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Background: Down syndrome (DS) is the most common cause of developmental delay and 

accounts for 15-30 percent of individuals with intellectual disabilities. No finite published data 

suggests the prevalence of DS in Nepalese children. There is no definitive protocol from the 

government or professional bodies regarding screening, though the practice for screening DS 

is increasing both in the public and private sectors. 

Objectives: To screen high-risk pregnant women (Age ≥ 30 years) by quadruple biochemical 

test in the second trimester for Down syndrome and other chromosomal abnormalities. To 

evaluate the sensitivity and accuracy of the second-trimester screening (quadruple test with 

genetic sonogram) for trisomy 21 as compared to biochemical testing. 

Methods: This prospective observational study was conducted in the Department of Clinical 

Biochemistry in collaboration with the Department of Obstetrics and Gynecology, Institute of 

Medicine, TUTH, Maharajgunj, Kathmandu, Nepal. Pregnant women at 15-21 weeks of 

gestation were enrolled. Quadruple test (Alpha-fetoprotein (AFP), beta-human gonadotrophin 

(hCG), unconjugated estriol (UE3), and Inhibin-A in the laboratory using the technology of 

mailto:apeksha.niraula@iom.edu.np
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Chemiluminescence micro particle two-step immunoassay. Risk estimation using values of 

hormone levels and the resulting MoM was done using PRISCA 5.0.2.37. 

Results: 256 high-risk pregnancies were screened for trisomy 21, trisomy 18, and neural tube 

defects. The mean age of the patient was 33.65 ± 3.71 years. Out of 256 patients, 24 (8%) 

patients were identified as high risk for trisomy 21, 6 (1.96%) patients for Trisomy 18, and 6 

(1.96%) patients for neural tube defects. Multiples of Median (MOM) for AFP in high-risk 

pregnancy were (1.06 ± 0.57; Sensitivity: 43.8% and specificity: 47.2 %), B-HCG (1.27 ± 0.59; 

Sensitivity: 87.5% and specificity 71.9%), UE3 (0.86 ± 0.45; Sensitivity: 31.3% and specificity 

30.2%) and Inhibin (2.67 ± 1.16; Sensitivity: 81.3% and Specificity: 85.4%) respectively. 

 

Conclusion: Second-trimester quadruple test provides an effective screening tool for Down 

syndrome in the Nepalese population. Quadruple tests combined with sonograms can lower the 

rates of unnecessary amniocentesis in high-risk populations. 

 

Keywords:  Biomarkers; Chromosome Disorders, Down Syndrome; Maternal age; 

Pregnancy; Prenatal diagnosis/methods 
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INTRODUCTION 
 

Down syndrome (DS) is considered one of the prominent causes of intellectual disability in the 

world.1 Globally, it accounts for 15-20% of the intellectual disability population.2 In Western 

countries, the disease has a prevalence of 1:700 births in the general population.3-4 The disorder 

leads to various medical and societal challenges for the affected person and their family 

members.4 DS can be unfailingly diagnosed during pregnancy by chromosomal analysis of 

fetal cells obtained by amniocentesis. Amniocentesis is an expensive and risky procedure that 

can even lead to fetal loss in several instances.4 Hence, maternal screening tests by the 

biomarkers are commonly being used for the identification of pregnant women with high risk 

for DS.5 The most widely used screening test is dependent upon the measurement of three 

serum analytes during the second trimester. This test which is also called as “Quadruple test” 

detects 70 to 75 percent of DS cases by identifying 7 to 8 percent of the pregnancy population 

at high risk.6 Prenatal diagnosis for major genetic disorders and congenital disabilities with a 

poor prognosis and discontinuation of the pregnancy if the fetus is affected, is an accepted 

strategy for reducing the burden of genetic disorders.6-7 Several prenatal screening tests are 

now available for DS.6-8 Screening for DS is common in Western countries, with data of more 

than 2 million pregnant women being screened annually in the U.S. for DS.5 In India, the 

frequency of DS has been reported to be 1 in 916.9 No data has been reported yet regarding 

the prevalence of DS in the Nepalese population. There is no strict protocol for a pre-natal 

screening implemented in Nepal which could identify women’s risk of carrying a fetus with a 

chromosomal disease beyond her age-related risk. The risk of a woman having a baby with DS 

increases in a gradual, linear fashion until age 30 years and thereafter increases exponentially.10 

Early attempts at incorporating maternal serum markers into screening for aneuploidies 

focused on the second trimester of pregnancy and demonstrated a substantial improvement in 

detection rates of DS, compared with screening by maternal age. At a false-positive rate of 5%, 

the detection rate improves from 30% in screening by maternal age alone to 60 to 65% by 

combining maternal age with serum AFP and free β-hCG (double test), 65 to 70% with the 

addition of uE3 (quadruple test) and 70 to 75% with the addition of inhibin A (quadruple 

test).11-13 

The quadruple test is a screening test done in the blood. It is based on the use of four serum 

markers as modifiers of the maternal age-related risk of the fetus having DS syndrome. The 

markers used are Alphafetoprotein (AFP), human chorionic gonadotrophin (hCG) 

unconjugated Estriol (uE3), and Inhibin-A.14-15 The test is performed at 15 to 20 weeks of 
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gestation.16 The maternal serum levels of each of these proteins and of steroid hormones vary 

with the gestational age of the pregnancy. With trisomy 21, second-trimester maternal serum 

levels of AFP and unconjugated estriol are about 25 percent lower than normal levels and 

maternal serum hCG is approximately two times higher than the normal hCG level.17Also, the 

second-trimester serum inhibin level is raised in the serum of pregnant women carrying a fetus 

with DS.18-19 Thus, the incorporation of inhibin A into maternal serum DS screening in the 

second trimester, along with AFP, hCG, and uE3, was named the quadruple test, and was first 

used in 1996.20 Before this discovery, the only available screening test for DS involved asking 

a woman her age and for women 35 years or older at the time of delivery would be offered 

amniocentesis and fetal karyotyping.18 Women, today are career oriented and have their own 

academic and career goals.20 The tendency of late marriage and late conception is increasing20 

which is common even in Nepalese women.21 Thus, the age-related risk for the occurrence of 

DS syndrome is higher in today’s era. The burden of high-risk pregnancy for DS syndrome has 

not been reported in Nepal due to the lack of resources to undergo screening tests in most 

healthcare settings. At present, there is no nationwide consensus regarding the nature and 

timing of these prenatal screening protocols. Due to the absence of any definite guidelines and 

the additional lacunae in the awareness regarding the appropriate prenatal screening in the 

country, women with high-risk pregnancies are not been screened despite the relentless efforts 

by the treating obstetricians. Thus, this study aimed to screen high-risk pregnancy based on 

maternal age and previous history of genetic abnormalities using quadruple test screening in 

women attending the TUTH, the largest tertiary care center in Central Nepal. 
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OBJECTIVES 
 

 

 
General objectives: 

 

 

▪ To screen the high-risk pregnancies for DS using a quadruple test screening method in 

pregnant women≥ 30 years of age attending TUTH. 

 

 

 

 

 

 

 

Specific objectives: 

 

▪ To estimate serum levels of AFP, ß-HCG, UE3, and Inhibin-A in the second trimester 

in high-risk pregnancies. 

 

▪ To determine the risk of DS in the second trimester between familial and non-familial 

marriages. 
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RESEARCH QUESTION 
 

 
▪ What is the risk of DS in high-risk pregnancies in Nepalese women as determined by 

the quadruple test screening method? 
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RATIONALE AND JUSTIFICATION OF STUDY 

 

 
DS is the most common cause of intellectual disability among live-born children and is 

amenable to prenatal detection. The clinical presentation is variable, but the phenotype is 

characteristic and is always accompanied by a certain amount of mental retardation. Its 

incidence in the population is 1 per 770 live births or 1.3 per 1,000 live births. The incidence 

increases gradually with maternal age up to the age of 30 and very quickly thereafter. A 

commonly practiced process for pregnant women aged 35 and older worldwide is 

amniocentesis to diagnose DS and other chromosome abnormalities. However, although the 

risk of giving birth to a child with DS is higher after the age of 35, most of the affected children 

are born of mothers under the age of 35, since there are fewer deliveries after this age. 

