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Abstract:
Objective

Prenatal screening for developmental and chromosomal fetal defects during both the first and second trimesters of
pregnancy is considered standard practice. In the second trimester, screening for spinal cord malformations, such
as spina bifida and anencephaly (a type of neural tube defect), involves measuring alpha-fetoprotein levels in
maternal blood. The cutoffs used to identify increased risks for neural tube defects are typically tailored for factors
like race, multiple fetuses, reported smoking, and the presence of maternal insulin-dependent diabetes. What
remains unclear is the impact of assisted reproductive technology, commonly known as in vitro fertilization
procedures, on alpha-fetoprotein levels and other measured analytes.

Method

This report presents a retrospective study that examines the impact of reported in vitro fertilization procedures on
second-trimester levels of alpha-fetoprotein. The study utilizes consecutive data from March 20, 2019, through
March 29, 2023, sourced from laboratory records.

Result

We illustrate elevated levels of maternal serum alpha-fetoprotein across all racial subgroups undergoing in vitro
fertilization procedures. Additionally, we demonstrate that maternal serum alpha-fetoprotein levels rise with
maternal age.

Conclusion

This study underscores the significance of our findings in evaluating the risk of neural tube defects, such as spina
bifida, Down syndrome, and other genetic anomalies. It holds considerable value in guiding clinical practices.
Furthermore, it highlights the need for further investigation to evaluate how our findings impact the assessment of
fetal well-being.
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Introduction

Prenatal screening for spinal cord malformations, typically spina bifida and
anencephaly (NTDs), is performed in the second trimester of pregnancy by
measuring alpha-fetoprotein (AFP) in maternal blood. The cut-offs used to
denote increased risks for NTD are usually modified by the presence of race,
multiple fetuses, reported smoking, and the presence of maternal insulin-
dependent diabetes [1].
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Another factor that has attracted concern is the impact of assisted
reproductive technology (ART), also referred to as in vitro fertilization
procedures (IVF), on the levels of AFP in pregnant women. The reported
effect of I\VVF treatment on second trimester AFP levels seems to vary. This
is partially because previous studies investigated the effect of IVF in general
[2-4], or IVF involving transfer of frozen or fresh embryos involving
intracytoplasmic sperm injection (ICSI) [5-7].
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If second-trimester levels of AFP are truly elevated in IVF-assisted
pregnancies, laboratories would need to consider modifying the risk cut-off
to account for this bias. This report focuses on the effect of the reported use
of all IVF procedures on second-trimester levels of AFP by conducting a
non-interventional analysis of retrospective cohort data and a review of the
literature.

Materials and Methods
1.Analytical and risk calculation procedures

Serum samples from women in their second trimester of pregnancy are
delivered to Sunrise Laboratory. The Beckman Dxi analyzer measures AFP
levels in maternal serum.

Results of the AFP measurements and patient demographics are uploaded to
the Benetech software program, which calculates specific risk for an NTD.
The AFP results (ng/mL) are adjusted for maternal weight and then
normalized to gestational age-specific and race-specific medians to calculate
the Multiple of Median (AFP [ng/mL]/weekly median; MoM) for each result.
The MoM cut-offs used for a positive screen are: 2.5 for most populations,
3.0 for self-designated Black women, 1.96 if the patient is reported having
insulin-dependent diabetes (IDDM), 4.0 for most populations if there are
twin gestations, and 5.0 for Black women with twin gestations. The medians
of each population are reviewed at least monthly and adjustments to the
medians are made to maintain the median of the overall MoM values close
to 1.0 with an acceptable range of +/- 0.5 MoM.

Copy rights @ Lawrence A. Kaplan,
2.Patient population:

Consecutive data from March 20, 2019 through March 29. 2023, was
gathered from the laboratory records.

Exclusion criteria were MoMs greater than 10.0 and results for fetuses whose
estimated gestation age was less than 14 weeks or greater than 23 weeks.

