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Abstract 

Background: The proposal that MALDI-ToF mass spectrometry could be used as a direct, 
rapid and affordable diagnostic tool in clinical laboratory medicine has moved from a theoretical 
possibility to a reality for Microbiology. Several studies have proposed the application of this 
technology in obstetric and gynaecological evaluation of patients. In particular, we have proposed 
that the adoption of MALDI-ToF mass spectrometry in examination of maternal pregnancy urine 
samples for the detection of Downs syndrome.

Methods: A retrospective collection of 20 Down Syndrome and 100 non-aneuploid pregnancy 
urines at 12 to 14 weeks gestation, collected in 2007-2008 from high risk pregnancy cohorts, 
were examined by MALDI-ToF mass spectrometry in the mass/charge range between 1000 and 
100000 m/z. Normalisation of spectral data was defi ned using mass bins of 100 m/z expressed 
as a percentage of the total ion count of the mass spectra from 2000 to 11000 m/z. Of the ninety 
100 m/z bins, forty-six were identifi ed as m/z bins at which statistically signifi cant differences in 
spectra occurred between Downs and control/non-aneuploid samples. Based on the differences 
and variance, for values at these bins, weighted scores of the probability of being Downs were 
assigned. Comparative algorithms consisting of various mass bins were tested for ability to 
distinguish Down syndrome from non-aneuploid pregnancy.

Results: Although various algorithms could distinguish Downs from non-aneuploid controls, 
it was found that gestational age was a confounding factor and that if separated into gestational 
age matched cohorts the ability to distinguish the groups improved dramatically e.g. whilst a 19 
bins algorithm separated 100% of Downs from non-aneuploid pregnancies for a 9% false positive 
rate in the mixed gestational ages group; a two bin algorithm distinguished 100% of Downs for a 
6% false positive rate for the 12 weeks gestational age pregnancies. 

Conclusion: Normalised MALDI-ToF mass spectra, at 2000 to 11000 m/z, of maternal urine 
gives rise to gestational age specifi c screening tests algorithms for Downs’s syndrome.

Background
The proposal that matrix assisted laser desorption 

ionization (MALDI) time of light (ToF) mass spectrometry (MS) 
could be used as a direct, rapid and affordable diagnostic, tool 
in clinical laboratory medicine has moved from a theoretical 
possibility to a reality for Microbiology [1-3]. Signi icant 
bene its to both diagnostic ef icacy and health economics, 
are only now being appreciated where signi icant saving are 

seen in costs per test and time to results [4,5]. Several studies 
have proposed the application of MALDI ToF MS technology 
in obstetric and gynaecological evaluation of patients [6-
12]. In particular, we have proposed that the adoption of 
this technology in examination of maternal pregnancy urine 
samples for the detection of Downs syndrome. This will have 
equally dramatic bene its to prenatal screening costs and 
speed of clinical management [13].

https://crossmark.crossref.org/dialog/?doi=10.29328/journal.apb.1001008&domain=pdf&date_stamp=2019-12-31


The importance of gestational age in fi rst trimester, maternal urine MALDI-Tof MS screening tests for Down Syndrome

https://www.heighpubs.org/hpbr 011https://doi.org/10.29328/journal.apb.1001008

The premise of our MALDI-ToF MS approach is not the 
measurement of a known single, or multiple biomarkers, 
but spectral pro iling and pattern recognition as the basis 
of predicting a pregnancy outcome. In order to achieve 
comparative analysis, we have already shown that spectral 
normalization of de ined mass bins as area under the curve 
is a promising approach [13]. In our previous study, we only 
examined the spectral pattern from 6000 to 14000 m/z, as 
that incorporated the spectral pattern of the major urinary 
metabolite of human chorionic gonadotropin (hCG) - beta 
core fragment hCG (hCGβcf). In this study we extended the 
lower mass spectral range to include protein and protein 
metabolites greater than 2,000 m/z and reduced the upper 
range to 11000 m/z. An optimized method for generating 
reproducible comparable data was established and comparing 
the performance of various simple algorithms we examined 
whether the optimized data collection method (and extending 
the mass pro ile range) improved performance.