Furthermore, amniocentesis is an invasive procedure that carries a risk of complications, 

including the iatrogenic loss of an unaffected fetus. No study has been reported that has 

determined the risk of DS in high-risk pregnancies and the maternal age that could pose the 

risk of DS from Nepal. Further, the obstetricians who suspect any cases of high-risk pregnancy 

for DS (i.e., advanced maternal age ≧ 35 years of age or with a history of congenital anomalies 

in previous pregnancy or family history of congenital defect) request the patient to undergo 

this test in the neighboring country, India or abroad. Patients who cannot afford the 

investigations do not undergo the test due to economic constraints, though been advised, and 

endure fatal complications like IUFD, and infants with DS have medical morbidities. Thus, 

this test will determine the risk of DS in high-risk pregnancies in Nepalese women and the 

utility of the tests in our setting.  
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METHODOLOGY 
 

Research method: Quantitative Method 

 

Types of study: Observational (Descriptive study) 

 

Study population/Sampling frame: All high-risk pregnant women undergoing antenatal  

checkup in the Department of Obstetrics and Gynecology at TUTH. 

 

Study site and its justification: This descriptive cross-sectional study will be conducted in the 

Department of Clinical Biochemistry in collaboration with the Department of Obstetrics and 

Gynecology, TUTH. TUTH is the largest tertiary care center in Central Nepal. It has been 

providing exemplary patient services through its huge infrastructure, ample bed facility, and 

quality and experienced doctors and staff. There are around 12,000 deliveries conducted in the 

Department of Obstetrics and Gynecology. Thus, being an ideal place to conduct the research 

study focused on the pregnant women of Central Nepal. 

 

Sampling method: Non-probability sampling (Purposive sampling) 

 

Sample size:  Based on a study reported by Bhandari et al,21 the prevalence of congenital 

defects in the hilly region of Nepal was 56% in the hilly region and 58% in the Terai region. 

TUTH is the largest tertiary care center located in Maharajgunj, Kathmandu. It is a valley 

located in the Central Nepal. Hence, we took the prevalence of the hilly region for the sample 

size calculation. 

Taking this into account, the sample size calculation is done by the Cochran formula: 

  n=z2pq/d2 

Where,  

n =  Desired sample size 

z  = Standard normal deviation; usually set at 1.96 which corresponds to 95% 

confidence level. 

p = Proportion in the target population estimated to have a particular characteristic 

q = 1-p (Proportion in the target population not having the particular 

characteristics) 

d=  Degree of accuracy required (Taken as 10% of p for the present study) 
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The respective values for the variables are:  

z  =1.96 

p   = 0.56 

q (1-p)  = 0.44 

d  = 0.056 

Hence, Keeping the values in the above formula, 

n  = (1.96)2 (0.56) (0.44)/ (0.056)2 

n  = 3.8416 X 0.2464/ (0.056)2 

n  = 301.84   ≈ 302 

 

 

Hence, the calculated sample size is 302. 

But we could only include 256 pregnant women due to resource constraints (financial 

constraints).  

 

Sampling technique:  Purposive sampling technique 

 

Control groups:   No control groups will be included. 

 

Probable duration of study:  1 year 
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INCLUSION AND EXCLUSION CRITERIA 
 

 

Inclusion Criteria: 

▪ All pregnant women ≥ 30 years of age within the gestational age of 15-20 

weeks  

▪ History of congenital defects in the previous pregnancy irrespective of the 

maternal age. 

▪ Family history of DS or any congenital defects irrespective of the maternal 

age. 

Exclusion Criteria: 

▪ Women ≤ 30 years of age without any history of congenital defects in the 

previous pregnancy. 

▪ Pregnant women who are outside the range of gestational age of 15-20 weeks 

▪ The patient is unwilling to participate. 

 

STUDY VARIABLES: 

Demographic Data: Age, parity, geographic location, ethnicity, education, smoking history, 

pre-pregnancy body mass index, History of any systemic disease, History of previous baby 

with any genetic abnormalities, family history of any systemic and genetic disease. 

 

Anthropometric Measurement: Height (cms), Weight (kgs) and BMI 

 

Clinical Investigations:  Blood pressure (Systolic and Diastolic BP)  

 

Biochemical Parameters: 

5 ml of venous blood was collected from pregnant women at 15-20 weeks of gestation in a vial 

containing clot activator or serum separator (gold or red colored top vial) for the measurement 

of Alpha-fetoprotein (AFP), human chorionic gonadotrophin (HCG), unconjugated estriol 

(UE3) and Inhibin-A. Serum levels of AFP, HCG, UE3, and Inhibin-A were estimated by 

enhanced chemiluminescence immunoassay method. Serum AFP, B-HCG, and UE3 were 

estimated in Siemens Immulite 1000 Immunoassay system and Inhibin-A was estimated by 

paramagnetic particle, chemiluminescent immunoassay in Access 2 immunoassay analyzer 

(Beckman Coulter).  Risk estimation using values of hormone levels and the resulting MoM 

was done using PRISCA 5.0.2.37. 
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Table 1:  Cut-off for risk estimation for Neural Tube Defect, Trisomy 21 and 

Trisomy 18. 

 

Disease Inference 

Neural Tube Defect An alpha-fetoprotein (AFP) multiple of the 

median (MoM) <2.5 is reported as screen 

negative. 

AFP MoM ≥2.5 are reported as screen 

positive. 

Trisomy 21 Calculated screen risks <1/250 are reported 

as screen negative, risks ≥1/250 are reported 

as screen positive. 

TRISOMY 18 Calculated screen risks <1/100 are reported 

as screen negative, risks ≥1/100 are reported 

as screen positive. 

 
 

Expected time and duration of the study: 1 year 

 

Tools and techniques for data collection: A structured proforma was used to record the data 

of the patients including the demographic and clinical profile, anthropometric and biochemical 

measurements. Patients were informed about the research process with the help of an 

information sheet and were recruited only after signing the informed consent. 

 

Plan for data management and statistical analysis: 

Data was entered in MS Excel 2010, and analyzed with Statistical Package for Social Sciences 

(SPSS version 22.0). The normality of the data was checked using the Kolmogorov-Smirnov 

test.  Descriptive and inferential statistics were applied accordingly. For descriptive statistics, 

Mean, Standard Deviation, Percentage, and Range were calculated. Chi-Square test was used 

to analyze the categorical variables. For parametric variables, the student’s “t” test and for non-

parametric variables, the Mann-Whitney U test was used. Correlation between patient age, 

BMI, and serum AFP, HCG, and UE3 was determined using Spearman’s correlation 

coefficient. Multiple regression analysis was used to evaluate the association of the maternal 

age, BMI, family history of genetic disease, and history of congenital defect in previous 

pregnancy with the quadruple screening test.  ROC curve was applied for the diagnostic 

performance of the quadruple screening test; a p-value ≤ 0.05 was considered statistically 

significant. 
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RESULTS 
 

We recruited a total of 256 pregnant women who were in the gestational age of 15-22 weeks. 

The findings from the present study describe that the mean age of the patient was 33.36 ± 3.71 

years with the majority of the pregnant females being less than 35 years (73%). The majority 

of the patients were Brahmin/Chhetris (35%) followed by Janajatis (28%). BMI of the patient 

was 26.67 ± 4.00 kg/m2, mean blood pressure (SBP) was 108.81 ± 11.92 and DBP was 70.45 

± 7.73 mm Hg respectively as depicted in Table 2. The clinical details of the patients depicted 

that the majority of the patients were multigravida (72.3%) and multiparous (56%). 2% of the 

patients were smokers and there was no significant history of consanguineous marriages 

(0.65%). Medical history of patients revealed that thyroid disorders were present before 

pregnancy in 6% (n=18) of the patients followed by Diabetes Mellitus (1.97%) and 

Hypertension (1.6%) respectively as shown in Table 2. 

 

We determined the differences in serum levels and MoM of AFP, B-HCG, UE3, and Inhibin-

A in high-risk and low-risk populations and found that B-HCG, UE3, and Inhibin-A were 

significantly different between high-risk and low-risk pregnant women (p<0.05) as shown in 

Table 3 and 4.  

 

We found the MoM of quadruple screen markers i.e. for AFP was 1.10 ± 0.47 

[Sensitivity=43.8%; specificity=47.2%], B-HCG was 0.73 ± 0.4 [Sensitivity=87.5%; 

specificity=71.9%]; UE3 was 1.10 ± 0.43[ [Sensitivity=31.3%; specificity=30.2%] and 

Inhibin-A was 1.50 ± 0.71 [[Sensitivity=81.3%; specificity= 85.4%] respectively as 

represented in Table 5. 

The risk of Neural tube defect, trisomy 21, and trisomy 18 as calculated by screen test data was 

7.9%, 1.9%, and 1.9% respectively as shown in Table 6.  

Multiple linear regression analysis for the prediction of trisomy 21 using quadruple markers 

depicted that age, AFP, B-HCG, and Inhibin-A were significantly associated with a high risk 

of Trisomy 21 (p<0.05), while no association was seen with UE3 levels and risk of Trisomy 21 

as shown in Table 7.  

