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An independent association between chronic hepatitis B virus (HBV) and the development of gestational diabetes (GDM) has been reported in the literature. Ethnic background and regional influences have been demonstrated to play a role in the reporting of incidence rates of GDM among women with chronic HBV. The mechanisms behind this association are poorly understood, but evidence suggests an inflammatory basis. Viral factors such as chronic HBV replication, quantifiable by HBV viral load, have been proposed to contribute to the increasing risk of insulin resistance in pregnancy. More research is needed to better characterise the association and determine if any interventions early in pregnancy for women infected with chronic HBV would mitigate the development of GDM.
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Introduction

Chronic HBV infection is a major public health challenge with a prevalence of 3.5% and 257 million people living with chronic HBV worldwide (1). Mother to child transmission (MTCT) during parturition is the most common mode of acquisition in high prevalence regions, with a 90% risk of developing chronic HBV compared to 10% following infection in adulthood (2). In addition to the risk of MTCT of HBV, recent studies have also examined associations between chronic HBV and numerous adverse pregnancy outcomes (3–21) one of which is an increased risk of developing gestational diabetes mellitus (GDM), defined as any degree of glucose intolerance first diagnosed in pregnancy (22).

GDM is associated with a number of adverse outcomes and complications in pregnancy, such as an increased risk of preterm birth, pre-eclampsia and fetal macrosomia resulting in a higher risk of shoulder dystocia and/or operative delivery (23). Neonates of pregnancies complicated by GDM are also at a higher risk of hypoglycaemia and subsequent brain injury if not appropriately managed (23). Furthermore, GDM predisposes women to an increased lifetime risk of type 2 diabetes mellitus (T2DM) and cardiovascular disease (CVD); and via epigenetic modifications can expose babies of mothers with GDM to an increased risk of childhood obesity, T2DM, CVD and associated metabolic diseases (23).

Several epidemiological studies have reported an association between chronic HBV and the development of GDM, even after traditional risk factors for GDM were taken into account such as body mass index (BMI), age, parity, smoking status and region of birth (3–7, 11, 12, 18–21). Different statistical approaches have been applied across the different studies, restricting direct comparisons. However even after considering these differences the magnitude of this association varies from an adjusted incidence risk ratio of 1.2 (5), relative risk 3.5 (21) and adjusted odds ratio of 1.41 (11). This paper aims to review the existing literature exploring the risk of developing GDM amongst pregnant women with chronic HBV and possible mechanisms for this association.


Epidemiology of HBV

The epidemiological distribution of HBV can be broadly classified into high- (>8%), intermediate- (2%–7%) and low-prevalence (<2%) areas (24). Globally, it has been estimated that 45% of the world's population lives in an area of high prevalence (25), particularly in the Asia Pacific and sub-Saharan Africa. These regions are characterised by perinatal or vertical modes of transmission (2, 26), and a predominance of HBV genotypes B and C (26). People living in low-HBV-prevalence countries make up the minority of the global population (∼12%), and include Australia, Northern and Western Europe, Japan and North America (24). In low-prevalence areas, the incidence of vertical and horizontal transmission in childhood is low, with most incident infections occurring in adolescence and adulthood through sexual contact, injecting drug use, and other blood-borne exposures (24). Global migration from higher prevalence to lower-prevalence countries is also an important determinant of the burden of chronic HBV in these countries, where the prevalence in migrants generally reflects that of their country of origin (24).



Epidemiology of GDM

Analysis conducted by the International Diabetes Foundation (IDF) including 51 studies across 41 countries, estimated 20.4 million or 15.8% of live births in 2019 to women aged 20–49 were affected by a form of Hyperglycaemia in Pregnancy (HIP); of which 83.6% were due to GDM (27). The vast majority of cases of HIP (86.8%) are found in low to middle income countries, where access to antenatal care is often limited (27). Regional differences in the prevalence rates of HIP and GDM have been reported. The 2019 IDF analysis reports the highest age-adjusted comparative prevalence rates of HIP in Southeast Asia (27%) followed by North America and Caribbean (20.8%), and lowest in Africa (9.6%) and Middle East and North Africa (7.5%) (27). In contrast, a systematic review conducted between 2005 and 2015 reports the following median GDM prevalence rates for the same regions: Middle East and North Africa (12.9%), Southeast Asia (11.7%) Africa (8.9%), North America and Caribbean (7%) (28). The discrepancy on data estimates of global GDM prevalence over time has been suggested to be partly attributable to a lack of consensus and uniformity in GDM screening standards and diagnostic criteria across regions and studies (28).

