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Abstract 
 

 Objectives  
Current testing to determine a failing pregnancy requires two separate clinic 

visits to measure the hCG doubling rate.  Diagnosing a failing pregnancy is often 

done in emergency departments where simplified and accelerated testing methods 

are needed. Here we investigated hyperglycosylated hCG (hCG-H) for predicting 

pregnancy failure. 
 

Design and Methods 
We studied two independent sets of patient samples collected in the early 

weeks of gestation. One set was urine samples and the other was serum samples. 

In all cases, hCG and hCG-H were measured using automated 

chemiluminescence immunoassays.  Concentrations of hCG and hCG-H were 

plotted on a scattergram and levels in failing pregnancies were compared to those 

in continuing pregnancies. 
 

Results 

Data indicated that a threshold level of hCG-H (13ug/L) in both serum and 

urine samples defined the concentration below which pregnancies were likely to 

fail. This cut-off corresponded to 73% detection of failures at a 2.9% false positive 

rate using serum, and 75% detection at a 15% false positive rate using urine. 

Using an hCG cut-off that corresponded to the same false positive rates, hCG 

detected only 42% of failures using serum and 43% of failures using urine.   
 

Conclusions 
Our data indicates that hCG-H provides a much more accurate single test 

than hCG for assessing pregnancy outcome. Compatible with the use of serum or 

urine samples, a single hCG-H test might provide simpler, faster, and more 

accurate results for predicting the progress of a pregnancy than standard hCG 

testing. 
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Abbreviations 

 

hCG = Human chorionic gonadotropin 

hCG-H = Hyperglycosylated human chorionic gonadotropin 

ROC = Receiver operating characteristics 

POC = Point of care 
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Introduction 
 

Human chorionic gonadotropin (hCG), a glycoprotein hormone, is 

detectable during pregnancy in urine and serum as early as the week following 

implantation (1-6).  Maternal concentrations of hCG are commonly used to 

distinguish between normal and abnormal pregnancies.  The concentration of 

maternal hCG reportedly doubles approximately every 2 days in the first 2 months 

of a favourable outcome gestation (7-9). Falling serum hCG levels or 

concentrations that do not double within two days are used to indicate a failing 

pregnancy, either a spontaneous abortion or an ectopic pregnancy, in the first 

trimester. hCG levels that at least double over a 2 day period are favourable and 

indicate a  pregnancy that likely will go to term (9). 

 The reported risks of spontaneous abortion and ectopic pregnancy in the 

USA are 16% and 2%, respectively (12-15).  Currently, for patients at high risk for 

spontaneous abortion or ectopic pregnancy, physicians use the hCG doubling rate 

to monitor gestational progress. Early identification of a failing pregnancy, 

particularly in the case of an ectopic pregnancy, ensures proper care and 

management of the mother and maximizes the chance of preserving fertility.  

The hCG doubling test is burdensome because it requires two visits to the 

physician’s clinic or laboratory within a very specific time window.  Additionally, this 

test has limited sensitivity (reports vary from 62-78%) and a high false-positive rate 

(26-40%) (10-11). Given the prevalence of failing pregnancies in the USA and the 

risks associated with ectopic pregnancy, it is important that more accurate and 

easier to use tests become available to assess the risk of pregnancy failure. 

Hyperglycosylated hCG (hCG-H) is an hCG molecule with additional sugar 

residues on its oligosaccharide side chains (16-18).  hCG-H has been shown by 

multiple authors to be the predominant form of hCG present in serum and urine 

samples in early pregnancy, during the time when implantation is occurring and 

the month that follows (19-23).  It has been previously shown that significantly 

lower proportions of hCG-H (vs. hCG) are found in spontaneously aborting and 

ectopic pregnancies (22-23). Considering the lower concentrations of hCG in 
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failing pregnancies (7, 8, 10, 11), and the lower proportions of hCG-H (22-23), 

measurement of hCG-H concentrations may provide an amplified means of 

detecting failing pregnancies. However, no parameters have been described for 

measuring hCG-H to differentiate between favourable outcome and pregnancy 

failures. 