The data was sorted by race and the reported use of an in vitro fertilization
technique (no IVF or + IVF). No distinction could be made as to the type of
IVF procedure used. There was no separation of singleton from multiple
gestation pregnancies. Although twin gestations occurred at a rate of 1.4-2.5
% of all serum samples, the prevalence of twin gestations was roughly the
same in both IVF pregnancies and non-1VF pregnancies.

3.Statistical analysis

The student’s t-test was used to compare the means of ages, AFP levels, and
AFP MoMs. An Ancova analysis in the R language programming was
performed to compare the AFP MoM Mean between IVF and non-IVF
groups at the same age, from 30 to 44 years old. The Spearman’s Rank
Correlation test was used to compare AFP MoMs with maternal age.

Results

The racial distribution of the patients is listed in Table 1. Notably, the ages
of the patients (Table 2) with I\VF procedures were significantly higher than
the ages of patients without reported use of IVF (t-test, P<0.05). This trend
of higher ages with IVF was remined consistent across the various racial
groups.

Race Total No IVF + IVF % IVF in total

Asian 1574 1405 169 10.7

Black 1422 1371 51 3.6
Hispanic 3757 3705 52 1.4

Other 1677 1499 178 10.6
Unknown 1156 1045 111 9.6

White 11998 11395 603 5.0

Total 21584

Table 1: Racial distribution of population by presence of IVF
Mean age (Years) Range (Years)

Race No IVF + IVF No IVF + IVF

Asian 32.1 37.6* 17-46 25-53

Black 30.6 37.6* 15-49 27-55
Hispanic 29.6 36.5* 14-45 20-47

Other 315 37* 15-48 25-55
Unknown 313 36.2* 16-43 23-48

White 31.7 37.4* 15-51 21-60

*mean + IVF and No IVF statistically different by t-test, P< 0.05

Table 2: Ages of the various racial populations by presence of IVF

The AFP levels as well as the AFP MoMs for the total patient populations
with IVF procedures were significantly higher than the AFP for patients

whose pregnancies developed without assisted reproductive technology
(Table 3; t-test, P<0.05).

Mean AFP (ng/mL) Median AFP MoMs
No IVF + IVF No IVF + IVF
47.2 57.1* 1.03 1.37*
n=27745 n=1169

* mean+ IVF vs. no IVF statistically significant by t-test, P< 0.05

Table 3: AFP (ng/mL) and AFP MoMs for total population
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This pattern of higher AFP and AFP MoMs was also proper for each racial
group: both AFP and AFP MoMs were more significant for the patients of

each racial group whose pregnancies developed with the aid of assisted
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reproductive technology (Table 4).

Mean AFP (ng/mL) Median of MoMs
Race No IVF + IVF No IVF + IVF
Asian 49.2 67.1* 1.08 1.41*
Black 51.4 62.6* 1.04 1.17*
Hispanic 48.8 58.5* 1.02 1.31*
Other 45.1 54* 1.01 1.23*
Unknown 46.5 54.1* 1.03 1.28*
White 455 54.3* 1.02 1.22*

*mean + IVF and No IVF statistically significant by t-test, P< 0.05

Table 4: AFP (ng/mL) and AFP MoMs by racial group and IVF use

In addition, we compared AFP MoM Mean between IVF and non-IVF
groups for ages 30 to 44 years old (Table 5). The cut-off of case number for
each age set is 29. Figure 1 visulizes the curves of MoM Mean of each age

programming language was performed. The P value is 0.01994, indicating a
statistically significant difference between IVF; in particular, the non-IVF
groups and AFP MoM of IVF group is significantly higher that of non-I1VF

