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Abstract: Objective: To assess both individual and interactive effects of prenatal medical conditions 
depression and Diabetes, and health behaviors including smoking during pregnancy on infant birth 
defects. Methods: The data for this research study were collected by the Pregnancy Risk Assessment 
Monitoring System (PRAMS) in 2018. Birth certificate records were used in each participating juris-
diction to select a sample representative of all women who delivered a live-born infant. Complex 
sampling weights were used to analyze the data with a weighted sample size of 4,536,867. Descrip-
tive statistics were performed to explore frequencies of the independent and dependent variables. 
Bivariate and multivariable analyses were conducted to examine associations among the independ-
ent and dependent variables. Results: The results indicate and significant interaction between the 
variables smoking and Depression and Depression and Diabetes (OR= 3.17; p-value <0.001 and OR= 
3.13; p-value <0.001 respectively). Depression during pregnancy was found to be strongly associated 
with delivering an infant with a birth defect (OR= 1.31, P-value < 0.001). Conclusion: Depression 
during pregnancy and its interaction with smoking and Diabetes are vital in determining birth de-
fects in infants. The results indicate that birth defects in the United States can be lowering Depres-
sion in pregnant women. 

Keywords: Pregnancy; Birth-defect; National; PRAMS (Pregnancy Risk Assessment Monitoring 
System); Smoking; Diabetes; Depression 
 

1. Introduction 
Birth defects are a primary cause of fetal death, infant mortality and morbidity, and 

long-term disability. Birth defects affect the quality of life of these infants and pose a bur-
den for their families and society. According to the World Health Organization (WHO), 
approximately 3.2 million children worldwide are born each year. About 300,000 new-
borns diagnosed with birth defects die within the first 28 days of life [1]. Approximately 
3.3% of live births in the United States constitute severe birth defects [1]. The public health 
implication of birth defects is the significantly higher cost of care than the children born 
with no birth defects [2]. The increased cost of care affects access to oral health care for 
children with special needs [2]. Birth defects represent a significant public health issue 
due to their long-term individual and social consequences. 

Diabetes mellitus (DM) is a metabolic disease that results in hyperglycemia and is 
caused by either the low level of insulin in the body or resistance to insulin [3]. The overall 
prevalence ratio of offspring with any form of birth defects in women with pre-existing 
Diabetes is 5.88% compared to women without Diabetes or gestational Diabetes [4]. In 
pregnant mothers, Type 1 and Type 2 diabetes show a stronger association with 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 October 2022                   doi:10.20944/preprints202210.0251.v1

©  2022 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202210.0251.v1
http://creativecommons.org/licenses/by/4.0/


 

 

craniofacial abnormalities in offspring, indicating a prevalence ratio of 8.9 compared to 
non-diabetic women [4]. 

Several studies indicate that birth defects are associated with maternal smoking [4, 
5]. In a systematic review of 38 studies, thirteen studies indicated a significant association 
between smoking and OFCs with a pooled odds ratio of 1.28, and six studies revealed a 
dose-response relationship [6,7]. Another meta-analysis using 29 case-control and cohort 
studies could not detect a dose-response relationship; however, it indicated a moderate 
risk of birth defects associated with smoking during pregnancy with an odds ratio of 1.29 
[7].  

Likewise, prenatal Depression among pregnant women poses a comprehensive pub-
lic health problem and is a potential risk factor for adverse birth outcomes [8]. A cross-
sectional study conducted in Wuhan, China, between March 2013 and April 2014 sug-
gested that prenatal Depression was significantly associated with adverse birth outcomes. 
The adjusted odds ratio for this variable was 1.67 compared with women reporting no 
prenatal depression; however, no temporal relationship could be established since it was 
a cross-sectional study [9].  

Although previous studies have addressed the impact of prenatal health conditions 
and health behaviors on birth defects, they did not assess the interactive effect of these 
variables on birth defects. This study aims to address the gaps in the literature by under-
standing both the individual and interactive effects of smoking during pregnancy, Diabe-
tes, and prenatal Depression on birth defects. The study aims at finding risk of delivering 
a child with birth defect in the women with depression, diabetes, and health behaviors 
like smoking.   