Differences in rates of GDM are reported across individuals with different countries of birth. The reasons underlying these differences are still to be further elucidated, but accumulating evidence suggests the mechanisms could be multi-faceted, including differences in body composition, lifestyle (diet and physical activity), cultural practices and genetic susceptibility (28, 29).



Ethnic and regional influences on GDM incidence among people with chronic HBV

Several studies report an association between chronic HBV and development of GDM in pregnancy (3–7, 11, 12, 18–21) although this has not been a consistent finding (8–10, 13–17). The vast majority of studies exhibiting a positive association between GDM and chronic HBV have been conducted in areas of high-intermediate HBV prevalence, namely Central and South East Asia (3, 4, 6, 7, 11–14, 19–21). In such studies, HBV prevalence ranges between 2.4%–11.3% (3–7, 11, 12, 18–21). The incidence of GDM amongst individuals with chronic HBV in this population ranges from 1.2% (13) to as high as 32.9% (21). Coincidentally, regions of high HBV prevalence also represent ethnic groups with an increased propensity to develop GDM (25, 28) and therefore it is challenging to distinguish whether the increased risk is attributable to socio-demographic factors or chronic HBV status.

Not all studies from this region have found the same association. One large prospective cohort study in Eastern China did not demonstrate a significant difference in the incidence of GDM among people with chronic HBV compared to uninfected individuals (1.2% vs. 1.1% respectively) (13). The prevalence of chronic HBV infection in this population (2.5%) was much lower than that reported by other Chinese studies (4.2–11.3%) (3, 4, 6, 11). Similarly, Sirilert et al. also found no significant relationship between chronic HBV and GDM amongst their ethnic Thai population (14).

Studies from regions of low HBV prevalence but consisting of a multi-ethnic population have yielded HBV prevalence rates between 0.1%–0.5% (5, 9, 10, 16–18) and concurrent GDM incidence of 2.2–14.3% (5, 9, 10, 16–18). The majority of these studies reported no increased risk for GDM amongst those with chronic HBV (9, 10, 16, 17). However, a large population-based US cohort study reported significantly higher GDM incidence amongst individuals with chronic HBV than healthy controls (7.2% vs. 4.4% respectively) (18). It must be noted that in this study, despite representing 1.5% of the sample group, individuals of Asian ethnicity had a higher HBV prevalence rate (932.1 per 100 000 live births), almost 30-fold greater than the rate seen among women of Caucasian background (34.8 per 100 000 live births) (18). The study unfortunately did not comment on GDM incidence per ethnicity (18). Furthermore, a recent Australian study demonstrated an increased incidence of GDM in women with HBV born in low HBV prevalence regions (such as Southern/Eastern Europe), but no significant association between GDM and HBV in women from traditionally higher prevalence regions of birth (5). They reported an overall incidence risk ratio for GDM of 1.2 (95% CI 1.1–1.3) among women with HBV after adjusting for region of birth, BMI, parity, age and smoking status. This line of evidence implicates a risk of GDM unrelated to the ethnic or regional influences previously purported, and hints towards intrinsic viral factors as a possible mechanism.