Specific antibodies have been generated against hCG-H from a purified 

urine preparation that was 100% hyperglycosylated (24). This antibody has been 

highly characterized and has <1% cross reactivity with hCG (25-26). This 

monoclonal antibody, named B152, is the foundation for all hCG-H assays. An 

FDA-approved automated chemiluminescence immunoassay for hCG-H is 

currently available internationally marketed under the name “ITA” for Invasive 

Trophoblast Antigen (27).  This same test should be available in the near future in 

the USA, marketed under the name “Hyperglycosylated hCG.”  

This study aimed to establish improved means for evaluating pregnancy 

outcome. We hypothesized that a quantitative measurement of hCG-H in serum or 

urine could provide an improved pregnancy outcome test.  Using quantitative 

levels of total hCG and hCG-H in both a collection of early pregnancy urine 

samples and in a separate collection of early pregnancy serum samples, we 

compared a new method using a single point cut-off of hCG-H versus hCG.  Direct 

comparison of both methods using identical sample sets allowed us to assess 

sensitivity, specificity, predictive values, and diagnostic accuracy for this newly 

proposed method using either hCG-H or hCG. 
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Methods 
 

Patient Samples, University of New Mexico 
 This study was approved, and is being actively monitored, by the University 

of New Mexico Human Research Review Committee (protocol 03-146).  All 

volunteers were patients attending clinics in the Department of Obstetrics and 

Gynecology at the University of New Mexico Health Science Center, September 

2003 through September 2004. In all cases, once a positive pregnancy test was 

shown (from natural conception), an extra tube of blood was collected at the time 

of phlebotomy.  In this case, pregnancy was confirmed using a point-of-care serum 

pregnancy test. 

 Inclusion criteria required patients to be in the 3rd to 8th weeks of gestation 

(3 weeks 0 days to 8 weeks 6 days since the start of their last menstrual period) on 

the day of sample collection.  All cases were recruited blindly with no selection or 

elimination of cases.  Pregnancies that reach the end of the first trimester will very 

likely lead to a normal-term delivery, for this study such a pregnancy was 

considered to be a favourable outcome.  Pregnancy failure was characterized 

either as an ectopic pregnancy or a spontaneous abortion, which are likely 

identified before the end of the first trimester (7-11).  Our study population had no 

reported pregnancy failures beyond the first trimester. 

 We examined 120 serum samples from continuously recruited patients 

attending the clinic.  Eighty-seven serum samples were collected from patients 

having uneventful pregnancies as of the end of the first trimester of gestation.  

Twenty-nine serum samples were from pregnancies terminating in spontaneous 

abortion before their 8th week of gestation and 4 samples were from those having 

ectopic pregnancies. Blood samples (red top vacutainer tubes) were separated 

after phlebotomy using a desk-top centrifuge (2,000 x g). Serum was collected, 

placed into a sterile tube, and stored in a –80oC freezer until it was assayed for 

total hCG and hCG-H. 
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Patient Samples, Yale University 

 This study was originally approved by the Yale University Human 

Investigations Committee (protocol #8340) and then later approved by the 

University of New Mexico Human Research Review Committee (protocols 99-349 

and 03-146).  All volunteers were patients attending clinics in the Department of 

Obstetrics and Gynaecology at Yale University in 1999. At Yale University, once 

an enrolled patient had a positive pregnancy test (from natural conception) a tube 

of urine was collected at the clinic, whenever possible, from the 4th to the 7th weeks 

of pregnancy (4 weeks 0 days to 7 weeks 6 days since the start of their last 

menstrual period). Pregnancy was confirmed in all cases using serum hCG point-

of-care tests.  All cases were recruited blindly with no selection or elimination of 

cases. A total of 167 cases were recruited, of which 138 had favourable outcomes 

(reaching term deliveries). Twenty cases had spontaneous abortion in the first 

trimester, and 8 were ectopic pregnancies.  

