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Economic Downturns and Inequities in Birth Outcomes: Evidence from 148 Million US Births 

Using birth certificate data for nearly all registered US births over the past 40 years (1977 

to 2016) and monthly data on state unemployment rates, this study reexamines the link between 

macroeconomic variation and birth outcomes, with a particular focus on variation in the effect of 

unemployment over time and by maternal race and education. Using fixed-effect regression 

models, we find that a one percentage point increase in state unemployment during the first 

trimester of pregnancy increases the probability of preterm by 0.1 percentage points, while 

increases in the state unemployment rate during the second and third trimester reduce the 

probability of PTB by 0.05 percentage points. During the period encompassing the Great 

Recession, these effects double in size. Over the entire observation period, we find that less 

educated, black, and black and less educated women are more vulnerable to the business cycle. 

For less educated, and black and less educated mothers, this vulnerability is further increased 

during the most recent period covering the Great Recession. The results highlight the increased 

relevance of economic conditions for birth outcomes and population health as well as continuing, 

large inequities in the exposure and impact of macro-economic fluctuations on birth outcomes. 
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Word Count Abstract: 198 
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Capitalist economies experience constant change in macroeconomic conditions, which 

generates exogenous variation in economic and other health-related exposures. A growing 

number of studies has sought to clarify how these operational risks of capitalism are linked to 

population health (1–9), but research on the link between macroeconomic conditions and birth 

outcomes requires further clarification. Three earlier studies have found newborn health to 

improve during economic downturns (10–12), but a recent study found increased risks of preterm 

birth (PTB) during downturns experienced in the first trimester and decreased risk of PTB for 

downturns experienced in the second trimester of pregnancy (13).  Earlier studies find substantial 

variation in the impact of economic conditions by maternal race (10, 11), while the latter finds 

none (13).  

Protective effects reported by earlier studies (10–12) are likely due to a reduction in 

economic activity, work hours, and pollution during downturns (14–17), which reduce pregnant 

women’s exposure to certain toxic stressors. Ambient air pollution, which increases the risk of 

adverse birth outcomes (18–21), declines during economic downturns (16, 17, 22). Both physical 

work and work-related psychosocial stress have been linked to adverse birth outcomes (23–25), 

and by reducing work hours, pregnant women’s exposure to work-related stressors may decline 

during recessions. 

Because racial/ethnic minority and low socio-economic status are associated with 

increased exposure to environmental hazards and air pollution (26–30), we expect economic 

downturns to have stronger effects on black and less educated women. Similarly, low education 

and racial/ethnic minority status increase the risk of working in unsafe/hazardous working 

conditions, including intense physical work, exposure to toxic substances, discrimination, and 

harassment (24, 31–33). These inequities in toxic exposures should magnify the protective 
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impact of economic downturns among less educated and black women, as found in previous 

studies (10, 11). 

However, other research suggests that recessions have adverse effects on newborn health 

(34, 35). One study found that downturns experienced during the first trimester increase the risk 

of PTB while second trimester downturns decrease the risk of PTB (13). Hazardous first 

trimester effects may be due to increased exposure to (or perceived risk of) adverse financial and 

economic events that occur with greater frequency during recessions: loss of employment, 

income, assets (homes), and social status (14, 15, 36, 37). Again, less educated and black women 

should be more affected. Both are at an increased risk of job loss (36, 38) and, because of lower 

wealth, more pre-existing health conditions, and lower access to quality health care (39–41), 

more likely to experience health declines in response to economic shocks.   

Our study period encompasses the labor market downturn and recovery related to the 

Great Recession, during which we expect the effect of economic conditions to be amplified. 

Unlike other downturns in our 40-year study period or since the Great Depression, the labor 

market downturn during the Great Recession was exceptionally deep, long-lasting, and flanked 

by a historic decline in household assets (14, 15, 44). These conditions should combine to 

magnify the impact of economic conditions on birth outcomes, especially for economically more 

vulnerable groups. 
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METHODS 

Data 

Data files on birth outcomes come from the National Center for Health Statistics and are 

based on birth certificates for all registered births occurring in the US from 1977 to 2016. Using 

information on gestational age, we estimate the month of conception and include all births that 

resulted from conceptions between January 1977 and March 2016 for mothers reporting to be 

residents of one of the 50 US states or DC, 151,066,057 in total. We exclude births to mothers 

aged less than 15 or older than 46 years, with missing information on race, birth weight, or 

gestational age, and births with implausible combinations of gestational age and birth weight 

(42). The resulting dataset includes 147,992,404 births. This study was approved by the Brandeis 

University Human Research Protection Program for the protection of human subjects (IRB 

Protocol #18008). 

Outcomes 

Gestational age is reported in weeks, based on either the last menstrual period or an 

obstetric/clinical estimate if available. We estimate month of conception by subtracting 

gestational age (converted to months and rounded to the nearest integer) from the calendar month 

of birth. We define preterm births (PTB) as births occurring before the 37th week of gestation 

(vs. after) and low birth weight (LBW) births as babies weighing less than 2,500 grams (vs. 

higher). A newborn is classified small-for-gestational age (SGA) if weighing less than the 10th 

percentile of their sex- and plurality-specific (single vs. multiple) birth weight distribution for a 

given gestational age in weeks (vs. greater) (43). 
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Economic conditions 

We use seasonally adjusted, monthly state unemployment rates as the primary measure of 

macroeconomic conditions (Bureau of Labor Statistics, “Employment status of the civilian non-

institutional population, seasonally adjusted” series). Previous research suggests that state-level 

measures of economic conditions have larger effects on birth outcomes compared to county-level 

measures (12). For sensitivity analysis, we used monthly employment-population ratios (100 

times the number of employed divided by the population), which produced qualitatively similar 

results, but smaller coefficient estimates. 