Methods
Patients and sampling

Comprising singleton pregnancies, urine samples were 
collected from women who were attending for routine 
assessment of risk for chromosomal abnormalities by 
measurement of fetal nuchal translucency thickness and 
maternal serum-free β-human chorionic gonadotrophin and 
pregnancy-associated plasma protein A at 11 + 0 to 13 + 6 
weeks of gestation. Written informed consent was obtained 
from the women agreeing to participate in the study. Women 
were excluded from the study when they were found to have 
urinary tract infection or contamination in their midstream 
urine samples. The maternal urine (20-30 ml) were collected 
between 2007 and 2008 and frozen at -80 oC. Twenty urine 
samples from these women were subsequently found to be 
carrying a Trisomy 21 (Downs Syndrome) fetus and a further 
100 urine samples identi ied not to be carrying an aneuploid 
fetus [13]. 

Sample processing, preparation and mass spectral analysis

Samples were transported frozen by courier to MAP 
Sciences laboratory for analysis. All samples were completely 
thawed at room temperature and vortex mixed for 1minute 
to maximize any precipitate dissolution prior to analysis by 
MALDI-ToF MS. Although urine can vary tremendously in 
solute concentration, in our optimized operational format 1μl 
of neat urine sample was placed on top of a prepared MALDI-
ToF sample plate of 1μl dried and crystalized sinapinic acid 
matrix. As described previously [12], before completely 
drying, a further 1μl of Sinapinic acid matrix was added to the 
urine spot and allowed to recrystallize. 

Sample spots were examined in a raster pattern of 500 
pro iles ired on ten times. This effectively gives 5000 replicate 

spectra from which an average is generated in the Shimadzu 
Axima CFR plus MALDI ToF mass spectrometer. Sample 
ionization was by a pulsing (50 Hz) nitrogen laser (λmax 
= 337 nm) and mass analysis by time of light, in a positive 
linear mode, over a 1.2 metre light tube. Laser energy was set 
at 90 to 110 on the arbitrary laser energy diffuser ilter scale. 
Mass spectrometer was externally calibrated using equine 
Cytochrome C (12362 Da) (ProteoMass, Sigma-Aldrich) for 
both singly and doubly charged ions.

Data extraction, processing and reduction

The mass range initially examined was 2000 to 100000 
m/z, but subsequently limited to collecting data between 
2000 and 50000 m/z, in order to reduce ile size. The spectral 
data was exported as comma delimited ASCII iles. These 
iles were processed systematically using a python script 

(version 2.7) developed in our lab. Using this script, the data 
on each ile was summed into bins of 100 m/z intervals from 
2000 m/z to 11000 m/z (total of 90 bins). The data was 
systematically normalized to be expressed as a percentage 
of the total spectra ion count between 2000 m/z to 11000 
m/z. This normalisation rendered all spectra comparable in 
terms of peak intensity. The data was exported as a matrix 
in a comma separated values (csv) extension ile containing 
all ninety 100m/z bin values of all samples under analysis. 
Files containing samples clustered by gestational age (Table 
1) and clinical outcome were produced for comparative and 
statistical analysis. 

Table 1: Characteristics of samples in study.
Weeks of 
Gestation

Control/non-aneuploid maternal 
urine samples

Downs pregnancy maternal 
urine samples

12 weeks 31 5
13 weeks 37 13
14 weeks 14 0

Sample rejection

Given the importance of comparability in both identi ied 
mass in the samples and peak intensities, samples that were 
extremely dilute and generated poorly resolved spectra, were 
rejected. A threshold of acceptable spectra was de ined by the 
signal to noise ratio of a key component protein, hCGβcf. Based 
on a measured spectral ion count, samples in which the total 
spectral ion count ratio of the bin 9700-9800 m/z (central 
for the hCGβcf peak)/bin 10900 – 11000 m/z was below 
ive were rejected. Samples rejected, typically, had poorly 

distinguishable peaks when plotted and on visual examination 
of the urine sample itself had very low colour intensity (data 
not shown). Visual examinations were conducted using the 
software m Mass version 5.5.0. 

Data plotting and statistical analysis

Boxplots containing the variation and distribution of the 
data, as well as plots of median and arithmetic mean spectra 
were generated using R statistical package under Rstudio® 
integrative console environment. Statistical signi icance 
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between each pair of bins in the spectra were computed using 
the two-sided Mann-Whitney U test with a con idence interval 
of 95%. The Mann-Whitney U tests were performed iteratively 
in R for each pair of bins and a plot with the resulting p-values 
was computed. All R code was produced in our lab under the 
version 3.5. The receiver operator curve plots (ROC) and the 
estimation of the optimal cut-offs for the algorithms were 
obtained using software written in our lab in python under 
the version 2.7. In this software, we implemented an iterative 
search for the optimal cut-offs based on the maximization of 
the difference between high sensitivity and false positive rate. 