Urine samples were frozen at -20 oC following collection and transferred 

daily to a -80oC freezer. Samples were transferred on dry ice from Yale to the 

University of New Mexico where they were further stored at -80oC. Samples were 

thawed for the first time and assayed for total hCG and hCG-H at the University of 

New Mexico for this study. 

 
Laboratory Tests 
 All laboratory testing was performed in the USA hCG Reference Service 

Laboratory at the University of New Mexico Health Science Center in 2004. This 

laboratory is certified by the Department of Heath and Human Services for running 

clinical tests (CLIA ID# 32D0972561). The consistency of laboratory tests is 

monitored by the College of American Pathologists (CAP #7176750-01).  The 

hCG-H test used was an immunometric assay produced by Nichols Institute 

Diagnostics (NID), a division of Quest Diagnostics, (San Clemente, CA) for their 

chemiluminescence Nichols Advantage automated platform.  The total hCG assay 

used is produced by Diagnostic Products Corporation (DPC; Los Angeles, CA) for 
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their series of chemiluminescence Immulite automated platforms. The DPC 

Immulite total hCG assay detects hCG, hCG-H and free ß-subunits on an equal 

basis (18).   As previously published, both tests can be used with serum and urine 

samples without a matrix effect (26-27). 

 All quality control upkeep was performed by the laboratory technicians who 

performed the actual assays at the University of New Mexico center.  The DPC 

Immulite has an intra-assay precision of approximately 4.7% CV at a mean 

concentration of 7.7µg/L; while the NID Advantage has an intra-assay precision of 

approximately 5.7% CV at a mean concentration of 17.6 µg/L (values published in 

user manuals and confirmed by in-house QC maintenance routines). 

Samples were retrieved from the freezer and thawed for the first time in a 

water bath.  Serum and urine samples were both diluted, when necessary, with the 

provided DPC and NID assay diluents.  All testing was carried out on the 

automated assays using pre-formulated reagent packs and following 

manufacturers’ guidelines. We then calculated hCG-H as a proportion of total hCG 

using the following formula: (µg/L hCG-H ÷ µg/L hCG). 

  

Data Analysis 
Total hCG and hCG-H data for all samples was entered into a Microsoft 

Excel 2003 spreadsheet (Microsoft Inc., Redmond WA). True positive and 

corresponding false positive rates for specific cut-off values were calculated. 

Predictive values were calculated in Microsoft Excel assuming that 16% of 

clinically-recognized pregnancies end in spontaneous abortion and 2% in ectopic 

pregnancy in the USA (12-15).  Receiver operating characteristics (ROC) curves 

were plotted and the area under the curve, 95% confidence intervals, standard 

errors (SE), and multiple ROC curve structural components (significant statistics) 

were calculated using AccuROC software, version 2.4 (Accumetric Corp., 

Montreal, QC). To illustrate the diagnostic efficiency of a 13µg/L cut-off, 

scattergrams of hCG-H concentrations against gestational age were plotted using 

Sigma Plot software, version 9.0 (Systat Inc., Richmond CA)  
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Results 
 

 As shown in Table 1, serum and urine hCG concentrations increased 

exponentially with increasing gestational age. Median serum hCG results were 

consistently higher than median urine hCG results, while the percent hCG-H in 

urine samples was consistently higher than that in serum samples.  No correlation 

was observed between rising hCG and hCG-H levels (r2 = 0.19). However a 

correlation did exist, from the 4th – 7th weeks of gestation, between logarithms of 

hCG results in serum and in urine (r2 = 0.95).  A linear correlation was found 

between serum and urine hCG-H levels (r2 = 0.97).  The median hCG 

concentration increased an average of 9.1-fold per week in serum and 8.2-fold per 

week in urine samples. In comparison, the median hCG-H concentration increased 

by an average of 2.3-fold per week in serum and 1.6-fold per week in urine.  