Receiver operating Characteristics (ROC) curve was plotted to determine the diagnostic 

accuracy for quadruple test markers (AFP, B-HCG, UE3, and Inhibin-A) compared with 

traditional triple markers (AFP, B-HCG, and UE3) which depicted that quadruple markers had 

the higher area under the curve (AUC) i.e., 0.879 versus Triple markers i.e., 0.775. Similarly, 
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the sensitivity and specificity of quadruple test markers were 82.4% and 87.7% whereas triple 

markers were 70.6% and 77% respectively as described in Table 8.  
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Table 2:  Clinico-demographic profile of the study population (n=256) 
 

VARIABLES VALUES 

AGE 33.36 ± 3.71 

≤ 35 years 186 (73%) 

≥ 35 years 73 (27%) 

Ethnicity 

Brahmin/Chhetri (Hills/ Mountain) 91 (35%) 

Brahmin/Chhetri (Terai Madhesh) 54 (21%) 

Janajati (Mountain/Hill/Terai) 72 (28%) 

Other ethnicities (Dalit, Muslim, 

Marwari)  

39 (15%) 

BMI (kg/m2) 26.67 ± 4.00 

SBP (mm Hg) 108.81 ± 11.92 

DBP (mm Hg) 70.45 ± 7.73 

Gestational age (weeks) 17.74 ± 2.15 

GRAVIDA 

Primigravida 69 (27.8%)  

Multigravida 187 (72.3%) 

PARITY 

1 77 (30%) 

2 143 (56%) 

>2 36 (14%) 

Personal History 

Smoker 5 (2%) 

H/O consanguineous marriage 2 (0.65%)  

Past History  

H/O Genetic disease in previous 

pregnancy 

8 (3.3%) 

H/O genetic disease in family members 2 (1%) 

Medical History  

Hypertension 4 (1.6%) 

Type 2 Diabetes Mellitus 5 (1.97) 

Thyroid disorders 15 (6%) 

Autoimmune Disease (SLE, RA) 2 (1%) 

Organ Transplant 1 (0.4%) 
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Table 3:  Biochemical parameters in the study population (n=256) 

 
Parameter High Risk Low Risk p value 

AFP 24.89 ± 1.80 23.14 ± 5.78 0.21a 

B-HCG 11847.82 ± 859.53 18390.04 ± 4597.51 0.003a* 

UE3 1.25 ± 0.93 0.80 ± 0.62 0.01 a* 

Inhibin-A 236.09 ± 99.53 435.04 ± 202.27 0.001 a* 

a= Independent t test; *p value <0.05 is considered to be statistically significant 

 
 

 

 

 

 

Table 4:  Multiple of Median (MoM) of quadruple markers in high-risk 

and low-risk population 

Quadruple parameters High Risk (n=  Low Risk p value 

MoM AFP 1.06 ± 0.57 1.09 ± 0.42 0.83a 

MoM B-HCG 1.27 ± 0.59 0.67 ± 0.33 0.001a* 

MoM UE3 0.86 ± 0.45 1.12 ± 0.42 0.04a* 

MoM Inhibin-A 2.67 ± 1.16 1.37 ± 0.51 0.001a* 
a= Independent t-test; *p value <0.05 is considered to be statistically significant 

 

 

 
Table 5:  Sensitivity and Specificity of quadruple test parameters 

in the study population 

 

Parameters MoM Sensitivity Specificity 

AFP 1.10 ± 0.47 43.8% 47.2% 

B-HCG 0.73 ± 0.41 87.5% 71.9% 

UE3 1.10 ± 0.43 31.3% 30.2% 

Inhibin-A 1.50 ± 0.71 81.3% 85.4% 
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Table 6:  Trisomy 21, Trisomy 18, and Neural Tube Defect risk in 

the study population 

 
Risk Proportion (n=256) 

Trisomy 21 20 (7.9%) 

Trisomy 18 5 (1.9%) 

Neural Tube Defect 5 (1.9%) 

 

 

 

 

 

Table 7:  Multiple linear regression analysis for the prediction of trisomy 

21 using quadruple markers 

Variables Coefficient S.E.  t value p value 

Intercept 0.457 0.193 - - 

Age 0.15 0.005 2.31 0.02* 

BMI 0.02 0.004 0.38 0.69 

MoM AFP 6.33 2.20 8.27 0.05* 

MoM B-HCG 4.51 1.53 8.63 0.009* 

MoM UE3 3.90 1.63 5.69 0.30 

MoM Inhibin-A 3.81 0.93 16.67 0.001* 
Coefficient: Regression coefficient; SE: standard error; ∗𝑝 value <0.05 is considered to be 

statistically significant 
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Figure 1:  Receiver Operating Characteristic (ROC) curve  to 

determine the diagnostic utility of Quadruple markers as 

compared to the traditional triple markers 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 
Quadruple test 

(AFP, B-HCG, UE3, 
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(AFP, B-HCG, UE3) 
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Table 8:  Sensitivity and specificity of Quadruple and Triple markers for 

prediction of Trisomy 21 

 

 
 

  

Variables Area Under 

Curve (95% CI) 

Sensitivity Specificity PPV NPV 

Quadruple Test 

Markers (AFP, 

B-HCG, UE3 

and Inhibin-A) 

 

0.879 

 

82.4% 

 

87.7% 

 

74.8% 

 

98.7% 

 

Triple Markers 

(AFP, B-HCG 

and UE3) 

 

0.775 

 

70.6% 

 

77% 

 

67.46% 

 

77.14% 
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DISCUSSION 
 

We report the results of second-trimester quadruple screening for DS in the Nepalese 

population. Our detection rate was 87.7%, which is comparable to most of the quadruple test 

studies in the world.22-26  

Any pregnancy can be affected by chromosomal abnormalities in the developing fetus. These 

disorders could also lead to death before or shortly after birth and/or lifelong infirmities. Early 

diagnosis of any fetal disorder can aid the parents in deciding whether to continue or terminate 

the pregnancy.28-29 Prenatal diagnosis is meant to provide accurate information on the short- 

and long-term prognosis, risk of recurrence, and potential treatments for the affected fetus.30 

However, screening tests for fetal abnormalities detection are not 100% accurate and can be 

problematic. Also, the accuracy of the tests may vary depending on the maternal age and other 

existing characteristics.30 

Our study reports that the majority of pregnant women (73%) who underwent quadruple 

screening tests were ≤ 35 years and 27% were ≥ 35 years. The findings were slightly higher 

compared to the study reported by Zournatzi V et al31 (12.1%) and Patne et al32 (12%) for 

women ≥ 35 years old.  

The overall incidence of DS is reportedly one in 136133 to one in 6924 live births and is the 

most common genetic cause of developmental delay. The risk of DS increases gradually up to 

the age of 33 years and subsequently increases exponentially till the age of 45 years after which 

it plateaus.34 In the United Kingdom (UK), the National Down’s Syndrome Cytogenetic 

Register indicated that without improved screening tools between 1989 and 2008, the 

continuous rise in maternal age would have caused a 48 percent increase in live births with 

Down’s syndrome.35 Apart from maternal age, biochemical and ultrasonographic markers 

introduced since the early 1980s have markedly increased the sensitivity of screening 

programs.36 Next-generation sequencing is the latest non-invasive screening tool for the 

detection of aneuploidies.37A  pregnancy screened positive for DS on quadruple test, risk re-

assessment (in which quadruple test is combined with the genetic sonogram) gives a detection 

rate of 80 percent with a three percent FPR (ISPD 2015).38 Nevertheless, in both situations, 

CVS/amniocentesis remains the gold standard diagnostic test for the detection of DS. The risk 

of iatrogenic fetal loss with these invasive tests is approximately 0.7-1 percent.39 

A proper screening modality has not yet been incorporated as national antenatal screening 

programs in countries like Nepal40 and India.41 In the Western world, the screening for 

chromosomal abnormalities begins as early as the first trimester which is done as a dual test 
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combined with the nuchal translucency/nasal bone scan.  Second-trimester screening begins at 

15 weeks in which a quadruple test is done and at 18 weeks a genetic sonogram is done to 

assess the risk of having a DS child.36 The results of the genetic sonogram and the quadruple 

test are combined with the first-trimester screening results.  This is called sequential screening 

for DS and has a detection rate of 95 percent, 36 a method that needs to be adopted universally. 

In India, in many government and private settings, screening generally begins in the second 

trimester and the triple test which was introduced in 1988,42 is still being increasingly used as 

a second-trimester biochemical screening tool for DS.40 

The combined test (first and second-trimester test) has a detection rate of 93.8% with a 1.9% 

false positive rate has not been adopted in many southeast Asian countries like Nepal and 

India.43 The reliability of the quadruple test as compared to the triple test in the screening of 

DS is well established.12 SURUSS study,12 2003 found 77 percent detection rate for triple test 

against an 84 percent DR for quadruple test keeping the false positive rate of five percent.  