Modifiers 

Maternal race is measured using three categories: African American, other and white. 

Hispanic origin cannot be consistently distinguished over the observation period. Maternal 

education is measured using four levels: Less than high school (0-11 years of education), high 

school (12 years), some college (13-15 years), and college or higher (16+ years).  

We conduct separate analyses for the most recent 10 years covering the Great Recession, 

i.e., all conceptions between January 2006 and March 2016. While the NBER Business Cycle 

Committee dates the Great Recession from December 2007 to June 2009, the labor market 

downturn persisted well beyond the official end date. Both downturn and following boom 

provide exceptional variation in economic conditions that helps us understand how this unique 

economic period in recent history has affected newborn health and what the association between 

economic conditions and birth outcomes looks like in most recent data. Previous work also 

shows that effects of macroeconomic conditions on health outcomes become unstable if 

estimated over very short periods (8). 
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Other covariates 

Other covariates include: maternal age in years (15-17, 18-24, 25-35, 36-46), nativity 

(US- or foreign-born), live birth order (first, second, third, or four or more births), and infant’s 

sex (male, female). 

ESTIMATION 

Estimation is performed using grouped data, where each cell is defined by all existing 

combinations of values of the variables analyzed, using the number of births in each cell as 

frequency weights. We mainly rely on linear probability models estimated via Ordinary Least 

Squares, which is computationally efficient given the large number of observations and 

parameters we fit and yields estimates that have an intuitive interpretation, revealing the 

magnitude of effects in absolute terms. Analysis was performed in Stata 14 (MP) using the 

reghdfe ado (44). Results using logistic regression are reported in the Appendix. Our baseline 

model for individual birth outcomes takes the following form: 

1. 𝑃𝑃(𝑌𝑌 = 1)𝑖𝑖𝑖𝑖𝑖𝑖 = 𝛽𝛽1𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖 + 𝛽𝛽2𝐹𝐹𝐹𝐹𝑃𝑃𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖 + 𝛽𝛽3𝑆𝑆𝑃𝑃𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆ℎ𝐹𝐹𝑃𝑃𝑆𝑆𝑖𝑖𝑖𝑖 + 𝛼𝛼𝑖𝑖 + 𝜃𝜃𝑖𝑖 + 𝛿𝛿𝑖𝑖𝑆𝑆 + 𝑿𝑿𝑿𝑿 + 𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖 

where i individuals, j indexes 51 states of maternal residence and t indexes calendar 

months (month of conception) from January 1977 to March 2016. 𝑃𝑃(𝑌𝑌 = 1) is the probability of 

an adverse birth outcome. 𝛼𝛼𝑖𝑖 are 51 state fixed effects, 𝜃𝜃𝑖𝑖 are 470 monthly calendar date fixed 

effects, and 𝛿𝛿𝑖𝑖𝑆𝑆 are 51 state-specific linear trends, i.e., interactions between state fixed effects 

and a linear trend variable with 𝑆𝑆 = 1, … , 471. 𝑿𝑿𝑿𝑿 is a matrix of covariates and its coefficient 

vector, included only in some sensitivity analyses.  
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We separately model economic conditions prior to conception, and in the first and 

second/third trimesters. We include the average unemployment rate over the period from three 

months prior to the month prior to conception, 𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖, to control for selection effects. Our main 

focus is on the average unemployment rate from the month of conception to the end of the first 

trimester, 𝐹𝐹𝐹𝐹𝑃𝑃𝐹𝐹𝐹𝐹𝑖𝑖𝑖𝑖, and the average unemployment rate for the second and third trimester, 

𝑆𝑆𝑃𝑃𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆ℎ𝐹𝐹𝑃𝑃𝑆𝑆𝑖𝑖𝑖𝑖. Not all pregnancies are carried to term so that the second/third trimester 

economic measures partially capture economic conditions after birth, introducing measurement 

error for some births. We repeated the analysis using average conditions in the second trimester 

only, which did not alter results.  

Equation 1 identifies the effect of economic conditions by comparing babies conceived in 

the same calendar month, but different states and under different state-specific economic 

conditions, exploiting variation in economic conditions across 24,021 state-by-calendar month 

contexts. State fixed effects, 𝛼𝛼𝑖𝑖, control for unobserved confounders that are state-specific and 

time constant. The 𝜃𝜃𝑖𝑖 calendar month of conception fixed effects control for secular change in 

the outcome variable over time, including seasonal factors. State-specific linear trends, 𝛿𝛿𝑖𝑖𝑆𝑆, 

control for time-varying state-level variables that could confound the association between 

economic conditions and birth outcomes.  

Equation 1 differs from the empirical models in previous work (13). Instead of calendar 

month of conception, 𝜃𝜃𝑖𝑖, Margerison-Zilko et al. (13) controlled for year of conception and 

month of birth. Month of conception controls for the effect of unobserved maternal 

characteristics that predict newborn health (45) and are confounded with economic conditions 

because of selective conceptions/terminations. In the Appendix, we show that omitting month of 
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conception likely introduces omitted variable bias in trimester-specific unemployment rate 

estimates, substantially inflating the size of effect estimates. 

Robustness checks 

Instead of state-specific linear trends, we add the full set of interactions between state and 

year of conception fixed effects (2,040 parameters), controlling non-parametrically for year-to-

year change in unobserved confounders at the state-level, such as state-specific year-to-year 

changes in health of mothers, socioeconomic conditions, and policies. To adjust for selection 

effects either prior to or during pregnancy, we adjust for individual covariates that are fixed at 

conception. These covariates, 𝑿𝑿𝑿𝑿, enter either linearly or fully interacted, i.e., all possible 

interactions between all covariate levels (1,426 parameters). While this may partially adjust for 

selection, the covariate distribution at birth is determined by partly unobserved selection 

processes and adjusting for selected covariate values can induce rather than eliminate bias. These 

results should therefore be interpreted with some caution.  