 

Serum Samples 

Individual serum hCG-H concentrations from patients between the 5th - 8th 

complete weeks of gestation were plotted by gestational age (Figure 1). A pivotal 

point is visually apparent in the scattergram at 13 µg/L (Figure 1). Using 13 µg/L 

as a cut-off, the hCG-H test detected 73% of pregnancy failures at a 2.9% false 

positive rate (Table 2). This corresponded to a predictive value positive (prediction 

of failures) of 85%.  

We examined hCG concentrations in the serum samples from the same 

patients. We compared the hCG data with the hCG-H results using the same false 

positive rate (2.9%). At this false positive rate hCG detected only 42% of failures; 

the predictive value positive was 76% (Table 2). An ROC curve was plotted 

comparing all combinations of detection rates and false positive rates for hCG-H 

and hCG. The area under the ROC curve for hCG-H was 0.88 ± 0.003 (mean ± 

SE) and 0.71 ± 0.006 for hCG (Table 2). The accuracy from measuring serum 

hCG-H was significantly different than the accuracy from measuring serum hCG, 

and it offered a significant improvement for detecting failures (P<0.00005).  
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Urine Samples 
Individual hCG-H concentrations were also compared in urine samples from 

patients between the 4th - 7th weeks of gestation. Figure 2 is a scattergram of this 

data, with urine hCG-H results plotted according to gestational age. An ROC curve 

was plotted comparing all combinations of detection and false positive rates. The 

13µg/L cut off used for serum was also a clear discriminatory point in the urine 

hCG-H scattergram (Figure 2). Considering the close correlation between 

concentrations of hCG-H in serum and urine (Table 1), the same cut-off point 

seemed appropriate. Using 13 µg/L as a cut-off, the hCG-H test detected 75% of 

pregnancy failures at a 15% false positive rate. This corresponded to a predictive 

value positive (prediction of failures) of 52%. The area under the ROC curve was 

0.83 ± 0.049 (Table 2).  

We examined hCG concentrations in these same urine samples. We 

compared hCG-H data with hCG results using the same false positive rate (15%). 

At this false positive rate, hCG detected 43% of failures; the predictive value 

positive was 39% (Table 2). The area under the ROC curve was 0.74 ± 0.047 

(Table 2). Again, a significant improvement in accuracy was observed by 

measuring hCG-H rather than hCG for the detection of failures, P=0.00005.  
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Discussion 
 

Approximately 16% of clinically-recognized pregnancies end in 

spontaneous abortion and 2% end in ectopic pregnancy in the USA each year (12-

15).  Early identification of pregnancy failure, as well as identification of patients 

who are at high risk for pregnancy failure, is important in order to provide 

appropriate clinical care and counselling.  Currently, the primary biochemical test 

used to predict or identify pregnancy failure is the hCG two-day doubling test.  Not 

only does this test literally take days to produce results, it also has a high false 

positive rate and a predictive value of only 35% for detecting pregnancy failure 

(10-11). A reliable biochemical test that could identify a high risk pregnancy in the 

presence of an identifiable uterine foetal sac would prepare patients and clinicians 

for a possible spontaneous abortion. Perhaps more importantly, a reliable 

biochemical test that could identify a high risk pregnancy in the absence of an 

identifiable uterine foetal sac could predict ectopic pregnancy and early therapy 

could be administered preventing an emergency situation, possible life-threatening 

peritonitis, and preserving fertility.  

As shown by our data, hCG values increase exponentially in the 5th-8th 

weeks of gestation. The widely changing values make it difficult to identify a 

specific cut-off for hCG for detecting failing pregnancies during this period, thus the 

development of the 2 day doubling test (7, 9, 13, 15). This test, however, is a 

cumbersome test, requiring multiple visits to the physician’s clinic and laboratory. 

Previous studies have evaluated alternate methods for using hCG to predict 

pregnancy outcome with only small improvements in accuracy and ease-of-use 

(28).  

