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Objective: To review the outcome of NIPT as a screening test for aneuploidy at

a tertiary feto-maternal centre in a population with a high consanguinity rate

and to investigate whether consanguinity is a factor in failure to generate

results. Methods: A retrospective cohort study of the records of all the women

who had NIPT at our centre over the six-year period 2015-2021 inclusive.

Results: Over the 6-year period, a total of 1,153 NIPTs were performed on 6

commercial brands. 216 (18.7%) were in consanguineous women. The

gestational age at testing varied from 10-34 weeks, with 46 women being

tested after 20 weeks. There were 20 true positives and 1 false negative.

Results were not reported in 68 cases (5.9%); one of the brands (of the 4 most

common) had a signi�cantly (P<0.004) higher failure to generate a result rate

(12.8% vs 3.9% and 3.2%). The failure to obtain a result was 8.5% in the

consanguineous group, slightly higher (but not statistically signi�cant) than

6.9% in the non-consanguineous group. There were 4 positive cases in low-

risk women (who requested the test for assurance purposes), who would

otherwise have had aneuploid fetuses, had they not requested testing.

Conclusion: For the �rst time, we showed that consanguinity does not appear

to be a factor in failure to generate a result or very low cfFDNA. Further studies

are required to con�rm these important �ndings.

Corresponding author: Justin Konje,

jck4@leicester.ac.uk

Introduction

Although aneuploidy complicates about 1 in 150 live

births,  [1]  the number that complicates pregnancies

overall is much higher. For example, of the 10-15%

clinically recognized pregnancies that result in

miscarriages, [2] a signi�cant proportion are associated

with aneuploidy. Furthermore, about 50% of very early

pregnancy losses have chromosome

abnormalities.  [3]  Trisomies are the most frequently

detected anomalies (61.2%), followed by triploidies
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(12.4%), monosomy X (10.5%), tetraploidies (9.2%), and

structural chromosome anomalies (4.7%). [4]

Aneuploidy may be associated with structural

abnormalities and/or learning disabilities even when

there are no obvious structural abnormalities. A major

rationale for prenatal diagnosis is the identi�cation of

pregnancies that are aneuploid, offering parents

options including termination. Prior to 2011, this was

done by measuring algorithms that included various

risk factors (such as maternal age, personal, family or

past obstetric history, and ultrasound markers) and

combining these with biochemistry (maternal levels of

various analytes), followed by invasive testing in the

form of amniocentesis or chorionic villus sampling in

high-risk cases.  [5]  This approach is associated with a

false positive rate of up to 5%. Hence, a proportion of

women who undergo invasive testing (with the

associated risk of miscarriage) will be those with false

positive results. [6][7]

Following the development of the technology to isolate

cell-free fetal DNA from maternal circulation

(cfFDNA),  [8]  non-invasive prenatal testing (NIPT) was

introduced into clinical practice in late 2011 as a more

reliable screening test for aneuploidy.  [9]  This was

mainly for three aneuploidies (T13, T18, T21) and

monosomy 45XO, which together constitute more than

60% of aneuploidies in pregnancies progressing

beyond 10 weeks of gestation.  [10][11]  Increasingly, this

practice is expanding to include sex chromosome

aneuploidies, rare autosomal trisomies, and sub-

microscopic copy-number variants. [12][13]

There have been several studies on the accuracy of

NIPT as a screening test for aneuploidy, with reported

sensitivities and speci�cities for these common

aneuploidies of over 99%. [14][15] Among the reasons for

false or discordant results are maternal weight (obesity

is associated with a low cfFDNA fragment in maternal

circulation), vanishing twin, fetal or maternal

mosaicism, maternal malignancy, bioinformatics or

human errors, and higher levels of homozygosity on

the chromosomes tested when the single nucleotide

polymorphisms (SNPs) between mother and baby are

too similar to yield informative results – possibly from

consanguinity, segmental uniparental disomy, or

simply coincidence. [16] There have been, to the best of

our knowledge, no extensive studies of the potential

impact of consanguinity on NIPT.

Qatar is a small Middle Eastern country with an

indigenous population of 300,000, although the total

population is about 2.8 million (85% of the population

are expatriates). Consanguinity rates among Qataris are

reported to be up to 50%.  [17]  NIPT was introduced in

our services in Qatar in 2015, and we have been offering

this to our patients, most of whom are indigenous

Qataris or from other Middle Eastern countries with

similar consanguinity rates. The aims of this study

were to (a) review the outcome of NIPT as a screening

test for aneuploidy in our centre and (b) investigate

whether consanguinity may have an impact on the

NIPT.

