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Abstract To explore the association between paternal
education and preterm birth, taking into account maternal
social and economic factors. We analyzed data from a
population-based cross-sectional postpartum survey, linked
with birth certificates, of women who gave birth in Cali-
fornia from 1999 through 2005 (n = 21,712). Women
whose infants’ fathers had not completed college had sig-
nificantly higher odds of preterm birth than women whose
infants’ fathers were college graduates, even after adjusting
for maternal education and family income [OR (95%
CI) = 1.26 (1.01-1.58)]. The effect of paternal education
was greater among unmarried women than among married
women. Paternal education may represent an important
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indicator of risk for preterm birth, reflecting social and/or
economic factors not measured by maternal education or
family income. Researchers and policy makers committed to
understanding and reducing socioeconomic disparities in
birth outcomes should consider paternal as well as maternal
socioeconomic factors in their analyses and policy decisions.

Keywords Epidemiology - Preterm birth - Risk factor -
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Introduction

Preterm birth accounts for ~75% of perinatal morbidity
and mortality in the industrialized world [1] and was
associated with an economic cost of over $26 billion in the
United States during 2005 [2]. This substantial public
health burden is disproportionately borne by women and
infants in low-income families and in minority racial or
ethnic groups [3], and has implications for health status not
only during childhood but later in life as well [4]. Despite
the clear public health importance of preterm birth, current
knowledge of its etiology and how to intervene remain
limited [2].

Research on social disparities in preterm birth has
focused primarily on the role of maternal characteristics. In
the United States, preterm birth has been associated with
mother’s income, education, and occupation among both
black and white women, as well as with maternal race or
ethnic group [5]. Less is known about the role of paternal
factors, however. Previous studies have identified a rela-
tionship between low levels of paternal educational
attainment and low birthweight, but were limited by lack
of information on potential confounders and substantial
missing data for paternal education [5-10]. Paternal
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educational attainment—or factors closely associated with
it—could be one of the missing pieces of the puzzle of
disparities in preterm birth. Paternal social factors could
influence preterm birth in important ways, after accounting
for maternal factors. For example, higher paternal educa-
tional attainment could reflect higher social status that
enables a woman’s partner to provide her with greater
material and/or psychosocial resources, including support
for healthy maternal behaviors and creation of a less
stressful environment. Understanding the role of paternal
social factors could be important for shaping the nature of
interventions to address preterm birth disparities, poten-
tially redirecting the focus of large programs such as
Healthy Start.

Despite the potential importance of paternal socioeco-
nomic factors, we have not identified published articles
focused on the relationship between paternal educational
attainment and preterm birth. This study examines the
association between paternal education and preterm birth
using data from California’s population-based Maternal and
Infant Health Assessment (MIHA) survey, a data source that
permits consideration of family income, maternal educa-
tional attainment, age, parity, and marital status.

Methods
Study Design/Research Subjects

The Maternal and Infant Health Assessment (MIHA) is a
statewide population-based survey of maternal/infant
health and related sociodemographic, behavioral, and
psychosocial factors and has been conducted annually
since 1999. A woman is eligible for MIHA if she is a
California resident who has a singleton, twin or triplet live
birth between February and May, is age 15 years or older at
the time of delivery, and speaks English or Spanish. Eli-
gible mothers are grouped into strata defined by race,
educational attainment, and region of the state; African
American women are over-sampled to allow for a sufficient
sample size to validly measure within-group maternal and
child health risks and outcomes. Women who do not return
the initial mailed questionnaire are sent a reminder post-
card and a second questionnaire, after which attempts are
made to survey them by phone. Response rates have been
70% or higher annually, yielding a final sample each year
of ~3,500 women. Characteristics of sampled women,
weighted to reflect the sampling frame, correspond closely
with those of all women with live births statewide, based
on birth certificate data (available on request). Completed
surveys are linked with birth certificate data on type of
delivery, gestational age, maternal age and parity, and
maternal and paternal education. Detailed information

about MIHA has been published elsewhere [11-15] and
is available at http://www.cdph.ca.gov/data/surveys/Pages/
MaternalandInfantHealthAssessment(MIHA )survey.aspx.

The current study analyzed pooled MIHA data on
women surveyed from 1999 to 2005.