 We questioned the relationship between serum and urine results. Previous 

reports show that serum and urine concentrations of hCG and hCG-H change 

proportionally with advancing gestational age, and serum and urine concentrations 

closely correlate with each other in normal and abnormal pregnancies (19-23). 

Results presented here show a clear correlation between early pregnancy serum 
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and urine concentrations of both hCG and hCG-H.  This allowed us to confidently 

continue our analysis using both serum and urine samples 

We investigated hCG-H in serum and urine and compared hCG-H results 

with hCG values in the same samples. As shown, hCG-H concentrations increase 

slowly with advancing gestation relative to exponentially rising hCG 

concentrations. hCG-H concentrations in serum and urine approximately double 

every week compared to doubling every 2 days. As such hCG-H results are much 

more stable with advancing gestation. We investigated the use of a single serum 

sample and a single urine sample hCG-H measurement as markers for pregnancy 

outcome.  

hCG-H results were compared to hCG values using the same samples at 

the same false positive rates.  The area under and ROC curve is an independent 

measure which tests the accuracy of a diagnostic application. Examining the data 

for regular hCG, the ROC area under the curve values were 0.71 ± 0.006 and 0.74 

± 0.047 for serum and urine, respectively. Using hCG-H, however, the ROC area 

under the curve values were 0.88 ± 0.003 (P<0.0005) and 0.83 ± 0.049 

(P<0.0005) for serum and urine, respectively. Clearly, hCG-H provides a much 

more accurate single test than hCG for assessing pregnancy outcome.  

Using serum samples and an hCG-H cut-off of 13µg/L, 73% of failing 

pregnancies were detected at a 5% false positive rate. Using hCG and a cut-off 

corresponding to this same false positive rate, only 42% of failures were detected. 

Using urine samples and the hCG-H 13µg/L cut-off concentration, 75% of failing 

pregnancies were detected at a 15% false positive rate. Using hCG and a cut-off 

corresponding to this same false positive rate, only 43% of failures were detected. 

Using an arbitrary cut-off concentration and fixed false positive rates, we confirm 

the greater accuracy and utility of hCG-H measurements for predicting pregnancy 

outcome. 

Parallel differences were observed in serum and urine samples, with hCG-H 

sensitivities of 73% in serum and 75% in urine, and with hCG sensitivities of 42% 

in serum and 43% in urine. While sensitivities were similar for serum and urine, 

corresponding false positive rates were approximately 5-fold higher in urine 
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samples. This is likely due to the wide variation of protein excretion that occurs in 

urine due to variable liquid intake (5, 19, 29). This variability broadens the range of 

urine values and subsequently increases the false positive rates. It is very likely 

that normalizing the urine samples to creatinine concentrations would have 

decreased the false positive rates associated with the urine samples, possibly 

making the false positive rates more comparable to that seen with the serum 

samples. 

It should be noted that while the serum samples evaluated here were tested 

fresh, the urine samples were investigated after 5 years storage at -80oC. We 

considered the possibility that this compromised the value of the urine results. As 

published, multiple freezing and thawing can destabilize hCG-H results (30). As 

also published, storage for multiple years without freezing and thawing does not 

change hCG or hCG-H results (31). Based on these previous reports, investigating 

urine samples that were frozen for 5 years and never thawed should not detract 

from the merit of our results.   

We conclude that single point hCG-H determinations are significantly more 

sensitive than hCG single point measurements for detecting pregnancy outcome. 

Both serum and urine measurements could be utilized, with serum measurements 

possibly providing a lower false positive rate and thus a better predictive value.  

