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Abstract
[bookmark: OLE_LINK10]Objective
To investigate the fertility status and pregnancy outcome in women with hemoglobin H disease in southern China.
Design
Retrospective analysis. 
Setting
The First Affiliated Hospital of Guangxi Medical University, Nanning, Guangxi
Population
28 young women with Hb H disease. 
Methods
Clinic characteristics were included during their pregnancies over a 12-year period and their babies’ outcomes were assessed..
Main outcome measures
Genotype, methods of conception and delivery, complications during pregnancies, and frequency of transfusion. Hb and serum ferritin levels. Babies’ birth weight, Apgar scores at 1 minute.
Results
Four genotypes, namely, - -/-α3.7, - -/-α4.2, - -/αWSα, - -/αQSα, and - -/αCSα, were found among these women. The most frequent ethnic background was Zhuang (57.14%). 59 pregnancies occurred. 56 conceptions were spontaneous. Six pregnancies were terminated because of Hb Bart’s hydrops fetalis. 44 resulted in successful deliveries of 46 neonates, and 17 were via cesarean section. The mean gestational period of delivery was 38 weeks, the rate of pregnancy complications was 50%. The majority of these women were never transfused before or during their pregnancy, except those with genotype --/αCSα. The mean birth weight of the 46 neonates was 2815.00±503.26g. The mean hemoglobin concentration and median serum ferritin level were significantly decreased during the pregnancy. 
Conclusions
Despite the good pregnancy outcome for women with Hb H disease, the pregnancy course is still considered high risk. Close monitoring of maternal and fetal conditions should be performed by multidisciplinary team to ensure the best outcome.
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Introduction
[bookmark: OLE_LINK3][bookmark: OLE_LINK7][bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK12][bookmark: _Hlk44398038]Guangxi Zhuang Autonomous Region is located in the south of China and is the region with the highest frequency of hemoglobinopathies in the country. The total heterozygote frequency of thalassemia and other hemoglobinopathies in Guangxi is 24.51%, of which 17.55% is due to α-thalassemia1. As a type of α-thalassemia intermediate, the prevalence of hemoglobin H (Hb H) disease in Guangxi population is 0.43% or approximately 200,000 people. Hb H disease is caused by the inactivation of three out of four α-globin genes because of deletions with or without concomitant non-deletional mutations. Patients with Hb H show varying clinical manifestations from being completely asymptomatic to requiring occasional or even periodic transfusion. The majority presents mild to moderate anemia, marked microcytosis, and hypochromia, and some have jaundice, hepatosplenomegaly, and skeletal deformity2,3. The physical conditions of women with Hb H disease are at risk when they are pregnant. For example, anemia is more serious, and pregnancy risk is significantly higher compared with those for women without this illness. Nevertheless, only a few published studies focused on pregnant women with Hb H and their babies4-7. The present work aimed to review the fertility status and pregnancy outcome of women with Hb H disease to provide references for their pregnancy management.
Methods
[bookmark: OLE_LINK1]Retrospective analysis was conducted on the clinical data of 28 women who were diagnosed with Hb H Disease by DNA analysis before or early in pregnancy and registered in the First Affiliated Hospital of Guangxi Medical University between 2006 and 2018. Clinic characteristics included ethnicity, genotype, age at first pregnancy, methods of conception and delivery, complications during pregnancies, and frequency of transfusion. Hb and serum ferritin levels during pregnancies were also examined, and their babies’ outcomes were assessed. This study was approved by the local institutional review board.
Statistical analysis
Statistical analyses were conducted with SPSS 25.0 statistical software. Descriptive statistics were reported as number and percent, mean and standard deviation (SD), or median and range. Differences in categorical variables were tested by chi-square and Fisher’s exact test and differences in continuous variables were tested by t-test and Wilcoxon Two-Sample Test. P-values less than 0.05 were considered statistically significant.
Result
This work investigated 28 women with Hb H disease. The genotypes were - -/-α3.7 in 14 patients (50%), - -/-α4.2 in 4 patients (14.29%), - -/αWSα in 3 patients (10.71%), - -/αQSα in 2 patients (7.14%), and - -/αCSα in 5 patients (17.86%) . Among these women, the most frequent ethnic backgrounds were Zhuang (16 women, 57.14%) and Han (10 women, 35.71%), and only three women were of other minority ethnicities, namely, Yao, Miao, and Li. Two patients had splenomegaly, and none was splenectomized. All but one patient with genotype - -/αCSα had never received transfusion therapy prior to the pregnancy.
[bookmark: OLE_LINK13]During this study period, 59 pregnancies occurred. The mean age of first pregnancy was 26.64±3.94 years (range, 19–36), and the mean number of pregnancies was 2.11±1.07 (range, 1–6). Three conceptions were achieved by assisted reproductive technology due to fallopian tube blockage in three women, and the remaining 56 conceptions were spontaneous. Eight abortions were induced for personal reasons, and one tubal pregnancy occurred without spontaneous abortion in the first trimester. Four women underwent six pregnancy terminations because they were diagnosed with Hb Bart’s hydrops fetalis by an invasive prenatal diagnosis for α-thalassemia.
Among the 59 pregnancies, 44 (74.58%) resulted in successful deliveries of 46 neonates including 42 live-born singletons and two twin sets, one of which was derived from assisted reproductive technology. Among the 44 deliveries, 27 were vaginal deliveries (61.36%), and 17 were cesarean sections (38.64%). The reasons for caesarean section are shown in Table 1. The mean gestational weeks of delivery was 38.65±2.04 weeks (range, 28–41). Forty pregnancies resulted in full-term delivery defined by birth at 37 weeks of gestation. The remaining four were preterm deliveries, one of which was due to spontaneous preterm birth, and the rest were due to medical indications for cesarean: one case of placental abruption at 28 weeks, one case of premature rupture of membranes and fetal destress in twin pregnancy at 35 weeks, and one case of severe preeclampsia at 36 weeks.
