical pregnancy rate in women with a BMI <25 kg/m2 who underwent their first IVF treatment. Finally, as regards the clinical outcomes following IVF treatment, in addition to clinical pregnancy, we further compared the rate of implantation, miscarriage and live birth rate between the three hsCRP groups. This allows for a more comprehensive assessment of the association between low-grade inflammation and IVF outcomes.

The finding of the present study is consistent with that reported by Brouillet et al. (11), suggesting that high circulating levels of hsCRP during preconception could impair oocyte developmental competence, embryo quality or endometrial receptivity. Previous study has observed that the serum CRP concentrations were significantly elevated in the early phase of anovulatory cycles compared to those of ovulatory cycles (28). It has also been proposed that there is a strong association between the concentrations of CRP in serum and follicular fluid, revealing a direct association between systemic and reproductive system inflammation (29). Furthermore, in IVF, some studies have reported increased serum resistin levels, and follicular TNF-α, IL-8 and IL-12 levels are negatively associated with the number (30) and quality of oocytes (31, 32). Notably, our study found that the number of retrieved oocytes, fertilized oocyte and good quality embryos did not differ significantly among the three hsCRP groups; however, the clinical pregnancy rates were significantly decreased in women with high levels of CRP, suggesting that poor pregnancy outcomes may, in part, be attributed to abnormalities in embryo development, altered endometrial receptivity or a limited ability to predict the embryo quality by the conventional assessment of embryo morphology. For instance, Radin et al. (33) showed that high preconception hsCRP levels reduced pre or post-implantation survival of male embryos among women attempting to conceive naturally, and that daily LDA treatment prior to conception could decrease the serum hsCRP concentrations, restoring the normal offspring sex ratio. This harmful effect of higher maternal inflammation on male embryos is consistent with the results from in vivo animal research (34). Furthermore, the exposure of metaphase-II mouse oocytes to recombinant mouse IL-6 (50, 100 and 200 ng/ml) can result in a dose-dependent deterioration in microtubule and chromosomal alignment, suggesting that elevated IL-6 levels can affect embryos development via the impairment of microtubule and chromosomal structures (35). Although direct evidence is lacking, the expression of growth differentiation factor 9 (GDF9) and bone morphogenetic protein 15 (BMP15, also known as GDF9b) in other organs is influenced by inflammation (36, 37). It is reasonable to assume that inflammatory processes in the ovaries can affect the delicate interaction between oocyte and cumulus cells, thus negatively affecting both the meiotic and cytoplasmic maturation of oocytes. To date, no data have been reported regarding the association between CRP concentrations and the aneuploidy rate. Future research on the effects of serum and follicular CRP concentrations on embryo aneuploidy may be helpful in determining the role of inflammation in human embryo quality and development. Concerning the impact of chronic inflammation on endometrial receptivity, previous research has indicated that an excessive upregulation of inflammatory responses in decidual cells may reduce the window of receptivity and lead to implantation failure following IVF (38). Furthermore, the elevated expression of pro-inflammatory proteins has been found in endometrial fluid aspirated immediately prior to ET in those who did not become pregnant in comparison to those who became pregnant, revealing an increased inflammatory state in the non-implantation endometrium (5).

Some limitations of our study should be noted. First, this was a retrospective study, and thus, potential bias could not be fully avoided. Second, no definite conclusions can be drawn from the results on the mechanisms through which low-grade inflammation affects IVF outcomes. Thus, the mechanisms underlying the decreased clinical pregnancy rates in women of normal weight with high baseline serum levels of hsCRP need to be properly addressed. Finally, the limited sample size of the high hsCRP group may affect the statistical significance of the results.



Conclusion

The present study provides preliminary evidence that, among women of normal weight undergoing their first IVF treatment, high baseline serum levels of hsCRP (>3mg/L) are associated with reduced clinical pregnancy and live birth rates following fresh ET cycles compared with low serum levels of hsCRP (<1mg/L). This indicates that low-grade inflammation may be harmful to IVF outcomes, independently of adiposity. Moreover, high serum hsCRP levels was found to be a factor affecting the live birth rate. The measurement of serum hsCRP concentrations prior to commencing ovarian stimulation may be a potentially useful test for the personalized clinical management of women undergoing IVF.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by Research Ethics Committee of the First Affiliated Hospital of Zhengzhou University. The patients/participants provided their written informed consent to participate in this study.