Statistical inference 

We report 95% confidence intervals that are corrected for clustering of observations at 

the state level (46). Because our data includes nearly all registered birth over the past 40 years, 

we focus interpretation on the magnitude rather than statistical significance of effect estimates. 

RESULTS 

Table 1 presents summary statistics for all birth outcomes and modifiers/covariates used 

in the analyses. Table 2 presents descriptive statistics for the main exposure variable, monthly 
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state unemployment rates. We report statistics for the full study period and the period 

encompassing the Great Recession.  

Table 3 shows estimates of the effect of average state unemployment rates prior and 

during pregnancy on three birth outcomes. Across covariate different specifications, first 

trimester unemployment is positively associated with the probability of preterm birth. The effect 

is robust to controls for state-level, time-varying confounders (Models 2 and 3 vs. 1) and 

increase in magnitude after conditioning on maternal/babies’ characteristics (Models 4 and 5), 

suggesting that the hazardous first-trimester effect estimates may be biased downward due to 

elective/spontaneous terminations in the first trimester. Furthermore, we find that second/third 

trimester unemployment rates are negatively associated with the probability of preterm birth. 

Effect estimates are sensitive to controlling for state-level, time-varying confounders (Models 2 

and 3 vs. 1), but invariant to conditioning on maternal/babies’ characteristics.  

Model 2 is our preferred specification, yielding results similar to Model 3 using much 

fewer parameters. The respective estimates indicate that a one percentage point increase in state 

unemployment rates during the first trimester increases the probability of PTB by 0.1 percentage 

points. In 2016, this would translate into approximately 4,000 more babies born preterm, or 1% 

of all babies born preterm in that year. Economic downturns during the second/third trimester are 

weakly protective: a one percentage point increase in state unemployment rates during the 

second/third trimester would decrease the probability of PTB by 0.05 percentage points. These 

effects are substantially smaller than previous research (13) has reported (see Appendix). 

[Table 3 here] 
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Estimates of the impact of unemployment rates during pregnancy on LBW and SGA are 

sensitive to changes in model specification. Fully adjusted models (Models 4 and 5) provide no 

evidence of meaningful effects, indicating that economic conditions during pregnancy affect 

primarily the timing of birth. 

Table 4 reports results for population subgroups and by period. Results in the top panel 

are based on births over the period from 1977 to 2016, while results in the bottom panel focus on 

the most recent ten years for which data is available, covering the Great Recession and 

subsequent recovery (2006-2016). All estimates are based on the baseline model specification 

(equation 1), excluding controls for maternal/babies’ characteristics. The first column reports 

results for births to all mothers. Columns 2, 3, and 4 report results for births to black mothers, 

mothers with a high school degree or less education, and mothers who are both black and have 

no more than a high school degree.  

[Table 4 here] 

For the full observation period, we find larger effects for both first and second/third 

trimester unemployment on PTB among black mothers and less educated mothers compared to 

the population of all mothers. Estimates are largest for mothers who are both less educated and 

black, for whom a one percentage point increase in first trimester (second/third trimester) 

unemployment rates is associated with a 0.3 percentage point increase (0.1 percentage point 

decrease) in the probability of preterm birth, which is roughly three times the size as the average 

effect for all mothers.  

Compared to the full observation period (top panel), estimates of first and second/third 

trimester unemployment are magnified in most recent data (bottom panel) for all mothers, less 
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educated mothers, and black mothers with less education. For all mothers, a one percentage point 

increase in first trimester unemployment rates increases the probability of PTB by 0.19 

percentage points. In absolute terms and using 2016 data, a one percentage point increase in state 

unemployment rates would result in 7,300 additional babies born preterm, while a five 

percentage point increase, as observed nationally during the Great Recession, would result in 

approximately 36,500 babies born preterm, or 9% of all preterm births in 2016. 

For black women with a high school degree or less, the same increase in unemployment 

rates would increase the probability of PTB by 0.35 percentage, which is nearly twice the size 

compared to the effect for all mothers. For PTB, the protective second/third trimester effects are 

similarly larger among black and less educated women in the full dataset, and also increase 

during the Great Recession. For white women and women with higher education, estimated 

effects are close to what we observe for the general population (Appendix Table A3). 

Over the entire observation period, both first and second/third trimester effects of 

downturns are weakly protective for SGA and LBW. In the most recent period, we observe 

hazardous effects of first trimester increases in unemployment and protective effects of 

second/third trimester unemployment increases for LBW, with largest effects among less 

educated, black, and less educated and black mothers. However, effects are smaller than what we 

observe for PTB. For SGA, effect sizes are small even during the Great Recession and differ in 

sign across population groups.  

DISCUSSION 

Using data on nearly all registered births over the period from 1977 to 2016, we find that 

a one percentage point increase in state unemployment during the first trimester of pregnancy 
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increases the probability of PTB by 0.1 percentage points, while increases in the state 

unemployment rate during the second and third trimester reduce the probability of PTB by 0.05 

percentage points. During the period encompassing the Great Recession, these effects double in 

size, and we also observe similar effects for LBW, though not for SGA. In combination, these 

findings suggest that economic conditions primarily affect the timing of birth, though during the 

Great Recession we also observe effects on LBW. Furthermore, over the entire observation 

period and during the period encompassing the Great Recession, we find evidence that less 

educated, black, and black and less educated women are more vulnerable to the business cycle.  

