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ABSTRACT 

 

Objectives: To identify the potential risk factors of undergoing sex determination tests in 

Amritsar District of Punjab State, India. To measure the prevalence of sex determination 

among Indian women and identify differences based on their area of residence (rural/ 

urban) and the structure of the family.  

 

Study Design: Cross Sectional 

 

Settings: Urban & Rural field practice area attached to Sri Guru Ram Das Institute of Medical 

Sciences & Research 

 

Methods: The sample size estimation was based on the 1998 National Family Health Survey 

- 2 reported abortion rates in Punjab State. Due to large number of reported zeros and over-

dispersed nature of the count data which could not be corrected by negative binomial 

regression the outcome variable was dichotomised and logistic regression used to build the 

final model in SAS vs 9.2. 

 

Results: Total 59/440 (13.4%) of women had undergone sex determination testing, 37/440 

(8.4%) once, 16/440 (3.64%) twice and 6/440 (1.34%) thrice or more. Out of these 59 

women, 23 (39%) women had 29 sex selective terminations of pregnancies because of 

female fetus. Education status, sex of the first child and number of female children in the 

family were identified as significant predictors of having undergone sex determination 

testing. Area of residence and religion were significant during unconditional analysis but 

were not found to be significant with respect to the final model.  

 

Conclusions: The proportion of women undergoing abortions is almost three times that 

have been reported in the NFHS-III estimates. No reliable estimates are available of prenatal 

sex determination and sex selective abortions in India. There is urgent need for reliable and 

more accurate measures of sex selective abortions to comprehend the real magnitude of 

the problem. 
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INTRODUCTION 

The Nobel Prize winner, Dr. Amartya Sen, economist coined the term “Missing Women of 

Asia” and estimated that almost 100 million women are missing from South and West Asia 

mainly due to sex selective abortions, infanticide or inadequate nutrition during infancy.
1
 

The 2010 United Nations estimates corroborate with this assessment; reporting total 

‘gender gap’ of 117 million,  majority from China and India; although not limited to these 

two South Asian nations.
2
 Prenatal sex selection has become a global phenomenon. 

Different terms like ‘gendercide’, ‘female foeticide’, ‘femicide’ or ‘gender bias’ have been 

coined and used to confront the issue of sex selective mass killing around the world.  

 

Definition of sex ratio 

In India, sex ratio is defined as number of female per thousand males.
3
 However, World 

Health Organizations and other international agencies define sex ratio as number of males 

per thousand females.
2,4

 For the purpose of our study we define sex ratio as number of 

females per thousand males. Hence the ratios reported by WHO and UN have been reversed 

to maintain consistency. 

Biologically, normal sex ratio at birth slightly favours males (943 – 980 females per 1000 

males).
4
 The United Nations 2010 Estimates of worldwide sex ratio indicate that  ratios as 

low as 770 females per 1000 males were observed in some parts of China and India.
4
  

 Despite tremendous effort to curb this occurrence, the 2011 preliminary census 

reports of India have shown further decline in sex ratio at birth from 927 females per 1000 

males (2001) to 914 females per 1000 males (2011); lowest since the independence (1947).
5
 

Medical Termination of Pregnancy (MTP) was legalized in  India in 1972. The legalization of 

abortion has been proposed to have no impact on the number of female sex abortions; it 

only provides women access to safe abortion.
6
 After the introduction of MTP act, number of 

reported MTP cases have also shown an increase.
7
 According to National Family Health 

Survey – 1 (1992/1993) report, the proportion of women who had experienced abortion 

during their reproductive span was 14.5%.
8
 Estimate of the prevalence of abortion (both 

induced and spontaneous) have been scarce because of the inability of surveys to record 

actual frequency of sex-selective behaviour.
2,9

 Severely skewed sex ratios and the trivial 

proportion of abortions reported are a clear indication of large extent of under – reporting 

of induced abortions. 

 Various National Family Health Surveys based reports have made an effort to 

identify the determinants of sex selective abortions using sex ratio at 2
nd

 and 3
rd

 order births 

as a proxy measure of sex selective abortions. Large-scale surveys like the NFHS have always 

been criticised for their inadequacy to capture correct estimates of sensitive issues like 

abortion.
10

 To this effect, we have not come across any study/evidence where women were 

inquired about their history of undergoing sex determination tests followed by sex selective 

abortion. This study endeavors to identify the determinants of undergoing sex 

determination tests in Amritsar District of Punjab State, India and provide an estimate of the 

proportion of women undergoing sex determination followed by sex selective abortions and 

identify differences based on their area of residence (rural/ urban) and the structure of the 

family.  
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MATERIALS & METHODS:  

Four hundred and fifty (450) ever married females below the age of 50 years from the rural 

and urban field practice area of the Department of Community Medicine, Sri Guru Ram Das 