Subject and Methods

This was a retrospective cohort study of all the records

of the women who underwent NIPT at the Feto

Maternal Centre, Doha, between 2015 when it was

introduced and 2021. The records of the women were

reviewed for variables, which included:

�. Demographic – age, nationality, consanguinity

status, weight at the time of the NIPT, and height

from which BMI was calculated.

�. Pregnancy speci�c – gestational age at test, CRL,

number of fetuses, and outcome (normal or

abnormal karyotype).

�. NIPT speci�c – fetal fraction (cfFDNA percentage),

interval from receiving the sample to result,

commercial brand, risk of aneuploidy (mainly T13,

T17, and T21) and others (speci�ed), and identi�ed

karyotype of the fetus if available.

�. Con�rmatory invasive testing

(amniocentesis/CVS) if done.

The records of those who did not have NIPT were

excluded from the review.

All these variables were entered into an anonymised

spreadsheet and analysed. IRB approval for the study

was exempt, as it is an anonymised review of records. In

our centre, women are offered screening for aneuploidy

from 10 weeks of gestation based on risk factors which

include age, past obstetric history, family or family

history, structural anomalies in this pregnancy, or on

request. Collected blood samples for the NIPT are

processed, and the women are informed as soon as

these are available. Those with a high-risk test (>1:150)

are counselled and offered invasive testing

(amniocentesis or chorionic villus sampling depending

on the gestational age). When the pregnancy ends, the

outcome is linked to the antenatal records, including

any postnatal testing for aneuploidy.

There was no need to calculate a sample size, as this

was a study reviewing all the records over a de�ned

period of time.
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Results are presented as the mean and standard

deviation (where data are normally distributed –

normality tested by the Kolmogorov test) or median

and ranges (where the data are not normally

distributed). Sensitivity and speci�city of NIPT were

determined, and correlations between cfFDNA

percentage and maternal BMI and gestational weight

calculated. Comparisons were also made for rates of un-

interpretable (low fetal fraction DNA percentage) in

consanguineous and non-consanguineous pregnancies.

Results

Over the 6-year period, a total of 1,153 non-invasive

tests were performed at the centre; 660 were Qataris,

220 were Caucasians (from Europe, North America, and

Australasia), 165 were of other Arab nationalities, and

108 were of other non-Arab nationalities. Table 1 shows

the demographics of this cohort. Six commercial brands

were employed during this period with no preference,

but the most commonly used ones were Harmony

(55.7%), Veri� (29.6%), and Nifty (8.1%).
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Characteristic Mean (range)

Age (years) 34 (21-46)

BMI (Kg/M2) 28 (17.1-63.1)

Ethnicity

Qatari

Other Arab

South Asians (Pakistanis, Indians, Bangladesh, Sri Lanka)

Others (Europeans, Americans, Australasia, Japan, Singapore Hong Kong, Filipinos)

660 (57.2%)

165 (14.3%)

108 (9.0%)

220 (19.4%)

Commercial Brand

Harmony

Veri�

Nifty

Microgen

Illumina

Panorama

642 (55.7%)

341 (29.6%)

93 (8.1%)

60 (5.2%)

16 (1.4%)

1 (0.09%)

Table 1. Demographic characteristics of the women who had NIPT

Table 2 shows the indications for NIPT. The most

common indications were advanced maternal age

(56.3%) and patient request (35.6%). The gestational

ages for the test varied from 10 to 34 weeks. Figure 1

shows the relationship between cfFDNA and gestational

age. As expected, there was a signi�cantly direct

relationship between the increase in cfFDNA and

gestational age (R=0.364; P<0.05). Out of the 1,153 cases,

83 (7.2%) had low or insuf�cient results; 68 (5.9%) were

insuf�cient to report on (i.e., no result), and 15 (1.3%)

were low (below 4%). The BMI in 18 of these was greater

than 40 kg/m². There was a statistically signi�cant

inverse relationship between cfFDNA and BMI, as

shown in Figure 2 (R= -0.67; P<0.001).
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Indication No (%) Positive

Advanced maternal age (>=35 years) 655 (56.8%) 16 (2.4%)

Patient request 410 (35.6%) 4 (0.9%)

Abnormal NT 17 (1.5%) 5 (29.4%)

Structural abnormality 7 (0.6%) 1 (14.3%)

Past obstetric history (aneuploidy) 25 (2.2%) 0

Unknown/not available in records 39 (3.4%) 0

Table 2. Indications for NIPT

Figure 1. Changes with gestational age with cell free

fetal DNA percentage (R=0.364; R2=0.132; P<0.05)

Figure 2. Relationship between maternal BMI and cell

free fetal DNA percentage R=-0.67; R2=0.449; P<0.001)

Table 3 shows the comparison between the various

commercial brands. There were no differences in the

demographics and cell-free fetal DNA in these. The time

to reporting results was shortest with Nifty, but this

was not statistically different from that with the others.