Possible mechanisms


Inflammatory basis

Low grade systemic inflammation appears to plays a role in the pathophysiology of GDM (30–32). Studies have shown an independent association between elevated C-reactive protein (CRP) levels measured early in the second trimester and subsequent GDM (32, 33). Chronic HBV infection, as a chronic inflammatory state, has been proposed to promote a greater predisposition to developing GDM (13, 34, 35). A prospective cohort study measuring serum ALT (alanine transferase) as a marker of hepatic inflammation, across various timeframes in pregnancy found people with chronic HBV had significantly higher ALT levels than controls (13). However, no significant difference in the incidence of GDM between those with chronic HBV and control groups was found (13). Approximately 60%–80% of individuals with chronic HBV have persistently normal ALT levels (36), and therefore this may not be the best marker of inflammation in chronic HBV infection. Tumour necrosis factor alpha (TNF-α) is a cytokine that has been shown to be crucial in facilitating the immune-mediated virological control of chronic HBV, and subsequent collateral hepatocyte damage (37). TNF-α is also known to be synthesised by the placenta and studies have shown significantly higher serum concentrations in pregnant women with GDM compared to pregnant women without GDM (30, 31). To date, there are no studies that have directly explored the relationship between TNF-α and GDM in women with chronic HBV.

Ferritin, is an acute phase reactant, and is another inflammatory marker of interest in elucidating an inflammatory basis to the development of GDM among those with chronic HBV (19, 21). Lao et al. (21) first demonstrated a significantly higher level of ferritin and transferrin concentrations in HBsAg (hepatitis B surface antigen) positive women with GDM. In a subsequent retrospective cohort study they further showed a significantly lower prevalence of iron deficiency anaemia among HBV positive pregnant women, thereby inferring higher iron stores in this group (30). However, no formal data was available on the iron studies of this maternal population for further quantitative analysis.

The interplay between ferritin and GDM may be more complex than merely reflecting inflammation. Chronic viral hepatitis has been associated with iron-overload and high serum hepcidin, a peptide hormone involved in the homeostasis of iron (38). Excess iron can directly affect insulin synthesis/secretion and enhance oxidation of free fatty acids, in turn decreasing glucose utilisation in muscles and promoting gluconeogenesis in the liver, ultimately leading to insulin resistance (39).



Viral factors

Chronic HBV infection is a dynamic process characterised by a complex interplay between the virus and the immune system's attempts to control viral replication and manage clearance. In addition, during pregnancy, major physiological adaptations occur in the maternal immune system to avoid detrimental responses against the allogeneic fetus (40). These changes have been purported to interfere with the immune modulation of chronic HBV, thereby facilitating HBV replication (35).

Hepatitis B envelope antigen (HBeAg) and HBV DNA viral load serve as markers of viral replication in chronic HBV (14, 35). HBeAg and HBV DNA are often measured in HBsAg positive women in pregnancy to assess the need for antiviral therapy to reduce the risk of MTCT. Lao et al. (2013) reported that HBV DNA was detected in 19.6% and 30.4% in the second and third trimesters respectively of HBsAg positive mothers without detectable HBV DNA in the first trimester (41). It has been hypothesised that positive maternal HBeAg status and high HBV viral load could incite a more vigorous immune response exacerbating inflammation thereby worsening insulin resistance, leading to GDM (4, 6, 7, 14, 39). However, with the exception of one study (39), recent literature exploring this proposition has largely shown no association (4, 6, 7, 14).

Sirilert et al. found no significant difference in GDM incidence between their HBsAg positive and negative groups, but noted that HBsAg positive women were more likely to develop GDM if they were also HBeAg positive (14). A single centre study explored the association between viral load status (categorising HBV positive women as HBV DNA positive if levels ≥103 copies/ml and negative if <103 copies/ml) and glycaemic control in pregnancy (6). Fasting blood glucose, 2 h post oral glucose levels, glycated haemoglobin (HbA1c) and incidence of GDM were significantly higher in both of the HBV positive groups in comparison to the control group, however there was no difference between the two viral load statuses (6). Two similarly designed retrospective cohort studies, despite showing significant association between positive HBsAg status and GDM, both found no relationship between positive HBeAg status or distribution of viral load (4, 7).

A more recent study (39) has quantified viral load using IU/ml; categorising low, medium and high loads as: less than 103 IU/ml, 103 -106 IU/ml and greater than 106 IU/ml respectively. This study reported that a high HBV DNA load (>106 IU/ml) was an independent risk factor for GDM among HBsAg positive pregnant women (OR 2.65 [1.39, 5.04], p < 0.05) after adjusting for age and pre-pregnancy BMI.




