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Condensation: Human chorionic gonadotrophin concentrations in very early pregnancy did not predict development of hyperemesis gravidarum, neither in twin pregnancies nor in singleton pregnancies. 

Maternal human chorionic gonadotrophin concentrations in very early pregnancy and risk of hyperemesis gravidarum: A retrospective cohort study of 4372 pregnancies after in vitro fertilization
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Objective: We investigated the association of human chorionic gonadotrophin (hCG) concentrations on a fixed day in very early pregnancy with development of hyperemesis gravidarum.
Study design: This retrospective cohort study included 3107 singleton and 1265 twin pregnancies after in vitro fertilization treated at Department of Reproductive Medicine, Rikshospitalet, Oslo University Hospital, Norway in the period 1996-2013. Maternal serum hCG concentrations was measured on day 12 after embryo transfer. Information about development of hyperemesis gravidarum was obtained by individual linkage to the Medical Birth Registry of Norway. We studied hCG concentrations in very early pregnancy according to development of hyperemesis gravidarum, in singleton and twin pregnancies separately. We estimated the odds ratios for hyperemesis gravidarum with 95% confidence intervals according to quartiles of hCG concentrations. 
Results: In twin pregnancies as compared to singleton pregnancies, we found higher mean maternal hCG concentrations (219 IU/L versus 130 IU/L, p <0.001 Student’s t-test) and higher prevalence of hyperemesis gravidarum (2.7% versus 1.4%, p = 0.002 chi-squared test). However, both in singleton and in twin pregnancies, we found no significant difference in mean hCG concentrations between women who developed hyperemesis gravidarum and women who did not (Singletons: 122 IU/L versus 130 IU/L, p = 0.504. Twins: 234 IU/L versus 219 IU/L, p = 0.417 Student’s t-test). We found no significant differences in odds ratios for developing hyperemesis gravidarum according to quartiles of hCG concentrations. 
Conclusions: We found no association of maternal hCG concentrations on a fixed day in early pregnancy with development of hyperemesis gravidarum. 
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Introduction
Hyperemesis gravidarum is a condition of intractable nausea and vomiting that starts before the 22nd week of pregnancy.(1, 2) Hyperemesis gravidarum can give rise to complications such as dehydration, metabolic disturbances, and electrolyte imbalance, and the condition occurs in approximately 0.3-2% of all pregnancies.(3) Hyperemesis gravidarum is distressing and debilitating for the women affected,(4) and it is a major cause of hospitalization during pregnancy.(5)
Several risk factors for hyperemesis gravidarum have been identified, including young age, nulliparity, psychiatric illness, female fetus, twin pregnancy, a previous pregnancy complicated by hyperemesis, and hyperthyroidism.(6- 8)
Elevated concentrations of maternal human chorionic gonadotrophin (hCG) have been suggested as a cause of hyperemesis gravidarum. The reason for such suggestion is that the prevalence of hyperemesis gravidarum is at its highest when the hCG concentrations is at its peak level around pregnancy week 10.(9) Also, women with a twin pregnancy have increased risk of hyperemesis gravidarum, and in these pregnancies the concentrations of hCG is higher than in singleton pregnancies. However, no causal relationship between hyperemesis gravidarum and hCG concentrations has been established.(6)
In early pregnancy, hCG concentrations increase by number of days since implantation of the embryo into the endometrium.(10) In spontaneous pregnancies, the time of embryo implantation is usually not known. Thus, differences in duration of pregnancy at the time of hCG quantification between women with and without hyperemesis gravidarum could cause erroneous estimates of the association of hCG concentrations with hyperemesis gravidarum. We are not aware of any previous studies of hCG concentrations at a fixed day in early pregnancy and subsequent risk of hyperemesis gravidarum. Therefore, we included 3107 singleton and 1265 twin pregnancies after in vitro fertilization (IVF) in a retrospective cohort study, and we explored the relationship between maternal hCG concentrations in very early pregnancy with the development of hyperemesis gravidarum.
Materials and Methods
We used data on IVF pregnancies from Department of Reproductive Medicine, Rikshospitalet, Oslo University Hospital, Norway and the Medical Birth Registry of Norway during the years 1996-2013. The Medical Birth Registry of Norway contains information on all births in Norway after 16 weeks of gestation since 1967.(11) We defined successful IVF pregnancies as birth after 16 weeks of gestation. By individual linkage between our two data sources, using the women’s unique person identification number, we retrieved a total of 5458 successful pregnancies during the years 1996-2013 with prospective information from IVF treatment until birth. 