First-trimester exposure to socio-economic stress could lead to spontaneous abortion of 

frail fetuses, resulting in positive selection among fetuses surviving the first trimester. The 

protective effects of second/third semester downturns could therefore be due to a selection effect 

(13). Consistent with this explanation, we found first trimester effects on PTB to increase after 

controlling for maternal/babies’ characteristics. However, second/third trimester effects remained 

essentially unchanged, which does not support the selection explanation. A previous study found 

both first and second trimester effects to be robust to adjusting for maternal/babies’ 

characteristics (13).  

If not selection, the reversal of the impact of economic conditions from hazardous to 

protective may reflect that women’s vulnerability to external stressors may change over the 

course of pregnancy. On the one hand, previous research suggest that both women’s emotional 

responses to life events and the physiological stress response to psychosocial stressors become 

attenuated over the course of pregnancy (47, 48). On the other hand, the impact of pollution on 

birth outcomes appears to be constant across trimesters of pregnancy (23–25). If the effect of 

increased exposure to adverse economic/financial shocks weakens while the effect to decreased 
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exposure to pollution and other stressors remains constant over the course of pregnancy, this may 

explain why we observe a net hazardous effect of downturns early in pregnancy but net 

protective effects later on.  

A limitation of our study is that our estimated dates of conception and length of gestation 

are likely affected by measurement error, which could introduce attenuation bias in our 

unemployment rate estimates. Furthermore, the trimester-specific effects we estimate are average 

effects estimates across all pregnant women, regardless of whether and how they were affected 

by business cycle-related exposures. Failing to distinguish women who experience downturns as 

protective (vs. hazardous), we obtain an average effect estimate that likely masks considerable 

heterogeneity in individual level effects. More detailed socio-economic information would allow 

future research to better pinpoint the subgroups affected in different ways and isolate the 

underlying mechanisms.  

At the same, our analysis has uncovered evidence of variation in the impact of the 

business cycle across population subgroups. Reflecting broader patterns of inequality in 

American society, we found that less educated and black women are particularly vulnerable to 

the business cycle. Moreover, we discovered that the intersection of both sources of disadvantage 

is associated with the greatest susceptibility, and that these inequities were further magnified 

during the Great Recession.  
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TABLES 

Table 1. Descriptive Statistics for Births Used in Multivariate Analysis. Registered Births to United 
States Residents Conceived in the Period from January 1977 to March 2016 and January 2006 to 
March 2016 from National Center for Health Statistics Natality Files. 

Variables 
1977 – 2016 2006 – 2016 

Births % Births % 

Sample size 147,992,404 100.00 41,209,568 100.00 
Outcomes     
 Preterm birth  15,812,440 10.68 4,737,908 11.50 
 Low birth weight  10,953,293 7.40 3,339,135 8.10 
 Small for gestational age  15,316,822 10.35 4,283,812 10.40 
Maternal race     
 Black  23,061,622 15.58 6,579,977 15.97 
 Other  8,264,894 5.58 3,181,410 7.72 
 White  116,665,888 78.83 31,448,181 76.31 
Maternal education     
 Less than high school (0-11 years) 27,778,459 18.77 6,540,581 15.87 
 High school (12 years) 44,953,390 30.38 9,614,716 23.33 
 Some college (13-15 years) 30,878,294 20.86 10,240,540 24.85 
 College or more (16+ years) 30,883,739 20.87 10,550,580 25.60 
 Missing  13,498,522 9.12 4,263,151 10.35 
Nativity     
 Native-born 119,962,564 81.06 31,432,094 76.27 
 Foreign-born 27,530,857 18.60 9,515,342 23.09 
 Missing 498,983 0.34 262,132 0.64 
Maternal age (years)     
 15-17 5,582,437 3.77 975,718 2.37 
 18-24 49,656,349 33.55 11,947,695 28.99 
 25-35 80,120,312 54.14 23,553,333 57.16 
 36+ 12,633,306 8.54 4,732,822 11.48 
Live birth order     
 First 59,890,621 40.47 16,266,408 39.47 
 Second 47,668,191 32.21 13,027,892 31.61 
 Third 24,060,268 16.26 6,860,737 16.65 
 Fourth or more 16,079,571 10.87 5,054,531 12.27 
 Missing 293,753 0.20 0 0 
Infant’s sex     
 Male 72,262,278 48.83 20,129,595 48.85 
 Female 75,730,126 51.17 21,079,973 51.15 
Plurality     
 Single   143,823,101 97.18 39,797,193 96.57 
 Twins or more 4,169,303 2.82 1,412,375 3.43 
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Table 2. Descriptive Statistics for Monthly State Unemployment Rate Variables Used in 
Multivariate Analysis. January 1977 to March 2016 and January 2006 to March 2016. 

 Minimum 25th 
Percentile 

50th 
Percentile 

75th 
Percentile Maximum 

January 1977 to March 2016 2.26 4.95 6.03 7.48 18.09 
January 2006 to March 2016 2.51 5.02 6.57 8.37 14.04 
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Table 3. Effect of State Unemployment Around the Time of Conception and During Pregnancy on the Probability of PTB, LBW, and SGA. 
National Center for Health Statistics Natality Files, All Registered Births to US Residents Conceived in the Period from January 1977 to March 
2016. OLS Linear Probability Estimates, multiplied by 100, and Robust 95% Confidence Intervals.  

