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This Electronic Supplementary Material contains the following:

Fig. S1 Determination of oil contamination in 3-day-embryo—supernatant spectra.
Converting numerical into qualitative variables.

Table S1. Patient clinical data.

Heterogeneity analysis.

Fig. S2 Reproducibility levels of acquired spectra among the different wells in the ZnSe
optical plate.

Fig. S3 Reproducibility among each batch of culture medium G1 Plus.

Fig. S4 Reproducibility among batches of culture medium G1 Plus.

Fig. S5 Heterogeneity of the spectra within classes.

Fig. S6 Spectral differences in the spectral region W2.

Fig. S7 Panel A: One-way ANOVA evaluating maternal age in the IF class (p <0.05). The
statistical analysis demonstrated that within this IF class the age of the mothers was
significantly different between the class-IMP- and the class-NIMP—embryo spectra,
with the mothers being older in class NIMP. Panel B: One-way ANOVA comparing
maternal ages and metabolomic-fingerprint classes (p <0.05). The analysis indicated
that the embryo-supernatant samples classified as NIF were from older mothers than
those classified as IF.

Fig. S8 Analysis of the age percentage distribution of women considering the defined
age categories.
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Fig. S1 Determination of oil contamination in 3-day-embryo-supernatant spectra. In
the figure, the absorbance in arbitrary units is plotted on the ordinate as a function of
the wavenumbers indicated in the abscissa. Spectrum a: FTIR spectrum of a 3-day-
embryo supernatant contaminated with culture oil. Spectrum b: FTIR average
spectrum of the oil. The intensity of the —CH; stretching of lipids at 2933 cm—used
as a marker band for the oil content—and the amide-l band at 1655 cm™—an internal
standard for the total material—can be used to determine the relative amount of oil
present in the spectra of embryo supernatants.

Converting numerical into qualitative variables.

Clinical data registered at the OpenClinica database such as mother's age, BMI, and
smoking habits were converted from numerical variables into qualitative ones (Table
S1):

The mother's age was categorized in 3 groups: Group 1, women older than 27 and
younger than 35 years; Group 2, women between 35 and 40 years; and Group 3,
women older than 40 years.

BMI was calculated in each individual by using the patient’s height and weight
information in the formula (weight in kg)/(height in m)? and then classified into 4
groups. Those patients with BMI values between 18.5 to 25.0 (normal weight), were
included in Group 1, BMI values below 18.5 (underweight) were placed in Group 2,
BMI values between 25.0 to 30.0 (overweight) corresponded to Group 3, and those
with BMI values over 30.0 (obesity) were categorized in Group 4.

The information related to smoking habit provided by the mothers was divided into 5
categories: Group zero (0), women that never smoked; Group 1, ex-smokers that used
to consume fewer than 10 cigarettes per day; Group 2, ex-smokers that used to smoke



more than 10 cigarettes per day; Group 3, woman smoking at the time of the IVF
treatment at least 9 cigarettes per day; Group 4, active smokers of 10 to 19 cigarettes
per day; and Group 5, smokers of 20 or more cigarettes per day.

Table S1. Patient clinical data.

Implantation Metabolomic Age Smoking BMI  Embryo
classes fingerprints classes habits morphology
NIMP NIF 3 1 1 3
NIMP NIF 3 1 1 3
NIMP NIF 2 5 1 1
NIMP NIF 2 5 1 2
NIMP NIF 2 1 1 2
NIMP NIF 2 1 1 2
NIMP NIF 2 1 1 1
NIMP NIF 2 1 1 1
NIMP NIF 2 0 nd 2
NIMP NIF 2 0 2 2
NIMP NIF 2 0 2 2
NIMP NIF 2 0 4 1
NIMP IF 2 0 4 1
NIMP NIF 3 0 1 3
NIMP NIF 2 0 nd 1
NIMP IF 2 0 nd 2
NIMP IF 1 4 1 2
NIMP NIF 2 4 1 2
NIMP NIF 2 4 1 1
NIMP NIF 1 0 1 1
NIMP NIF 1 0 1 2
NIMP NIF 1 0 1 3
NIMP IF 3 0 1 2
NIMP NIF 3 0 1 2
NIMP IF 2 3 1 2
NIMP NIF 1 0 1 1
NIMP NIF 1 0 1 1
NIMP NIF 3 0 1 2
NIMP NIF 2 0 1 1
NIMP NIF 2 0 1 2
NIMP NIF 1 0 1 2
NIMP IF 1 0 1 2
NIMP IF 3 0 1 1
NIMP NIF 2 nd nd 3
NIMP IF 2 0 1 1
NIMP IF 2 0 1 3
NIMP NIF 2 0 1
NIMP IF 3 0 nd 1
NIMP NIF 1 0 1 2
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Heterogeneity analysis. The unsupervised hierarchical-cluster-analysis was used for
the evaluation of the heterogeneity of IMP, NIMP, IF and NIF. As previously reported1
and detailed in the Materials and Methods section, the spectral variances in each data
set were determined as the average * 2 standard deviations of the so-called spectral
distance (D). This parameter corresponds to a dissimilarity measurement equal to
(1 —r) x 1000, with r being Pearson's product-moment—correlation coefficient. The
spectral distances were calculated through the use of the preprocessed procedure B
in the spectral ranges 1500-1800 cm™ and 730-1280 cm™. The fusion values in
dendrograms were obtained by means of the average linkage (OPUS versions 7.0
Bruker Optics GmbH, Ettlingen, Germany).