Whether using the serum or urine single-point hCG-H test, both provide a more 

sensitive and more accurate evaluation of pregnancy progression than a single-

point measurement of hCG.  While this data seems promising, it should be used 

as a foundation for other centers to further investigate hCG-H measurements in 

pregnancy outcome, possibly using the 13µg/L cut off used here. It should also be 

the focus of future studies to determine if this single measurement of hCG-H could 

replace the currently-used hCG 2-day doubling test.  Our data indicates that a 

single serum measurement of hCG-H could be a vast improvement in simplicity, 

speed, and predictive accuracy.  Undoubtedly, a single-measurement test could be 

invaluable in emergency clinical situations where patients and clinicians do not 

have time to wait two days for a predictor of pregnancy failure.  
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Table 1. Median hCG values (IU/L), median hCG-H values (µg/L), and an average 
of the proportions of total immunoreactivity due to hCG-H (%, µg/L hCG-H ÷ µg/L 
hCG) in serum and urine samples from different complete weeks of gestation 
(weeks since last menstrual period). 

 

Week Serum Urine 

 Median hCG 
Values 

Median hCG-H 
Values 

Average 
% hCG-H ± SD 

 Median hCG 
Values 

Median hCG-H 
Values 

Average 
% hCG-H ± 
SD 

 

         

3rd 22 6.8 89 ± 24 n = 5     

4th 627 1 25 1 41 ± 13% n = 13 529 30 1 61 ± 37% n = 45 

5th 2816 54 31 ± 11% n = 20 2022 54 40 ± 30% n = 69 

6th 12144 120 21 ± 14% n = 13 2678 58 32 ± 32% n = 20 

7th 19690 348 16 ± 13% n =12 13050 130 31 ± 4% n = 5 

8th  98615 347 7.0 ± 5.4% n = 24     

Total    n = 87    n = 139

 
1 Logarithms of urine and serum hCG correlate (r2=0.95), 4th - 7th weeks of 

gestation. During this same period, serum hCG-H correlates with urine hCG-H 

(r2=0.97).
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Table 2. Utility of hCG (total hCG) and hCG-H for predicting pregnancy failure 

using 120 serum and 167 urine samples. Arbitrary cut-off values were determined 

from scattergrams (Figures 1 and 2). False positive rates and detection rates at 

these cut-off values were calculated and predictive values were determined. ROC 

statistics were calculated for serum and urine hCG and hCG-H, independent of 

any cut-off values. 

 

  Serum hCG-H Serum hCG Urine hCG-H Urine hCG 

      

Term outcome pregnancies n = 87 n = 87 n = 139 n = 139 

Cut-off concentration 13 µg/L 125 IU/L 13 µg/L 215 IU/L 

Corresponding false positive rate  5% 5% 15.0% 15.0% 

     

Corresponding Detection Rate: n = 33 n = 33 n = 28 n = 28 

a. All failures 24 of 33 (73%) 14 of 33 (42%) 21 of 28 (75%) 12 of 28 (43%) 

b. Spontaneous abortions only 20 of 29 (71%) 12 of 29 (41%) 14 of 20 (70%) 9 of 20 (45%) 

c. Ectopic pregnancy only 4 of 4 (100%) 2 of 4 (50%) 7 of 8 (88%) 3 of 8 (38%) 

       

Predictive value positive 85% 76% 52% 39% 

     

Area under ROC curve ± SE 0.88 ± 0.003 1 0.71 ± 0.006 1 0.83 ± 0.049 2 0.74 ± 0.047 2 

ROC 95% confidence interval 0.83 - 0.99   0.78 - 0.97 0.73 - 0.92 0.65 – 0.83 

 
1 A significant difference was observed between serum hCG and serum 

hCG-H area under the ROC curve results (P<0.00005). 
2 A significant difference was observed between urine hCG and urine hCG-

H area under the ROC curve results (P<0.00005). 
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Figure 1.  Scatter plot of 120 individual hyperglycosylated hCG serum 

measurements from normal (○) and failing pregnancies (●) in the 3rd-8th compete 

weeks of gestation.  The horizontal dashed line is drawn at a pivotal point, 13µg/L 

of hCG-H.  
 

 

Figure 2.  Scatter plot of 167 individual hyperglycosylated hCG urine 

measurements from normal (○) and failing pregnancies (●) in the 4th-7th compete 

weeks of gestation.  The horizontal dashed line is drawn at 13µg/L of hCG-H.  
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