Measurements

Preterm birth was defined as delivery at less than 37 weeks
of gestational age, following the World Health Organization
definition [16]; births at or after 37 weeks were considered
to be full-term. Data on gestational age were obtained from
birth certificates, and MIHA replaces improbable gestational
ages with imputed values based on birth weight and sex.

We examined three socioeconomic factors. Family
income was based on self-reported before-tax annual income
categorized in percentage increments of the federal poverty
level (FPL), which has been defined as the amount of income
providing a bare minimum of food, clothing, transportation,
shelter and other necessities. FPL is reported annually and
varies by family size; in 2005, the FPL was $19,350 for a
family of four [17]. Women with family incomes greater than
400% FPL were the reference category. Maternal and
paternal educational attainment (hereafter, “education”),
obtained from birth certificates and recorded as number of
years of completed schooling, were grouped into four cate-
gories corresponding to earned credentials: women or men
with less than a high school education (fewer than 12 years
of schooling), those who had completed high school
(12 years), those with some college (13—15 years), and the
reference group of those who had completed college (16+
years of schooling). Racial or ethnic group, an important
social construct often associated with socioeconomic fac-
tors, was recorded in MIHA and classified into six mutually
exclusive categories: African American, Asian/Pacific
Islander, European/Middle Eastern (the reference group),
foreign-born Latina, U.S.-born Latina, American Indian/
Alaskan Native, and “other” or “unknown” ethnicity;
respondents who reported being in multiple racial or ethnic
groups were asked to choose their primary group. American
Indians/Alaskan Natives (n = 131), and women with
“other” or “unknown” ethnicity (n = 451) were excluded
from all analyses because of small numbers. Asians and
Asian-Americans (n = 2,264) were also excluded because
of concerns about whether MIHA, which is administered
only in English and Spanish, provides a representative
sample of childbearing women in this group.

We also examined the following variables because of
their likely associations with both paternal education and
preterm birth: marital status (collected in MIHA as single,
cohabitating, widowed/divorced/separated, or married, and
coded here as unmarried or married after bivariate analyses
revealed that women in every other category were at
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elevated risk of preterm birth when compared to married
women); maternal age (from birth certificates, and coded
as 15-19, 20-24, and 354 compared to 25-34 years);
maternal parity (from birth certificates, and coded as no
previous births, one to three previous births (the reference
group), or four previous births); previous preterm birth
(collected in MIHA, and coded as any versus none); and
maternal smoking during pregnancy (collected in MIHA,
and coded as any smoking versus no smoking throughout
the entire pregnancy). Data were available for 21,712
women.

For the subset of women for whom information was
available (beginning in 2003, when these questions were
first added to the MIHA survey), we examined a number of
additional covariates that might be associated with paternal
or maternal education and preterm birth. These included a
woman’s self-report of: food insecurity, defined and coded
according to USDA standards; occurrence during preg-
nancy of stressful life events including having bills that she
could not pay, job loss, separation or divorce, physical
abuse, homelessness, incarceration, economic hardship, or
a lack of emotional and/or practical support; having had a
usual source of pre-pregnancy care; overall health before
pregnancy, rated as excellent, very good, good, fair or
poor; whether or not her partner was happy about the
pregnancy; whether the pregnancy was intended; and
whether her partner wanted the pregnancy.

Statistical Analyses

While the number of respondents is presented here as
unweighted counts, all other results have been weighted for
survey design characteristics.

Although fewer than 3% of women were missing data
on other variables including maternal education, data on
both paternal education and family income were missing
for ~10% of the sample. While descriptive tables include
women with missing data as a separate category, we cal-
culated all odds ratios from models created after values for
missing data were estimated using multiple imputation
[18]. Generally, imputation is considered an improvement
on complete case analysis or overall mean imputation [18,
19]. Imputed values were based on averages of five
imputations and were conditional upon other observed
variables in the final model.

