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Abstract
Objective Growing evidence suggests that maternal socioeconomic mobility (SM) is associated with pregnancy outcomes. 
Our study investigated the association between maternal SM from childhood to adulthood and the risk of preterm delivery 
(PTD), and examined heterogeneity of associations by race/ethnicity. Methods In this study, 3019 pregnant women enrolled 
from 5 Michigan communities at 16–27 weeks’ gestation (1998–2004) provided their parents’ socioeconomic position (SEP) 
indicators (education, occupation, receipt of public assistance) and their own and child’s father’s SEP indicators (education, 
occupation, Medicaid status, and household income) at the time of enrollment. Latent class analysis was used to identify 
latent classes of childhood SEP indicators, adulthood SEP indicators, and SM from childhood to adulthood, respectively. A 
model-based approach to latent class analysis with distal outcome assessed relations between latent class and PTD, overall 
and within race/ethnicity groups. Results Three latent classes (low, middle, high) were identified for childhood SEP indica-
tors and adulthood SEP indicators, respectively; while four latent classes (static low, upward, downward, and static high) 
best described SM. Women with upward SM had decreased odds of PTD (Odds ratio = 0.60, 95% confidence interval: 0.42, 
0.87), compared to those with static low SEP. This SM advantage was true for all women and most pronounced in white/
others women. Conclusions Maternal experiences of upward SM may be important considerations when assessing PTD 
risk. Our results support the argument that policies and programs aimed at improving women’s SEP could lower PTD rates.

Keywords Latent class analysis · Preterm delivery · Socioeconomic mobility · Race/ethnicity

Significance

Previous studies on socioeconomic mobility (SM) and preg-
nancy outcomes used predominately ecological measures of 
SM. Our study found that maternal upward SM was associ-
ated with decreased risk of preterm delivery (PTD), and is 
novel in several ways: (1) it includes in-depth, individual-
level and ecological data to measure SM and a latent class 
analysis with distal outcome PTD; (2) the sample is large 
for this type of in-depth data and is racially and socioeco-
nomically diverse; and (3) our community-based cohort 

was sampled from 52 prenatal care clinics, thereby avoid-
ing biases seen in samples from select inner-city clinics and 
academic/teaching hospitals.

Introduction

Preterm delivery (PTD, delivery less than 37 completed 
weeks of gestation) is a leading cause of perinatal mortality 
and morbidity (Blencowe et al. 2013). The disparities in 
PTD rates between population subgroups defined by race/
ethnicity and socioeconomic status are striking (Blumen-
shine et al. 2010). Previous studies have shown that maternal 
disadvantaged socioeconomic position (SEP) in adulthood is 
associated with higher PTD risk (Blumenshine et al. 2010; 
Morgen et al. 2008; Auger et al. 2009; Blumenshine et al. 
2011; Hvas Mortensen et al. 2011; Matijasevich et al. 2010; 
Whitehead 2012; Joseph et al. 2014; Shankardass et al. 
2014). Measures of SEP have included occupation, educa-
tion and household income, and the relationship with PTD 
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often varied by race/ethnicity (Blumenshine et al. 2010). 
Few studies have examined mother’s childhood SEP and 
pregnancy outcomes, though there is evidence that SEP in 
childhood has a significant effect on adult health (Cohen 
et al. 2010). A Brazilian intergenerational study observed 
that maternal childhood poverty, measured by family 
income, was strongly associated with shorter gestation 
(Gigante et al. 2015).

Socioeconomic mobility (SM) has been studied in rela-
tion to low birthweight (Basso et al. 1997; Spencer 2004; 
Colen et al. 2006; Astone et al. 2007; Love et al. 2010; Osy-
puk et al. 2016), small for gestational age (Love et al. 2010; 
Osypuk et al. 2016; Slaughter-Acey et al. 2016), and new-
born body composition (Sletner et al. 2014). In our review 
of the literature, however, we found fewer studies examining 
SM and PTD (Love et al. 2010; Collins et al. 2006, 2011, 
2015; Kramer et al. 2013). Collins et al. (2011) found that 
upward SM from an impoverished childhood was related to 
a decreased risk of PTD among African Americans. Women 
who experienced low, modest, or high upward SM had lower 
PTD rates of 16.0, 15.2, and 12.4%, respectively, than those 
with lifelong lower class status; rate ratio (RR) and 95% con-
fidence interval (CI) = 0.9 (0.8, 0.9), 0.8 (0.7, 0.9), 0.7 (0.6, 
0.8), respectively. In contrast, downward SM was linked to 
an elevated risk of PTD among white urban women (Col-
lins et al. 2015). Those who experienced slight, moderate, 
or extreme downward SM had a higher risk of PTD rates 
than women with lifelong upper class status, with RR and 
95% CI of 1.2 (1.0, 4.0), 1.6 (1.3, 1.9), and 1.9 (1.3, 2.6), 
respectively. However, these studies measured SM based on 
neighborhood census tract median family income rather than 
individual or household data.