Algorithm generation

Samples were classi ied by gestational age, rounded to 
the nearest week of gestation, and grouped into Downs/
trisomy 21 (T21) versus non-aneuploid high risk pregnancies 
(Table 1). Normalised spectra were computed and plotted 
as both arithmetic means and medians of these groups and 
gestational classes (Figures 1D, 2A-D and S2). Although clear 
median and average differences in intensity could be seen 
between the Downs and non-Downs sample, the intensity 
values at each m/z bin had large variances (Figures 1A,B and 
S1). Furthermore, each bin was assumed as an independent 
variable. Although, correlation between elevation of a 
particular bin and reduction of another was observed, these 
were not consistent/dependent events. Thus, each bin 
was examined independently for average differences with 
statistical signi icance (alpha < 0.05) between Downs/T21 
and control/non-aneuploid groups, considering the respective 
distributions (Figures 1,2). Data from m/z bins, identi ied as 
signi icant, were plotted as normalized magnitude values 
against the ranked 10th centiles (i.e. 10th, 20th, 30th, 40th, 50th, 
60th, 70th, 80th and 90th), comparing the Downs and non-
aneuploid/control groups (data not shown). In the design 
of each algorithm a set of bins was selected to account for a 
gestational age interval. Each algorithm, intensity cut-offs 
were estimated based on comparing centile distributions 
of Downs/T21 versus control/non-aneuploid groups and 
identifying the thresholds that have the lowest population 
cross. The probability/relative risk (RR) of being a Downs 
pregnancy were then calculated by the fraction between the 
frequency of Downs and controls on these thresholds (see 
supplementary excel ile S3 for the intensity cut-off values of 
each algorithm). For generating predictions using algorithms, 
the RR of the various combinations of m/z bins in which 
signi icant differences had been demonstrated, were summed 
according to the following equation:

Generic Algorithm Score =  

Results
The majority of relevant maternal urine proteins are seen 

between 2000 and 11000 m/z (Figure 1D). Mass signals 
corresponding to the glycoprotein hormone α-subunit 
(14000-17000 m/z), hCGβ-subunit (25000-27000 m/z) and 

hCG (35000-40000 m/z) [12,15], could be seen in some, but 
not all samples (< 75%). The metabolic product of hCGβ, 
β-core hCG (and associated glyco-variants), with a broad peak 
centring around 9,700 m/z, was seen in all samples [16]. 

Of the 120 samples supplied 20 were rejected (1 Downs 
and 19 control) because they proved to be very dilute and 
also based on our rejection criteria (see methods). Cropped 
baseline corrected spectra were computationally processed 
(see methods) resulting in a set of data with ninety bins 
of 100m/z, transformed to compare quantitatively the 
measurements as normalized area under the curve (2000 
to 11000 m/z). Overall, the case to control ratio was 1:4, 
rounded to the nearest week, the majority (50%) of samples 
analyzed were of 13 weeks’ gestation and the maternal Downs 
urine samples were either 12 or 13 weeks of gestation (case to 
control ratios of 1:6 and 1:3 respectively) (Table 1). 

Our results show intensity variation within 1-2 orders 
of magnitude for Downs/T21 and control/non-aneuploid 
pregnancy indicating high diversity within each population 
(Figures 1A,B and 2). Therefore, median spectra were 
compared for Downs/T21 versus control/non-aneuploid 
pregnancy (Figures 1D and 2C,D). Our results show several 
mass bins (highlighted in Figure 1D) with statistically 
signi icant differences between Downs/T21 in comparison 
with controls. Similar results were also obtained when 
averages were compared (data not shown). 