Association between diabetes and other liver conditions


Hepatitis C

There is a well established association between chronic hepatitis C virus (HCV) infection and type 2 diabetes mellitus (T2DM), with a T2DM prevalence ranging between 18%–35% among individuals with HCV (42). Hui et al. reported higher levels of fasting insulin, C-peptide and HOMA-IR (a physiological homeostasis model that predicts insulin resistance) amongst HCV infected individuals with no or minimal hepatic fibrosis compared to their healthy controls matched for BMI and waist-to-hip ratio (43). They also showed that increased HOMA-IR values were associated with a higher grade of portal inflammation (43), a hallmark of HCV that correlates with fibrosis progression.

There is emerging evidence to suggest that direct-acting antiviral agents (DAA) have an impact on glycaemic control (44). Patients with diabetes and chronic HCV undergoing DAA therapy, who achieve a sustained virological response, have been shown to have improved blood sugar control post-DAA therapy, prompting a reduction in dose or discontinuation of oral hypoglycaemic agents or insulin therapy (44). The purported mechanisms for HCV-induced insulin resistance include, but are not limited to: direct viral effects on the downregulation of glucose transporters and release of pro-inflammatory cytokines leading to changes to the insulin signalling pathway, as well as promoting hepatic steatosis (42–44). The above mechanisms may also play a role in the development of GDM among HCV-infected pregnant women. A large population-based cohort study conducted in the US demonstrated a greater risk of developing GDM among women with chronic HCV, especially in the context of increased gestational weight gain (aOR 2.5 [1.0–6.0]) (45). Similar findings were confirmed in two further US cohort studies (16, 18). However this association was not demonstrated in a population-based cohort study conducted in Sweden (10).



Non-viral hepatitides

Given the liver's crucial role in glucose metabolism and homeostasis, there have been studies looking into the relationship between non-infective liver conditions and the development of GDM. Autoimmune hepatitis (AIH) has been noted to be a risk factor for adverse pregnancy outcomes (46), yet studies looking into its relationship with GDM have been inconclusive. A retrospective nationwide cohort study undertaken in Sweden reported GDM in 4.7% of AIH pregnancies compared to 1.1% of control pregnancies, with an adjusted risk ratio of 4.35 (95% CI 2.21–8.57) (46). The study also found significant associations between AIH and many other autoimmune diseases, and thus the authors reasoned this was the basis for the increased rate of GDM. On the contrary, a subsequent multicentre study found no significant association between AIH flares in pregnancy and adverse pregnancy outcomes, including GDM (47).

Non-alcoholic fatty liver disease (NAFLD) known to be the hepatic manifestation of metabolic syndrome (48) has been demonstrated in various studies to increase insulin resistance and thus GDM. In their prospective study, De Souza et al. showed that NAFLD assessed by ultrasound at 11–14 weeks gestation independently predicted poor glycaemic control in pregnancy (determined by a fasting 75 g OGTT at 24–28weeks), after adjusting for maternal age, ethnicity, family history of T2DM, maternal BMI and change in BMI throughout pregnancy (49). Similarly, another study using elevated ALT, in the absence of viral hepatitis and alcohol abuse, as a surrogate marker for NAFLD demonstrated a positive relationship between raised ALT levels in pregnancy and subsequent GDM (48). A recent meta-analysis which included studies looking at the presence of imaging-confirmed NAFLD in the antepartum and subsequent GDM reported an overall prevalence of 26% for GDM amongst the NAFLD cohort with a significant pooled odds ratio of 2.9 (95% CI 1.0–8.4) (50).




Future direction

Given the implications of GDM in pregnancy, and the association reported with chronic HBV, there is a need to elucidate the causal mechanisms behind this relationship. This may allow for early interventions in pregnancy in women infected with chronic HBV to reduce the development of GDM.