The primary objective of this research was to assess both the individual and interac-
tive effects of prenatal Depression, Diabetes, and smoking in pregnant women on infant 
birth defects. The study hypothesized that birth defects are associated with two-way or 
three-way interactions of prenatal Depression, smoking, and Diabetes during pregnancy. 

2. Materials and Methods 
The research proposal was approved by Institutional Review Board at U.T. Health 

San Antonio on March 02, 2021. The I.R.B. number is HSC20210029N. This secondary re-
search planned to analyze the data collected through the Pregnancy Risk Assessment 
Monitoring System (PRAMS) survey data sets. PRAMS is a joint research project between 
the state, territorial, or local health departments and the Centers for Disease Control and 
Prevention, Division of Reproductive Health. The PRAMS survey dataset is a multistate 
analytic dataset created by the stratified sampling technique [10]. A sample of women 
across all PRAMS sites in the United States who had a recent live birth was collected from 
the state's birth certificate file for the PRAMS survey [11]. 

The dataset contains demographic and clinical information collected through the 
state's vital records system, birth certificate, and other variables such as operational, 
weighting, questionnaire, and analytic variables. Topics addressed in the PRAMS survey 
questionnaire included prenatal care, obstetric history, maternal habits, physical abuse, 
contraception, economic status, maternal stress, and early infant development. Each year, 
the data is collected through surveys and is available publicly after 14 months for a specific 
year. This study used the PRAMS data collected for the year 2018. The birth defect infor-
mation is retrieved by the PRAMS through the birth certificate record and linked with the 
survey responder. The data received from PRAMS include information about birth defects 
which is classified as the binary variable of Yes or No. This birth defect binary variable 
includes all the birth defect related anomalies [11]. 

The Pregnancy Risk Assessment Monitoring System (PRAMS) combined two modes 
of data collection, which were a survey conducted by mailed questionnaire with multiple 
follow-ups and a telephone survey [12]. Overall, 89,839 U.S. women who had a recent live 
birth responded to the PRAMS mail questionnaire or participated in the PRAMS phone 
survey [13]. These 89,839 women were included as respondents in the present research 
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[11]. Non-respondents to the questionnaires were excluded from the study reported in 
this paper. California, Idaho, and Ohio did not participate in the CDC-PRAMS 2018 sur-
vey. Hence, the data for these states was not available  

The data obtained from CDC-PRAMS for 2018 were used to create a new data subset 
for analysis following initial data cleaning and merging. The independent or exposure 
variables included prenatal conditions and health behaviors like Depression, smoking, 
and Diabetes. The birth defect variable, dependent or outcome variable, was dichotomous 
and classified as "Yes" for the presence of a birth defect and "No" for the absence of a birth 
defect. The data were analyzed using SPSS, Version 26 (SPSS, 2020).  

Univariate analyses were used to explore the frequencies for the dependent, inde-
pendent, and demographic variables. Chi-square tests were conducted to test the associa-
tions between the birth defect variable with independent variables such as smoking, De-
pression, and Diabetes. Subsequently, the logistic regression model was used and diabetes 
during pregnancy and testing the interactive effects among two or more covariates. The 
effect modification was determined in the logistic regression model. A multiplicative 
model was the model of choice to determine the interactive effect of smoking, Depression, 
and diabetes variables. to assess various risk factors of birth defects, including depression, 
smoking during pregnancy. 

3. Results 
The average survey response rate of the PRAMS survey for all states was 56.81%. The 

total sample of the respondent is 89,839. This sample size is all the respondents of the 
study survey. After applying the complex sampling weight to the survey data, and the 
total sample size after weighting is 4,536,867. 

 The response rate varied from as high as 80.4% for Puerto Rico to as low as 39.4% for 
Nevada (Figure 1). After applying complex sampling, out of 4,536,867 live births in 2018, 
birth defects were reflected in 0.3% of the total live births (Table 1).  