[bookmark: _Hlk43045048][bookmark: OLE_LINK2][bookmark: OLE_LINK9]The rate of pregnancy complications was 50% (22/44). Complications with the highest incidence were gestational diabetes and IUGR both accounting for 9.09% (4/44), followed by preeclampsia, polyhydramnios, oligohydramnios, and abnormal fetal position. All these women had a variable degree of anemia during their pregnancy. The mean hemoglobin concentration was 87.66±12.05 g/L (range, 50–122.9) during the pregnancy. The mean hemoglobin concentration decreased progressively form 96.90±11.88 g/L in early pregnancy to 78.29±13.40 g/L in late pregnancy (p<0.0001). The majority of women were never transfused before or during their pregnancy. Five women with a genotype --/αCSα had received blood transfusions for 6 out of 8 pregnancies. The median serum ferritin was 155.53ng/mL (range, 8.88-757.70) during the pregnancy. Median serum ferritin level decreased progressively form 222.04 ng/mL (range, 23.35-825.90) in early pregnancy to 78,08 ng/mL (range, 8.68-689.48) in late pregnancy (p<0.0001).
The mean birth weight of the 46 neonates was 2815.00±503.26g (range, 1010–3700), and 56.52% of them were male infants. With the exception of one baby born at 28 weeks, all the neonates’ Apgar scores were 10 at 1 minute after birth. No congenital malformations occurred. 
None of these women with Hb H disease received anticoagulant therapy during pregnancy or postpartum. No thrombotic complications were noted.
Discussion
The Guangxi Zhuang Autonomous Region is a multi-ethnic region with Zhuang ethnic minority as the largest minority group accounting for over 31.54% of its total population8. The frequency for α-thalassemia in the Zhuang ethnic minority was significantly higher than that in the Han population (20.12% vs. 15.71%). Therefore, Zhuang pregnant women with Hb H disease had a relatively high proportion. Woman fertility is not severely affected by Hb H disease in terms of the age of first conception, conception method, and abortion. In the high incidence area of thalassemia, partners of women with Hb H disease must undergo diagnosis for α-thalassemia. A prenatal diagnosis for thalassemia for couples with high risk could be offered. Pregnancy termination is highly reasonable when the fetus is affected by severe thalassemia. 
Anemia occurred in all women with Hb H during pregnancy and was aggravated compared with that before pregnancy, especially in women with --/αCSα. Levy et al. reported that maternal anemia during pregnancy is an independent risk factor for low birth weight and preterm delivery and is associated with several pregnancy complications9. Nevertheless, in a study of pregnancy in β-thalassemia intermediates, 22% of patients still had IUGR despite keeping their Hb level above 100 g/dL10. Guidelines for the management of non-transfusion dependent thalassemia (NTDT) recommended blood transfusions for pregnant patients with NTDT on the basis of hemoglobin level, maternal general and cardiac status, and fetal growth status11. However, most of these women with Hb H in Guangxi, China were reluctant to receive blood transfusion for various reasons, such as being in a good state of consciousness and not lagging behind in fetal growth and development, worrying about serious hemolytic anemia caused by autoimmunity, and worrying about infectious diseases by blood transfusion such as HIV and blood tension. In the present study, the vast majority of babies did not experience IUGR, but low Hb level was observed in the women with IUGR.
 The cesarean section rate in our patients is 38.64% lower than that in pregnant women with β-thalassemia intermedia (TI) or major12-14, but it is similar to the Chinese average of 36.7%15. Some patients with Hb H disease presented with symptoms directly related to the disease, such as anemia that leads to skeletal dysplasia and then to cephalopelvic disproportion or abnormal fetal position. Complications during pregnancy are also one of the reasons for cesarean section. The overall pregnancy complication rate in this study is 50%, which is lower than the 59% of the severe pregnancy complications following hematopoietic cell transplantation for thalassemia major14. 
The concentration of serum ferritin in patients with Hb H disease increases gradually with age16; however, that of pregnant women with Hb H disease is high but has not yet reached the iron overload standard17. High serum ferritin levels can still adversely affect pregnancy through oxidative stress, increased blood viscosity, impaired systemic response to inflammation and infection, and changes in the mother’s microbiome18. Maternal iron excess is associated with gestational diabetes19, which incurred the highest incidence in our study (9.52%). It is worth noting that median serum ferritin level showed a decreasing trend during the pregnancy in our study, while median serum ferritin increased progressively among pregnant women with thalassemia major20. 
Although thromboembolic events have a high prevalence in thalassemia intermediates21, anticoagulants have not been administered in perinatal women with Hb H disease. No thrombosis was observed in this study, and this result is similar to that of Alexis et al22. 
Although women with Hb H disease were in a state of severe or moderate anemia or accompanied by complications during pregnancy, the Apgar score of full-term newborns or late preterm infants was 10 at 1 minute after birth, and no birth defects were found.
In conclusion, despite the good pregnancy outcome for women with Hb H disease, the pregnancy course was still considered high risk. In particular, the pregnancy complications and Hb level should be highly considered. A close monitoring of maternal and fetal conditions should be performed by multidisciplinary team to ensure the best outcome. 
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