—IVF Mean

Age

Non-IVF Mean

set for both IVF and non-IVF groups. An Ancova analysis in the R group.
IVF Non-1VF
Age Cases Mean Cases Mean
30 29 1.26 1079 1.1
31 34 1.29 1180 1.11
32 56 1.29 1175 1.14
33 7 1.28 1173 1.12
34 90 1.39 1142 1.13
35 88 1.43 955 1.14
36 103 1.32 836 1.12
37 98 1.48 647 1.12
38 85 1.29 535 1.12
39 84 1.36 379 1.16
40 70 1.41 293 1.13
41 75 1.36 201 1.14
42 53 1.37 115 1.26
43 48 1.45 60 1.15
44 31 1.64 32 1.24
Table 5: MoM Mean and case number of each age
1.7
1.6
1.5
(:6 1.4
]
> 13
1.2
1.1 R
1
30 34 38 40 42 44 46

Figure 1: Comparison AFP MoM between IVF and non-1VVF groups at various age groups
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Finally, we considered the relationship between patient age and the AFP  Coefficient Rs value is more significant than 0.78 with Critical Value a =

MoMs. The AFP MoMs for patients with no IVF trended higher with  0.01, suggesting that there is a statistically significant correlation between
increased maternal age (Table 6A). The Spearman’s Rank Correlation  higher MoM of no IVF individuals and older ages.

Age Case number no IVFE AFP MoM mean
14 1 0.75
15 12 1.31
16 19 1.07
17 47 1.06
18 77 1.05
19 137 1.09
20 183 1.06
21 210 1.10
22 283 1.09
23 360 1.04
24 408 1.06
25 527 1.09
26 502 1.13
27 666 1.10
28 762 1.09
29 939 1.09
30 1079 1.10
31 1180 1.11
32 1175 1.14
33 1173 1.12
34 1142 1.13
35 955 1.14
36 836 1.12
37 647 1.12
38 535 1.12
39 379 1.16
40 293 1.13
41 201 1.14
42 115 1.26
43 60 1.15
44 32 1.24
45 19 1.37
46 4 1.30
47 5 1.18
48 3 1.19

Table 6A: Relationship between maternal age and AFP MoM

The Spearman’s Rank Correlation Coefficient test is not conducted on the  case (Table 6B).
IVF data because, in some I\VF age groups, there are no cases or only one

Age IVF Case number AFP MoM mean
20 1 0.85
21 1 1.02
22 1 1.05
23 1 1.28
24 5 1.18
25 10 1.31
26 4 1.58
27 9 1.31
28 11 1.60
29 17 1.40
30 29 1.26
31 34 1.29
32 56 1.29
33 7 1.28
34 90 1.39
35 88 1.43
36 103 1.32
37 98 1.48
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38 85 1.29
39 84 1.36
40 70 141
41 75 1.36
42 53 1.37
43 48 1.45
44 31 1.64
45 26 1.53
46 15 1.27
47 21 1.30
48 8 1.50
49 2 1.70
50 3 1.98
51 3 1.31
52 0

53 2 1.00
54 1 0.81
55 3 2.06
56 1 1.48
57 1 1.99
58 0

59 0

60 1 1.10

Table 6B: Relationship between maternal age and AFP MoM

Discussion

Screening for neural tube defects (NTDs) by measuring alpha-fetoprotein in
serum from women in their second trimester of pregnancy is a routine part
of prenatal care. However, there is an inconsistency with reports regarding
the effect of ART (IVF) on the levels of AFP and their normalized values
(the Multiple of the Mean, MoM). AFP values are often reported to be
raised, lowered, or have no change [1, 5-7]. The discrepancies result partially
from relatively small numbers in these clinical studies and partially from the
investigation of multiple variations of ART procedures, such as transfer of
frozen or fresh embryos or IVF involving intracytoplasmic sperm injection
(ICSI). Each of these sub-variants of IVF may have different associated
clinical risks and issues, complicating the simple question of whether or not
the reported use of ART is associated with changes in second-trimester AFP
levels.