Three conceptual models have been proposed to explain 
how disadvantaged life course SEP affects health later in 
life and they may not be mutually exclusive (Kendzor et al. 
2012). One model focuses on critical developmental periods 
(e.g. childhood) when SEP may exert its strongest effect on 
later health. Another model views “accumulation” of socio-
economic disadvantage (intensity and duration) as posing 
the greatest health risk. A third model considers SEP tra-
jectories, i.e. SM; it hypothesizes that upward SM remedi-
ates the negative effects of earlier socioeconomic disadvan-
tage, while downward SM may result in poorer adult health 
despite relative socioeconomic advantages at earlier stages 
(Cohen et al. 2010; Kendzor et al. 2012). In all these models, 
determining the temporal order of SEP and health can be 
challenging.

The main objective of this study is to investigate associa-
tions between maternal SM from childhood to adulthood 
and risk of PTD in a Michigan, community-based cohort 
study that is racially and socioeconomically diverse. The 
availability of in-depth, individual-level data provides a 
unique opportunity to study SM. Based on the model of 

SEP trajectories, we hypothesize that: (1) women with low 
childhood SEP and low adulthood SEP will be at greatest 
risk of PTD; and (2) upward SM from childhood to adult-
hood will lower women’s risk of PTD. Because other stud-
ies reported that the relation of SEP (or SM) with PTD risk 
varied by maternal race/ethnicity (Blumenshine et al. 2010; 
Collins et al. 2011, 2015), we also examine evidence for this 
effect modification.

Methods

Study Population

This study included 3019 pregnant women enrolled at 16–27 
weeks’ gestation in the prospective pregnancy outcomes 
and community health (POUCH) study (1998–2004) from 
five Michigan communities. Eligibility criteria included: 
English-speaking, age > 14 years, singleton pregnancy with 
no known congenital anomalies, no pre-existing diabetes, 
and prenatal maternal serum alpha-fetoprotein screening at 
16–22 weeks’ gestation. The detailed study protocol can be 
found elsewhere (Holzman et al. 2001). The POUCH study 
received institutional review board approval from Michigan 
State University and all nine participating delivery hospitals.

At enrollment women provided informed written con-
sent. Each woman met with a study nurse for a structured 
in-person interview and completed a self-administered 
questionnaire which collected information regarding demo-
graphics, lifestyle, psychosocial factors, medical history and 
health status. Pregnancy outcome data were abstracted from 
medical records. Self-reported maternal race/ethnicity was 
dichotomized as white/others or black. The numbers of “oth-
ers” race/ethnicity were small and their PTD rates were simi-
lar to that of whites, therefore these groups were combined.

Measures

Childhood SEP and Adulthood SEP

Childhood SEP measures included a woman’s self-report 
of her parents’ socioeconomic indicators during her child-
hood, i.e. maternal mother’s and father’s highest level of 
education, maternal mother’s and father’s usual occupation, 
and receipt of public assistance by the family. Adulthood 
SEP measures included maternal socioeconomic indicators 
at enrollment, i.e. maternal and child’s father’s highest level 
of education, maternal and child’s father’s usual occupation, 
Medicaid Insurance status, and maternal annual household 
income. In separate models, a maternal neighborhood depri-
vation index (NDI) also was included in adulthood SEP. The 
NDI was calculated using information from the 1986 Census 
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and followed a previously validated approach (Messer et al. 
2006). NDI was dichotomized at the medium of the study 
population.