Author contributions

GL and HZ conceived of and designed the study. GL, HJ and FL selected the population to be included and excluded. HZ, XL and FZ collected and analyzed clinical data. HJ and YS reviewed the data. GL and HZ drafted the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by the Youth and Middle-aged Healthy, Scientific and Technological Innovation Leading Talents Program of Henan Province (YXKC2021015), Henan Medical Science and Technology Research Plan (SBGJ202002048), and the Key Research Projects of Henan Higher Education Institutions (22A320020).



Acknowledgments

We thank the women who participated in this study and all the physicians and nurses at our center for their contribution to the data collection.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



References

1. Zavatta, A, Parisi, F, Mandò, C, Scaccabarozzi, C, Savasi, VM, and Cetin, I. Role of inflammaging on the reproductive function and pregnancy. Clin Rev Allergy Immunol (2022), 1–16. doi: 10.1007/s12016-021-08907-9

2. Moragianni, VA, Jones, SM, and Ryley, DA. The effect of body mass index on the outcomes of first assisted reproductive technology cycles. Fertil Steril (2012) 98:102–8. doi: 10.1016/j.fertnstert.2012.04.004

3. Snider, AP, and Wood, JR. Obesity induces ovarian inflammation and reduces oocyte quality. Reproduction (2019) 158:R79–r90. doi: 10.1530/rep-18-0583

4. Fortin, CS, Leader, A, Mahutte, N, Hamilton, S, Léveillé, MC, Villeneuve, M, et al. Gene expression analysis of follicular cells revealed inflammation as a potential IVF failure cause. J Assist Reprod Genet (2019) 36:1195–210. doi: 10.1007/s10815-019-01447-4

5. Azkargorta, M, Escobes, I, Iloro, I, Osinalde, N, Corral, B, Ibañez-Perez, J, et al. Differential proteomic analysis of endometrial fluid suggests increased inflammation and impaired glucose metabolism in non-implantative IVF cycles and pinpoints PYGB as a putative implantation marker. Hum Reprod (2018) 33:1898–906. doi: 10.1093/humrep/dey274

6. Galgani, M, Insabato, L, Calì, G, Della Gatta, AN, Mirra, P, Papaccio, F, et al. Regulatory T cells, inflammation, and endoplasmic reticulum stress in women with defective endometrial receptivity. Fertil Steril (2015) 103:1579–86.e1. doi: 10.1016/j.fertnstert.2015.03.014

7. Pepys, MB, and Hirschfield, GM. C-reactive protein: A critical update. J Clin Invest (2003) 111:1805–12. doi: 10.1172/jci18921

8. Ansar, W, and Ghosh, S. C-reactive protein and the biology of disease. Immunol Res (2013) 56:131–42. doi: 10.1007/s12026-013-8384-0

9. Saltiel, AR, and Olefsky, JM. Inflammatory mechanisms linking obesity and metabolic disease. J Clin Invest (2017) 127:1–4. doi: 10.1172/jci92035

10. Puri, R, Nissen, SE, Arsenault, BJ, St John, J, Riesmeyer, JS, Ruotolo, G, et al. Effect of c-reactive protein on lipoprotein(a)-associated cardiovascular risk in optimally treated patients with high-risk vascular disease: A prespecified secondary analysis of the ACCELERATE trial. JAMA Cardiol (2020) 5:1136–43. doi: 10.1001/jamacardio.2020.2413

11. Brouillet, S, Boursier, G, Anav, M, Du Boulet de la Boissière, B, Gala, A, Ferrieres-Hoa, A, et al. C-reactive protein and ART outcomes: a systematic review. Hum Reprod Update (2020) 26:753–73. doi: 10.1093/humupd/dmaa012

12. Radin, RG, Sjaarda, LA, Silver, RM, Nobles, CJ, Mumford, SL, Perkins, NJ, et al. C-reactive protein in relation to fecundability and anovulation among eumenorrheic women. Fertil Steril (2018) 109:232–39.e1. doi: 10.1016/j.fertnstert.2017.10.025

13. Sjaarda, LA, Radin, RG, Silver, RM, Mitchell, E, Mumford, SL, Wilcox, B, et al. Preconception low-dose aspirin restores diminished pregnancy and live birth rates in women with low-grade inflammation: A secondary analysis of a randomized trial. J Clin Endocrinol Metab (2017) 102:1495–504. doi: 10.1210/jc.2016-2917

14. Buyuk, E, Asemota, OA, Merhi, Z, Charron, MJ, Berger, DS, Zapantis, A, et al. Serum and follicular fluid monocyte chemotactic protein-1 levels are elevated in obese women and are associated with poorer clinical pregnancy rate after in vitro fertilization: a pilot study. Fertil Steril (2017) 107:632–40.e3. doi: 10.1016/j.fertnstert.2016.12.023