The majority of studies in chronic HBV have been conducted in Asia, a region of high HBV and GDM prevalence. However, studies conducted in low HBV prevalence regions have also exhibited a positive association between chronic HBV and GDM (5, 18). This must be further explored, especially in the context of multi-ethnic populations. Widespread immigration of Asian and African ethnicities (whom traditionally have a lower mean BMI) to countries with increased prevalence of obesity such as the United States or Australia, has led to overweight and obesity rates among these ethnic groups rising dramatically—placing pregnant women in these groups at higher risk of GDM (29).

The predominant hypothesis for the pathogenesis of GDM in pregnant women with chronic HBV is the presence of a chronic inflammatory state (13, 34, 35). Studies to date have explored the associations between markers of inflammation such as CRP (32, 33) and ALT (13) and GDM. Future studies should consider exploring TNF-α as the possible inflammatory basis for the relationship between chronic HBV and GDM. Studies examining the effect of HBeAg and HBV-DNA viral load on the development of GDM have yielded inconsistent results thereby making it difficult to ascertain if viral factors are at play. Thus, more prospective studies are needed to better characterise the viral activity of chronic hepatitis during pregnancy and its impact on GDM development. Moreover, demographic and viral factors such as age at infection, ethnic background, region of birth, viral genotype and phase of infection may potentially impact the degree of replication activity seen in women with chronic HBV during pregnancy (12, 35). Future studies must also take this into account.

Finally, there have been no studies looking into the effects of HBV antiviral therapy on insulin resistance during pregnancy. Currently antiviral therapy for chronic HBV is initiated in the third trimester in the context of high viral loads in order to lower the risk of MTCT. In line with the emerging evidence of DAA therapy and its potential impact in improving glycaemic control in individuals with chronic HCV, future prospective studies looking into the association of HBV antiviral therapy on glycaemic control in pregnancy may be able to shed more light on the direct effects of HBV on GDM.



Author contributions

All authors contributed to the article and approved the submitted version.



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.



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.



References

1. World Health Organization. Global hepatitis report, 2017 (2017). Geneva: World Health Organization.

2. Fattovich G. Natural history of hepatitis B. J Hepatol. (2003) 39:50–8. doi: 10.1016/S0168-8278(03)00139-9

3. Zhao Y, Chen YL, Song HQ, Huang PY, Wang LY, Liu W, et al. Effects of maternal hepatitis B surface antigen positive status on the pregnancy outcomes: a retrospective study in Xiamen, China, 2011-2018. PLoS One. (2020) 15(3):e0229732. doi: 10.1371/journal.pone.0229732

4. Wu K, Wang H, Li S, Zhang H, Zhu B. Maternal hepatitis B infection status and adverse pregnancy outcomes: a retrospective cohort analysis. Arch Gynecol Obstet. (2020) 302(3):595–602. doi: 10.1007/s00404-020-05630-2

5. Giles ML, Davey MA, Wallace EM. Chronic hepatitis B infection and the risk of gestational diabetes: a cross-sectional study. BJOG: an International Journal of Obstetrics and Gynaecology. (2020) 127(9):1147–52. doi: 10.1111/1471-0528.16217

6. Wu D. Correlation of viral load of hepatitis B with the gestation period and the development of diabetes mellitus. Saudi J Biol Sci. (2019) 26(8):2022–5. doi: 10.1016/j.sjbs.2019.08.009

7. Peng S, Wan Z, Lin X, Li X, Du Y. Maternal hepatitis B surface antigen carrier status increased the incidence of gestational diabetes mellitus. BMC Infect Dis. (2019) 19(1):147. doi: 10.1186/s12879-019-3749-1

8. Tan J, Mao X, Zhang G, Wang W, Pan T, Liu X, et al. Hepatitis B surface antigen positivity during pregnancy and risk of gestational diabetes mellitus: a systematic review and meta-analysis. J Viral Hepat. (2018) 25(11):1372–83. doi: 10.1111/jvh.12964

9. Bajema KL, Stankiewicz Karita HC, Tenforde MW, Hawes SE, Heffron R. Maternal hepatitis B infection and pregnancy outcomes in the United States: a population-based cohort study. Open Forum Infect Dis. (2018) 5(6):ofy134. doi: 10.1093/ofid/ofy134