This study concluded that the quadruple test is a better screening tool but because the only 

commercially available assay for inhibin A was not suitable for use in a routine laboratory 

(insufficiently stable and intra-batch assay variation was excessive, 17%), it could not be used 

in national screening protocols.12 However, by 2007, the UK National Screening Committee 

had incorporated the quadruple test in its screening program.44 

A Taiwanese study16 assessed quadruple tests in 21,481 women and found a detection rate of 

81.1 percent with a 4.4 percent false positive rate. The false positive rate of the triple test in the 

present study was 21.6 percent whereas the false positive rate for the quadruple test was 17.8 

percent and for the quadruple test + genetic sonogram was 8.9 percent.16 

In a study reported from Gujarat, India,45 2111 women were investigated by triple marker 

screening between 14 and 20 weeks of gestation, of whom 224 women were found to be screen 

positive for trisomy 21, and further, on karyotyping of 105 of the screen-positive cases, eight 

had trisomy 21 and one had mosaic trisomy 21 quoting the DR and FPR of that study.44 

A two-year data of a referral institute from northern India,46 reported that in four out of 68 

women (4.4%) with triple-test positivity for DS, amniotic fluid karyotyping was found to 

show trisomy 21.46  

We report a higher concentration of AFP, hCG, uE3, and inhibin A on average than the 

concentrations established for the Caucasian population.47 Ethnic differences have been noted 

in comparisons of black, Caucasian, and Asian populations in Europe and the USA.47-49 It is 

known that Asian women have the highest levels of AFP, hCG, and uE348-50 and our study was 

in line with the previous studies. Also, Inhibin-A has been reported to be highest among the 
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Asian women.51 However, some studies have reported that black women showed higher levels 

of Inhibin-A than Caucasian women52 while no reports have been published comparing the 

levels between Asian and Caucasian women. 

MoM of HCG in Nepalese women who were at high risk for trisomy 21 was 1.27 ± 0.59 which 

was lower compared to studies reported in Chinese,49 Korean,50, and Caucasian Populations.52 

Though our study has been restricted to a smaller group of the population like other studies 48-

50,52, the median MoM of each serum marker in high-risk pregnant women with Down 

syndrome may reflect racial differences. 

In addition, numerous factors contribute to the performance of Down syndrome screening 

which includes the use of ultrasound scans to estimate gestational age, maternal weight, 

insulin-dependent diabetes, and smoking.13, 53-57 We had no patients with insulin-dependent 

diabetics, while there were only 2 women who were smokers hence, this had a negligible effect 

on the results.  

The findings from our study provide evidence that quadruple test screening is effective where 

more than 82% of the fetuses with Down syndrome could be prenatally diagnosed. To the best 

of our knowledge, this is the first-ever study reported from the Nepalese population concerning 

the median MoM of quadruple and triple test markers. Moreover, nowadays non-invasive 

prenatal testing (NIPT) seems to be the most attractive and effective test,58-59 it is impossible 

to implement it free of charge in developing countries like Nepal for all pregnant women where 

the quadruple test seems to be a feasible option. However, the exploration of cost-effectiveness 

and incorporation of quadruple test screening into the national policy program is yet to be 

established. In addition, we found that the quadruple test seems to be relatively simple in terms 

of management in large-scale use in developing countries like ours where the use of integrated 

tests and sequential serum biomarker screening (both stepwise and contingent screens) are 

complicated and unrealistic. Reports have suggested that pregnant women coming for antenatal 

visits are common after the first trimester. 60 Thus, this also makes the quadruple test more 

practical and superior to other prenatal testing in developing nations like Nepal.  
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CONCLUSION 
 

Quadruple test is highly effective in terms of its sensitivity and specificity in our population 

compared to the triple test markers. Further, the quadruple test is advantageous in terms of 

simplicity, feasibility, and relatively lower cost when compared to NIPT and other genetic 

testing. 

 

 

Biases: Since, the study was conducted in one tertiary care center, i.e., TUTH, so the results 

could not be generalized to the whole population. 

 

 

Limitations of the study: This cross-sectional study recruited pregnant women attending the 

outpatient department of the Obstetrics and Gynecology department of TUTH, Maharajgunj 

only. Hence, comprising only a small group of the population. The results therefore cannot be 

generalized for the other parts of the country. 

 

Safety considerations: All patients were informed about the research purpose and their 

contribution to this research. After obtaining the informed consent patients were asked for 5 

ml of blood for biochemical investigation. Blood was obtained by a trained phlebotomist under 

aseptic conditions. All the details of the patients were kept confidential.  

 

Plan for supervision and monitoring: The principal investigator along with the respective 

co-authors was responsible for supervision. Investigators were involved in patient recruitment, 

data entry, monitoring data entry, and analysis. 

 

Expected outcome of the research: 

Primary (main outcome):  

▪ Assessment of risk of DS in high-risk pregnancies in women of Central Nepal. 

Secondary Outcome: 

▪ The usefulness of second-trimester quadruple screening test for risk assessment of DS 

in pregnant women of Central Nepal. 

▪ Estimation of risk of DS in the second trimester between familial and non-familial 

marriages. 
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Plan for dissemination of research results: The findings of the research will be presented in 

the national/international forum and the results will be published in a reputed indexed journal.  

 

 

Plan for utilization of the research finding: The research finding was provided to the treating 

obstetricians and the concerned patient. Needful intervention was carried out by the concerned 

doctor. Prenatal screening practice in Nepal needs to be strengthened and reinforced all over 

the country. This study was a pilot study for future studies to be undertaken in DS and other 

genetic disorders and will help to develop an elemental pre-natal screening practice in the 

country. In addition, we believe that this study will form a basis for the formulation of 

policymaking in the field of prenatal screening for DS.  

 

Potential Impact of the Project: 

Pregnancies affected by fetal DS show an increased risk of intrauterine fetal demise (IUFD). 

There is an estimated report of loss rates between 5 to 16% after 20 weeks of gestation in 

pregnancies with fetal DS. There is a high risk of perinatal morbidity and mortality associated 

with DS. In addition, children with DS demonstrate high rates of numerous morbidities like 

cognitive disability, congenital heart defects, respiratory and hearing problems, Alzheimer’s 

disease, childhood leukemia, and thyroid disorders compared to the reference 

population. Diagnosis of DS by screening test (quadruple test) in high-risk pregnant women 

will determine the likelihood of a baby having this condition or not. As per the sustainable 

development Goal 3 (SDG 3), healthy lives and well-being for all at all ages should be ensured. 

Our study fulfills the second priority of SDG 3 which states to end the preventable deaths of 

newborns and children under 5 years of age by 2030. This is a novel study in the context of our 

country which intended to screen high-risk pregnant women for DS by quadruple screening 

tests for early detection of fetuses with DS which can be further managed with cautious medical 

advice.  

 

Impact at local and National levels: To the best of our knowledge, no study has been reported 

that has determined the risk of DS in high-risk pregnancies and the maternal age that could 

pose the risk of DS from our country. Further, the obstetricians who suspect any cases of high-

risk pregnancy for DS (i.e., advanced maternal age ≧ 35 years of age or with a history of 

congenital anomalies in previous pregnancy or family history of congenital defect) request the 
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patient to undergo this test in the neighboring country, India or abroad. Patients who cannot 

afford the cost do not undergo the investigations, though been advised, and endure fatal 

complications like intrauterine fetal death (IUFD) and infants with DS having medical 

morbidities. Thus, this study aimed to determine the risk of Down syndrome in pregnant 

women of the Nepalese population and evaluate the quadruple test sensitivity and specificity 

in our setting. Prenatal screening practice in Nepal needs to be strengthened and reinforced all 

over the country. Thus, we believe that this study will form a basis for the formulation of 

policymaking in the field of prenatal screening for DS.  

 

International level: The current scenario of DS in high-risk pregnancies in Nepal is unknown. 

There is a non-governmental organization working on patients with DS. The screening test is 

available in a few private laboratories in the capital city with no laboratories offering the test 

in the periphery. The usefulness of the quadruple test in our setting is still a question until 

proven by any scientific research. Thus, this research will be a breakthrough for determining 

the risk of DS in high-risk pregnancies using the quadruple test screening and disseminate the 

findings to the international platform as well. 

  



 

 31 

BUDGET SHEET 
 

 

SN 

 

Particulars 

 

Remarks 

 

Total cost (Rs.) 