15. Wunder, DM, Kretschmer, R, and Bersinger, NA. Concentrations of leptin and c-reactive protein in serum and follicular fluid during assisted reproductive cycles. Hum Reprod (2005) 20:1266–71. doi: 10.1093/humrep/deh767

16. Del Giudice, M, and Gangestad, SW. Rethinking IL-6 and CRP: Why they are more than inflammatory biomarkers, and why it matters. Brain Behav Immun (2018) 70:61–75. doi: 10.1016/j.bbi.2018.02.013

17. Robinson, S, Pemberton, P, Laing, I, and Nardo, LG. Low grade inflammation, as evidenced by basal high sensitivity CRP, is not correlated to outcome measures in IVF. J Assist Reprod Genet (2008) 25:383–8. doi: 10.1007/s10815-008-9253-y

18. Seckin, B, Ozaksit, G, Batioglu, S, Ozel, M, Aydoğan, M, and Senturk, B. The relationship between the change in serum high sensitivity c-reactive protein levels and IVF success. Gynecol Endocrinol (2012) 28:418–21. doi: 10.3109/09513590.2011.633653

19. Pearson, TA, Mensah, GA, Alexander, RW, Anderson, JL, Cannon, RO 3rd, Criqui, M, et al. Markers of inflammation and cardiovascular disease: Application to clinical and public health practice: A statement for healthcare professionals from the centers for disease control and prevention and the American heart association. Circulation (2003) 107:499–511. doi: 10.1161/01.cir.0000052939.59093.45

20. Osimo, EF, Baxter, LJ, Lewis, G, Jones, PB, and Khandaker, GM. Prevalence of low-grade inflammation in depression: a systematic review and meta-analysis of CRP levels. Psychol Med (2019) 49:1958–70. doi: 10.1017/s0033291719001454

21. Allin, KH, and Nordestgaard, BG. Elevated c-reactive protein in the diagnosis, prognosis, and cause of cancer. Crit Rev Clin Lab Sci (2011) 48:155–70. doi: 10.3109/10408363.2011.599831

22. Sacks, GP, Seyani, L, Lavery, S, and Trew, G. Maternal c-reactive protein levels are raised at 4 weeks gestation. Hum Reprod (2004) 19:1025–30. doi: 10.1093/humrep/deh179

23. Attali, E, and Yogev, Y. The impact of advanced maternal age on pregnancy outcome. Best Pract Res Clin Obstet Gynaecol (2021) 70:2–9. doi: 10.1016/j.bpobgyn.2020.06.006

24. Cetin, MT, Kumtepe, Y, Kiran, H, and Seydaoglu, G. Factors affecting pregnancy in IVF: age and duration of embryo transfer. Reprod BioMed Online (2010) 20:380–6. doi: 10.1016/j.rbmo.2009.12.008

25. Hotamisligil, GS. Inflammation and metabolic disorders. Nature (2006) 444:860–7. doi: 10.1038/nature05485

26. Ouchi, N, Parker, JL, Lugus, JJ, and Walsh, K. Adipokines in inflammation and metabolic disease. Nat Rev Immunol (2011) 11:85–97. doi: 10.1038/nri2921

27.Practice Committee of the American Society for Reproductive Medicine. Obesity and reproduction: A committee opinion. Fertil Steril (2021) 116:1266–85. doi: 10.1016/j.fertnstert.2021.08.018

28. Lorenz, TK, Worthman, CM, and Vitzthum, VJ. Links among inflammation, sexual activity and ovulation: Evolutionary trade-offs and clinical implications. Evol Med Public Health (2015) 2015:304–24. doi: 10.1093/emph/eov029

29. Orvieto, R, Chen, R, Ashkenazi, J, Ben-Haroush, A, Bar, J, and Fisch, B. C-reactive protein levels in patients undergoing controlled ovarian hyperstimulation for IVF cycle. Hum Reprod (2004) 19:357–9. doi: 10.1093/humrep/deh089

30. Chen, YC, Tsai, EM, Chen, HS, Liu, YH, Lee, CH, Chou, FH, et al. Serum resistin level is a predictor of ovarian response in in vitro fertilisation cycle. Acta Obstet Gynecol Scand (2007) 86:963–7. doi: 10.1080/00016340701434492

31. Lee, KS, Joo, BS, Na, YJ, Yoon, MS, Choi, OH, and Kim, WW. Relationships between concentrations of tumor necrosis factor-alpha and nitric oxide in follicular fluid and oocyte quality. J Assist Reprod Genet (2000) 17:222–8. doi: 10.1023/a:1009495913119