Variables Model 1a 

 
Model 2 b 

 
Model 3 c 

 
Model 4 d 

 
Model 5 e 

B 95% CI 
 

B 95% CI 
 

B 95% CI 
 

B 95% CI 
 

B 95% CI 
               

Preterm birth 
   

 
  

 
  

 
  

 
   1-3 months prior to conception -0.092 -0.156, -0.028 

 
-0.070 -0.110, -0.030 

 
-0.054 -0.083, -0.025 

 
-0.080 -0.114, -0.046 

 
-0.080 -0.114, -0.046 

  Conception to 1st trimester 0.095 0.058, 0.132 
 

0.099 0.060, 0.138 
 

0.100 0.058, 0.141 
 

0.141 0.087, 0.195 
 

0.142 0.088, 0.196 
  2nd to end of 3rd trimester -0.109 -0.147, -0.070 

 
-0.053 -0.090, -0.016 

 
-0.048 -0.106, 0.011 

 
-0.055 -0.108, -0.002 

 
-0.056 -0.109, -0.003 

    
 

  
 

  
 

  
 

 Low birth weight 
   

 
  

 
  

 
  

 
   1-3 months prior to conception 0.013 -0.015, 0.041 

 
0.019 -0.003, 0.040 

 
0.037 0.005, 0.069 

 
0.016 -0.009, 0.041 

 
0.015 -0.010, 0.040 

  Conception to 1st trimester -0.017 -0.054, 0.021 
 

-0.014 -0.051, 0.022 
 

-0.014 -0.049, 0.022 
 

0.017 -0.012, 0.046 
 

0.018 -0.010, 0.046 
  2nd to end of 3rd trimester -0.064 -0.094, -0.034 

 
-0.035 -0.065, -0.005 

 
-0.016 -0.057, 0.025 

 
-0.029 -0.060, 0.002 

 
-0.031 -0.060, -0.001 

    
 

  
 

  
 

  
 

 Small-for-gestational-age birth 
   

 
  

 
  

 
  

 
   1-3 months prior to conception 0.031 -0.010, 0.072 

 
0.032 -0.002, 0.066 

 
0.010 -0.031, 0.051 

 
-0.008 -0.052, 0.036 

 
-0.006 -0.050, 0.038 

  Conception to 1st trimester -0.029 -0.068, 0.011 
 

-0.028 -0.067, 0.011 
 

-0.029 -0.067, 0.010 
 

0.000 -0.040, 0.041 
 

-0.002 -0.040, 0.036 
  2nd to end of 3rd trimester -0.056 -0.084, -0.029 

 
-0.032 -0.058, -0.005 

 
0.005 -0.031, 0.040 

 
-0.015 -0.049, 0.019 

 
-0.015 -0.048, 0.017 

               

Abbreviations: B, beta coefficient; CI, confidence interval. 
aAll estimates are controlled for state and calendar month of conception fixed effects. 
bModel 1 plus state-specific linear trends. 
cModel 1 plus full set of interactions between state and year of conception fixed effects. 
dModel 3 plus covariates (race, education, nativity, maternal age, live birth order, infant sex, plurality) after excluding observations with missing data on 
covariates. 
eModel 4 plus covariates (race, education, nativity, maternal age, live birth order, infant sex, plurality) fully interacted. 
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Table 4. Effect of State Unemployment Around the Time of Conception and During Pregnancy on the Probability of 
PTB, LBW, and SGA.a National Center for Health Statistics Natality Files, All Registered Births to US Residents 
Conceived in the Period from January 1977 to March 2016. OLS Linear Probability Estimates, multiplied by 100, and 
Robust 95% Confidence Intervals. 

  Births resulting from conceptions between January 1977 to March 2016 

 
Full sample  Black women  Less educated  Black & less educated 

B 95% CI  B 95% CI  B 95% CI  B 95% CI 
            
Preterm birth 

  
 

  
 

  
 

    1-3 months prior to conception -0.070 -0.110, -0.030  -0.181 -0.267, -0.094  -0.107 -0.167, -0.048  -0.222 -0.319, -0.124 
  Conception to 1st trimester 0.099 0.060, 0.138  0.193 0.117, 0.269  0.138 0.083, 0.194  0.273 0.150, 0.395 
  2nd to end of 3rd trimester -0.053 -0.090, -0.016  -0.087 -0.167, -0.006  -0.066 -0.118, -0.013  -0.127 -0.250, -0.005 

   
 

  
 

  
 

  Low birth weight 
  

 
  

 
  

 
    1-3 months prior to conception 0.019 -0.003, 0.040  -0.020 -0.074, 0.034  0.014 -0.021, 0.049  -0.023 -0.078, 0.031 

  Conception to 1st trimester -0.014 -0.051, 0.022  -0.012 -0.105, 0.082  -0.009 -0.055, 0.036  -0.007 -0.122, 0.108 
  2nd to end of 3rd trimester -0.035 -0.065, -0.005  -0.043 -0.103, 0.017  -0.040 -0.075, -0.005  -0.035 -0.110, 0.039 

   
 

  
 

  
 

  Small-for-gestational-age birth 
  

 
  

 
  

 
    1-3 months prior to conception 0.032 -0.002, 0.066  0.023 -0.045, 0.090  0.006 -0.032, 0.044  0.024 -0.046, 0.095 

  Conception to 1st trimester -0.028 -0.067, 0.011  -0.044 -0.126, 0.037  -0.013 -0.059, 0.033  -0.055 -0.157, 0.046 
  2nd to end of 3rd trimester -0.032 -0.058, -0.005  -0.033 -0.092, 0.026  -0.050 -0.087, -0.013  -0.033 -0.102, 0.037 

   
 

  
 

  
 

  Observations 147,992,404 23,061,622 72,731,849 13,943,452 
     
  Births resulting from conceptions between January 2006 to March 2016 

 Full sample  Black women  Less educated  Black & less educated 
  B 95% CI  B 95% CI  B 95% CI  B 95% CI 
            

Preterm birth 
  

 
  

 
  

 
    1-3 months prior to conception -0.074 -0.122, -0.026  -0.125 -0.231, -0.018  -0.081 -0.193, 0.032  0.011 -0.164, 0.186 