One patient in the cohort had a false negative test on

Veri�, and her BMI was 63.1 kg/m². One of the

commercial brands (Veri�) had more low-fragment/no

result cases (55 or 12.8%) compared to the others

(Harmony - 25 or 3.9% and Nifty - 3 or 3.2%). This

difference was statistically signi�cant (P<0.05) when

these were compared. There were no differences in the

weights of the women tested by each of the commercial

brands.
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Harmony Veri� Nifty Microgen Illumina

N (%) 642 341 93 60 16

Age (years) 35 (23-44) 34 (21-47) 35 (22-45) 33.4 (20-41) 35.2 (29-44)

GA @ test 12.3 (10.0-34.3) 11.5 (10-27) 11.2 (10-26) 10.4 (10-24) 11.1 (10.2-19.5)

Feta fraction (%) 11.13 (5.1-34.4) 8.6 (1-21) 9.35 (3.49-34) 7.08 (7-11.6)* 8.4 (4.5-18.9)

Time to report (Days) 6 (2-15) 5 (2-12) 4 (3-11) 5 (3-12) 4 (3-11)

Fraction <4%/NA 0 14 (4.4%) 1 0 0

++No result 25 (3.9%) 41 (12.8%) 2 (2.2%) 0 0

Positive (True) 10 (1.6%) 5 (1.6%) 2 (2.2%) 2 (3.3%) 0

False positive 0 0 0 0 0

False negative 0 1 - T21** 0 0 0

Table 3. Comparisons between different Commercial Brands

* the only reading that was over 7 with Microgen

** high BMI 63.1
++ P<0.0036 for the "No result" difference between the

various brands.

Table 4 shows the comparisons between the

consanguineous and non-consanguineous groups. Out

of the cohort of 1,153, 216 (18.4%) were in

consanguineous marriages, of which 17 were non-

Qataris (12 from other Arab countries, 4 from India, and

1 from Pakistan). The consanguinity rate for the Qataris

was 30.2% (119/660). Of the 83 with low or insuf�cient

results, 18 (9.0%) were in the consanguineous group,

compared to 63 (6.9%) in the non-consanguineous

group (P>0.05). There were 3 cases in the

consanguineous group with low (two below 1%) and too

low to measure (one) cfFDNA. In the non-

consanguineous group, 6 had low readings (1<1%, 1 was

1%, 3 were 2%, and 1 was 3%). The range of cfFDNA was

similar in both groups, although it was greater (but not

statistically signi�cant) in the non-consanguineous

than in the consanguineous groups; values above 20%

were reported in 1.5% versus 1.9% respectively.
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Consanguineous N=212 Non-Consanguineous N=941

Age (years) 35 (21-46) 35.3 (20-4

BMI 29 (19-44.3) 32 (20-63.1)

Mean % fFDNA 7.92 (2-26.4) 8.73 (1-34.4)

Positive results N(%) 5 (2.4) 14 (2.2)

Insuf�cient or Not measured fFDNA N (%) 18 (8.5) 65 (6.9)

Table 4. Comparisons between consanguineous and non-consanguineous cases*

* P>0.05 for the comparisons between groups for each of

the variable

Table 5 shows the details of the high-risk tests that

were con�rmed by karyotyping. There were 10 cases of

trisomy 21, 6 cases of trisomy 13, and 4 cases of trisomy

18. The sensitivity of the cfFDNA was >99% for three

trisomies, while the speci�city was 100 for T18 and T13

but >99% for T21. The percentage of fetal DNA

fragment was less than 4% in one case (T18). Maternal

age was the most common indication for testing in this

group, with 5 of them having an abnormal NT as well.

Patient request was an indication in 4 cases. There were

no other aneuploidies or sex chromosomal

abnormalities in this cohort.
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Gestational age range (weeks) Number Indication for test

21+0-24+6 32

Patient request - 15

Maternal age - 13

Fetal abnormalities (including echogenic bowel) - 4

25+0-29+0 9

Patient request - 7

Maternal age (39 and 40 years) - 2

Fetal abnormality - 1

30+ 5
Patient request - 3

Maternal age (39 and 40 years) - 2

Table 5. Breakdown of NIPT in women over the age of 20+6 weeks

Table 6 shows the indications for testing in this group.