Using variables selected based on a priori knowledge of
likely risk factors for preterm birth, we first calculated
unadjusted odds ratios to examine the association between
each predictor variable and preterm birth. We then carried
out a series of two-variable logistic regression models to
examine the effect of each selected risk factor on the
association between paternal education and preterm birth;
in each of these models, preterm birth was the outcome and
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paternal education and a single additional variable were
included as predictors. Finally, we performed multivariable
logistic regression to examine how the estimated associa-
tion between paternal education and preterm birth changed
when controlling for multiple variables simultaneously. In
this regression model, we formally tested for two separate
interactions—between paternal education and race/ethnic-
ity and between paternal and marital status—on a priori
grounds that these two variables could modify the associ-
ation between paternal education and preterm birth.

Data were analyzed using STATA 10.0 SE [20].

Results

Approximately ten percent of women in the weighted
survey sample had preterm births. As seen in the unad-
justed results presented in Table 1, a woman was signifi-
cantly more likely to have a preterm birth if she or her
baby’s father had not completed college or if her family
income was at or below 200% of the federal poverty level.
African-American women and US-born Latinas were also
at elevated risk of preterm birth, as were unmarried
women, women between 15 and 19 years of age or
35 years and older, and women giving birth to either their
first or fifth or subsequent baby (Table 1).

In two-variable models, paternal education remained
significantly associated with preterm birth after controlling
separately for maternal education (model 1), family income
(model 2), and racial or ethnic group (model 3); across
these three models, the odds of preterm birth were higher
for almost every paternal education group when compared
with college graduates (Table 2). While family income and
race/ethnicity remained significant (models 2 and 3), the
association between maternal education and preterm birth
was no longer statistically significant after adjustment for
paternal education only (model 1).

After adjustment for multiple covariates that could be
confounders or mediators of the association between pater-
nal education and preterm birth, women whose infants’
fathers had not completed high school were ~21% more
likely to give birth preterm than women whose infants’
fathers had completed college; family income and maternal
education were no longer significantly associated with pre-
term birth (Table 3). The likelihood of preterm birth
remained elevated for women who were not married, were
35 years of age or older, were delivering their first birth, had
a previous preterm birth, or smoked during pregnancy
(Table 3).

Because of concerns about possible collinearity between
paternal and maternal education, we calculated the corre-
lation between these two variables and reran all multivar-
iable models without paternal education. Although the
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Table 1 Characteristics of women in MIHA, 1999-2005, and
unadjusted odds ratios for preterm birth

Variable N Preterm OR (95% CI)
birth (%)"
Paternal education
Completed college 4,259 7.8 1.00
Some college 3,492 9.6 1.29 (1.10, 1.52)
High school 6,140 10.3 1.39 (1.22, 1.59)
<High school 5,165 103 1.40 (1.22, 1.61)
Missing 1,990 12.6 ¢
Poverty status
>400% 4,085 8.4 1.00
301-400% 1,379 8.7 1.06 (0.86, 1.32)
201-300% 1,957 9.4 1.16 (0.97, 1.39)
101-200% 4,339 9.4 1.21 (1.04, 1.41)
<100% 7,333 112 1.42 (1.25, 1.61)
Missing 1,953  10.1 ¢
Maternal education
Completed college 4,636 8.3 1.00
Some college 4,054 9.5 1.19 (1.03, 1.38)
High school 5,832 10.3 1.29 (1.13, 1.48)
<High school 6,097 109 1.35 (1.19, 1.54)
Missing 427 93 ¢
Maternal race/ethnicity
White 7,757 9.2 1.00
African-American 3,226 15.0 1.74 (1.52, 2.00)
Latina—foreign-born 6,563 9.2 1.02 (0.91, 1.14)
Latina—US-born 3,500 10.8 1.17 (1.03, 1.33)
Marital status
Married 12,850 8.7 1.00
Single/living as married 8,196 119 1.43 (1.31, 1.57)
Maternal age
25-34 (Ref) 10,290 9.0 1.00
15-19 2,332 123 1.37 (1.18, 1.58)
20-24 5,124 9.8 1.10 (0.99, 1.24)
35+ 3,300 11.2 1.27 (1.12, 1.44)
Parity
2-4 Births (ref) 11,876 9.3 1.00
1 Birth 8,199 10.2 1.09 (0.99, 1.20)
5+ Births 971 144 1.59 (1.31, 1.94)
Previous PTB
No 19,363 8.6 1.00
Yes 1,683 255 3.64 (3.22, 4.12)
Mother smoked during pregnancy
No 18,906 9.5 1.00
Yes 2,140 132 1.46 (1.27, 1.67)

4 Unweighted
® Weighted to reflect sampling frame

¢ No odds ratios are presented for missing categories because missing
values were multiply imputed

correlation between maternal and paternal education was
relatively high (p = 0.74), the association between
maternal education and preterm birth remained statistically
nonsignificant in models without paternal education for
each of the three groups investigated (all women, unmar-
ried women, and married women).