In this report, based on an extensive and ethnically diverse database, we can
confirm that the answer is affirmative. AFP levels and the AFP MoMs are
raised in the IVF-reported group as compared to the pregnancies reporting
no ART to assist in conception (Table 2). We do not consider the type of IVF
procedure employed; we only consider the global effect of all IVF
procedures. The elevated AFP levels in IVF-assisted pregnancies occur for
each of the racial groups investigated: Caucasians, Blacks, Asians,
Hispanics, and the two sub-groupings for which no race had been assigned:
Other and Unknown (Table 3). The MoMs, which are used to assign risk for
NTDs, are raised by about 20% for both overall and each racial group in IVF-
assisted pregnancies. These results compare well with the recent report by
Lanes A et al. [4], in which higher AFP values are also reported in second-
trimester serum. Any bias from twins in the current populations studied will
be small slight, with twin gestations reported at about 1.4-2.5% of totals.
Since twin gestations were rarely associated with IVF, any bias of twin
gestation would tend to increase the AFP MoMs of the non-I1VF population,
making the actual bias we see even more real.

We do see a significant association of AFP MoMs with the age of non-IVF
patients (Spearman’s Rank Correlation Coefficient Rs value is more
significant than 0.78 with Critical Value o= 0.01); this is similar to what was
previously observed by others [8, 9]. When we compared the mean AFP
levels (ng/mL) in various maternal ages for both the IVF and non-IVF
groups, the AFP levels were consistently higher for the I'\VF group for each
age. Thus, the observation that AFP levels are elevated in the I\VVF cohort is
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still tenable despite the overall difference in age between the I\VVF group and
the non-IVF group.

Maternal serum AFP is significantly increased in I\VVF-assisted pregnancies
for every racial cohort examined. This finding needs to be addressed in
particular in terms of its clinical application.

Fetal defects associated with I\VF-assisted pregnancies range from physical
defects [10-13], or increased risk for cancer [14], to chromosomal changes
[15]. However, one report concludes there are no significant risk of fetal
defects [16]. There is no clear explanation as to the biological or
physiological cause for any higher risk associated with IVF. The higher risk
for birth defects may stem from either the I\VVF procedures themselves, the
manipulation of individual gametes or embryos, or from the underlying need
for IVF, namely infertility.

Increased risk for fetal risk with IVF may be due to delayed conception
(older, more damaged oocytes [11], and other underlying causes of infertility
[17]. Drugs used in I\VVF for older women may increase their risk of having a
baby with Down's syndrome (DS). Some suggest that the increased DS
incidence may be attributable to the underlying cause of patient infertility or
its determinants, since couples who take longer than a year to conceive have
a similar increased risk of having babies that exhibit birth defects [16, 17].
Stated, women undergoing I\VVF tend to be older (see Tables 2 and 5) and/or
have other independent factors that might by themselves increase DS or NTD
risk; therefore, it is difficult to correct for IVF by itself reliably. In this study
the ages of all the populations reporting the use of I\VF were significantly
higher (Table 1) than the populations with commonly conceived fetuses.

There have been suggestions that the levels of specific second-trimester
analytes should be adjusted to offset the changes associated with IVF-
assisted pregnancies [18, 19]. However, reducing AFP MoMs for the
presence of IVF would decrease the sensitivity for detecting NTDs and other
possible adverse fetal outcomes while, in combination with other second-
trimester tests for DS screening (Human chorionic gonadotropin,
unconjugated Estriol, Inhibin), the artificially lowered AFP MoMs might
decrease the specificity of DS screening and increase the already high rate of
false positives (~3-5%). In addition, elevated serum AFP levels (MoMs
>1.00) below the cut-off for increased NTD risk levels may well reflect other
adverse fetal outcomes [8, 20, 21]. This lack of knowledge should preclude
artificial modifications of the data until the clinical significance of the higher
AFP MoMs is better known.
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Conclusion

We illustrate elevated levels of maternal serum alpha-fetoprotein across all
racial subgroups undergoing in vitro fertilization procedures and
demonstrate that these levels rise with maternal age. This study underscores
the significance of our findings in evaluating the risk of neural tube defects,
such as spina bifida, Down syndrome, and other genetic anomalies. It holds
considerable value in guiding clinical practices. Furthermore, it highlights
the need for further investigation to evaluate how our findings impact the
assessment of fetal well-being.
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