  Conception to 1st trimester 0.185 0.090, 0.281  0.146 -0.015, 0.307  0.300 0.147, 0.454  0.349 0.012, 0.687 
  2nd to end of 3rd trimester -0.092 -0.170, -0.014  -0.068 -0.197, 0.062  -0.189 -0.365, -0.013  -0.453 -0.759, -0.146 

   
 

  
 

  
 

  Low birth weight 
  

 
  

 
  

 
    1-3 months prior to conception -0.030 -0.061, 0.001  -0.068 -0.149, 0.014  -0.016 -0.072, 0.039  0.046 -0.111, 0.204 

  Conception to 1st trimester 0.060 0.014, 0.106  0.075 -0.045, 0.194  0.098 0.026, 0.171  0.168 -0.050, 0.387 
  2nd to end of 3rd trimester -0.048 -0.084, -0.012  -0.063 -0.163, 0.038  -0.109 -0.188, -0.029  -0.247 -0.413, -0.081 

   
 

  
 

  
 

  Small-for-gestational-age birth 
  

 
  

 
  

 
    1-3 months prior to conception -0.009 -0.054, 0.037  -0.054 -0.174, 0.065  -0.043 -0.104, 0.019  -0.003 -0.134, 0.129 

  Conception to 1st trimester -0.003 -0.062, 0.057  -0.004 -0.145, 0.137  0.026 -0.065, 0.116  -0.080 -0.256, 0.096 
  2nd to end of 3rd trimester -0.032 -0.078, 0.015  -0.017 -0.100, 0.066  -0.051 -0.116, 0.013  0.025 -0.101, 0.151 

   
 

  
 

  
 

  Observations 41,209,568 6,579,977 16,155,297 3,141,243 
     

Abbreviations: B, beta coefficient; CI, confidence interval. 
a All estimates are controlled for state and calendar month of conception fixed effects, and state-specific linear trends. 
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CONDITIONING ON MONTH OF BIRTH VS. MONTH OF CONCEPTION 

In the following, we outline how the omission of month of conception introduces omitted 

variable bias in the estimate of 1st and 2nd/3rd trimester unemployment rates. Web Figure 1 shows 

a directed acyclic graph (DAG) encoding our theoretical model of causal associations between 

unemployment rates, month of conception, month of birth, and preterm birth. It is not a complete 

representation of the causal model, but focuses on the role month of conception and month of 

birth play as covariates in our analysis. Margerison-Zilko et al. (MZ) (1) condition on month of 

birth, but not on month of conception.  

Month of birth is caused by month of conception, i.e., knowing the month of conception 

provides information about the likely month of birth. Month of conception in turn is caused by 

unobserved maternal factors (variable U in Figure 1) that also affect birth outcomes, including 

maternal socioeconomic status and intentionality of conception(2). The preterm birth rate in our 

data is highest for babies conceived in June (12.3%) and lowest for babies conceived in 

November (9.7%). Prior research has linked season of birth, which is in part determined by 

season of conception, as well as month of conception, to birth outcomes, long-term health 

outcomes, educational attainment and earnings (2,3). It is therefore not surprising that month of 

conception and month of birth become influential variables in our analysis. 

Economic conditions become associated with maternal characteristics (U) through 

selective conceptions that are related to economic conditions, indicated by the dashed line 

between U and preconception unemployment rates. Previous research shows that economic 

conditions impact fertility rates and change the population composition of mothers who conceive 

(4,5). 



Figure 1 illustrates that month of conception and pre-conception unemployment are 

important control variables when estimating the causal effects of unemployment during 

pregnancy. Both block non-causal, backdoor paths (via U) from unemployment during 

pregnancy to preterm birth that bias the estimated effect of first and second/third trimester 

unemployment on preterm birth. (Further strategies to address selection effects are described 

under “Robustness Checks” in our main manuscript.) However, because of elective and 

spontaneous terminations that could be related to economic conditions, it is again possible that 

unobserved factors confound the association between unemployment rates during pregnancy and 

preterm birth(1,6). This is visualized in the DAG with arrows from U into 1st and 2nd/3rd trimester 

unemployment, which open up backdoor paths from 1st and 2nd/3rd trimester unemployment to 

the outcome via U. These backdoor paths can be blocked by month of conception (and other 

covariates measuring mother’s characteristics). However, they are not fully blocked by 

conditioning on month of birth, i.e., if month of conception is still associated with the outcome 

after month of birth is controlled.  

Column 1 in Web Table 1 (Model 1) reports odds ratios from a logistic regression of 

preterm birth (=1) employing MZ’s estimation strategy, including conditioning on state fixed 

effects, year of conception fixed effects, month of birth fixed effects, and the three 

unemployment rate variables included in our baseline model (equation 1, in our main 

manuscript). We use the same observation period as MZ (conceptions between 1990 and 2013), 

limit the sample to singleton births and also exclude observations with missing information on 

any of the covariates we have used in the analysis. Despite minor differences in sample 

definition and definition of covariates, our estimates are within rounding error of those reported 

by MZ (1, Table 2, Models 3-5).  



The estimated odds ratio of first trimester unemployment is 1.04, while the OR for 

second/third trimester unemployment rates is 0.98. However, these estimates are confounded by 

omission of month of conception. Omitting month of conception leaves backdoor paths from, 

e.g., first trimester unemployment to preterm birth via U and month of conception, unblocked. 

This unblocked path contributes to the estimated association between first trimester 

unemployment and preterm birth.  

In column 2 (Model 2) we report estimates that are controlled for month of conception 

instead of month of birth, and in column 3 (Model 3) estimates controlled for month of 

conception and month of birth. Estimates in columns 2 and 3 are almost identical. Controlling for 

month of conception shrinks the estimate of both first and second/third trimester unemployment 

rate towards the null of 1, as we would expect. The first trimester effect, for example, shrinks 

from 1.04 to 1.01. Based on Figure 1, we argue that this is essentially due to blocking the non-

causal backdoor path from unemployment to preterm birth via U and month of conception that 

caused omitted variable bias in the estimate that does not adjust for month of conception (column 

1).  