While the association between paternal education and
preterm birth did not vary significantly across racial/ethnic
groups [F (9, 24,801) = 0.79; P = 0.63], we found mar-
ginally significant evidence of an interaction between
paternal education and marital status [F' (3, 24,807) =
2.15; P = 0.09]. Results for the full model stratified by
marital status (Table 3) indicate that, after adjustment for
multiple covariates, the magnitude of the association
between paternal education and preterm birth is greater
for unmarried women than for married women. Specifi-
cally, lower paternal education is associated with greater
odds of preterm birth among unmarried women relative to
married women, with a strong negative paternal education
gradient in preterm birth observed among unmarried
women.

Among the subset of women for whom data on addi-
tional covariates were available, only two of these addi-
tional covariates—whether the woman’s partner was happy
about the pregnancy and whether the pregnancy was
intended—were significantly associated with preterm birth.
Including these two variables in the full model, however,
did not change the results presented in Table 3.

Discussion

Maternal and child health research has routinely considered
maternal, but rarely paternal, education as a risk factor for
many outcomes. The results presented here suggest that
paternal education may represent an important additional
marker of risk for preterm birth among childbearing women,
particularly among unmarried women. While the magnitude
of elevations in risk for preterm birth associated with lower
paternal educational attainment suggested by our findings
could be considered modest, the potential impact on birth
outcomes and health later in life at the population level is
substantial, given that nearly one in ten births is preterm and
that 80% of California babies had fathers who had not
completed college. Given the diversity of California’s pop-
ulation, and the fact that slightly more than 13% of U.S.
births occur in this state [21], the results of this study are
likely to be informative at a national level as well.

We were unable to examine maternal and paternal
wealth (because neither data source included information
on accumulated assets) or occupation (because of concerns
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Table 2 Two-variable models of the associations between paternal educational level and: maternal educational level (model 1), poverty status
(model 2), and maternal race/ethnicity (model 3), and the odds of preterm birth among California women in MIHA, 1999-2005 (n = 21,046)

Model 1 OR (95% CI) Model 2

OR (95% CI) Model 3 OR (95% CI)

Paternal education Paternal education
Completed college 1.00

1.24 (1.04, 1.48)
1.29 (1.09, 1.52)

1.25 (1.02, 1.53)

Completed college
Some college
High school

<High school

Some college
High school
<High school

Maternal education

Completed college 1.00 >400%
Some college 1.07 (0.91, 1.26) 300—-400%
High school 1.12 (0.94, 1.32) 200-300%
<High school 1.17 (0.96, 1.41) 100-200%
<100%

Poverty status (% FPL)

Paternal education
1.00 Completed college 1.00
1.23 (1.04, 1.45) 1.28 (1.09, 1.51)
1.25 (1.07, 1.46) 1.39 (1.21, 1.61)
1.18 (0.99, 1.42) 1.57 (1.33, 1.85)

Some college
High school
<High school
Race/ethnicity
1.00 White 1.00

1.00 (0.80, 1.25) 1.60 (1.39, 1.83)
1.07 (0.88, 1.29) 0.84 (0.73, 0.97)
1.09 (0.91, 1.30) 1.02 (0.89, 1.18)
1.27 (1.08, 1.51)

African-American
Latina—foreign-born
Latina—US-born

about the validity of birth certificate information [22]), and
also did not examine area-based measures of socioeco-
nomic factors. In addition, the available data on education,
which focused on educational attainment, did not include
information on the quality of education. Paternal education
may thus reflect important aspects of the mother’s social
and economic experiences and/or health-related behaviors
that are incompletely captured by measures of maternal
education, family income, or socioeconomically linked
demographic variables such as age, parity, and marital
status. This possibility is supported by the Whitehall
studies in the United Kingdom, which found that a
woman’s health behaviors corresponded more closely to
her husband’s social class than to her own [23]. In the
United States, a father’s socioeconomic information may
represent the couple’s social position more completely than
the mother’s, given the persistent gender gap in occupation
and income [24], even among college graduates [25]. As a
marker of relative social status, paternal education may
represent the father’s ability to contribute time, energy, and
resources to support the mother’s health before, during, and
after pregnancy.