Maternal SM

SM was measured by using mother’s childhood and adult-
hood SEP indicators modeled as binary variables, i.e. educa-
tion (≤ high school, > high school); usual occupation status 
based on US Census Bureau’s 1990 Occupational Classifica-
tion System (“low” = service/blue collar, unemployed, and 
unknown; “high” = professional, manager, technical, cleri-
cal/sales, homemaker, military, retired, and student); public 
assistance (yes/no); Medicaid Insurance (yes/no); maternal 
household income (< $50,000 and ≥ $50,000). “Unknown” 
paternal occupation was assigned as “low” occupation status 
because it correlated with other low SEP indicators (Slaugh-
ter-Acey et al. 2016).

Preterm Delivery

Gestational age at delivery was estimated using date of last 
menstrual period unless this estimate disagreed with early 
ultrasound (< 25 weeks’ gestation) dating by two or more 
weeks, in which case ultrasound dating was given prefer-
ence. PTD was defined as deliveries less than 37 completed 
weeks’ gestation.

Statistical Analysis

Initially we assessed maternal characteristics and SEP indi-
cators overall and stratified by delivery timing (term/pre-
term), and tested for differences in proportions using Chi 
square tests. We used latent class analysis (LCA) to identify 
and describe distinct classes of childhood SEP indicators and 
adulthood SEP indicators and SM from childhood to adult-
hood. LCA classifies individuals with similar SEP character-
istics into groups based on conditional probabilities (Collins 
and Lanza 2010). SM was defined by LCA according to 
a multidimensional set of SEP indicators from childhood 
to adulthood. We determined the optimal number of LCA 
classes by: (1) visualizing the plot of log-likelihoods of spec-
ified models across numbers of classes and eliminating mod-
els where the log-likelihoods no longer showed a substantial 
improvement in model fit (Nylund et al. 2007); (2) using the 
Bayesian Information Criterion (BIC), with a smaller BIC 
value indicating a better-fitted model (Schwarz 1978); (3) 
evaluating the entropy, an indicator for class separation and 
precision, that measures how well an individual fits into a 
specific class with values closer to 1 representing better fit 
(Ramaswamy et al. 1993); and (4) considering the size of the 
latent classes, uniqueness of classes, and meaningful inter-
pretation of the pattern of response probabilities for each 

class. As a next step, we used the model-based approach to 
LCA with distal outcome to assess relations between expo-
sure variables (i.e. childhood SEP, adulthood SEP, SM) and 
PTD (Lanza et al. 2013). Once the optimal number of classes 
was determined, LCA with distal outcomes was applied to 
allow the latent class membership to predict the risk of PTD.

Race/ethnicity was included as a grouping variable in 
LCA models to investigate associations among SEP, SM 
and risk of PTD within race/ethnic groups (white/others, 
black). Because SEP indicators may have different ranges 
and occur in different contexts across race/ethnic groups, we 
computed group-specific LCA following the same methodol-
ogy described above. In a latter set of models we added NDI 
to adulthood SEP to examine its contribution to identifying 
SEP associations with PTD risk.

All statistical analyses were conducted using PROC LCA 
and its corresponding distal outcome macro in SAS 9.4 (Sta-
tistical Analysis Software, Cary, NC) (Lanza et al. 2015; 
Dziak et al. 2016). Proc LCA program uses full information 
maximum likelihood estimation to deal with missing data 
in the SEP indicators.

Results

Sample Characteristics

In the total sample of 3019 women, 11.1% of pregnancies 
ended in PTD and about one-fourth of women were black 
(Table 1). For the childhood SEP indictors, about 60% of 
grandmothers and 55% of grandfathers did not graduate 
from high school. Approximately 32% of grandmothers 
and 71% of grandfathers had a low-level occupation. About 
one-third of families received public assistance during the 
mother’s childhood period. For adulthood SEP indicators, 
47% of mothers and 55% of fathers did not graduate from 
high school; 39% of mothers and 65% of fathers had a low-
level occupation; 48% of pregnant women were insured by 
Medicaid; and 66% of families had an annual income of 
<$50,000. In bivariate analyses, increased risk of PTD was 
associated with two childhood SEP indicators, i.e., grand-
mother’s low-level occupation and family history of public 
assistance; and with all adulthood indicators of lower SEP, 
except NDI.