10. Stokkeland K, Ludvigsson JF, Hultcrantz R, Ekbom A, Höijer J, Bottai M, et al. Pregnancy outcome in more than 5000 births to women with viral hepatitis: a population-based cohort study in Sweden. Eur J Epidemiol. (2017) 32(7):617–25. doi: 10.1007/s10654-017-0261-z

11. Tan J, Liu X, Mao X, Yu J, Chen M, Li Y, et al. HBsag positivity during pregnancy and adverse maternal outcomes: a retrospective cohort analysis. J Viral Hepat. (2016) 23(10):812–9. doi: 10.1111/jvh.12545

12. Lao TT, Chung MK, Cheung TK, Law LW. Antenatal hepatitis B and increased risk of gestational diabetes mellitus–implications for obstetric care. J Infect. (2016) 72(5):625–6. doi: 10.1016/j.jinf.2016.02.007

13. Cui AM, Cheng XY, Shao JG, Li HB, Wang XL, Shen Y, et al. Maternal hepatitis B virus carrier status and pregnancy outcomes: a prospective cohort study. BMC Pregnancy Childbirth. (2016) 16:87. doi: 10.1186/s12884-016-0884-1

14. Sirilert S, Traisrisilp K, Sirivatanapa P, Tongsong T. Pregnancy outcomes among chronic carriers of hepatitis B virus. Int J Gynaecol and Obstetr. (2014) 126(2):106–10. doi: 10.1016/j.ijgo.2014.02.019

15. Kong D, Liu H, Wei S, Wang Y, Hu A, Han W, et al. A meta-analysis of the association between gestational diabetes mellitus and chronic hepatitis B infection during pregnancy. BMC Res Notes. (2014) 7:139. doi: 10.1186/1756-0500-7-139

16. Reddick KL, Jhaveri R, Gandhi M, James AH, Swamy GK. Pregnancy outcomes associated with viral hepatitis. J Viral Hepat. (2011) 18(7):e394–8. doi: 10.1111/j.1365-2893.2011.01436.x

17. Lobstein S, Faber R, Tillmann HL. Prevalence of hepatitis B among pregnant women and its impact on pregnancy and newborn complications at a tertiary hospital in the eastern part of Germany. Digestion. (2011) 83(1-2):76–82. doi: 10.1159/000320455

18. Connell LE, Salihu HM, Salemi JL, August EM, Weldeselasse H, Mbah AK. Maternal hepatitis B and hepatitis C carrier status and perinatal outcomes. Liver Int. (2011) 31(8):1163–70. doi: 10.1111/j.1478-3231.2011.02556.x

19. Lao TT, Chan BC, Leung WC, Ho LF, Tse KY. Maternal hepatitis B infection and gestational diabetes mellitus. J Hepatol. (2007) 47(1):46–50. doi: 10.1016/j.jhep.2007.02.014

20. Tse KY, Ho LF, Lao T. The impact of maternal HBsAg carrier status on pregnancy outcomes: a case-control study. J Hepatol. (2005) 43(5):771–5. doi: 10.1016/j.jhep.2005.05.023

21. Lao TT, Tse KY, Chan LY, Tam KF, Ho LF. HBsag carrier status and the association between gestational diabetes with increased serum ferritin concentration in Chinese women. Diabetes Care. (2003) 26(11):3011–6. doi: 10.2337/diacare.26.11.3011

22. American Diabetes A. Standards of medical care in diabetes–2009. Diabetes Care. (2009) 32(Suppl 1):S13–61. doi: 10.2337/dc09-S013

23. Plows JF, Stanley JL, Baker PN, Reynolds CM, Vickers MH. The pathophysiology of gestational diabetes Mellitus. Int J Mol Sci. (2018) 19(11. doi: 10.3390/ijms19113342

24. MacLachlan JH, Cowie BC. Hepatitis B virus epidemiology. Cold Spring Harb Perspect Med. (2015) 5(5):a021410-a. doi: 10.1101/cshperspect.a021410