Especially noteworthy was the attenuation of effects of
both maternal education and family income after control for
paternal education. While the relatively weak associations
of maternal education and family income with preterm birth
after adjustment for paternal education could reflect mul-
ticollinearity among variables included in the final model,
this explanation is unlikely. The three socioeconomic
variables used in this analysis are not highly correlated, as
noted above and in previously published studies of this
population [26]. In two-variable models with paternal
education and either maternal education or family income,
the effect of paternal education remained significantly
associated with preterm birth while the effects of maternal
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education and family income were greatly attenuated. Other
recognized risk factors, including older maternal age and
African-American race, remained associated with preterm
birth in our final multivariable model, increasing our con-
fidence that our findings represent real phenomena. Some
covariates included in the final multivariable model may
mediate the association between paternal education and
preterm birth, and the increased risk associated with low
levels of paternal education may therefore be conservative.
We can only speculate about the perhaps surprising finding
that paternal education effects were more pronounced
among unmarried women; one explanation could be that
paternal education represents the father’s contribution to
family income that may otherwise not be reflected for many
unmarried women.

Studies that use educational attainment as a key pre-
dictor often exclude individuals younger than 24 years of
age, assuming that these individuals have not had time to
complete college. When we reran the multivariable model
in Table 3 limiting the sample to mothers and fathers ages
24 or older, the point estimates differed by <5% while the
confidence intervals increased considerably; we thus elec-
ted not to exclude mothers from the sample based on either
maternal or paternal age. Also similar to previous studies
[27], women in MIHA with missing partner information on
birth certificates were at higher risk for adverse birth out-
comes than women with complete partner information; the
characteristics that put women with missing partner infor-
mation at higher risk should be investigated further. These
analyses excluded Asian-American and Native American/
American Indian women and those of “other” or unknown
racial or ethnic group, potentially limiting the generaliz-
ability of our findings to women in these groups. Linkage
with birth certificates provided data for key demographic
and outcome variables, which have generally demonstrated
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Table 3 Multivariate odds ratios for the odds of preterm birth among all women in MIHA, 1999-2005 (n = 21,046), unmarried women
(n = 8,196), and married women (n = 12,850)