Only women with serum hCG concentrations quantified on day 12 after embryo transfer were included in our study (n = 4534). Thus, out of a total of 5458 eligible women, we excluded 924 women without information about hCG concentrations at day 12 after embryo transfer (Figure 1). We also excluded women who had outlying hCG values (>1000 IU/L (international units per litre)) (n = 3), and women who were pregnant with three or more fetuses (n = 39). Additionally, we excluded women with outlying or missing values on other study factors (n = 120). Thus, our study sample included 4372 women, of whom 3107 (71%) had a singleton and 1265 (29%) had a twin pregnancy.

Of the IVF pregnancies, 54.3% were after IVF without intracytoplasmic sperm injection (ICSI), 37.3% were after IVF with ICSI, and 8.4% were after transfer of frozen-thawed embryos. Ovulation induction was performed with 6500-10000 IU/L hCG (Ovitrelle, Serono or Pregnyl, Organon) as a single dose and for luteal-phase support progesterone in oil (25 mg IM), or intravaginal capsules (600 mg Progestan, Organon) was used.(12) Ovarian stimulation, transvaginal oocyte retrieval, fertilization in vitro, culture and transfer of embryos were performed according to standard procedures.(13) Transfer of frozen-thawed embryos was performed in a natural menstrual cycle.
 Information about development of hyperemesis gravidarum was obtained from the Medical Birth Registry of Norway. Doctors in antenatal care report presence of hyperemesis gravidarum on a standardized antenatal patient record, and this information is transferred to the birth notifications charts after the delivery.(11, 14) Validation of the diagnosis of hyperemesis gravidarum in the Medical Birth Registry of Norway suggests high specificity (96.0%) and the sensitivity is 83.9%.(14) Hyperemesis gravidarum was coded according to the International Statistical Classification of Diseases and Related Health Problems 10th Revision by the Medical Birth Registry of Norway, and included the following; O-21.0 (excessive vomiting starting before the end of the 22nd week of pregnancy), O-21.1 (excessive vomiting starting before the end of the 22nd week of pregnancy with metabolic disturbances) and O-21.9 (excessive vomiting of pregnancy, unspecified). 

Maternal serum concentrations of hCG were measured in venous blood samples that had been drawn in the morning on day 12 after embryo transfer. For almost all women embryo transfer had been performed two days after oocyte retrieval. Serum hCG was quantified at the Department of Medical Biochemistry, Oslo University Hospital, Rikshospitalet, by using an electrochemiluminescence immunoassay method (Elecsys, Roche), which measures intact hCG and free β-hCG chain with a detection limit of 0.5 mI units per litre (U/L). Control analyses have shown low within-series variation (coefficient of variation <4%) and low variation over time (coefficient of variation <5%). This is in agreement with the corresponding figures given by the manufacturer. 


We estimated mean hCG concentrations in pregnancies with and in pregnancies without hyperemesis gravidarum, for singleton and for twin pregnancies separately. Differences in means were tested by Student’s t-test. Also, we divided the distribution of hCG concentrations into quartiles, for singleton and twin pregnancies separately, and estimated the odds ratios (OR) for hyperemesis gravidarum with 95% confidence intervals (CI) according to quartiles of hCG concentrations. The lowest quartile of hCG concentrations was used as the reference category. We made adjustment for factors that have been associated with hCG concentrations and/or hyperemesis gravidarum, and that were available to us; method of IVF treatment(15) (IVF without ICSI, IVF with ICSI or transfer of frozen-thawed embryo), maternal age(3, 16) (in years), parity (3, 10) (0 or ≥1), maternal pre-pregnancy body mass index(3, 17) (BMI) (kilograms/meters2 as continuous variable) and year of delivery(16) (as continuous variable).

All statistical analyses were conducted by using the IBM SPSS Statistics Version 22.0, (IBM Corp., Armonk, NY, USA). This study was approved by the Regional Committee for Ethics in Medical Research (Reference number 2011/2465 C), and was funded by the South-Eastern Norway Regional Health Authority, grant number 2729001. 
Results
Among the 4372 women pregnant after IVF (Figure 1), 1.7% (76/4372) developed hyperemesis gravidarum. 
The risk of developing hyperemesis gravidarum was higher in twin pregnancies than in singleton pregnancies (2.7% versus 1.4%, chi-squared test, p =0.002) (Table 1). Also the mean hCG concentrations on day 12 after embryo transfer were higher in twin pregnancies than in singleton pregnancies (219 versus 130 IU/L, Student’s t-test p <0.001). 

In both singleton pregnancies and in twin pregnancies, we found no significant difference in mean hCG concentrations between women who developed hyperemesis gravidarum and women who did not (Table 1). In singleton pregnancies, the hCG concentrations were 122 IU/L in women who developed hyperemesis gravidarum, and hCG concentrations were 130 IU/L in women who did not develop hyperemesis gravidarum (Student’s t-test p =0.504). In twin pregnancies the corresponding maternal hCG concentrations were 234 IU/L and 219 IU/L (Student’s t-test, p =0.417). 