Model 3 results also show that we still observe sizeable effects of month of conception 

even with month of birth controlled, with odds ratios varying from 0.6 to 1.4. This is consistent 

with our causal model in Web Figure 1: conditioning on month of birth alone does not close all 

backdoor paths from unemployment during pregnancy to the outcome via U. A direct effect of 

month of conception on the outcome remains even after controlling for month of birth. This in 

turn supports our main argument that not controlling for month of conception leaves unblocked a 

backdoor path from unemployment during pregnancy to the outcome via U and month of 

conception, resulting in omitted variable bias in the unemployment estimates. 



We repeated the analysis on the dataset used in our analysis reported in the main 

manuscript (all conceptions between January 1977 and March 2016). Model 1 and 2 in Web 

Table 2, illustrate effect sizes when conditioning on month of birth (Model 1) vs. month of 

conception (Model 2). Results are similar to those in Web Table 1. As a reference, Model 3 uses 

our baseline covariate specification without the covariates 𝑿𝑿𝑿𝑿 (equation 1, main manuscript), 

identical to the Model 2 in Table 3 in the main manuscript.  

Finally, we reran the models that produced the results reported in Web Table 2 using 

OLS regression. Results are reported in Web Table 3. For example, conditioning on month of 

birth, we observe that a one percentage point increase in unemployment rates during the first 

trimester increases the probability of preterm birth by 0.4 percentage points, which would be a 

sizeable effect. However, after conditioning for month of conception, the effect drops to around 

0.1 percentage points, i.e., the effect of first trimester unemployment is only 25% of the estimate 

that does not adjust for month of conception. The reduction in effect sizes is of similar 

magnitude for the second/third trimester unemployment estimate.  



Web Figure 1. Directed Acyclic Graph Illustrating Causal Pathways between Month of Conception, 
Month of Birth and Unemployment Rates Prior to and During Pregnancy. 

 
 

  



Web Table 1. Adjusted Odds Ratios for Preterm Birth based on Multivariate Logistic Regression 
Models. All Singleton Births (n = 87,521,084), United States, 1990–2013. 

 Model 1a Model 2b Model 3c 
 OR CI OR CI OR CI 

       
Average unemployment rate       

1-3 months prior to conception 0.976 0.966,0.986 0.993 0.986,1.000 0.991 0.984,0.998 
Conception to 1st trimester 1.042 1.029,1.056 1.010 1.005,1.015 1.012 1.007,1.017 
2nd to end of 3rd trimester 0.981 0.972,0.989 0.996 0.988,1.003 0.996 0.989,1.003 
       

Month of Birth (Ref. January)       
February 0.961 0.954,0.968   0.939 0.919,0.960 
March 0.958 0.946,0.970   1.423 1.326,1.527 
April 0.952 0.940,0.963   1.422 1.301,1.554 
May 0.997 0.984,1.011   1.897 1.678,2.145 
June 1.020 1.005,1.035   1.711 1.471,1.991 
July 0.988 0.976,1.001   1.383 1.187,1.613 
August 0.926 0.911,0.942   0.958 0.825,1.112 
September 0.841 0.825,0.857   0.726 0.636,0.828 
October 0.952 0.925,0.980   1.087 0.958,1.233 
November 0.932 0.917,0.947   0.872 0.814,0.934 
December 0.977 0.970,0.983   1.092 1.057,1.129 
       

Month of Conception (Ref. January)       
February   1.147 1.130,1.164 1.325 1.227,1.431 
March   1.038 1.023,1.053 1.021 0.914,1.139 
April   1.146 1.132,1.160 1.196 1.056,1.354 
May   1.199 1.183,1.215 1.278 1.136,1.437 
June   1.012 1.004,1.020 0.767 0.708,0.832 
July   1.129 1.113,1.146 0.817 0.762,0.876 
August   1.032 1.016,1.048 0.590 0.559,0.621 
September   1.109 1.092,1.125 0.686 0.649,0.725 
October   1.074 1.060,1.088 0.814 0.772,0.858 
November   1.091 1.081,1.101 1.154 1.096,1.214 
December   1.081 1.074,1.087 1.450 1.402,1.500 

       
Abbreviations: OR, odds ratio; CI, 95% confidence interval. 

aEstimates controlled for state fixed effects, year of conception fixed effects, and month of birth fixed 
effects. 
bEstimates controlled for state fixed effects, year of conception fixed effects, and month of conception 
fixed effects. 
cEstimates controlled for state fixed effects, year of conception fixed effects, month of birth fixed effects, 
and month of conception fixed effects. 

  



Web Table 2. Adjusted Odds Ratios for Preterm Birth based on Multivariate Logistic Regression 
Models. All Births (n = 147,992,404), United States, 1977–2016. 

 Model 1a Model 2b Model 3c 
 OR CI OR CI OR CI 

       
Average unemployment rate       

1-3 months prior to conception 0.975 0.968,0.982 0.992 0.986,0.997 0.994 0.990,0.998 
Conception to 1st trimester 1.041 1.029,1.053 1.007 1.004,1.011 1.009 1.005,1.013 
2nd to end of 3rd trimester 0.975 0.968,0.983 0.992 0.989,0.995 0.995 0.991,0.999 

       
Abbreviations: OR, odds ratio; CI, 95% confidence interval. 

aEstimates controlled for state fixed effects, year of conception fixed effects, and month of birth fixed 
effects. 
bEstimates controlled for state fixed effects, year of conception fixed effects, and month of conception 
fixed effects. 
cEstimates controlled for state fixed effects, calendar month of conception fixed effects, and state-specific 
linear trends. 