Variable All women Unmarried women Married women
OR (95% CI) N OR (95% CI) N OR (95% CI)
Paternal education
Completed college 1.00 335 1.00 3,924 1.00
Some college 1.21 (1.01, 1.46) 945 1.46 (0.92, 2.31) 2,547 1.22 (1.00, 1.48)
High school 1.21 (1.01, 1.44) 2,772 1.83 (1.20, 2.78) 3,368 1.03 (0.83, 1.28)
<High school 1.26 (1.01, 1.58) 2,468 1.95 (1.23, 3.10) 2,697 1.05 (0.80, 1.37)
Missing education a 1,676 a 314 4
Poverty status
>400% 1.00 268 1.00 3,817 1.00
301-400% 1.03 (0.82, 1.29) 186 0.85 (0.45, 1.59) 1,193 1.08 (0.85, 1.38)
201-300% 1.06 (0.87, 1.30) 424 0.91 (0.53, 1.54) 1,533 1.14 (0.91, 1.42)
101-200% 1.04 (0.85, 1.27) 1,746 0.89 (0.56, 1.42) 2,593 1.13 (0.90, 1.43)
<100% 1.12 (0.91, 1.38) 4,692 0.95 (0.60, 1.52) 2,641 1.20 (0.91, 1.58)
Missing a 880 8 1,073 8
Maternal education
Completed college 1.00 449 1.00 4,187 1.00
Some college 1.01 (0.84, 1.20) 1,350 0.92 (0.62, 1.36) 2,704 1.04 (0.85, 1.27)
High school 1.03 (0.85, 1.24) 2,826 0.83 (0.57, 1.22) 3,006 1.18 (0.95, 1.47)
<High school 1.09 (0.88, 1.35) 3,377 0.90 (0.59, 1.36) 2,720 1.20 (0.91, 1.59)
Missing 4 194 # 233 #
Maternal race/ethnicity
White 1.00 1,641 1.00 6,116 1.00
African-American 1.43 (1.23, 1.66) 2,049 1.47 (1.17, 1.83) 1,177 1.39 (1.12, 1.73)
Latina—foreign-born 0.88 (0.76, 1.03) 2,699 0.88 (0.70, 1.12) 3,864 0.90 (0.73, 1.11)
Latina—US-born 1.02 (0.88, 1.18) 1,807 1.03 (0.82, 1.29) 1,693 1.01 (0.82, 1.24)
Marital status
Married/living as married 1.00 N/A N/A
Single 1.23 (1.10, 1.38) N/A N/A
Maternal age
25-34 1.00 2,757 1.00 7,533 1.00
15-19 1.00 (0.83, 1.19) 1,928 1.08 (0.85, 1.36) 404 1.08 (0.77, 1.52)
20-24 0.93 (0.82, 1.05) 2,824 1.02 (0.85, 1.23) 2,300 0.86 (0.72, 1.04)
35+ 1.29 (1.13, 1.48) 687 1.41 (1.08, 1.83) 2,613 1.28 (1.09, 1.50)
Parity
2-4 Births 1.00 3,890 1.00 7,986 1.00
1 Birth 1.31 (1.17, 1.46) 3,882 1.17 (0.98, 1.40) 4,317 1.43 (1.24, 1.65)
5+ Births 1.12 (0.90, 1.40) 424 1.03 (0.75, 1.42) 547 1.17 (0.86, 1.59)
Previous PTB
No 1.00 7,522 1.00 11,841 1.00
Yes 3.76 (3.30, 4.29) 674 4.47 (3.65, 5.46) 1,009 3.31 (2.77, 3.96)
Mother smoked during pregnancy
No 1.00 6,775 1.00 12,131 1.00
Yes 1.21 (1.05, 1.41) 1,421 1.38 (1.14, 1.66) 719 0.96 (0.72, 1.27)

* No odds ratios are presented for missing categories because missing values were imputed using multiple imputation by chained equations

good validity and reliability [28—-30]. While the accuracy of
gestational age information in birth certificate data has
been shown to be particularly problematic for preterm

births before 32 weeks [31], the fact that MIHA replaces
improbable gestational ages with imputed values based on
birth weight and sex reduces the likelihood of bias due to
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misclassification of preterm birth according to paternal or
maternal education or other key variables in this study.

Despite its limitations, our study is unique because of the
breadth of socioeconomic and demographic measures
included in the analyses; earlier studies have typically
lacked information on at least one of the key socioeconomic
variables—paternal education, maternal education, or
family income—included here. While previous studies have
also been limited by their handling of missing data, the
present analysis uses multiple imputation, a technique that
reduces the biases introduced by other simpler methods for
handling missing data, such as complete case analysis,
overall mean imputation, and the indicator method [19, 32,
33]. Multiple imputation cannot fully eliminate the poten-
tial for bias related to the distribution of missing values, but
it is an improvement upon techniques that either exclude
missing values completely or replace missing values with
overall averages or indicator values.

Previous research on socioeconomic disparities in birth
outcomes has focused almost exclusively on maternal
characteristics. Recent methodological work, however,
suggests the importance of generally measuring a wider
range of social factors in health research [12]. The role of
fathers has recently received increased attention in social
science and biomedical research [34] and in public health
strategies to reduce racial/ethnic and socioeconomic dis-
parities in maternal and child health outcomes [35, 36], and
it is biologically plausible that paternal factors could affect
birth outcomes through a range of pathways involving
material and psychosocial resources as well as stress. While
the findings presented here do not establish a causal role for
paternal factors in adverse birth outcomes, they do indicate
the need to widen the scope of social factors considered in
future research to include information on a range of paternal
as well as maternal socioeconomic factors. Clarifying the
role of these factors may lead to better understanding of the
underlying causes of disparities in birth outcomes and pro-
vide new direction for interventions to eliminate those dis-
parities, a major U.S. public health initiative for the past
decade [37].
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