Institute of Health Sciences and Research were surveyed. The exact names of the areas are 

being suppressed for confidentiality reasons. Women who were diagnosed with primary 

sterility, and whose duration of marriage was less than one year and were not pregnant, 

were excluded from the study. The sample size estimation was based on the 1998 National 

Family Health Survey - 2 reported abortion rates in Punjab State.
8
 The study participants 

were collected using convenient sampling. On completing and signing the survey, the 

consent was implied. The ethics approval was obtained from the Sri Guru Ram Das Institute 

of Medical Sciences and Research (SGRD IMSAR) Ethics Board and the resources were 

provided by the Department of Community Medicine, SGRD IMSAR. The data was collected 

in the fall and winter of 2005/2006. 

  

Statistical Measures and model building procedures 

The data were summarized using commercially available statistical software packages 

(EXCEL (2007) & SPSS (vs. 19.2)) and the model building was done using ‘proc logistic’ and 

‘proc genmod’ (SAS 9.2). The outcome variable ‘having undergone sex determination’ 

(yes/no) followed by number of times the women had undergone the test and was it 

followed by termination of pregnancy or not was collected for individual women. However, 

due to large number of reported zeros and over-dispersed nature of the count data which 

could not be corrected by negative binomial regression; the binary version of the outcome   

variable (which is described below) was used for the analysis using ‘proc logistic’
11, 12 

1 – Yes:  I have undergone sex determination test during previous or present pregnancy 

0 – No:  I have not undergone sex determination test during previous or present pregnancy
 

Potential predictors identified from the literature and inferential statistics of the data were 

selected for unconditional analysis and model building. Unconditional analysis of the 

relationship between covariates and the outcome of interest was tested at p <0.2 using type 

III Wald’s Chi Square test statistic.
12

 Continuous covariates were centralized by subtracting 

mean form the individual observation and checked for linearity. On failing the linearity 

assumption the variable was categorized using biologically relevant cut points based on the 

literature. All the categorical variables were checked for independence using correlation 

statistic value of >0.9 as cut off.
12

 All potential determinants with an unconditional p<0.2 

were included in the full model. Manual stepwise backward selection was used to develop a 

mains effect model retaining variable significant at p<0.05 by type 3 Wald’s statistics 

computed during. All the variables that were not found significant during model building, 

but were significant during unconditional analysis were re-entered into the model 

separately and checked for confounding effects with respect to the significant predictors. 

Biologically relevant two way interactions were considered for the confounders and main 

effects determinants in the model. The association between each determinant and the 

outcome were reported as odds ratios with 95% confidence limits and p values. ROC curve 

and Area Under the curve statistics were computed to determine the predictive value of the 

model. Residual plots were used to check for extreme outliers.
11

 Overall model fitness as 

compared to null model was compared using AIC scores and the goodness of the model fit 

was compared using deviance values and pearson values.
12 
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RESULTS 

After excluding the women who were diagnosed with primary sterility, and whose duration 

of marriage was less than one year and were not pregnant, total of four hundred forty (440) 

women were entered into the analysis. Overall 126/440 (28.64%) of the women had 

undergone total of 188 abortions with an average of 0.43 + 0.8 abortions per woman. Out of 

these 79/188 (42%) were spontaneous, 68/188 (36.2%) due to unplanned pregnancy, 

29/188 (15.4%) sex selective female abortions and the remaining 12/188 (6.4%) on medical 

advice. Total 59/440 (13.4%) of women had undergone sex determination testing, 37/440 

(8.4%) once, 16/440 (3.64%) twice and 6/440 (1.34%) thrice or more (Figure 1).  

 

Out of these 59 women, 23 (39%) women had 29 sex selective terminations of pregnancies 

because of female fetus (Figure 2). 

 

 The descriptive statistics and the computed p values by Type 3 Wald’s Test for the potential 

covariates included in the study are presented in Table 1. 
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Table 1: Descriptive statistics of potential risk factors included in the study. P value based on the unconditional 

analysis by Type 3 Wald’s Test 

   Sex Determination Test  

Variable 

N=440 

Category Frequency  Not done 

N=381(86.6%) 

Done 

N=59(13.4%) 

P value 

Area of residence Rural (0) 294 (66.8%) 269 25 <0.0001 

Urban 146 (33.2%) 112 34 

Religion Hindu (0) 108 (24.5%) 84 24  

0.955 

0.025 

Sikh 323 (73.4%) 289 34 

Others 9 (2.1%) 8 1 

Education status <grade 8 168 (38.2%) 131 37  

<0.0001 >grade 8 272 (61.2%) 250 22 

Employment status No 369 (83.9%) 321 48  

0.574 Yes 71 (16.1%) 60 11 

Type of family Joint (0) 211 (48%) 181 30  

0.633 Nuclear 229 (52%) 200 29 

Sex of the first child Female(0) 245 (55.7%) 191 54  

<0.0001 Male 195 (44.3%) 190 5 

Number of female 

children in the family 

No 115 (26.1%) 112 3 0.0007 

At least one 325 (73.9%) 269 56 

Age at marriage <18 184 (41.8%) 165 19  

0.25 >18 256 (58.2%) 216 40 

 