There were 46 cases, most of whom were tested for

patient request (25) and maternal age (17). There were 4

cases tested for minor fetal structural abnormalities,

and one with echogenic fetal bowel. The echogenic

bowel was tested at 22+4 weeks and ended as an IUFD at

28 weeks. There were no positive or false negative tests

in this group.
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No ff% Age (years) GA (weeks) BMI Indication Commercial Brand NIFT (High risk for) Karyotype

1 2 45 12W3D 39.5 Age & NT Veri� T18 47XX+18

2 6.2 36 11W1D 38.5 Age & NT Harmony T21 47XY+21

3 7 35 10W3D 28.3 Age Microgen T18 47XY+18

4 7 35 13w5d 30 Age & NT Microgen T21 47XY+21

5 7 41 12w1d NA Age & NT Veri� T21 47XY+21

6 6 42 12w6d 31.2 Age & NT Veri� T21 47XX+21

7 10.1 39 10w 30.1 Age Harmony T21 47XY+21

8 6.4 45 12w2d 32.5 Age Nifty T13 47XX+13

9 4.9 42 13w2d 35.7 Age Harmony T13 47XY+13

10 6 41 12w4d 32.5 Age Harmony T13 47XX+13

11 8.6 35 13w2d 24.3 Request Harmony T18 47XX+18

12 10.1 40 10w0d 25.5 Age Harmony T13 47XY+13

13 6.2 44 11w0d 33.4 Age Harmony T13 47XY+13

14 16 43 12w0d 30.2 Age Veri� T13 47XY+13

15 10.4 40 12w0d 19.0 Age Harmony T21 47XY+21

16 18 29 14w0d 63.02 Request Veri� False -ve T21 47XX+21@birth

17 7 33 21w0d 32.7 Request Veri� T18 47XX+18

18 7.8 29 14w2d 29 Request Harmony T21 47XY+21

19 7.9 37 13w6d 26.9 Age Harmony T21 47XY+21

20 14.1 39 13w4d 26.9 Age Nifty T21 47XY+21

21 87.1 9 13w2d 31.2 Age Verif T21 47XY+21

Table 6. Details of cases with high risk results

Discussion

From our cohort of 1,153 cases tested over a 6-year

period, results were not obtained in 5.9% of cases (i.e.,

we obtained a result in 94.1% of cases). There were 20

positive results, all of which were con�rmed on invasive

testing, resulting in a sensitivity of >99% and a

speci�city of 99.9%. There was one false negative result

in a patient with a BMI of 63, and there were no false

positives. The most common indication for testing was

advanced maternal age. The commercial brands used

for the screening performed equally with no differences

in time to result. These results are in keeping with

previously published studies. [14][16][18][19][20][21][22] The

average time taken for results was about 5 days, well

within the recommendation that results should be

available within 7-10 working days (NHS).  [23]  The

prevalence of the combined aneuploidies (T21, T18, and

T13) was 1.7% (20/1,153), much higher than would have

been expected. This could possibly be due to the highly

selected population – much older and based on

affordability. Our proportion of cases in which results

were not available (5.9%) falls within the range of 0-9%

in the literature. [16][24][25][26][27][28]

As expected, the fetal fraction of DNA increased with

gestational age, as shown in Figure 1. This rise is

similar to what has been reported by others. There was

also an inverse relationship between maternal weight
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and the fraction of fetal DNA. In this series, there were

15 (1.3%) cases in which the fetal fraction was <4%, and

for these cases, rates were reported. Most guidelines

recommend that the fetal fraction should be at least 4%

for risk to be assigned to the patient.  [29][30][31]

[32]  However, there is considerable data from

commercial providers reporting results with a fetal

fraction of 1.6% or more, [33] 1.9% or more, [34] 2.2% or

more, [35] and 6.4% or more. [36] The data from the low

fetal DNA fraction in our small series is in line with that

from commercial providers and supports the

recommendation by Fiorentino et al. [37] that the widely

adopted minimum acceptable measured FF value of 4%

may not be applicable to all cfDNA methods, and as

such, each commercial provider should choose a value

based on their own limit of detection. Interestingly,

none of our cases where results could not be reported

for one reason or another opted to have an invasive test

(which is the standard recommendation after a failed

repeat test. [38]

Several reasons have been advanced for false or failure

to generate results. These include low fetal fraction [16]