A Special Task Based Remuneration (≤10%)     

  Proposal preparation Printing / Binding 2500 

  Tools development Data Sheets Printing 1000 

  Progress report preparation Printing / Binding 2000 

  Data analysis Consultation 

Charges 

-- 

  Research article manuscript preparation -- -- 

  Special experiment/task (specify) --   

B Wet Laboratory Costs     

  Equipment and Instruments (specify) Existing Facility 0 

  Special Reagents/Kits (specify) AFP, ß-HCG, UE3 

and Inhibin-A  

 

3,00,000 

  Chemicals Control Solutions 15000 

  Consumables (Gloves/Test 

Tubes/Vacutainers/Cotton/Swabs/Syringes etc.) 

 
5000 

  Service and Repair cost Reserve 2500 

  Testing service cost Existing Facility 0 

  Other (specify)     

C Field Costs     

  Travel cost Hospital Based 0 

  Daily allowance (Assistants, Sample Collection) Lab Technicians 15000 

  Survey cost (hiring, subjects compensation, refreshment, 

special need) 

Renumeration for 

Subjects 

9000 

  Travel gears Hospital Based 0 

  Other (specify) -- 0 

D Office Costs     

  Office equipment -- 0 

  Personal computer and software -- 0 

  Office supplies Printing Paper / 

Cartridge 

2500 

  Telephone and internet cost   2000 

E Consultant Services     

  Special Professional Service Study Design 2500 

  Data Analysis Statistician   

F Student Support     

  Thesis Proposal Preparation Cost Masters’ X 1  2500 

  Thesis Preparation Cost Masters’ X 1 10,000  

G Facilities and Administrative Cost     

  Institutional Overhead Cost (10%)   15000 

  Administrative Travel Cost   5000 

  Documentation and Publication Cost   0 

 H Software package for Prenatal Down Syndrome Risk 

Calculation 

  1,00,000 

I Miscellaneous (<5%)  7500 

    

  Subtotal 4,99,000 

  Fund from other source [if identified, specify] -- 

  Fund from other source (not yet identified) -- 



 

 32 

REFERENCES 
 

 

1. Patterson D, Costa AC. Down syndrome and genetics – A case of linked histories. Nat 

Rev Genet.2005; 6:137–47. [PubMed: 15640809]. 

 

2. Understanding Intellectual Disability and Health. Down Syndrome. Available from:  

http://www.intellectualdisability.info/diagnosis/downs-syndrome/ 

 

3. Mai CT, Isenburg JL, Canfield MA, et al. National population-based estimates for 

major birth  defects, 2010-2014. Birth Defects Res. 2019;111(18):1420-1435. 

doi:10.1002/bdr2.1589. 

 

4. Asim A, Kumar A, Muthuswamy S, Jain S, Agarwal S. "Down syndrome: an insight 

of the disease". J Biomed Sci. 2015;22(1):41. Published 2015 Jun 11. 

doi:10.1186/s12929-015-0138-y. 

 

 

5. Benn PA. Advances in prenatal screening for Down syndrome: I. general principles 

and second trimester testing. Clin Chim Acta. 2002;323(1-2):1-16. doi:10.1016/s0009-

8981(02)00186-9 

 

6. Ghosh K, Colah R, Manglani M, Choudhry VP, Verma I, Madan N, et al. Guidelines 

for screening, diagnosis and management of hemoglobinopathies. Indian J Hum Genet.  

2014;20:101–19. [PMCID:PMC4228561] [PubMed: 25400338] 

 

7. Phadke S, Agarwal M. Neural tube defects: A need for population-based prevention 

program. Indian J Hum Genet. 2012;18:145–7. [PMCID: PMC3491283] [PubMed: 

23162285] 

 

8. Aggarwal S, Bogula VR, Mandal K, Kumar R, Phadke SR. Aetiologic spectrum of 

mental Retardation & developmental delay in India. Indian J Med Res. 2012;136:436–

44. [PMCID: PMC3510890] [PubMed: 23041737] 

 

9. Verma IC, Bijarnia S. The burden of genetic disorders in India and a framework for 

community control. Community Genetics 2002;5(3):192–6. 

 

10. Bunt CW, Bunt SK. Role of the family physician in the care of children with Down 

syndrome. Am Fam Physician. 2014 Dec 15;90(12):851-8. PMID: 25591185. 

 

http://www.intellectualdisability.info/diagnosis/downs-syndrome/


 

 33 

11. Cuckle H, Benn P. Multianalyte maternal serum screening for chromosomal defects. 

In Genetic Disorders and the Fetus: Diagnosis, Prevention and Treatment (6th edn), 

MilunskyA (edn). Johns Hopkins University: Baltimore. 2009. 

 

12. Wald NJ, Rodeck C, Hackshaw AK, Walters J, Chitty L, Mackinson AM; SURUSS 

Research Group. First and second trimester antenatal screening for Down's syndrome: 

the results of the Serum, Urine and Ultrasound Screening Study (SURUSS). Health 

Technol Assess. 2003;7(11):1-77. doi: 10.3310/hta7110. PMID: 12709291. 

 

 

13. Wald NJ, Huttly WJ, Hackshaw AK. Antenatal screening for Down’s syndrome with 

the triple test. Lancet. 2003; 361: 835-836. 

 

14. Harrison G, Goldie D. Second-trimester Down's syndrome serum screening: double, 

triple or quadruple marker testing? Ann Clin Biochem. 2006 Jan;43(Pt 1):67-72. doi:  

10.1258/000456306775141876. PMID: 16390612. 

 

15. Wald NJ, Densem JW, George L, Muttukrishna S, Knight PG. Prenatal screening for 

Down’s syndrome using inhibin-A as a serum marker. Prenat Diagn 1996; 16: 143–

53. 

 

16. Shaw SW, Lin SY, Lin CH, Su YN, Cheng PJ, Lee CN, Chen CP. Second-trimester 

maternal Serum quadruple test for Down syndrome screening: a Taiwanese 

population-based study. Taiwan J Obstet Gynecol. 2010;49(1):30-4. doi: 

10.1016/S1028-4559(10)60005-8. PMID: 20466289. 

 

17. Sehat Z, Goshetasbi A, Taheri Amin M. Investigating association between second 

trimester maternal serum biomarkers and pre-term delivery. Iran J Reprod Med. 2013 

Feb;11(2):127-32. PMID: 24639737; PMCID: PMC3941352. 

 

18. Yarbrough, M. L., Stout, M., & Gronowski, A. M. Pregnancy and Its Disorders 

Pregnancy and Its Disorders. In: Tietz textbook of clinical chemistry and molecular 

diagnostics. 2018; 6th ed: 1655- 1696. Publisher: St. Louis, MO: Elsevier. 

 

19. Mills M, Rindfuss RR, McDonald P, te Velde E; ESHRE Reproduction and Society 

Task Force. Why do people postpone parenthood? Reasons and social policy 

incentives. Hum Reprod Update. 2011 Nov-Dec;17(6):848-60. doi: 

10.1093/humupd/dmr026. Epub 2011 Jun PMID: 21652599; PMCID: PMC3529638. 

 

20. Marphatia AA, Saville NM, Amable GS, Manandhar DS, Cortina-Borja M, Wells JC, 

Reid AM. How Much Education Is Needed to Delay Women's Age at Marriage and 



 

 34 

First Pregnancy? Front Public Health. 2020 Jan 9;7:396. doi: 

10.3389/fpubh.2019.00396. PMID: 31993411; PMCID: PMC6964653. 

 

21. Bhandari S, Sayami JT, K C RR, Banjara MR. Prevalence of congenital defects 

including selected neural tube defects in Nepal: results from a health survey. BMC 

Pediatr. 2015 Sep 21;15:133. doi: 10.1186/s12887-015-0453-1. PMID: 26391586; 

PMCID: PMC4578608. 

 

22. Rawlins ML, La’ulu SL, Erickson JA, Roberts WL. Performance characteristics of the 

Access  Inhibin A assay. Clin Chim Acta. 2008;397:32–5. 

 

23. Lam YH, Tang MH. Second-trimester maternal serum inhibinA screening for fetal 

Down syndrome in Asian women. Prenat Diagn 1999;19:463–7. 

 

24. Lambert-Messerlian GM, Palomaki GE, Canick JA. Inhibin A measurement using an 

automated assay platform. Prenat Diagn 2008;28:399–403. 

 

25. Wald NJ, Huttly WJ, Hackshaw AK. Antenatal screening for Down’s syndrome with 

the quadruple test. Lancet 2003; 361:835–6. 