Also, we found no significant differences in odds ratio for developing hyperemesis gravidarum according to quartiles of maternal hCG concentrations, neither in singleton nor in twin pregnancies (Table 2). Adjustment for method of IVF treatment, maternal age, parity, maternal pre-pregnancy BMI and year of delivery (Table 1) did not change the OR estimates notably (Table 2). 

Comment
In pregnancies after IVF, we found no difference in maternal hCG concentrations on day 12 after embryo transfer between women who developed hyperemesis gravidarum and women who did not. Such lack of associations was found both in singleton and in twin pregnancies.

Our study sample included 4372 women who were pregnant after IVF, and had hCG quantified in the morning on day 12 after embryo transfer. A total of 1.7% of the women in our study developed hyperemesis gravidarum. Thus, the prevalence in our study was similar to prior studies, in which hyperemesis gravidarum has been reported to occur in 0.3-2% of all pregnant women.(3) In our study, the information about development of hyperemesis gravidarum was obtained by linkage to the Medical Birth Registry of Norway. Information about hyperemesis gravidarum in the Medical Birth Registry is based on reporting by doctors or midwifes in antenatal care using standardized patient records.(11) The diagnosis of hyperemesis gravidarum in the Medical Birth Registry has high specificity,(14) thus it is likely that the women who were reported with hyperemesis gravidarum truly had the disease. Possible false negative cases are not likely to have influences our estimates, since the number of such cases would be low. The reporting of hyperemesis gravidarum cannot have been influenced by the maternal hCG concentrations, since this information was unknown to the doctors or midwifes in antenatal care. 
Of the 5458 eligible women, 924 women (16.9% of all eligible women) were excluded due to missing hCG concentrations on day 12 after embryo transfer. Among the excluded women, 381 women (41%) had information about hCG concentrations on others days after embryo transfer (days 13 to 20). Among these women, the hCG concentrations were not different in the women who developed hyperemesis gravidarum (n =9) compared to the women who did not (data not shown). We therefore do not suspect that biases due to skewed selection have occurred. In our study, we had limited statistical power since few women developed hyperemesis gravidarum. Type two errors may therefore have occurred.
All women in our study were pregnant after IVF. We do not know whether our results can be generalized to women with spontaneous pregnancies. Nonetheless, by studying IVF pregnancies our results are not biased by differences in duration of pregnancy at hCG quantification. We had no information about changes in hCG concentrations during pregnancy or the time of onset of hyperemesis gravidarum. Thus, we cannot rule out that the increase in hCG concentrations was higher in women who subsequently developed hyperemesis gravidarum than in the women who did not.  

We are not aware of any previous studies of the association of maternal hCG concentrations in very early pregnancy with subsequent development of hyperemesis gravidarum. Prior studies have compared hCG concentrations in women with presence of hyperemesis gravidarum and women without hyperemesis gravidarum. A review of studies performed after 1990, found significantly higher hCG concentrations in women with hyperemesis gravidarum as compared to women without hyperemesis gravidarum in 11 out of the 15 studies reviewed.(6) In these studies, the number of women with hyperemesis gravidarum varied from 8(18) to 58 women.(19) Another systematic review suggests an overall positive association of hCG concentrations with hyperemesis gravidarum, but the different studies included in the review showed large heterogeneity and inconsistent results.(20) In most previous studies, the exact duration of pregnancy at quantification of hCG was not known, and the estimates of pregnancy duration were based on fetal ultrasonographical examinations and/or the first day of the last menstrual period.(21-23) These methods may fail in determining the exact duration of pregnancy in days.(24) Since hCG concentrations increase rapidly by each day in early pregnancy, only one day difference in pregnancy duration at hCG quantification between women with and women without hyperemesis gravidarum could have biased the estimates. We are not aware of any prior studies that have made separate analyses for twin and singleton pregnancies, or have made adjustments for maternal age or body mass index. 

We found that women with a twin pregnancy had higher hCG concentrations and higher risk of developing hyperemesis gravidarum than women with a singleton pregnancy. However, the risk of developing hyperemesis gravidarum was not associated with high maternal hCG concentrations in early pregnancy neither in twin nor in singleton pregnancies. Also, we estimated no trend of increasing risk by increasing hCG concentrations, neither in singleton nor in twin pregnancies. These findings suggest that the higher risk of hyperemesis in twin pregnancies, may be caused by other factors than high maternal hCG concentrations. The onset and duration of hyperemesis gravidarum vary largely between women, and there is no evidence that the degree of symptoms depends on the individual hCG concentrations.(6) Also, such observations support that hCG concentrations are not linked to hyperemesis gravidarum.
In conclusion, we found no association of hCG concentration in early pregnancy with the development of hyperemesis gravidarum.
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Figure legend.

Figure 1. Flow chart. 

hCG, human chorionic gonadotrophin; IU/L, international units per litre.
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