Latent Class Profile

In the LCA of childhood SEP, a three-class solution was 
considered optimal according to criteria described in our 
statistical Methods section (Table 2). The subgroups char-
acterized by particular SEP indicators were interpreted and 
labelled according to the parameter estimates. Table 3 shows 
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Table 1  Maternal characteristics 
and socioeconomic position 
indicators (n = 3019), Pregnancy 
Outcomes and Community 
Health Study, Michigan, 
1998–2004

SEP socioeconomic position
a P value for Chi square test between term and preterm groups
b Low occupation status includes service/blue collar, unemployed, and unknown; high occupation status 
includes professional, manager, technical, clerical/sales, homemaker, and other (military, retired, student)

Overall (n = 3019) Preterm (n = 335) Term (n = 2684) P  valuea

No. % No. % No. %

Race/ethnicity 0.0002
 White/others 2276 75.4 225 67.2 2051 76.4
 Black 743 24.6 110 32.8 633 23.6

Childhood SEP
 Grandmother’s education 0.55

  Missing 128 4.2 19 5.7 109 4.1
  ≤ High  school 1810 60.0 193 57.6 1617 60.3
  > High  school 1081 35.8 123 36.7 958 35.7

 Grandfather’s education 0.20
  Missing 477 15.8 62 18.5 415 15.5
  ≤ High school 1662 55.1 188 56.1 1474 54.9
  > High school 880 29.2 85 25.4 795 29.6

 Grandmother’s usual  occupationb 0.03
  Low occupational status 959 31.8 124 37.0 835 31.1
  High occupation status 2060 68.2 211 63.0 1849 68.9

 Grandfather’s usual  occupationb 0.25
  Low occupational status 2145 71.1 247 73.7 1898 70.7
  High occupation status 874 29.0 88 26.3 786 29.3

 Family history of public assistance 0.03
  Missing 112 3.7 11 3.3 101 3.8
  Yes 1081 35.8 138 41.2 943 35.1
  No 1826 60.5 186 55.5 1640 61.1

Adulthood SEP
 Maternal education 0.03

  ≤ High school 1406 46.6 175 52.2 1231 45.9
  > High school 1613 53.4 160 47.8 1453 54.1

 Father’s education 0.04
  Missing 138 4.6 18 5.4 120 4.5
  ≤ High school 1655 54.8 199 59.4 1456 54.3
  > High school 1226 40.6 118 35.2 1108 41.3

 Maternal usual  occupationb 0.02
  Low occupational status 1180 39.1 151 45.1 1029 38.3
  High occupation status 1839 60.9 184 54.9 1655 61.7

 Father’s usual  occupationb 0.0004
  Low occupational status 1952 64.7 246 73.4 1706 63.6
  High occupation status 1067 35.3 89 26.6 978 36.4

 Mother’s Medicaid insured 0.002
  Missing 3 0.1 1 0.3 2 0.1
  Yes 1454 48.2 188 56.1 1266 47.2
  No 1562 51.7 146 43.6 1416 52.8

 Annual household income 0.01
  Missing 92 3.1 9 2.7 83 3.1
  < $50,000 2005 66.4 243 72.5 1762 65.6
  ≥ $50,000 922 30.5 83 24.8 839 31.3

 Neighborhood deprivation index 0.09
  Missing 5 0.2 0 0.0 5 0.2
  ≥ Medium 1506 49.9 182 54.3 1324 49.3
  < Medium 1508 50.0 153 45.7 1355 50.5
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the latent class prevalence and item-response probability. 
Latent class prevalence is the proportion of individuals who 
have a similar SEP or SM pattern. Item-response probability 
indicates the probability of having the particular SEP indica-
tor given the latent class membership. For childhood SEP 
Class 1, “low group”, (38% of women) grandmothers and 
grandfathers were less likely to graduate from high school 
(17 and 11%, respectively), to have a high-level occupation 
(23 and 11%, respectively), or to avoid public assistance 
during the mother’s childhood (43%) (Table 3). The prob-
abilities of positive childhood SEP indicators improved in 
childhood SEP Class 2, “middle group”, (38% of women) 
with the exception of grandfathers’ education (11%) and 
occupation (17%). Childhood SEP Class 3, “high group”, 
(24% of women) showed high probabilities of all positive 
SEP indicators.