The heterogeneity obtained for IMP (D + SD = 11.70 + 7.00) was smaller than that
obtained for NIMP (D £ SD = 21.98 + 16.97). This analysis indicated that IMP spectra
were quite homogenous, while those from NIMP were highly heterogeneous (ESI Fig.
S5t). These results support the analysis of the spectral-data internal structure
performed by principal-component analysis.
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Fig. S2 Reproducibility levels of acquired spectra among the different wells in the
ZnSe optical plate. The spectral distances were calculated through the use of the
preprocessed procedure A in the spectral ranges 3000-2800 cm™, 1800-1550 cm™3,
1500-1250 cm™, and 1200-900 cm™. The fusion values in dendrograms were
obtained by means of the average linkage (OPUS software 7.0, Bruker, Optics,
Germany). The spectral distance measured for this independent replicate was 6.30 +
5.26. The analysis indicated that the spectral quality was not affected by the sample
desiccation that occurred during the time period required for the measurements.
Three wells of the ZnSe microtiter plate remained empty. One well (A1) was used to
measure the spectrum background and the other poaition were measured empty in
order to stabilize the air circulation of the equipment.
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Fig. S3 Reproducibility among each batch of culture medium G1 Plus. Reproducibility
levels among three different batches of G1 Plus culture medium. Panel A, Batch 4;
Panel B, Batch 8; Panel C, Batch 9. The spectral distances were calculated through the
use of the preprocessed procedure A in the spectral ranges 3000-2800 cm™, 1800 cm"~
1,550 cm™, 1500-1250 cm™, and 1200-900 cm™. The fusion values in dendrograms
were obtained by means of the average linkage (OPUS software 7.0, Bruker, Optics,
Germany). The widest spectral distances measured for these culture-medium batches
were 7.08 + 3.29 (Panel A), 2.50 + 0.94 (Panel B) y 3.34 + 2.53 (Panel C), respectively.
The reproducibility obtained within each batch of G1 Plus culture medium exhibited a
low level of variability.

B: batch
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Fig. S4 Reproducibility among batches of culture medium G1 Plus. The spectral
distances were calculated through the use of the preprocessed procedure A in the
spectral ranges 3000-2800 cm™; 1800-1550 cm™; 1500-1250 cm™, and 1200-900
cm™. The fusion values in dendrograms were obtained by means of the average
linkage (OPUS software 7.0, Bruker, Optics, Germany). The widest spectral distance
measured for analysis of the variance of these G1 Plus culture medium batches was
9.31 + 6.60. This analysis indicated that a high level of reproducibility was observed,
while no significant spectral differences were recorded for more than 15 different
batches of G1 Plus culture medium assayed.

B: batches
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Fig. S5 Heterogeneity of the spectra within classes. Distribution of spectral-distance
values of spectra acquired from 3-day-embryo supernatants belonging to IMP (Panel
A) and NIMP (Panel B). In the two panels, the percent distribution of each spectral
distance indicated on the abscissa is plotted on the ordinate.
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Fig. S6. Panel A: FTIR spectra of three embryos of IF class and three of NIF class (black
and grey lines, respectively). Panel B: Discriminative features of the vector-normalized
second-derivatives of the three spectra of the IF (black line) and NIF (gray line) classes
in W2 and W3 spectral regions. The second derivative of the spectra is plotted on the

ordinate as a function of the wavenumber on the abscissa.
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ANOVA Table ANOVA Table
Souree SS_______df MS_______ P _Prob>F Source ____ 88 df____MS _____F___Prob>F
Groups 4.0147 1 4.01471 10.82  0.0016 Groups  2.7283 1 2.72832 5.34 0.0224
Error 24.5 66 0.37121 Error 65.3409 128 0.51048
Total 28.5147 67 Total 68.0692 129
Non-implanted embryo
N 3 . F —— NIH e
spectra in IF class
Implanted embryo F
spectra in IF class [
13 14 15 16 1.7 1.8 19 2 21 22 1.6 1.7 1.8 1.9 2 2.1 22
The means of implanted and non-implanted embryo The means of classes IF and NIF
spectra inside IF are significantly difTerent are significantly different

Fig. S7 Panel A: One-way ANOVA evaluating maternal age in the IF class (p <0.05). The
statistical analysis demonstrated that within this IF class the age of the mothers was
significantly different between the class IMP and the class NIMP embryo spectra, with
the mothers being older in class NIMP. Panel B: One-way ANOVA comparing maternal
ages and metabolomic-fingerprint classes (p <0.05). The analysis indicated that the
embryo-supernatant samples classified as NIF were from older mothers than those
classified as IF.
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Fig. S8 Analysis of the age percentage distribution of women considering the defined
age categories. Panel A: Maternal-age analysis between samples from implanted
embryos (IMP) and nonimplanted embryos (NIMP) of the IF class. Panel B: Maternal-
age analysis between samples from the IF and NIF classes. In the two panels, the
percent of the women within a given age class is plotted on the ordinate with respect
to the transferred embryos having the implantation outcomes. Age Groups: Age 1 (27
to 35 years), Age 2 (35 to 40 years), Age 3 (>40 years).
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