 

26. Tseng JJ, Chou MM, Lo FC, Lai HY, Chen MH, Ho ES. Detection of chromosome 

aberrations in the second trimester using genetic amniocentesis: experience during 

1995–2004. Taiwan J Obstet Gynecol 2006;45:39–41. 

 

27. Shaw SW, Lin SY, Lin CH, Su YN, Cheng PJ, Lee CN, Chen CP. Second-trimester 

maternal Serum quadruple test for Down syndrome screening: a Taiwanese 

population-based study. Taiwan J Obstet Gynecol. 2010 Mar;49(1):30-4. doi: 

10.1016/S1028-4559(10)60005-8. PMID: 20466289. 

 

28. Hixson L, Goel S, Schuber P, Faltas V, Lee J, Narayakkadan A, et al. An overview on 

prenatal screening for chromosomal aberrations. Journal of laboratory automation. 

2015; 20(5): 562-73. [DOI:10.1177/2211068214564595] [PMID]. 

 

29. Shirazi M, Sarmadi S, Niromanesh S, Rahimi Sharbaf F, Sahebdel B, Golshahi F, 

Asadi L, Rahmanzadeh M. Assessment of the sensitivity and specificity of screening 

tests performed in the first and second trimester in the pregnant women. Journal of 

Obstetrics, Gynecology and Cancer Research. 2022 Nov 14;4(1):12-5. 

 



 

 35 

30. Flessel MC, Lorey FW. The California Prenatal Screening Program:"options and 

choices" not "coercion and eugenics". Genetics in Medicine. 2011; 13(8): 711. 

[DOI:10.1097/GIM.0b013e3182272e25] [PMID] 

 

31. Zournatzi V, Daniilidis A, Karidas C, Tantanasis T, Loufopoulos AA, Tzafettas J. A 

prospective two years study of first trimester screening for Down Syndrome. 

Hippokratia. 2008 Jan;12(1):28. 

 

 

32. Patne SS, Upadhy AJ, Shembekar SC, Shembekar CA, Upadhye JJ. Antenatal 

screening for aneuploidy. Int J Reprod Contracept Obstet Gynecol.2018; 7:234-8. 

 

33. Jaikrishan G, Sudheer KR, Andrews VJ, Koya PK, Madhusoodhanan M, Jagadeesan 

CK, et al. Study of still birth and major congenital anomaly among newborns in the 

high-level natural radiation areas of Kerala, India. J Community Genet 2013; 4 : 21-

31. 

 

34. Chitty LS. Use of Cell-free DNA to screen for Down’s syndrome. N Engl J Med 2015; 

372 : 1666-7. 

 

35. Morris JK, Mutton DE, Alberman E. Revised estimates of the  maternal  age  specific  

live  birth  prevalence  of  Down’s syndrome. J Med Screen 2002; 9 : 2-6. 

 

36. Rozenberg P, Bussières L, Chevret S, Bernard JP, Malagrida L, Cuckle H, et al.  

Screening  for  Down  syndrome  using  firsttrimester combined screening followed 

by second trimester ultrasound examination in an unselected population. Gynecol 

Obstet Fertil 2007; 35 : 303-11. 

 

37. Ehrich M, Deciu C, Zwiefelhofer T, Tynan JA, Cagasan L, Tim R, et al. Noninvasive 

detection of fetal trisomy 21 by sequencing of DNA in maternal blood: A study in a 

clinical setting. Am J Obstet Gynecol 2011;204 : 205.e1-11. 

 

38. Benn  P,  Borrell A,  Chiu  RW,  Cuckle  H,  Dugoff  L,  Faas  B,  et al. Position 

statement from the Chromosome Abnormality Screening Committee on behalf of the 

Board of the International Society for Prenatal Diagnosis. Prenat Diagn 2015; 35 : 725-

34. 

 

39. Akolekar R, Beta J, Picciarelli G, Ogilvie C, D’Antonio F. Procedure-related risk of 

miscarriage following amniocentesis and chorionic villus sampling: A systematic 

review and metaanalysis. Ultrasound Obstet Gynecol 2015; 45 : 16-26. 

 

40. Bajagain R, Saha R, Shrestha S. Knowledge regarding the prenatal testing for down 

syndrome screening among the Nepalese pregnant women. Journal of Chitwan 

Medical College. 2023 Sep 29;13(3):75-8 



 

 36 

41. Sablok A, Sharma A, Ahmed CS, Kaul A. Performance of second-trimester maternal 

biochemistry screening (quadruple test vs. triple test) for trisomy 21: An Indian 

experience. Indian J Med Res. 2021 May;154(5):716-722. doi: 

10.4103/ijmr.IJMR_1034_19. PMID: 35417990; PMCID: PMC9210531. 

 

 

42. Reynolds T. The triple test as a screening technique for Down syndrome: Reliability 

and relevance. Int J Womens Health 2010; 2 : 83-8. 

 

43. Kaul A, Singh C, Gupta R, Arora N, Gupta A. Observational study comparing the 

performance of first-trimester screening protocols for detecting trisomy 21 in a 

North Indian population. Int J Gynaecol Obstet 2017; 137 : 14-9. 

 

44. McEwan A, Godfrey A, Wilkins J. Screening for Down syndrome. Obstetrics , 

Gynaecology and Reproductive Medicine. 2012; 22(3): 70-75. 

https://doi.org/10.1016/j.ogrm.2012.01.006  

 

45. Sheth F, Rao S, Desai M, Vin J, Sheth J. Cytogenetic analysis of Down syndrome in 

Gujarat. Indian Pediatr 2007; 44 : 774-7. 

 

46. Prajnya R, Agarwal M, Phadke SR. Second trimester screening for fetal aneuploidy 

through triple marker test: The two-year experience of the genetics unit of a referral 

institute. Perinatology 2008; 10 : 149-54. 

 

47. MacRae AR, Gardner HA, Allen LC, Tokmakejian S, Lepage N. Outcome validation 

of the Beckman Coulter access analyzer in a second-trimester Down syndrome serum 

screening application. Clin Chem 2003; 49: 69-76. 

 

48. O’Brien JE, Dvorin E, Drugan A, Johnson MP, Yaron Y, Evans MI. Raceethnicity-

specific variation in multiple-marker biochemical screening: alpha-fetoprotein, hCG, 

and estriol. Obstet Gynecol 1997; 89: 355-8. 

 

49. Wang YY, Luo J, Zhu MW, Liu LN, Ma X. Second-trimester double or triple screening 

for Down syndrome: a comparison of Chinese and Caucasian populations. Int J 

Gynaecol Obstet 2006; 94: 67-72. 

 

50. Kwon JY, Park IY, Park YG, Lee Y, Lee G, Shin JC. Korean-specific parameter 

models for calculating the risk of Down syndrome in the second trimester of 

pregnancy. J Korean Med Sci. 2011 Dec;26(12):1619-24. doi: 

10.3346/jkms.2011.26.12.1619. Epub 2011 Nov 29. PMID: 22148000; PMCID: 

PMC3230023. 

 

https://doi.org/10.1016/j.ogrm.2012.01.006


 

 37 

51. Choi YK, Kim MY, Han JY, Ryu HM, Yang JH, Kim ES, Lee HB, Han IS, Ko MI, 

Han HW. A study about the effectiveness of triple marker test as a screening test for 

chromosomal aneuploidy. Korean J Obstet Gynecol 1999; 42: 1935-42. 

 

52. Spencer K, Ong CY, Liao AW, Nicolaides KH. The influence of ethnic origin on first 

trimester biochemical markers of chromosomal abnormalities. Prenat Diagn 2000; 20: 

491-4. 

 

53. Wald NJ, Cuckle HS, Densem JW, Kennard A, Smith D. Maternal serum screening 

for Down’s syndrome: the effect of routine ultrasound scan determination of 

gestational age and adjustment for maternal weight. Br J Obstet Gynaecol 1992; 99: 

144-9. 

 

54. Wald NJ, Watt HC, George L. Maternal serum inhibin-A in pregnancies with insulin-

dependent diabetes mellitus: implications for screening for Down’s syndrome. Prenat 

Diagn 1996; 16: 923-6. 

 

55. Crossley JA, Berry E, Aitken DA, Connor JM. Insulin-dependent diabetes mellitus and 

prenatal screening results: current experience from a regional screening programme. 

Prenat Diagn 1996; 16: 1039-42. 

 

56. Zhang J, Lambert-Messerlian G, Palomaki GE, Canick JA. Impact of smoking on 

maternal serum markers and prenatal screening in the first and second trimesters. 

Prenat Diagn. 2011 Jun;31(6):583-8. doi: 10.1002/pd.2755. Epub 2011 Apr 11. PMID: 

21480302. 