For adulthood SEP, a four-class model had the lowest 
BIC, however there was minimal improvement when mov-
ing from a three-class to four-class model, compared to the 
substantial log-likelihoods difference from a two-class to a 
three-class model. In addition, the entropy for the four-class 
model was smaller than that for the three-class model, indi-
cating poor latent class separation for the four-class model 
(Ramaswamy et al. 1993). Based on additional considera-
tions of class prevalence and interpretability we chose the 
three-class model for adulthood SEP (Table 2). Adulthood 
SEP Class 1, “low group”, (51% of women) mothers and 

fathers were less likely to graduate from high school (22 
and 15%, respectively), to have a high-level occupation (40 
and 16%, respectively), to have medical insurance other 
than Medicaid (15%), or to a family income ≥ $50,000 (4%) 
(Table 3). The probabilities of SEP indicators in adulthood 
SEP Class 2, “middle group”, (18% of women) varied; for 
example, fathers in this group had low probabilities of hav-
ing a high-level education (19%) and occupation (23%) but 
women were more likely to have high-level occupations 
(73%) and medical insurance other than Medicaid (94%). 
About half of the families had an annual household income 
exceeding $50,000 (54%). In adulthood SEP Class 3, “high 
group”, (31% of women), all probabilities of positive SEP 
indicators were increased; about 64% of these families had 
annual household incomes exceeding $50,000.

We used both childhood and adulthood SEP indicators 
for the SM LCA. The BIC values decreased with increasing 
number of classes. After reviewing the plot of log-likeli-
hoods of similarly specified models with different classes, 
improvements in model fit, size of the classes, and inter-
pretability we chose the four-class solution for modeling 
SM from childhood to adulthood (Table 2). In SM from 
childhood to adulthood, Class 1, “static low group”, (45% 
women) women had low-level childhood SEP and low-level 
adulthood SEP indicators (Table 3). SM Class 2, “upwardly 
mobile group”, (24% of women) showed some improvement 
in two childhood indicators, i.e. probabilities of grandmother 
with high-level occupation (75%) and avoiding public assis-
tance (81%), and higher probabilities in all positive adult-
hood SEP indicators. SM Class 3, “downwardly mobile 
group”, (16% of women) tended to have high-level child-
hood SEP and moderate to low-level adulthood SEP. In this 
group the fathers’ education and occupation were unlikely to 
be high-level (39 and 27%, respectively) and the probability 
of household income > $50,000 was low (15%). SM Class 
4, “static high group”, (15% of women) had high-level SEP 
indicators throughout childhood and adulthood.

Latent class models also were examined for white/oth-
ers women and black women separately using the method-
ology described above. For each race/ethnic group, based 
on fit indices and interpretability, we chose a three-class 
model for childhood SEP and adulthood SEP indicators 
and a four-class model for SM. The race/ethnicity-specific 
item-response probabilities for each indicator conditional 
on latent class membership are presented in Table 3. For 
the childhood SEP, the class percentages for white/others 
and black women, respectively, were: low group 24, 78%; 
middle group 46, 13%; and high group 30, 9%. For the adult-
hood SEP, the class percentages for white/others and black 
women, respectively, were: low group 44, 48%; middle 
group 19, 31%; and high group 37, 21%. For SM, the class 
percentages for white/others and black women, respectively, 
were: static low 38% (n = 855), 57% (n = 424); upwardly 

Table 2  Fit statistics for latent class analysis (n = 3019), Pregnancy 
Outcomes and Community Health Study, Michigan, 1998–2004

SEP socioeconomic position, SM socioeconomic mobility

Class Log-likelihood Bayesian informa-
tion criterion

Entropy

Childhood SEP
 2 −8431.3 244.6 0.74
 3 −8380.5 191.2 0.70
 4 −8366.2 210.7 0.82
 5 −8365.0 256.4 0.81

Adulthood SEP
 2 −10102.4 609.1 0.81
 3 −9978.9 418.3 0.78
 4 −9896.7 309.9 0.72
 5 −9876.6 325.8 0.74
 6 −9869.4 367.6 0.74

SM: childhood SEP and adulthood SEP
 2 −18443.8 3160.4 0.84
 3 −18134.1 2637.1 0.80
 4 −17938.8 2342.7 0.76
 5 −17869.5 2300.2 0.74
 6 −17803.0 2263.3 0.73
 7 −17758.2 2269.8 0.69
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mobile 28% (n = 639), 15% (n = 114); downwardly mobile; 
16% (n = 365), 21% (n = 152); and static high 18% (n = 418), 
7% (n = 54).