Table 1. Sociodemographic Information of Pregnant Women; the United States, 2018.   

Variables  Data Characteristics Birth defect 

 N Percentage  Yes  

N (%) 

No 

N (%)  

Chi square  P-value  

Mother's char-
acteristics  

      

Age        

<17  50364 1.1% 98(0.2) 50229(99.8) 800.13 <0.001 

18- 19 13917
9 

3.1% 399(0.3) 138374(99.7)   

20-24  84558
7 

18.6% 3093(0.4) 841067(99.6)   

25-29  131418  29.0% 2956(0.2) 1308909(99.8)   

30-34  13287
87 

29.3% 3230(0.2) 1320862(99.8)   
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35-39 70349
7 

15.5% 1653(0.2) 700054(99.8)   

40+ 15523
6 

3.4% 791(0.5) 153818(99.5)   

Missing  34 0.0%     

       

Income       

Zero-$28,000 15087
60 

33.3% 4255(0.3) 1500510(99.7) 34.9 <0.001 

28,000-$57,000 87964
5 

19.4% 2269(0.3) 875240(99.7)   

$57,000-$85,000 
or More  

17516
64 

38.6% 4362(0.2) 1743236(99.8)   

Missing  39679
5 

8.7%     

       

Race       

Asian 22993
2 

5.1% 666(0.3) 228766(99.7) 198.11 <0.001 

Other Ameri-
can Including 
Tribes 

38887 0.9% 75(0.2) 38749(99.8)   

Black 75712
1 

16.7% 1539(0.2) 753570(99.8)   

Mixed Race 12738
8 

2.8% 311(0.2) 126918(99.8)   

Other Non-
White 

27432
7 

6.0% 596(0.2) 273223(99.8)   

White 30512
98 

67% 8729(0.3) 3035422(99.7)   

Missing 57915 1.3%     

       

Body mass in-
dex of mother  
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Underweight 
(<18.5) 

14195
9 

3.1% 494(0.3) 141200(99.7) 99.03 <0.001 

Normal (18.5-
24.9) 

18984
01 

41.8% 5518(0.3) 1888558(99.7)   

Overweight 
(25.0-29.9) 

11309
03 

24.9% 2711(0.2) 1124409(99.8)   

Obese (30+) 11517
85 

25.4% 3053(0.3) 1146051(99.7)   

Missing  21381
9 

4.7%     

       

Mothers who 
are smokers 

regardless of 
pregnancy sta-
tus.  

      

Yes  31155
7 

6.9% 1876(0.6) 308897(99.4) 1375.41 <0.001 

No  420338
9 

92.6% 10301(0.2) 4183100(99.8)   

Missing 21921 0.5%     

       

Smoking only 
during preg-
nancy  

      

Yes  32782
6 

7.2% 10286(0.2) 4118488(99.8) 1032.85 <0.001 

No 41389
86 

91.2% 1807(0.6) 324968(99.4)   

Missing 70055 1.5%     

       

Women who re-
ported depres-
sion regardless 
of pregnancy 
status  
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Yes 66835
4 

14.7% 1922(0.3) 664596(99.7) 7.47 <0.006 

No  382333
3 

84.3% 10277(0.3) 3803706(99.7)   

Missing 45179 1.0%     

       

Depression 
Only during 
pregnancy  

      

Yes  64240
7 

14.2% 2377(0.4) 638081(99.6) 261.7 <0.001 

No  380847
0 

83.9% 9765(0.3) 3789375(99.7)   

Missing 85990 1.9%     

       

Mothers re-
ported anxiety 
regardless of 
pregnancy sta-
tus. 