25. Mahoney FJ. Update on diagnosis, management, and prevention of hepatitis B virus infection. Clin Microbiol Rev. (1999) 12(2):351–66. doi: 10.1128/CMR.12.2.351

26. Sunbul M. Hepatitis B virus genotypes: global distribution and clinical importance. World J Gastroenterol. (2014) 20(18):5427–34. doi: 10.3748/wjg.v20.i18.5427

27. Federation ID. IDF Diabetes atlas. 9th ed Brussels, Belgium: International Diabetes Federation (2019).

28. Zhu Y, Zhang C. Prevalence of gestational diabetes and risk of progression to type 2 diabetes: a global perspective. Curr Diab Rep. (2016) 16(1):7. doi: 10.1007/s11892-015-0699-x

29. Yuen L, Wong VW, Simmons D. Ethnic disparities in gestational diabetes. Curr Diab Rep. (2018) 18(9):68. doi: 10.1007/s11892-018-1040-2

30. Gomes CP, Torloni MR, Gueuvoghlanian-Silva BY, Alexandre SM, Mattar R, Daher S. Cytokine levels in gestational diabetes mellitus: a systematic review of the literature. Am J Reprod Immunol. (2013) 69(6):545–57. doi: 10.1111/aji.12088

31. Xu J, Zhao YH, Chen YP, Yuan XL, Wang J, Zhu H, et al. Maternal circulating concentrations of tumor necrosis factor-alpha, leptin, and adiponectin in gestational diabetes mellitus: a systematic review and meta-analysis. The Scientific World Journal. (2014) 2014:1–12. doi: 10.1155/2014/926932

32. Qiu C, Sorensen TK, Luthy DA, Williams MA. A prospective study of maternal serum C-reactive protein (CRP) concentrations and risk of gestational diabetes mellitus. Paediatr Perinat Epidemiol. (2004) 18(5):377–84. doi: 10.1111/j.1365-3016.2004.00578.x

33. Bossick AS, Peters RM, Burmeister C, Kakumanu N, Shill JE, Cassidy-Bushrow AE. Antenatal inflammation and gestational diabetes mellitus risk among pregnant African-American women. J Reprod Immunol. (2016) 115:1–5. doi: 10.1016/j.jri.2016.03.005

34. Li L, Zou H, Xu M, Li S, Zhu Y, Zheng S, et al. Risk factors related to postpartum hepatic inflammation in pregnant women with chronic hepatitis B. J Int Med Res. (2020) 48(11):300060520966439. doi: 10.1177/0300060520966439

35. Lao TT. Hepatitis B—chronic carrier status and pregnancy outcomes: an obstetric perspective. Best Practice & Research Clinical Obstetrics & Gynaecology. (2020) 68:66–77. doi: 10.1016/j.bpobgyn.2020.03.006

36. He D, Li M, Guo S, Zhu P, Huang H, Yan G, et al. Expression pattern of serum cytokines in hepatitis B virus infected patients with persistently normal alanine aminotransferase levels. J Clin Immunol. (2013) 33(7):1240–9. doi: 10.1007/s10875-013-9931-0

37. Valaydon Z, Pellegrini M, Thompson A, Desmond P, Revill P, Ebert G. The role of tumour necrosis factor in hepatitis B infection: jekyll and hyde. Clin Transl Immunol. (2016) 5(12):e115-e. doi: 10.1038/cti.2016.68

38. Wang J, Dong A, Liu G, Anderson GJ, Hu TY, Shi J, et al. Correlation of serum hepcidin levels with disease progression in hepatitis B virus-related disease assessed by nanopore film based assay. Sci Rep. (2016) 6(1):1–8. doi: 10.1038/s41598-016-0001-8

39. Yin W, Chen B, Yang Y, Li X, Li R, Xie J, et al. Association between maternal hepatitis B virus carrier and gestational diabetes mellitus: a retrospective cohort analysis. Virol J. (2021) 18(1):226-. doi: 10.1186/s12985-021-01691-0