 

  



Web Table 3. Beta Coefficients Multiplied by 100 for Preterm Birth based on Multivariate 
Ordinary Least Squares Regression Models. All Births (n = 147,992,404), United States, 1977–2016. 

 Model 1a Model 2b Model 3c 
 Coef CI Coef CI Coef CI 

       
Average unemployment rate       

1-3 months prior to conception -0.250 -0.314,-0.187 -0.092 -0.144,-0.041 -0.070 -0.110,-0.030 
Conception to 1st trimester 0.400 0.294,0.507 0.084 0.049,0.119 0.099 0.060,0.138 
2nd to end of 3rd trimester -0.256 -0.323,-0.19 -0.088 -0.120,-0.056 -0.053 -0.090,-0.016 

       
Abbreviations: Coef, coefficient; CI, 95% confidence interval. 

aEstimates controlled for state fixed effects, year of conception fixed effects, and month of birth fixed 
effects. 
bEstimates controlled for state fixed effects, year of conception fixed effects, and month of conception 
fixed effects. 
cEstimates controlled for state fixed effects, calendar month of conception fixed effects, and state-specific 
linear trends. 

  



Web Table 4. Effect of State Unemployment Around the Time of Conception and During Pregnancy on the 
Probability of PTB, LBW, and SGA.a National Center for Health Statistics Natality Files. OLS Linear 
Probability Estimates, multiplied by 100, and Robust 95% Confidence Intervals. 

  Births resulting from conceptions between January 1977 to March 2016 

 
Full sample  White women  More educated  White & more educated 

Coef CI  Coef CI  Coef CI  Coef CI 
            
Preterm birth 

  
 

  
 

  
 

    1-3 months prior to conception -0.070 -0.110,-0.030  -0.054 -0.097,-0.011  -0.032 -0.080,0.016  -0.033 -0.072,0.005 
  Conception to 1st trimester 0.099 0.060,0.138  0.089 0.040,0.137  0.092 0.041,0.143  0.089 0.032,0.145 
  2nd to end of 3rd trimester -0.053 -0.090,-0.016  -0.045 -0.089,-0.001  -0.067 -0.113,-0.021  -0.065 -0.113,-0.017 

   
 

  
 

  
 

  Low birth weight 
  

 
  

 
  

 
    1-3 months prior to conception 0.019 -0.003,0.040  0.003 -0.018,0.024  -0.003 -0.031,0.025  -0.018 -0.042,0.006 

  Conception to 1st trimester -0.014 -0.051,0.022  0.017 -0.015,0.049  0.017 -0.014,0.048  0.031 -0.000,0.063 
  2nd to end of 3rd trimester -0.035 -0.065,-0.005  -0.040 -0.061,-0.019  -0.040 -0.067,0.004  -0.029 -0.060,0.003 

   
 

  
 

  
 

  Small-for-gestational-age birth 
  

 
  

 
  

 
    1-3 months prior to conception 0.032 -0.002,0.066  0.007 -0.030,0.044  0.001 -0.037,0.039  -0.008 -0.042,0.025 

  Conception to 1st trimester -0.028 -0.067,0.011  0.008 -0.028,0.044  -0.005 -0.044,0.033  0.012 -0.023,0.048 
  2nd to end of 3rd trimester -0.032 -0.058,-0.005  -0.037 -0.059,-0.016  -0.028 -0.059,0.003  -0.036 -0.061,-0.011 

   
 

  
 

  
 

  Observations 147,992,404 116,665,888 61,762,033 50,136,394 
     
  Births resulting from conceptions between January 2006 to March 2016 

 Full sample  White women  More educated  White & more educated 
  Coef CI  Coef CI  Coef CI  Coef CI 
            

Preterm birth 
  

 
  

 
  

 
    1-3 months prior to conception -0.074 -0.122,-0.026  -0.073 -0.123,-0.024  -0.030 -0.107,0.047  -0.043 -0.109,0.024 

  Conception to 1st trimester 0.185 0.090,0.281  0.183 0.078,0.288  0.184 0.075,0.294  0.196 0.085,0.307 
  2nd to end of 3rd trimester -0.092 -0.170,-0.014  -0.095 -0.173,-0.017  -0.145 -0.257,-0.034  -0.151 -0.265,-0.036 

   
 

  
 

  
 

  Low birth weight 
  

 
  

 
  

 
    1-3 months prior to conception -0.030 -0.061,0.001  -0.036 -0.069,-0.002  -0.016 -0.073,0.040  -0.033 -0.090,0.025 

  Conception to 1st trimester 0.060 0.014,0.106  0.066 0.025,0.107  0.053 -0.010,0.116  0.070 0.005,0.135 
  2nd to end of 3rd trimester -0.048 -0.084,-0.012  -0.062 -0.094,-0.030  -0.059 -0.113,-0.005  -0.066 -0.123,-0.009 

   
 

  
 

  
 

  Small-for-gestational-age birth 
  

 
  

 
  

 
    1-3 months prior to conception -0.009 -0.054,0.037  -0.009 -0.050,0.032  -0.021 -0.075,0.033  -0.017 -0.069,0.034 

  Conception to 1st trimester -0.003 -0.062,0.057  0.001 -0.045,0.047  -0.007 -0.071,0.056  -0.014 -0.071,0.043 
  2nd to end of 3rd trimester -0.032 -0.078,0.015  -0.045 -0.091,0.002  -0.012 -0.059,0.036  -0.008 -0.060,0.043 

   
 

  
 

  
 

  Observations 41,209,568 31,448,181 20,791,120 16,185,382  
     

Abbreviations: Coef, coefficient; CI, 95% confidence interval. 
a All estimates are controlled for state and calendar month of conception fixed effects, and state-specific linear trends. 
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