      

Yes 48746
1 

10.7% 1086(0.2)  485238(99.8) 295.1 <0.001 

No  340922
6 

75.1% 9974(0.3) 3390314(99.7)   

Missing 64018
0 

14.1% 1158 (0.2) 637796(99.8)   

       

Abuse only dur-
ing pregnancy 

      

Yes 63450 1.4% 264(0.4) 63029(99.6) 51.2 <0.001 

No  43925
56 

96.8% 11757(0.3) 4369716(99.7)    

Missing 80861 1.8.%     

       

Mothers who 
reported 
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Diabetes re-
gardless of 
pregnancy sta-
tus.  

Yes 14114
6 

3.1% 217 (0.2) 140473(99.8) 73.65 <0.001 

No  434429
0 

95.8% 11925(0.3) 4321576(99.7)   

Missing 51431 1.1%     

       

Diabetes only 
during preg-
nancy  

      

Yes 43497
9 

9.6% 1259(0.3) 432752(99.7) 5.16 0.023 

No  403677
3 

89.0% 10918(0.3) 4015612(99.7)   

Missing 65114 1.4%     
       

Vitamin intake       

Folic acid        

Yes 22385
14 

49.3% 5595(0.3) 2227582(99.7) 135.45 <0.001 

No  17519
54 

38.6% 4764(0.3) 1743099(99.7)   

Missing 54639
9 

12.0% 1860(0.3) 542667(99.7)   

       

Hypertension        

Yes 45508
8 

10% 1453(0.3) 452020(99.7) 49.96 <0.001 

No  40749
56 

89.8% 10765(0.3) 4055870(99.7)   

Missing  6823 0.2%     

Note: Significant level P < 0.05. 
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†.P-value based on the chi-square test. ‡. N= Sample size §. Chi- square= Chi-square test value. 

 

Figure 1: The weighted survey response rate according to different states.  

 
Note: The figure represents the weighted survey response rate for all the states in the United States. Each number corre-
sponds to the percentage weighted survey response rate. 

The initial data suggests that the study population varied by age, race, body mass 
index, and other health indicators. Women who were 25 to 34 years of age contributed 
about 58.30% to infants born with birth defects, with most pregnant women being White 
(67%) and having an income of 57,000 to $85,000 (38.6%). The data indicate that 7.2% of 
pregnant women smoked during pregnancy, 14.2% were diagnosed with Depression, and 
9.6% were diagnosed with Diabetes. The bivariate analysis reveals  statistically significant 
chi-square values for demographic variables, including age (p-value <0.001), race (p-value 
<0.001), body mass index (p-value <0.001), maternal smoking habits during pregnancy (p-
value <0.001), depression during pregnancy (p-value <0.006), diabetes during pregnancy 
(p-value <0.023), abuse (p-value <0.001), folic acid intake (p-value < 0.001), vitamin intake 
(p-value <0.001), and hypertension (p-value <0.001) (Table 1).    

 The multivariate binary logistic regression model for the PRAMS data indicates that 
age, income, race, Depression during pregnancy, maternal smoking, abuse during preg-
nancy, hypertension, and smoking e-cigarettes are significantly associated with birth de-
fects (Table 2). After adjusting the model for covariates, Asian women were at a higher 
risk of birth defects compared to White women (p-value <0.001, OR= 1.17). The women in 
the age group of 25-29 years show lower odds of delivering a child with birth defect com-
pared to maternal age groups of 18-19, 20-24 and 40 years and above (OR= 1.67, p-value 
<0.001; OR= 1.24, p-value < 0.001, and OR= 2.20; p-value <0.001 respectively).  

Table 2. The Risk Evaluation of Smoking, Diabetes, and Depression During Pregnancy on Birth Defects, United States, 2018    

 P-value Odds Ratio 95% CI 

Maternal Age <.001 .  
<=17 0.367 0.86 (0.62-1.20) 
18-19 <.001 1.67 (1.49-1.87) 
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20-24 <.001 1.24 (1.17-1.32) 
25-29 1   
30-34 0.214 0.97 (0.91-1.02) 
35-39 0.525 0.98 (0.92-1.05) 
40+ <.001 2.20 (2.01- 2.40) 
    