Thirteen (56.5%) of these 23 women who had undergone sex selective abortion resided in 

Urban area, sixteen (69.6%) were Sikh by religion, fifteen (65.2%) had less than equal to 

grade 8 education, twelve (52.2%) lived in nuclear families, twenty one (91%) had female 

first child, fifteen (65.2%) had less than equal to two live children in the family, and twenty 

one (91.3%) had at least one female child in the family.  

Table 2: Parameter estimates for the final model. 

Parameter  Odds Ratio 95% Confidence Limits P value 

Education status above grade 8 0.22 0.12 0.40 <.0001 

Sex of the first child Female 7.66 2.75 21.35 <.0001 

Number of female 

children in the family 

At least one 

female child 

3.83 1.03 14.26 0.0455 

 

Significant Risk factors identified in the cross tabulations (Table 1) were entered sequentially 

for unconditional analysis to be further included in the full logistic regression model. Area of 

residence, religion, education status, sex of the first child, and number of female children in 

the family were selected on the basis of unconditional analysis to be included in the model. 

The reduced model thus constructed had education status, sex of the first child and number 

of female children in the family to be the significant predictors of having undergone sex 

determination testing (Table 2). 
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Figure 4: Residual and Influence Plots 

 

Women who had first child female had 7.66 (95%CL 2.75, 21.35) times higher odds of 

undergoing sex determination as compared to women who had first child male child. 

Similarly, women with at least one live female child in the family had 3.83 (95% CL 1.027, 

14.26) times higher odds of undergoing sex determination as compared to women who had 

no live family child in the family. Education was found to be protective factor; women who 

had higher than grade 8 education had 0.22 (95% CL 0.119, 0.404) time lower odds of 

undergoing testing as compared to the women with less than equal to grade education.    

None of the eliminated variables were confounding or interacting with respect to the 

variables in the final model. The area under the ROC curve was 0.802, indicating good 
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positive predictive ability of the model, (Figure 3).However, deviance residual plots showed 

a single outlier (outside the + 3 Standard deviation units) and influential plots showed few 

data points which were considered influential in the analysis and would change the results 

considerably if removed from the analysis (Figure 4). Overall the AIC score of the null 

(intercept only) model was 348.8 as compared to the AIC scores of 285.224 for the final 

model, thereby indicating our final model explains the outcome better as compared to the 

null model. The model fitness was confirmed using deviance values (value = 5.78, df = 4, p 

value=0.216) and pearson values (value = 5.65, df = 4, p value=0.227). 

 

DISCUSSION 

NFHS – III reported, 10.1% of the surveyed women having non live outcomes; 5.2% of these 

were due to spontaneous abortions, 1.7% due to induced abortions and the remaining 2% 

due to still births.
13

  This seems to be a case of gross underreporting since latest census 

figures report a further decline in the 0-6 years age group sex ratio.
5
  

In our study sample 59/440 (13.4%) of the women had intended sex selective abortions by 

undergoing prenatal sex determination tests, and 23/440 (5.3%) underwent sex selective 

abortion. Mathematical simulation models from India and China based on total fertility rate 

and sex ratio at second and third order birth have estimated that 25 percent women in 

China and 30 percent women in India resort to sex selection for their last birth in the 

absence of previous boy.
2
 This factor was corroborated by our analysis, women having first 

female child as compared to first male child had 7.7 times higher odds of having sex 

determination done. Similarly, women with at least one live female child as compared to no 

live female child had 3.8 times higher odds of having sex determination tests done. United 

Nations also reports that sex ratio decreases with parity and the sex of the previous birth is 

even a stronger predictor of the sex ratio at birth.
2
  

Evidence shows that sex selection is usually carried out with the second conception and is a 

common part of the family building strategy for women with some education. Other factors 

that are commonly cited like women’s autonomy and working status do not appear to be 

systematically related to propensity of sex selection.
14

 Similar pattern were observed during 

our final model building, woman’s employment status was not found to be a significant 

predictor of having prenatal sex determination test. The only significant predictors were Sex 

of the first child in the family and number of female children a woman has and higher 

education was found to be protective. (OR=0.22). However, United Nations Report and 

various other studies have reported decline in sex ratio with increasing education level.
2, 14

 

This might be due to differences in the definition or categorization of the education variable. 