Figure 1: Comparison of the variability of normalised spectral value at each mass 
bin and its statistical difference between all Downs/T21 (DS) and non-aneuploid 
pregnancy urine spectra (control). Variability of data is shown in the boxplots 
(panel A and B). p - values of statistical differences shown in panel C. Threshold 
of signifi cance (p - values < 0.05) are depicted in the purple dashed line and the 
signifi cant mass bins highlighted in purple. Comparison of population medians 
highlighted in panel D.
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Eff ect of gestational age on spectral profi les 

The overall changes in pro ile with gestational age, 
amongst the non-aneuploid control samples, were analyzed 
and illustrated by plotting medians of 12, 13 and 14 weeks 
(Figure 2B). Similar results were also obtained when 
comparing the average pro iles of Downs versus controls 
(Figure S2). However, the effects were more pronounced by 
the medians since data is skewed. Seven mass regions were 
identi ied that changed across gestational age. Strikingly, the 
differences between medians of Downs’s pro iles at 12 and 
13 weeks gestation show reverse changes across gestational 
age, particularly in the mass bins 2800 m/z and 3400 m/z 
(Figure 2A,B). These results indicate that gestational age is a 
confounding variable and should be taken into account for the 
design of predictive algorithms. The comparison of Downs/
T21 with controls/non-aneuploid median spectra for the 
respective 12 and 13-week gestation samples was illustrated 
in Figure 2C,D, respectively. Here, we could pinpoint several 
differences in spectral medians, whereas 9 mass bins are 
highlighted for week 12 and 7 for week 13. Nevertheless, due 
to internal variation in regions not all have the same degree 
of signi icance as it was shown in the Mann-Whitney U Test 
p - values (Figure 2E,F). Thus, these results show that only 
particular regions of mass bins have statistically discriminatory 
power, therefore were used to develop predictive algorithms. 

Dev elopment of a probability weight cased algorithms 

Based on identi ied bins that showed signi icant 
differences, various models are possible. These models 
could include all spectral measurements or only selective 
m/z bins that complement in the identi ication of Downs 
pregnancy. A total of forty of the 90 m/z bins demonstrated 
statistically signi icant differences (p < 0.05). Of these: nine 
where between p > 0.009 and p < 0.05; and thirty-one with p 
< 0.009 (Figure 1C). For the data of gestational ages of 12 and 
13 weeks less m/z bins demonstrated statistically signi icant 
differences (sixteen and twenty-nine respectively, Figure 
2E,F). Taken these results into account, we have selected 
four sets of signi icant bins for the development of predictive 
algorithms for Downs/T21 pregnancy. With these sets, a total 
of six predictive algorithms for Downs/T21 pregnancy were 
developed (Figure 3A). Two were developed for combined 
gestational age (19 bins and 7 bins algorithms), two speci ic 
for gestational age of 12 weeks (7 bins 12W and 2 bins 12W) 
and two speci ic for gestational age of 13 weeks (9 bins 13W 
and 7 bins 13W). 

The developed algorithms-based m/z bin regions were 
evaluated through receiver operator curves and their 
performance was compared (Figure 3B,C). In general, all 
algorithms performed well with Wilcoxon estimate of area 
under the curve higher than 85% (data not shown). These 
results indicate that the 100 m/z bins algorithms designed 
for a particular gestational age (12 and 13 weeks) or 
considering combined gestational ages (11 to 14 weeks) have 
reasonable predictive capacity. The algorithms have shown 
differences in their optimal performance with sensitivities 
ranging from 84.2% - 100% and false positive rates ranging 
from 5.6% - 15.7% (Figure 3E). These results indicate that 
7 and 2 bin algorithms speci ically designed for week 12 of 
gestation had the best performance in predicting Down/
T21 outcomes, with a pickup rate (sensitivity) of 100% and 
false positive rates of 5.6% and 8.3%. Moreover, the effect 
of gestational age on algorithm performance is illustrated 
by comparing the performances of the variants of 7 bins 
algorithms. These performances have shown that designing 
algorithms with a particular gestational age can boost the 
sensitivity of algorithms as well as can reduce false positive 
rate. On the other hand, the 19 bins algorithm designed with 
11-14 weeks data had equally good pickup rate (sensitivity 
of 100%) but with a slightly higher false positive rate of 9%. 
Apparently, the increase in the number of m/z bins used in 
algorithms results in an increase of the algorithm sensitivity. 
However, this adds a cost of increasing false positives. This 
was shown by comparing the optimal performance of 7 and 
19 bins algorithms. Taken together, these results indicate 
that both designing algorithms for a particular gestational 
age or including multiple mass bins are able to boost the 
performance of algorithms. 