32. Singh, AK, Dutta, M, Chattopadhyay, R, Chakravarty, B, and Chaudhury, K. Intrafollicular interleukin-8, interleukin-12, and adrenomedullin are the promising prognostic markers of oocyte and embryo quality in women with endometriosis. J Assist Reprod Genet (2016) 33:1363–72. doi: 10.1007/s10815-016-0782-5

33. Radin, RG, Mumford, SL, Silver, RM, Lesher, LL, Galai, N, Faraggi, D, et al. Sex ratio following preconception low-dose aspirin in women with prior pregnancy loss. J Clin Invest (2015) 125:3619–26. doi: 10.1172/jci82357

34. Dobbs, KB, Gagné, D, Fournier, E, Dufort, I, Robert, C, Block, J, et al. Sexual dimorphism in developmental programming of the bovine preimplantation embryo caused by colony-stimulating factor 2. Biol Reprod (2014) 91:80. doi: 10.1095/biolreprod.114.121087

35. Banerjee, J, Sharma, R, Agarwal, A, Maitra, D, Diamond, MP, and Abu-Soud, HM. IL-6 and mouse oocyte spindle. PLoS One (2012) 7:e35535. doi: 10.1371/journal.pone.0035535

36. Chen, C, Shi, L, Li, Y, Wang, X, and Yang, S. Disease-specific dynamic biomarkers selected by integrating inflammatory mediators with clinical informatics in ARDS patients with severe pneumonia. Cell Biol Toxicol (2016) 32:169–84. doi: 10.1007/s10565-016-9322-4

37. Fuller, EA, Sominsky, L, Sutherland, JM, Redgrove, KA, Harms, L, McLaughlin, EA, et al. Neonatal immune activation depletes the ovarian follicle reserve and alters ovarian acute inflammatory mediators in neonatal rats. Biol Reprod (2017) 97:719–30. doi: 10.1093/biolre/iox123

38. Macklon, NS, and Brosens, JJ. The human endometrium as a sensor of embryo quality. Biol Reprod (2014) 91:98. doi: 10.1095/biolreprod.114.122846



Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Zhang, Li, Zhang, Li, Jin, Su and Li. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Serum C-reactive protein levels are associated with clinical pregnancy rate after in vitro fertilization among normal-weight women

      

        		

          Objective

        



        		

          Design

        



        		

          Setting

        



        		

          Patient(s)

        



        		

          Intervention(s)

        



        		

          Main Outcome Measure(s)

        



        		

          Result(s)

        



        		

          Conclusion(s)

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Study population and design

          



          		

            Treatment protocol

          



          		

            Statistical analyses

          



        



        



        		

          Results

        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
hsCRP (mg/L)

Characteristic 1-3 (n=270)

j(eN] 126 (24.4%) 65 (24.1%) 20 (22.7%) 0.946
Stimulation protocols 0.825
GnRH agonist J 500 (96.7%) 259 (95.9%) 85 (96.6%)

GnRH antagonist 17 (3.3%) 11 (4.1%) 3 (34%)

Gn dosage (IU) 2639.9 + 1344.95 2619.9 + 1083.5 2804.53 + 2140.66 0.530
E, on hCG (pg/mL) 3074.92 + 1771.97 3093.61 + 1828.71 2898.94 + 1736.54 0.659
P on hCG (ng/mL) 1.04 +0.58 1.03 +0.59 0.94 + 0.57 0.365
Endometrial thickness (mm) I 12.32 + 236 12.37 + 251 11.85 +2.29 0.195
No. of oocytes retrieved 12,09 +5.71 12.81 £ 621 12.94 +5.96 0.174
No. of MII oocytes 10.01 + 4.92 10.55 + 5.20 10.75 + 5.19 0218
No. of 2PN embryos 794 +4.13 8324437 8.34 + 437 0415
Oocyte maturation rate 0.84 £0.15 087 £0.73 0.84 £ 0.15 0.543
No. of good quality embryos 721 £3.94 7.39 £ 4.06 7.47 £ 3.96 0.751 ‘
No. of frozen embryos 3524279 3.63 2381 3.53+276 0.886
Stage of embryo transfer 0328
Cleavage embryos 357 (69.1%) 173 (64.1%) 57 (64.8%)

Blastocyst 160 (30.9%) 97 (35.9%) 31 (35.2%)

Data expressed as mean+SD or n(%). ICSI, intracytoplasmic sperm injection; Gn, gonadotropin; MII, mature oocytes; 2PN, fertilized oocytes with two pronuclei.