For the purpose of our study the categorization of the education variable of less than equal 

to grade 8 and above grade was based on the National Family Health Survey – II (1998 – 

1999).
17 

Punjab, India being has the lowest female to male ratios at 0-6 years age group.
3,15 

Technology advancements, which were supposed to facilitate the healthy outcome of the 

physiological process are being abused to provide easy and cheaper access to sex 

determination followed by sex selective abortions. Though, technology has compounded 

the problem, they have not caused it.
5
 Skewed sex ratios have been seen far before these 

technologies became widely available in India. The five decadal sex ratio pattern of 0 – 6 

year aged has shown an overwhelming decline.
5,15

  The laws are in place to curb the menace 
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of sex selective abortions but the societal pressures, individual beliefs and the economic 

forces drives the behaviour. Multivariate analysis of 1
st

 and 2
nd

 round of National Family 

Health Survey (1992, 1998) have reported significant association of socio-economic status, 

birth order, mother’s education status, place of residence, and religion along with number 

of living sons with the declining sex ratio at subsequent births.
16

 Based on our knowledge, 

no study so far has examined these factors in relation to sex determination testing in India. 

The unconditional analysis of our data highlighted area of residence, religion, education 

status of the woman, sex of the first child, number of female children in the family and age 

at marriage to be potentially significant predictor of having sex determination tests done.  

Geographical differences across regions have been reported due to different phases of 

demographic transitions and relative economic prosperity. Historically, Punjab because of its 

temperate climates and rich soil; has been the gateway for many foreign invasions into India 

Son preference is usually stronger in rural areas as compared to the urban areas, usually 

because of the dependence on sons in agriculture, financial support during old age, or due 

to various religious institutions. However, higher fertility in rural areas acts like a safety 

valve to balance the sex ratios.
2 

Similar trends of higher fertility rate and larger family size 

have been reported in our data analysis.
13

 The area of residence was significant in the 

unconditional analysis but was not found to be a significant predictor of sex determination 

in our final model. 

Traditionally, Hindus Sikhs, Buddhists have been reported to have lower sex ratio as 

compared to Muslims and Christians.
2
 Punjab is the only state with predominantly ‘Sikh’ 

population.
15

 However, due to fewer numbers of Christians and Muslims in our study this 

difference could not be appreciated.   

Imbalances in the overall population sex ratio; almost always biased towards males have 

been observed dating back to the 20
th

 Century.
4
 Abortions or termination of pregnancy is a 

sensitive issue. Recent United Nations Report has shown beyond doubt that prenatal sex 

selective abortions are not an isolated phenomenon. Industrialized countries with large 

number of South and East Asian migrant populations have shown the existence of skewed 

levels of sex ratio at birth.
2
 Thus, gender imperative for the next children becomes stronger 

in the absence of a child of the preferred sex. However, today’s low fertility in many Asian 

countries means that parents wish to have fixed number of children of preferred sex 

composition. This pervasive social phenomenon of injustice against women must be 

addressed and resolved without denying access to needed services. 
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CONCLUSIONS 

The proportion of women undergoing abortions is almost three times that have been 

reported in the NFHS-III estimates. No reliable estimates are available of prenatal sex 

determination and sex selective abortions in India. The range available in the literature is 

too wide to base policies and programs. According to our estimates, the significant 

predictors of prenatal sex determination are Sex of the first child, number of female children 

in the family and woman’s education status. Area of residence and religion were significant 

during unconditional analysis but were not found to be significant with respect to the final 

model. So far, the legal and social initiatives have shown little improvement in curbing and 

reversing the trend of declining sex ratio in Punjab. Although our estimates are not as 

extreme as are reported by the mathematical simulation models
2
, they do provide a basis 

for further larger more comprehensive studies. Effort also is needed to address the issues of 

deep rooted gender discrimination against women and girls. 

 

RECOMMENDATIONS 

There is urgent need for reliable and more accurate measures of sex selective abortions to 

comprehend the real magnitude of the problem. This study has also highlighted the fact that 

women are ready to talk and share both in rural and urban settings. They do not prefer to 

undergo sex selective abortion but social, cultural and economic pressures force them to do 

so. One of the participants had commented, “why can’t we all have one male and one 

female child by nature’s design. Then everybody will be happy.” The demographic 

implications of induced abortions have been studied using assessments of its level and 

trends, to facilitate an understanding of its effect on fertility & population growth. However, 

the social and cultural impact still needs to be determined. Effort needs to be directed 

towards identifying the impacts of these five decades of decline in sex ratio on the future 

socio-cultural consequences like marriages and crime against women. 

 

LIMITATIONS 

On analysis the data for the sex determination and sex selective variable was found to be 

zero inflated and under dispersed with only few women undergoing sex determination and 

sex selective abortions. Although the findings were heartening, a larger study based on the 

estimations of our present data will further help in shedding light on some of the issues 

leading to sex selective abortions in Punjab, India.  
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