Figure 2: The effect of gestational age on mass spectral profi les of Downs 
maternal urine (DS, panel A) and non-aneuploid pregnancy urines (control, panel 
B). Comparison of urine mass spectral profi les (medians) between DS and control 
from pregnant with 12 and 13 weeks of gestation, panel C and D respectively. 
Mass bins with substantial changes in intensity are depicted through black arrows 
showing increase (up arrow) or decrease (down arrow). Statistical signifi cance 
(p-values) of mass bins differences between DS and control population for 12 and 
13 weeks of gestation are indicated in panels E and F, respectively. Threshold of 
signifi cance (p - values < 0.05) are depicted in the purple dashed line. 



The importance of gestational age in fi rst trimester, maternal urine MALDI-Tof MS screening tests for Down Syndrome

https://www.heighpubs.org/hpbr 014https://doi.org/10.29328/journal.apb.1001008

Discussion
Sta ndardisation of analysis and normalisation

The generation of MALDI spectra from urine (using 
Sinapinic acid as matrix) is very different to that generated 
by clinical microbiology biotyping. In particular laser energy 
exposure to the sample matrix is typically 3 to 4 times that 
used (when alpha-Cyano-4-hydroxycinnamic acid (CHCA) 
matrix is typically employed) to generate characteristic 
ribosomal proteins in bacterial culture identi ication by 
MALDI-ToF MS. In addition, the generation of MALDI-ToF 
mass spectra for semi-quantitative rather than qualitative 
peak comparison, requires the collection of thousands of 
repeat spectra in order to accumulate an “averaged” spectral 
pro ile which closely approximates to the true average as 
possible. A raster pro iling of 500 spots across the sample, 
with 10 shots at each spot, gave us reproducible pro iles with 
low background variability within 7 mins. The con idence in 
the generated spectra’s approximation to the true sample 
average can increases with the number of pro iles collected. 
However, there is then a trade-off between reproducibility 
and time taken to analyze each sample. Nevertheless, with 
an introduction of the new, bench top mass spectrometers 
such as MALDI-8020 (Shimadzu), sample acquisition time is 
reduced to below a minute, therefore eliminating the trade-
off.

MALDI-ToF MS instrument displays peaks and data as 
a percentage relative to the highest peak within the display 
ield. This is because the difference of peak intensity over any 

range, but particularly wide ranges, of masses can be several 
orders of log 10. Thus, scaling is always a problem when 
displaying mass spectral data. Narrowing down a range and 
displaying data as an intensity relative to the highest peak in 
the displayed region is a sensible solution which is universal 
to mass spectrometry analysis software. Furthermore, the 
original principle function of the MALDI-ToF MS has otherwise 
been to identify mass peaks, so only signal intensity relative 
to a base line of noise was truly relevant. However, when 
comparing data in a moderate or broad range of masses, in 
which a dominant peak in one sample becomes a secondary 
peak to another, renders the Y axis % intensity values non-
comparable. Normalization in order to render the Y axis 
intensity a comparable was achieved by exporting the raw 
averaged ASCII data of calibrated m/z values (x-axis) versus 
the actual measured mV generated at each m/z channel 
(y-axis) for mathematical manipulation, and not the display 
data. Taking the entire spectral intensity from 2000 to 11000 
m/z represented a signi icant proportion of the total proteins 
excreted by the kidney [17]. In fact, as the kidneys usually only 
allow proteins of less than 10000 daltons to pass [18,19], this 
represents the important ‘normal fraction’ of excreted protein. 
By normalizing against the total spectral intensity of 2000 
to 11000 m/z we effectively corrected the spectral analysis 
against total “normal protein fraction” in each urine sample. 
This is a more reliable urinary total protein assays than other 
methods, such as Biuret or UV (280 nm) absorption, which will 
react/record all amino acids, peptides and proteins; including 
those greater than 10 kD. Thus, this total excreted metabolites 
normalisation approach, ignores peptides and free amino-
acids less than 2 kD which, vary with diet and eating times; 
and high molecular mass proteins, which may be due to kidney 
pathologies. Thus, correcting against total signal from 2000 to 
11000 m/z, not only rendered all sample spectra comparable 
in terms of intensity but also allowed for a nulli  ication of the 
dilution effects of variable water output of a patient; and other 
unrelated confounding variables associated with the analysis 
of urine. 