 

57. Huttly W, Rudnicka A, Wald NJ. Second-trimester prenatal screening markers for 

Down syndrome in women with insulin-dependent diabetes mellitus. Prenat Diagn. 

2004 Oct;24(10):804-7. doi: 10.1002/pd.994. PMID: 15503275. 

 

58. American College of Obstetricians and Gynecologists’ Committee on Practice 

Bulletins—Obstetrics, Committee on Genetics, Society for Maternal-Fetal Medicine. 

Screening for Fetal Chromosomal Abnormalities: ACOG Practice Bulletin, Number 

226. Obstet Gynecol. 2020; 136:e48–e69. doi:10.1097/AOG. 0000000000004084. 

 

59. Gil MM, Accurti V, Santacruz B, Plana MN, Nicolaides KH. Analysis of Cell-free 

DNA in Maternal Blood in Screening for Aneuploidies: Updated Meta Analysis. 

Ultrasound Obstet Gynecol. 2017; 50:302–14. doi:10.1002/uog.17484. 

 

60. Chaipongpun N, Wanapirak C, Sirichotiyakul S, Tongprasert F, Srisupundit K, 

Luewan S, Traisrisilp K, Jatavan P, Sirilert S, Tongsong T. Performance of Serum 

Quad Test in Screening for Fetal Down Syndrome in a Large-Scale Unselected 

Population in a Developing Country. Int J Public Health. 2023 Apr 5;68:1605441. doi: 

10.3389/ijph.2023.1605441. PMID: 37089793; PMCID: PMC10114521. 



 

 38 

ANNEXURES 
ETHICAL CLEARANCE FROM INSTITUTE OF MEDICINE 

 

 

  



 

 39 

PROFORMA SHEET 

 

Title:  Screening of high-risk pregnancies for Down Syndrome 

using the quadruple test at a tertiary care center in Nepal 

 
________________________  
Signature of Researcher/Date 

 

Note: These tests do not reveal the gender of the fetus. 

Patient Consent: I have been explained the risks, benefits, limitations, and implications of the quadruple 

test and by signing, I am indicating my consent to take this test and I understand that no therapeutic 

decisions should be made based on the screening results. I also give permission for my sample data to be 

used in a research study being conducted at the Institute of Medicine, TUTH to improve quadruple tests for 

other patients and for publications, if appropriate. 

 

Date:          Patients Signature: 

 

Providers Statement: I acknowledge the risks, benefits, and limitations of the quadruple test. I have 

discussed the test(s) with the patient/guardian and have answered his/her questions regarding the tests in a 

language she/they understand. I have also provided the patient with the purpose, limitations, and possible 

risks of the tests. 

 

Date:        Medical Provider’s Signature:  

Name: 

Address:  

State: 

DOB/ Age: GA at Screening Date: 

Estimated Birth Date: 

LMP: 

Pregnancy Type:              Singleton: 

                                                  Multiple 

 

Obstetric History:  

Gravida:         Parity:   

Living:         Abortion: 

 

Undergoing IVF:  

Yes                   No 

 

Surrogacy: Yes       

No 

 

Egg Donor: Yes      

No 

 

Radiological Findings: 

Ultrasound Date: 

 

Nuchal Translucency (mm): 

 

Crown Rump Length:  

 

Clinical Indication for Testing:  

 

 

Family History:  

 H/O Hypertension: 

H/O Genetic Diseases: 

 

Past History:  Any systemic disease: 

 

  

Gynecologist:  

Anthropometric Measurements:  

Height (Cm):        Weight (Kg) at 1st antenatal checkup:           

Blood Pressure:  

 

 

Pregnancy-related 

details: 

Smoking: 

Diabetes: 

Ovulation Induction: 

Donor/Frozen Ova: 

Twins Pregnancy:  

 

Biochemical parameters:  

Blood/ Serum parameters: 

AFP (ng/ml):                

B-HCG (mIU/ml):     Unconjugated 

Estriol (ng/ml): 

Inhibin-A (pg/ml)    
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PARTICIPANT INFORMATION SHEET 
 

 

Title of the Research:  Screening of high-risk pregnancies for Down Syndrome 

using quadruple test at a tertiary care centre of Nepal 

 

I am Dr. Apeksha Niraula, Lecturer in the Department of Clinical Biochemistry at Institute of 

Medicine, TUTH, Maharajgunj. I am going to conduct a research on Screening of high-risk 

pregnancies for Down Syndrome using quadruple test at a tertiary care centre of Nepal. 

 

I am going to give you information and invite you to be the part of this research. You do not 

have to decide instantly whether or not you will participate in the research. You can have a talk 

with anyone about the research and take your decision. Please feel free to ask any words that 

you could not understand in this information, so that I may explain more clearly taking few 

more times. You can also have your queries with me, the study doctor or the staff. 

 

The importance of this research is to determine the risk of Down Syndrome in high-risk 

pregnancies using quadruple test (Alpha fetoprotein, beta-human chorionic gonadotrophin, 

Unconjugated Estriol and Inhibin-A) in Nepalese women. This test will be done in the second 

trimester and will evaluate the risk of Down syndrome if present in the fetus.  

 

Participant selection: We will be enrolling all the patients ≥ 30 years of age, patient with the 

history of congenital defects in the previous pregnancy and patients with family history of 

Down syndrome or any congenital defects. 

 

Voluntary Participation: Decision for participation in this research should be taken by 

yourself. It will have no influence in the study and outcome whether you participate in the 

study or not. If you don’t like to participate, you are free to withdraw at any time during the 

study. 

 

Expected duration of the subject: Study will be completed in 1 year. 

 

Procedures and Protocol: A detail history including obstetric history, h/o any systemic 

disease or previous pregnancy with any genetic disease will be noted. Biochemical parameters 

will be estimated by Enhanced Chemiluminescence Immunoassay in Vitros 3600 (Ortho 

Clinical Diagnostics). 

Maintenance of Confidentiality: Confidentiality of each participant in the study will be 

considered strictly. Information about you that will be collected during the research will be put 

away and no one will be able to see it except the researchers. 

Any information about you will be coded with a number instead of your name. Only the 

researchers will know your code number and all the information about you will be locked. It 

will not be shared with or given to anyone except those working within the Department of 

Biochemistry. Freedom of individual to participate and to withdraw from research at any time 

without penalty or loss of benefits to which the subject would otherwise be entitled. 

 

Amount of Sample taken: 5 ml of venous blood and sample will be taken from each 

participant. 

 

Cost and source of investigations: The cost and sources of investigation will be applied for 

Grant and elsewhere by the candidate herself. 
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Sharing the Results: The report of the blood chemistry will be given to the participants. The 

knowledge that is gained from this research will be published in a scientific research journal 

and disseminated in scientific forums. 

 

Whom to Contact: 

If you have any queries you may ask me now or later, even after the study has been started. If 

you wish to ask questions later, you may contact:  

Dr. Apeksha Niraula 

Department of Clinical Biochemistry, IOM, TUTH, Maharajgunj, Kathmandu, Nepal.  

Contact No: +9779852029730. 

Email: apeksha.niraula@iom.edu.np   

  

mailto:apeksha.niraula@iom.edu.np
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जानकारी पत्र 

 

शिर्षक : डाउन शिन्ड्र ोमको शनर्ाषरणका लाशि िर्षवती अवस्थामा रितको पररक्षण  

म, डा. अपेक्षा निरौला, निनित्साशास्त्र अध्ययि संस्थाि, नि.नि. नशक्षण अस्पताल, महाराजगंजिो 

जीिरसायि निभागमा उप-प्राध्यापििो रुपमा िाययरत छु | मानथ उले्लखित नशर्यिमा अिुसन्धाि  गिय 

िाहन्छु र हजुरहरुलाई पनि यस अिुसन्धािमा सहभागी हुििा लानग नििम्र अिुरोध गिय िाहन्छु | 

यस अिुसन्धािमा डाउि नसन्ड्र ोमिो निधायरण लानग गभयिती अिस्थामा रगतिो पररक्षण गररिे छ| | 

यसिो लानग रगतमा तीििटा जांि गररिे छ | मंजुररिामा से्वच्छाले हस्ताक्षर गरेर सहभागी हुिे िाहिा 

भएिा व्यखिहरुलाई माि अध्ययिमा समािेश गररिे छ | 

यस अिुसन्धािमा हजुरिो समू्पणय पररक्षण नि:शुल्क हुिुिो साथै आिश्यि सािधािी अपिाइिे छ | 

हजुरले नििुभएिो  जाििारी गोप्य राखििे  छ | प्रयोगशाला पररक्षणिाट आएिो िनतजािो िारेमा र 