Maternal Race <.001   
White 1   
Asian <.001 1.17 (1.07-1.28) 
Other American Including Tribes <.001 0.61 (0.47-0.80) 

Black <.001 0.74 (0.69-0.79) 
Mixed Race 0.895 0.99 (0.88-1.12) 
Other Non-White 0.001 0.83 (0.75-0.93) 
    
Income <.001   
"Zero to $28,000" 0.094 0.95 (0.90-1.01) 
“$28,000  to $57,000” 0.012 1.08 (1.02-1.14) 
“$57,000 to $85,000 or More” 1   
    
Vitamin <0.001   
Everyday/Week 1   
Didn't Take Vitamin <.001 0.81 (0.77-0.85) 
1-3 Times/Week 0.648 0.98 (0.91-1.06) 
4-6 Times/Week <.001 0.83 (0.76-0.91) 
    
Hypertension    
No 1   
Yes <.001 1.28 (1.20-1.36) 
    
Body mass index of Mother <.001   
Normal (18.5-24.9) 1   
Underweight (<18.5) <.001 1.41 (1.28-1.55) 
Overweight (25.0-29.9) <.001 0.82 (0.78-0.86) 
Obese (30.0 +) 0.005 1.08 (1.02-1.13) 
    
Abuse only during pregnancy    
No 1   
Yes 0.175 1.11 (0.96-1.29) 
    
Mothers who are smokers 
regardless of pregnancy status. 

   

No 1   
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Yes <.001 2.29 (2.09-2.51) 
    
Mothers who reported Diabetes 
regardless of pregnancy status. 

   

No 1   
Yes <.001 0.31 (0.25-0.39) 
    
Mothers who reported 
Depression regardless of 
pregnancy status.  

   

No 1   
Yes <.001 0.58 (0.53-0.63) 
    
Diabetes only during pregnancy    
No 1   
Yes <.001 0.75 (0.68-0.82) 
    
Depression only during 
pregnancy 

   

No 1   
Yes <.001 1.31 (1.20-1.42) 
    
Smoking only during pregnancy    
No 1   
Yes <.001 0.68 (0.60-0.77) 
    
Folic acid intake  <.001   
Yes 1   
Missing <.001 1.42 (1.33-1.51) 
No <.001 1.16 (1.11-1.22) 
    
Mothers reported anxiety 
regardless of pregnancy status. 

<.001   

No 1   
Missing <.001 0.68 (0.63-0.72) 
Yes <.001 0.75 (0.70-0.81) 
    
Smoking1*Depression2 
*Diabetes3 

   

No 1   
Yes 0.966 0 0 
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Smoking1*Depression2    
No 1   
Yes <.001 3.17 (2.76-3.64) 
    
Smoking1*Diabetes3    
No 1   
Yes <.001 0.21 (0.10-0.44) 
    
Depression2*Diabetes3   . 
No 1   
Yes <.001 3.13 (2.67-3.66) 
Constant 0 0.003  

Note: Significant level P < 0.05 based on multivariate logistic regression model. 
†.P-value of odds ratio based on the multivariate logistic regression model. ‡. CI= Confidence Interval 1= Smoking only during 
pregnancy 2= Depression only during pregnancy 3= Diabetes only during pregnancy. 

 The odds of delivering an infant with a birth defect in mothers who smoke during 
pregnancy are approximately two times the odds for mothers who do not smoke during 
pregnancy. (OR= 2.29, p-value <0.001). Depression during pregnancy was significantly as-
sociated with infants born with birth defects with odds of 1.31 compared to women with 
no depression during the prenatal period (OR=1.31, p-value <0.001). Diabetes during preg-
nancy was negatively associated with birth defects compared to non-diabetic women 
when the model was controlled for covariates. (OR= 0.68; p-value <0.001 and OR= 0.75; p-
value <0.001 respectively). 