Statistical data analysis and spectral comparison 

The normalization of the mass spectra and allocation 
into 90 x 100 m/z bins, not only allowed spectra-to-spectra 
comparisons on intensity but established the number of total 
variables being analyzed i.e. each spectral bin represents 
a mass region of 100 m/z in which the variability of a 
molecular species found within the sample may be measured. 
Furthermore, these were sometimes seen as distinct peaks, 
each of which can be regarded as an independent variable. 
In addition, as we have previously demonstrated, even small 
variations in mass detected by a MALDI-ToF MS re lect a change 
due to a physical mass molecular modi ication, such as amino 
acid cleavage/substitution or glyco-variation [16,19,20]. 

 

Figure 3: Mass bins that compose the 19 bins, 9 bins, 7 bins and 2 Bins algorithms 
for predicting Downs/T21 pregnancy based on MALDI-ToF mass spectral 
measurement (Panel A). Estimated optimal cut-offs for all algorithms and its 
computed sensitivity and false positive rate (1-specifi city). ROC plot of predictive 
algorithms for Downs/T21 pregnancy considering all data with gestational age 
ranging from 11 to 14 weeks (Panel B). ROC plots of predictive algorithms only 
considering data with a particular gestational age, either 12 weeks or 13 weeks of 
gestation (Panel C and D, respectivelly).
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Thus, a related molecule in a peak spanning several 100 m/z 
can be delineated as modi ication/cleavage variants detected 
at 100 m/z units and thus treated as an independent variable 
in mathematical analysis of the data (even though they may 
in fact be semi-independent variables). This is critical as even 
slight modi ication in molecular structure can be indicative of 
a disorder but be a feature not recognized by an immunoassay 
[16].

For the vast majority of the data sets the distribution of 
data was skewed, so signi icance was established by non-
parametric, ranked data statistical analysis using Mann-
Whitney U Test. As sample numbers are small, the probability 
value from the Mann-Whitney U test also re lected the degree 
of separation of the Downs population from that of the non-
aneuploidy control population. Thus, an m/z bin in which 
the Mann-Whitney U test with p-value lower than 0.009 was 
likely to have less population cross over with the Control/ 
non-aneuploid group in comparison with tests with a p-value 
of 0.05. This assumption is a surrogate mathematical marker 
and does not work when very large number data sample sets 
are compared (when the n value predominates in the statistic 
even the smallest differences in distribution will be highly 
signi icant). A problem for metabolomics and proteomics is 
that the resolution of mass spectrometry is so powerful that 
the volume and detail, of information generated is so great 
that you can end up not seeing the wood for the trees. Indeed, 
it has been said of this analogy that in fact we are comparing 
the leaves on the tree. This problem is avoided by the approach 
described here which is akin to bringing into vision the correct 
resolution to see the wood. If the mass bins or window are too 
large you lose the ability to distinguish the chemico-physical 
mass variant. Although smaller m/z bin/window sizes can be 
used in a irst pass analysis, the con idence that adjacent bins 
can be treated as independent variables in further statistical 
analysis may decrease. Furthermore, iner resolution analysis 
can be sensibly employed once the appropriate regions 
of signi icant difference have been identi ied, as we have 
described. 

Gestational age correction

The urinary molecular species between 2000 and 11000 
m/z, that are altered in pregnancy conditions such as Downs 
syndrome, are likely to derive, predominately, as metabolites 
of pregnancy associated serum protein hormones and fetal 
protein molecules, seen in maternal blood; such as hCG, 
pregnancy-associated plasma protein A (PAPP-A), Inhibin 
A, alpha-fetoprotein (AFP) etc. [21-23]. All of which vary in 
circulating concentration independently and dramatically 
with gestation [24]. Thus, the levels found in urine will be 
in luenced by maternal blood levels and the different metabolic 
rates of the molecules will be re lected in our analysis. This 
has not been fully appreciated when urinary marker tests for 
Downs Syndrome screen have been evaluated previously [25]. 
The m/z bin centile distribution plots make no assumption as 

to the normality of distribution of the data; which for each 
group, and at each m/z, could be Gaussian but are frequently 
skewed. Although the distributions can be modelled by beta 
and gamma probability distributions, this complexity is 
circumvented here by simple centile plots of cases versus 
controls and reading of relative risk cut off from the plots. 
As more data is accrued the distribution plots become more 
accurate and the modelled distribution also. 