त्यसिो असरहरु िारे अिगत गराइिे छ | यस अिुसन्धािात्मि अध्ययिमा यहााँिो सहभानगता 

स्वागतयोग्य रहिे छ | यहााँिो सहभानगता पूणयरुपले से्वखच्छि रहिे छ र िुिै पनि िेला यो अध्ययििाट 

िानहररि सकु्न हुन्छ|  साथै यसिाट स्वास्थ्यमा िुिै हािी िा ििारात्मि असर िहुिे जाििारी पनि 

गराइिेछ| | 

सम्पिय : 
 
डा. अपेक्षा निरौला 
उप-प्राध्यापि 
जीिरसायि निभाग 
निनित्साशास्त्र अध्ययि संस्थाि 
 नि.नि. नशक्षण अस्पताल 
महाराजगंज  
मोिाइल िम्बर: ९८५२०२९७३० 
इमेल- apeksha.niraula@iom.edu.np  
  

mailto:apeksha.niraula@iom.edu.np
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INFORMED CONSENT FORM 

Quadruple Test को लागि रित परीक्षणको लागि सूगित सहमगत फारम 
 

▪ Quadruple testing भनेको के हो? 
 गर्भवती महिलािरूको लाहग Quadruple screening (गर्ाभवस्थाको 14 देहि 22 िप्तासम्म) मा 4 क्वाड माकभ र (Alpha 

fetoprotein, beta-human chorionic gonadotrophin, Unconjugated Estriol र Inhibin-A) रगतमा परीक्षण गररन्छ | 
 

 यस परीक्षणले क्रोमोसोमल असामान्यतािरू (डाउन हसन्रोम-ट्राइसोमी 21, एडवडभ हसन्रोम-ट्राइसोमी- 18) र न्यूरल ट्यूब 
दोषिरू को लाहग उच्च-जोहिम वा कम-जोहिमको रूपमा वगीकृत गनभ यो परीक्षण ले मद्दत गदभछ| यसले बच्चा प्रर्ाहवत िुने 
जोहिम पहिचान गदभछ। यो परीक्षण गर्ाभवस्थाको १४ देहि २२ िप्ताको बीचमा गररन्छ। यद्यहप, यो परीक्षणको लाहग उत्तम 
समय गर्ाभवस्थाको 15 र 20 िप्ताको बीचमा िो। यस परीक्षणको साथ अनुमाहनत पत्ता लगाउने दर 75% छ र 5% को गलत 
सकारात्मक दर रिेको छ| 

 

▪ क्वाड्रपल स्क्रीगनिंि टेस्क्ट द्वारा प्रदान िररएको जानकारी: 

 क्वारपल हस्क्रन टेस्ट र्नेको गर्ाभवस्थामा बच्चामा क्रोमोसोमल र न्युरल ट्युब हडफेक्टको जोहिम छ  
  हक छैन र्नी हनर्ाभरण गनभ गररने रगत परीक्षण िो। 

 नकारात्मक परीक्षणले रोगको उपहस्थहतलाई अस्वीकार गदैन हकनहक परीक्षणको संवेदनशीलता 75%मात्र रिेको छ। 

 क्वारपल हस्क्रन टेस्टले मेरो बच्चा स्वस्थ छ वा सम्बहन्र्त रोगबाट मुक्त छ र्न्ने ग्यारेन्टी गदैन।  

 पररणाम व्याख्या साहित्य र वैज्ञाहनक डाटाबेस मा िाल उपलब्र् जानकारी मा आर्ाररत छ। 
 

▪ क्वाड्रपल स्क्रीगनिंि टेस्क्टमा जााँि िनन प्यारागमटरहरु: 

▪ यो परीक्षणले रगतमा चार माकभ र AFP, Unconjugated Estriol, β-HCG र Inhibin A को स्तर   
     नाप्छ, जसलाई क्वाड माकभ र परीक्षण र्हनन्छ। 

1. AFP एक प्रोहटन िो जुन भ्रूण द्वारा उत्पादन गररन्छ। यहद AFP को स्तर उच्च छ र्ने, यसले भ्रूणमा न्यूरल ट्यूब   
      दोषिरू देिाउँछ वा भ्रूणको पेट अपूणभ बन्द िुन सक्छ र्न्ने संकेत गदभछ। कम AFP स्तरको अथभ डाउन हसन्रोम र्एको बच्चा जन्माउने उच्च   

          जोहिम िुन सक्छ र्न्ने जनाउछ | 
 

2. HCG िमोन प्लेसेन्टा कोहशकािरु द्वारा उत्पादन गररन्छ। यहद एचसीजीको स्तर कम छ र्ने, यसल े गर्भपात वा   

      एक्टोपीक गर्ाभवस्थालाई संकेत गदभछ। सामान्य र्न्दा बढी B-HCGको स्तरले डाउन हसन्रोम र्एको बच्चा जन्माउने जोहिम बढ्न सक्छ  

          र्न्ने जनाउछ | 
 

3. Estriol एस्ट्रोजन िमोनको एक रूप िो जुन भ्रूण र प्लेसेन्टा दुबैमा िुन्छ। यहद एहस्ट्रयोलको स्तर कम छ र्ने, यसले   
      डाउन हसन्रोमको साथ बच्चा जन्माउने जोहिमलाई संकेत गदभछ हवशेष गरी जब AFPको स्तर कम िुन्छ HCG   
      उच्च िुन्छ। 

4. Inhibin-A एक िामोन िो जुन प्लेसेन्टा द्वारा उत्पादन गररन्छ। यो एक डाइमर िो जसको मतलब यसको दुई   
      र्ागिरू छन्। यसलाई कहिलेकािी ँ DIA वा dimeric Inhibin A पहन र्हनन्छ। गर्ाभवस्था (गर्ाभवस्था) को   
      14 देहि 17 िप्तामा, मातृ रगतमा Inhibin-A को स्तर थोरै घट्छ र फेरर बढ्छ। Inhibin-A को बढेको   
      स्तरल े डाउन हसन्रोम र्एको भ्रूणलाई संकेत गछभ। Inhibin-A ले डाउन हसन्रोमका केसिरू सिी रूपमा पहिचान   
      गनभको लाहग संवेदनशीलता र हवहशष्टता बढाउँछ | 
 

नमूना 

 िाली पेट अहनवायभ छैन।  
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 ५ एमएल (३ एमएल न्यूनतम) बाट सीरम |  

 14-22 िप्ता बीच मान्य । (उत्तम:15-20 िप्ता) 
 

▪ क्वाड्रपल स्क्रीगनिंि टेस्क्ट परीक्षणको सीमाहरू: 

     क्वारपल टेस्ट दोस्रो-हट्रमेस्टर स्क्रीहनंगको मित्त्वपूणभ र्ाग िो | 

    परीक्षणिरूले सर्ैं हनहित जवाफ प्रदान गदैन।  

    कहतपय अवस्थामा, यहद रोग अवहस्थत छ र्न ेपहन परीक्षणले रोगको पहिचान निुन सक्छ |  

    यो वतभमान हचहकत्सा ज्ञान वा परीक्षण प्रहवहर् मा सीहमतता को कारण िुन सक्छ। परीक्षण   
     पररणामिरू हक्लहनकल हनष्कषभिरू, पाररवाररक इहतिास र अन्य प्रयोगशाला डेटाको सन्दर्भमा   
     व्याख्या गररन्छ। 

▪ अस्क्वीकरण (Disclaimer): 

 क्वारपल स्क्रीहनंग टेस्टले तपाईकंो बच्चालाई डाउन हसन्रोम छ हक छैन र्नी बताउन यी परीक्षणिरूले पुहष्ट गदैनन्। 

 पत्ता लगाउने दरिरू तपाईकंो उमेर अनुसार हर्न्न िुन्छन्।  

 गलत सकारात्मक नहतजा िुने दरिरू अथाभत् तपाईलाई डाउन हसन्रोम र्एको बच्चा जन्माउने उच्च जोहिम छ र्हनएको 
र त्यसपहछ तपाईको बच्चालाई डाउन हसन्रोम नर्एको थािा पाउनु उमेर अनुसार फरक-फरक िुन्छ।  

▪ गिरामीको सहमगत: 

 मैले सूगित सहमगत कािजात पढेको छु र म अनुसन्धानकतानलाई वणनन िररए अनुसार क्वाड्रपल 
स्क्रीगनिंि टेस्क्टमा परीक्षण िनन अनुमगत गदन्छु। म अन्य गिरामीहरूको लागि परीक्षण गवगध सुधार िनन 

अनुसन्धान अध्ययनमा मेरो रितको नमूना प्रयोि िने अनुमगत पगन गदन्छु । 

 

 

 

Date:       Patient’s Name and Signature 
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SAMPLE REPORTS 
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