OEBPS/Images/table3.jpg
hsCRP (mg/L)

ot 1-3
Characteristic
(n=270)
Implantation rate 395 (49.5) 183 (46.2) 53 (40.8) 0.143
Il?;;)echemlcal pregnancy 28 (5.4) 23 (85) 6 (65) S5

Clinical pregnancy rate 328 (63.4)* 152 (56.3)° 44(50.0)* 0.021

Clinical miscarsi
tlmc fuscarnage 45 (13.7) 22 (14.5) 9 (20.5) 0.492
rate

Live birth rate 278 (53.8)* 129 (47.8)° 35 (39.8)° 0.029

Data expressed as n(%).‘a’andb’indicate that significant differences were detected between the
two groups. Statistical significance is defined as P<0.0167.
Statistical analysis was performed using Chi-square test and Bonferroni-adjusted test.





OEBPS/Images/fendo.2023.934766_cover.jpg
’ frontiers | Frontiers in Endocrinology

Serum C-reactive protein levels
are associated with clinical
pregnancy rate after in vitro
fertilization among normal-

weight women





OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/fendo-14-934766-g001.jpg
60.00%

50.00%

40.00%

30.00%

20.00%

10.00%

0.00%

Clinical outcome

<1 mg/t

e Implantation ratc == Biochemical pre

70.00%

60.00%

50.00%

40.00%

30.00%

20.00%

10.00%

0.00%

<Imgll

Clinical outcome

I *

1-3 mg/L.

ancy rate B Live birth rate

*
/L





OEBPS/Images/fendo-14-934766-g002.jpg
Variables aOR (95% ClI) P value

Baseline CRP (mg/L) :

>3 vs. <1 0.543(0.332-0.888) +Heo— E 0.015

>3vs. 1-3 0.809(0.588-1.113) I—O—E—I 0.193
Maternal age(years) 0.903(0.873-0.935) .E 0.000
FSH (mIU/ml) 0.978(0.926-1.033) !' 0.431
Infertility diagnosis E

Primary vs.Secondary 0.882(0.648-1.201) l—04:—| 0.426
Male factor vs.other 1.301(0.810-2.091) '_i_._| 0.277
DOR vs.other 0.764(0.455-1.284)  —@——i 0.310
PCOS vs.other 0.868(0.531-1.417) I—.E—I 0.571
P on hCG (ng/mL) 0.655(0.509-0.843) o E 0.001
Endometrial thickness (mm) 1.094(1.030-1.163) Inl 0.004

-_ 0
05 10 15 20





OEBPS/Images/table1.jpg
hsCRP (mg/L)

racteristic <1 (n=517) 1-3 (n=270)
Age (years) 31.24 + 479 31.81 + 4.63 30.92 +4.79 0173
BMI (kg/m?) 2151  1.77%° 2252 + 1.70° 22.88 + 143" <0.001
Baseline FSH (mIU/ml) 7.44 + 3.05"° 6.50 + 2.22° 6.51 + 191" <0.001
Baseline E, (pg/ml) 44.14 + 19.07 42.03 + 1620 45.87 +20.97 0292
Baseline LH (mIU/ml) 534 £ 401 4.92+337 556 + 5.09 0355
AMH (ng/ml) 3.40 £ 3.12 353 +2.88 397 £3.05 0271
AFC 14.82 £ 61.76 1274 £ 617 142 +6.03 0.844
History of miscarriage 213 (41.2%) 107 (39.6%) 30 (34.1%) 0448
Infertility diagnosis [ | 0.233
Primary infertility 250 (48.4%) 138 (51.1%) 51 (58.0%)
Secondary infertility 267 (51.6%) 132 (48.9%) 37 (42.0%)
Duration of infertility (years) 344%27 3.66 + 2.58 295 £ 2.06 0.085
Tubal factor 263 (50.9%) 136 (50.4%) 37 (42.0%) 0303
Male factor 64 (12.4%) 25 (9.3%) 7 (8.0%) 0262
DOR 51 (9.9%) 27 (10.0%) 11 (12.5%) 0747
PCOS 38 (7.4%)°" 31 (11.5%)" 16 (18.2%)* 0.003
Endometriosis 33 (6.4%) 10 (3.7%) 1(1.1%) 0.056
[ Unexplained/Other 68 (13.2%) 41 (15.2%) 16 (18.2%) 0.404

Data expressed as mean+SD or n(%). hsCRP, high-sensitivity C-reactive protein; BMI, body mass index; FSH, follicle-stimulating hormone; E2, estradiol; LH, luteinizing hormone; AMH, anti-
mullerian hormone; AFC, antral follicle count; DOR, diminished ovarian reserve; PCOS, polycystic ovary syndrome.
‘a’, ‘b’ and ‘C’ indicate that significant differences were detected between the two groups.