 The interaction of smoking, Diabetes and Depression during pregnancy was insig-
nificant in determining birth defects in children (p-value = 0.966). The interaction of smok-
ing and Depression resulted in higher odds of delivering the child with a birth defect 
compared to mothers who did not report smoking or Depression when a multivariable 
model was controlled for covariates (OR= 3.17; p-value < 0.001) (Figure 2: Random Forests 
plot for the odds ratio and Figure 3). The interaction of Depression and Diabetes in preg-
nant women resulted in odds of 3.13 for delivering a baby with a birth defect compared 
to women with no depression and Diabetes in the controlled multivariable model (OR= 
3.13; p-value < 0.001). The interaction of smoking and Diabetes was negatively associated 
with birth defects when other variables were constant (OR= 0.21; p-value < 0.001) (Figure 
2 and Figure 3). 
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Figure 2: Random Forest Plot for Odds Ratio. 
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Note: The figure represents the random forest graph for the odds ratio and corresponding confidence intervals. *Repre-
sents the interaction between two variables 
†Odds ratio of the variables ‡ Confidence intervals for the corresponding odds ratio 

 

Figure 3. Children with Birth Defects in Interactions  

 
Note: The figure represents children with birth defects when only the interaction of smoking, Diabetes, and Depression is 
plotted. * Represent interaction between variables.  

4. Discussion 
This research to analyze both individual and interactive effects of smoking, Diabetes, 

and Depression during pregnancy on birth defects using recent data from all PRAMS ac-
tive sites in the United States for 2018 [11]. The complex sampling methods used for anal-
ysis provided a representative sample for all pregnant women in the United States in 2018 
[11].  

The interaction of all three variables, smoking, Diabetes, and Depression, during 
pregnancy, was insignificant (P-value= 0.966) in predicting birth defects in children. The 
findings are inconsistent with the study hypothesis that these variables show an interac-
tive effect in determining birth defects, thus rejecting this hypothesis. Insignificant results 
could be due to different reasons, such as study design and selection bias. The sample of 

4%
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Children with Birth Defects in Interactions. 
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women who answered yes to smoking, Diabetes, and Depression during pregnancy was 
very small to identify the effect of exposure in the population (Table 1 and Table 2). There 
may be response bias for this question as pregnant women most likely misreported smok-
ing behavior and Depression during pregnancy.  

The strength of this study was its large sample size and reasonable survey response 
rate. This study was based on recent data collected for CDC-PRAMS, which provided the 
latest results for variables of interest. The average survey response rate for CDC-PRAMS 
was 56.81% [14] (Figure 1). The large sample size and adequate response rate supports the 
external validity of this study. The analysis weights used in the study were calculated 
from sampling, non-response, and non-coverage weights, which represented other 
women similar to respondents in the sample [14]. The study results need to be tested with 
other equivalent populations such as Europe or Asia to test the study's external validity 
further. The sample used for this study effectively analyzed the strata with fewer partici-
pants, reflecting good internal validity. The stratified systematic sampling technique and 
weighting reduced sampling and selection bias, respectively which improved the study's 
internal validity. Although the study design was cross-sectional, minimizing the selection 
bias and sampling techniques enhanced the study's internal validity. 

This study provided more evidence supporting the interaction of Depression and Di-
abetes as well as smoking and Depression on birth defects compared to the other varia-
bles. The interaction presented in the study might be due to the confounding effect of the 
depression variable, and this variable should be adjusted to analyze the interaction of 
smoking and Diabetes with Depression during pregnancy. Previous studies have depicted 
the effect of the single variable of interest, i.e., smoking, Diabetes, and Depression during 
pregnancy alone, on the outcome variable [4] [13] [15] [16] . This study of the interaction 
was unique as it analyzed nationwide data to understand the interactive effect of smoking, 
Diabetes, and Depression during pregnancy on a rare event like a birth defect. 

The results of this study indicated that Depression in pregnant women is related to 
birth defects in infants, which is consistent with previous studies suggesting that Depres-
sion during pregnancy may be due to domestic violence and abuse. Xuan and colleagues 
reported a significant impact of domestic violence, i.e., abuse (OR=1.67) and Depression 
(OR= 1.72) in pregnant mothers, on delivering children with birth defects [9]. 