[39][40][41] and noisy data because the DNA analysed was

inherently less informative, making it dif�cult for the

analytical algorithm to generate a risk with high

con�dence.  [41][42][43]  In some cases, the DNA of either

the mother or fetus was not interpretable as a result of

missing pre-analytics information, such as multiple

pregnancies or egg donor pregnancies, vanishing twin

pregnancies, fetal or maternal mosaicism.  [16][39][40]

[41]  A higher level of homozygosity on the

chromosomes tested (especially when the SNPs

between the mother and fetus are too similar to yield

informative results) as a consequence of consanguinity

has been suggested as another possible reason. [16] This

potential cause has not been investigated previously. In

our series, the consanguinity rate was 30.7% in the

Qataris, allowing us the opportunity to investigate this

factor. Although the rate of failure to get a result was

higher in the consanguineous group than the non-

consanguineous group (8.5% vs. 6.9%), this was not

statistically signi�cant. While consanguinity is a

plausible cause of failure to obtain a result, our data do

not support this possibility. However, we acknowledge

that our numbers are small (albeit the largest published

with such a high consanguinity rate), and therefore,

caution should continue to be exercised in discounting

this as a possible reason for failure to obtain results

until data on larger numbers are published.

Of those with a positive result in our series, abnormal

NT was an indication in 5 cases, all of whom were above

the age of 35 years. In those with an abnormal NT and

age below 35 years, none were positive on NIPT.

Although it is recommended that invasive (diagnostic)

testing be offered to those with an abnormal NT, [38] our

women opted for NIPT despite counselling. While the

results are reassuring (i.e., there was no false

positive/negative), it is important to emphasize during

counselling that NIPT is a screening rather than a

diagnostic test. With more data, this may well become

the option to offer women, as it reduces the risk of fetal

loss from invasive testing. Interestingly, 4 of our

positive results were in women who had requested the

test because they perceived their a priori risk as high.

Without testing, they would have delivered aneuploid

babies. Therefore, it would seem reasonable to consider

offering NIPT to every woman (as recommended by the

American College of Obstetricians and Gynecologists).

{m/44/} Such an approach would have signi�cant cost

implications where insurance does not exist. Hopefully,

with wide adoption of NIPT, the cost will fall and make

this available.

There have been very few studies in which NIPT has

been performed in the late second and third trimesters.

In fact, the NHS screening recommends that this should

be performed only up to 20+6 weeks.  [23]  We were

surprised by the numbers tested above 20+6 weeks in

our series. Interestingly, most of them were either for

maternal age or patient request, in contrast to the

�ndings by Bajka et al.  [16] where most cases above 20

weeks were for structural abnormalities. None of the

tests in our series were abnormal. As expected, the

cfDNA fraction was higher than that in the early

gestations. It is uncertain why there were requests for

late testing in other centres, bearing in mind that

terminations at this late gestation would not be an

option as they are not allowed in the country after 140

days. We speculate that one possible reason for this may

be the need to ascertain the gender of the fetus, as there

is considerable pressure on women to know the gender

of the fetus prior to birth. While acknowledging that

women are at liberty to ask for the test at any

gestational age from 10 weeks, there must be

recognition that a high-risk test requiring con�rmatory

invasive testing may be problematic for both the

clinician and the woman. We therefore feel that extreme

caution should be exercised in this regard, and perhaps

more emphasis should be placed on counselling in early

pregnancy and making this option available.
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Limitations and Strengths

There are several limitations to the study. The main one

is the small sample size. It is possible that with larger

numbers, differences that are not statistically

signi�cant may indeed become signi�cant. It would

have been interesting to analyse the data based on the

platforms used for the NIPT to potentially compare the

failure to generate a result with each platform. Another

limitation is that our data comes from a private

provider where cost is a crucial factor in the care

offered. Our participants were therefore highly selected

based on their ability to pay and were indeed much

older. This could partly explain the higher prevalence of

aneuploidies. A more representative population could

potentially yield different results. A major strength of

the study is that this is the largest and, to the best of our

knowledge, the only study that has investigated this

possibility.

Conclusion

While we have presented our experience with NIPT in

general, the study yielded a total of 20 true positive

results and 1 false negative. There were no differences

in outcomes between the consanguineous and non-

consanguineous groups, providing some (albeit not

robust) evidence against consanguinity possibly

leading to homogeneity in DNA between the mother

and fetus and resulting in failure to generate a result.

While this observation is important, it is based on a

small cohort, and more data are required to con�rm

these �ndings.
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