40. Abu-Raya B, Michalski C, Sadarangani M, Lavoie PM. Maternal immunological adaptation during normal pregnancy. Front Immunol. (2020) 11:575197. doi: 10.3389/fimmu.2020.575197

41. Lao XM, Luo G, Ye LT, Luo C, Shi M, Wang D, et al. Effects of antiviral therapy on hepatitis B virus reactivation and liver function after resection or chemoembolization for hepatocellular carcinoma. Liver Int. (2013) 33(4):595–604. doi: 10.1111/liv.12112

42. Wang CC, Cheng PN, Kao JH. Systematic review: chronic viral hepatitis and metabolic derangement. Aliment Pharmacol Ther. (2020) 51(2):216–30. doi: 10.1111/apt.15575

43. Hui JM, Sud A, Farrell GC, Bandara P, Byth K, Kench JG, et al. Insulin resistance is associated with chronic hepatitis C and virus infection fibrosis progression. Gastroenterology. (2003) 125(6):1695–704. doi: 10.1053/j.gastro.2003.08.032

44. Cacoub P, Saadoun D. Extrahepatic manifestations of chronic HCV infection. N Engl J Med. (2021) 384(11):1038–52. doi: 10.1056/NEJMra2033539

45. Pergam SA, Wang CC, Gardella CM, Sandison TG, Phipps WT, Hawes SE. Pregnancy complications associated with hepatitis C: data from a 2003-2005 Washington state birth cohort. Am J Obstet Gynecol. (2008) 199(1):38.e1-9. doi: 10.1016/j.ajog.2008.03.052

46. Stokkeland K, Ludvigsson JF, Hultcrantz R, Ekbom A, Höijer J, Bottai M, et al. Increased risk of preterm birth in women with autoimmune hepatitis—a nationwide cohort study. Liver International: Official Journal of the International Association for the Study of the Liver. (2016) 36(1):76–83. doi: 10.1111/liv.12901

47. Llovet LP, Horta D, Eliz MG, Berenguer M, Fábrega E, Sáez-Royuela F, et al. Presentation and outcomes of pregnancy in patients with autoimmune hepatitis. Clinical Gastroenterology and Hepatology: the Official Clinical Practice Journal of the American Gastroenterological Association. (2019) 17(13):2819–21. doi: 10.1016/j.cgh.2018.12.030

48. Lee SM, Park JS, Han YJ, Kim W, Bang SH, Kim BJ, et al. Elevated alanine aminotransferase in early pregnancy and subsequent development of gestational diabetes and preeclampsia. J Korean Med Sci. (2020) 35(26):e198. doi: 10.3346/jkms.2020.35.e198

49. De Souza LR, Berger H, Retnakaran R, Vlachou PA, Maguire JL, Nathens AB, et al. Non-alcoholic fatty liver disease in early pregnancy predicts dysglycemia in mid-pregnancy: prospective study. Official J the Am College of Gastroenterol| ACG. (2016) 111(5):665–70. doi: 10.1038/ajg.2016.43

50. Chai TYL, Rajaratnam RM, Deng D, George J, Pasupathy D, Cheung NW. The prevalence of gestational diabetes mellitus in women diagnosed with non-alcoholic fatty liver disease during pregnancy: a systematic review and meta-analysis. J Diabetes Complicat. (2021) 35:107991. doi: 10.1016/j.jdiacomp.2021.107991







OPS/images/crossmark.jpg
(®) Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Unravelling the mechanisms by which chronic hepatitis B infection is associated with an increased risk of gestational diabetes

		Introduction



		Epidemiology of HBV



		Epidemiology of GDM



		Ethnic and regional influences on GDM incidence among people with chronic HBV











		Possible mechanisms



		Inflammatory basis



		Viral factors











		Association between diabetes and other liver conditions



		Hepatitis C



		Non-viral hepatitides











		Future direction



		Author contributions



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers Global Women's Health

Unravelling the mechanisms by
which chronic hepatitis B infection
is associated with an increased risk

of gestational diabetes





OPS/images/logo.jpg
& frontiers | Frontiers in Global Women's Health