 Previous studies did not analyze the interaction of smoking and Depression, but the 
present study provided significant evidence of the interactive effects of smoking and De-
pression in children with birth defects (OR= 3.17; p-value<0.001).  This study used a cross-
sectional study design and larger sample, which provided the necessary number of sub-
jects to analyze the effect of smoking and Depression on birth defects. Another prospective 
cohort study proposed that Diabetes, including gestational Diabetes and its interaction 
with obesity, was significantly related to birth defects and increased birth defects by 65% 
[9]. Our study used classification criteria for Diabetes similar to those used by Moore, et 
al (2000b), but reached contradicting results [3]. These contradicting results might be due 
to lower cases of pregnant women diagnosed with type 1 and type 2 diabetes. Gestational 
diabetes cases might have contributed more to the sample of Diabetes, which resulted in 
contradicting results as gestational Diabetes does not have a stronger association with 
birth defects [9]. This study used the already collected survey data by CDC-PRAMS, so it 
was not possible to separate the diabetes cases in gestational or non-gestational diabetes. 
For future studies, this variable should be reclassified to understand the impact of differ-
ent types of Diabetes on birth defects. 

This study proposed a new direction of analyzing different variables and interactions 
to evaluate the effect on the birth defects. The study confirmed the impact of Depression 
in pregnant women on birth defects. Further research can assess the effects of Depression 
and conditions leading to Depression during pregnancy on delivering a child with birth 
defects. Positive mental health and reducing abuse that leads to Depression can help re-
duce birth defects in most U.S. populations. 

 An important limitation of this study is the use of the cross-sectional study design, 
which restricted establishment of temporality between the independent variables of 
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smoking, Diabetes, and Depression during pregnancy on the birth defect. The data were 
self-reported, which might lead to information bias, which was reflected in a smaller sam-
ple size of subjects reporting health behaviors like smoking. Another limitation included 
no participation from a few states in the CDC-PRAMS 2018 survey (Figure 1). The income 
variable was classified using more than one classification system that imposed overlap-
ping categories and challenges in reclassifying this variable in rational categories. The few 
subcategories of race variables such as Chinese, Japanese, Filipino, Hawaiian, American 
Indian, and Alaskan Native showed minimal participation, resulting in a higher standard 
error in regression analysis. This variable was then reclassified into "Other Asian" and 
"Other American Including Tribes."  

The CDC-PRAMS data did not classify birth defects into different categories. Indi-
vidual PRAMS sites collected the birth defect variables, but data collection from birth rec-
ords varies from state to state. All PRAMS data collection sites were contacted to retrieve 
this information to gather data on types of the birth defect but did not receive information 
on different types of birth defects. States restrict the sharing of birth defect information 
because it is an extremely rare anomaly with very few reported cases annually and may 
violate PHI (Protected Health information) or HIPAA (Health Insurance Portability and 
Accountability Act) possibility due to linkage of birth defect data individually with birth 
records. If given a chance to repeat this study, more emphasis should be given to under-
standing the individual and interactive impact of different types of birth defects.  

Conclusions 
This study provided strong evidence that Depression during pregnancy is associated 

with birth defects and variables leading to Depression, including abuse or other mental 
health issues that can be related to childbirth defects [3] [9]. The current study highlights 
the need to understand the causal relationship between Depression during pregnancy and 
birth defects.  

The awareness of Depression and its possible impact on birth defects in children 
should be prioritized. More efforts are needed to educate pregnant women about manag-
ing stress, reporting abuse, and maintaining mental health to avoid Depression during 
pregnancy. To mitigate birth defects, federal programs for maternal and child health, in-
cluding HRSA (Health Resources and Services Administration) grants "Maternal, Infant, 
and Early Childhood Home Visiting Program," should focus more on providing resources 
for Depression during pregnancy and conditions responsible for Depression [18] [19]. 
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