As discussed above, the various molecules that make up 
the spectral patterns, change in total amount and relative 
concentration with gestational age, and hence signi icance 
cut-off values will alter with gestational age. Since gestational 
age is easily measured, by last menstrual period (LMP) or 
ultrasound dating of crown rump length (CRL), this major 
cause of further variability can be corrected for [26]. The 
most widely accepted method is to express data corrected to 
gestational age determined by early pregnancy ultrasound 
scan, but this may not be common place in third world 
countries and an LMP based algorithm would be more 
appropriate. Signi icantly, LMP and ultrasound-based dating 
can vary by up to two weeks. The importance of gestational 
age matching to the correct algorithm is exempli ied by the 
peaks at 2300 to 2700m/z and 3100 to 3400 m/z seen in all 
pro iles (Figure 2A-D).

Although these mass bins showed graphically large 
differences between Downs and non-Downs; these regions 
were not employed in any initial algorithms because of the 
unusual distributions found. What became clear is that at 12 
weeks’ gestation the levels of the prominent peaks at ~2300 
m/z were lower in the Downs pregnancies but elevated at 13 
weeks’ gestation, compared to age matched controls. Whilst 
the prominent peaks at ~ 3400 m/z, for Downs samples at 12 
weeks’ gestation, were signi icantly elevated compared to that 
of non-aneuploid/control samples, but generally lower than 
non-aneuploid controls at 13 weeks’ gestation (Figure 2C,D). 
This example of pattern changes reinforces the independence 
of the pro ile components of m/z bins and that, not only will 
the responsible molecules levels change with gestational age 
but that, these changes are independent of each other. Thus, 
one m/z bin or mass spectra peak, may be signi icant as a 
marker of Downs at an early gestational age but not a later 
gestation and vice-versa. Changes in pro iles and quantitative 
values with gestational age was noted in our original study 
[13], but this was not as dramatic as seen here for the lower 
spectral masses now included in our analysis. 

Urinary sc reening by MALDI ToF MS in view of current 
practices

This gestational age and mathematical correction required 
in our MALDI ToF MS urinary spectra pro iling tests is akin 
to the multiple of median correction adopted in conventional 
maternal serum and proposed metabolomics screening tests 
for Down syndrome [27-32]. Thus, an optimized screening 
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test for Down syndrome pregnancy by maternal urinary 
MALDI ToF MS analysis will require dating of the pregnancy 
at sampling so that an appropriate decision algorithm can be 
applied. A urinary test simpli ies samples collection and we 
have already described the MALDI-Tof MS pro ile test as cost 
effective, non-invasive and rapid, in comparison to prenatal 
screening using maternal serum biomarkers combined with 
ultrasound anatomical markers. In particular the accuracy of 
ultrasound testing is highly dependent on experts performing 
the screening, and the advantages over current practices are 
therefore very clear. Furthermore, the relatively new free 
fetal DNA, non-invasive prenatal testing (NIPT), besides its 
high costs, has been shown to be prone to several failures 
such as low fetal fraction in maternal serum free DNA, 
inadequate number of reads, poor polymerase chain reaction 
(PCR) conditions or contamination that arise due to complex 
methodology [33]. However, rather than replace the highly 
accurate NIPT test MALDI-ToF MS pregnancy urine screening 
provides a much more affordable front line mass screening 
tool and NIPT should be reserved for very high risk and 
potentially screen positive pregnancies only. An affordable 
mass population pregnancy urinary prenatal testing system, 
as described here, has clear advantages for countries where 
access to ultrasound and NIPT is restricted because of cost or 
geography.

Conclusion
In this work, we have provided a comparison of averaged 

pro iles from gestational age matched samples from control/
non-aneuploid and Downs samples showing quantitative 
differences in urinary mass spectral pro iles as gestational age 
progressed. Signi icantly, there is also qualitative/quantitative 
pro ile difference in Downs’s samples when compared to 
normal/control samples. These qualitative and quantitative 
changes have led us to conclude that week of gestation is a 
confounding variable that should be accounted for the design 
of predictive algorithms. In addition, we have shown here 
that re ining the algorithm to the nearest week of gestation 
improved the speci icity, while not affecting the sensitivity. 
We have also demonstrated that maternal urine MALDI-ToF 
MS based algorithms have the potential to be rapid, robust 
and non-invasive diagnostic methods for the identi ication of 
the Downs syndrome pregnancies. Furthermore, the potential 
cost bene it advantage is substantial, especially when used as 
a mass screening tool in populations with restrictive access to 
ultrasound and NIPT. 
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