LCA with Distal Outcome: PTD

Overall, the frequency of PTD in the low, middle, and high 
childhood SEP groups was 13.24, 9.57, 10.07%, respec-
tively. The frequency of PTD in the low, middle, and 

Table 3  Estimated item-response probabilities of the socioeconomic position indicators conditional on latent class membership with distal out-
come preterm delivery overall and by race/ethnicity (n = 3019), Pregnancy Outcomes and Community Health Study, Michigan, 1998–2004

DM downwardly mobility, SEP socioeconomic position, SH stable high, SL stable low, SM socioeconomic mobility, UM upwardly mobility

Latent class

Overall (n = 3019) White/others (n = 2276) Black (n = 743)

Low Middle High Low Middle High Low Middle High

Childhood SEP  No. 1159 1130 730 538 1059 679 579 97 67
Latent class member-

ship probabilities
0.38 0.38 0.24 0.24 0.46 0.30 0.78 0.13 0.09

Indicator % Item-response probabilities

Grandmother’s education: > high school 0.36 0.17 0.34 0.74 0.11 0.27 0.72 0.22 0.87 0.93
Grandfather’s education: > high school 0.29 0.11 0.11 0.97 0.08 0.13 0.94 0.13 0.01 0.98
Grandmother’s occupation: high 0.68 0.23 0.98 0.93 0.09 0.93 0.94 0.41 0.97 0.82
Grandfather’s occupation: high 0.29 0.11 0.17 0.76 0.11 0.16 0.77 0.11 0.12 0.64
Family history of public assistance: no 0.60 0.43 0.67 0.89 0.47 0.72 0.90 0.30 0.50 0.69
Adulthood SEP  No. 1554 529 936 1000 443 833 359 226 158
Latent class membership probabilities 0.51 0.18 0.31 0.44 0.19 0.37 0.48 0.31 0.21
Mother’s education: > high school 0.53 0.22 0.68 0.97 0.25 0.70 0.97 0.12 0.26 0.90
Father’s education: > high school 0.41 0.15 0.19 0.99 0.17 0.21 0.99 0.09 0.09 0.70
Mother’s occupation: high 0.61 0.40 0.73 0.89 0.39 0.76 0.90 0.09 0.94 0.77
Father’s occupation: high 0.35 0.16 0.23 0.74 0.18 0.23 0.76 0.13 0.12 0.50
Mother’s medicaid status: no 0.52 0.15 0.94 0.89 0.22 0.98 0.91 0.09 0.07 0.61
Annual household income: ≥ $50,000 0.31 0.04 0.54 0.64 0.06 0.58 0.66 0.004 0.03 0.35

Overall (n = 3019) White/others (n = 2276) Black (n = 743)

SL UM DM SH SL UM DM SH SL UM DM SH

SM: childhood 
SEP and adult-
hood SEP

 No. 1372 715 475 456 855 639 365 418 424 114 152 54

Latent class 
membership 
probabilities

0.45 0.24 0.16 0.15 0.38 0.28 0.16 0.18 0.57 0.15 0.21 0.07

Indicator % Item-response probabilities

Grandmother’s education: > high school 0.36 0.20 0.24 0.67 0.76 0.15 0.23 0.66 0.76 0.20 0.44 0.59 0.89
Grandfather’s education: > high school 0.29 0.07 0.15 0.64 0.95 0.06 0.16 0.72 0.95 0.08 0.00 0.39 0.87
Grandmother’s occupation: high 0.68 0.49 0.75 0.86 0.97 0.52 0.77 0.91 0.97 0.45 0.60 0.52 0.89
Grandfather’s occupation: high 0.29 0.09 0.18 0.51 0.82 0.10 0.19 0.57 0.82 0.08 0.15 0.21 0.67
Family history of public assistance: no 0.60 0.40 0.81 0.70 0.96 0.49 0.83 0.75 0.97 0.24 0.47 0.52 0.68
Mother’s education: > high school 0.53 0.16 0.86 0.68 1.00 0.17 0.89 0.67 1.00 0.08 0.79 0.45 1.00
Father’s education: > high school 0.41 0.11 0.69 0.39 0.93 0.12 0.71 0.37 0.94 0.08 0.57 0.08 0.91
Mother’s occupation: high 0.61 0.39 0.85 0.55 0.94 0.40 0.86 0.52 0.95 0.36 0.78 0.53 0.83
Father’s occupation: high 0.35 0.15 0.52 0.27 0.80 0.16 0.53 0.27 0.82 0.14 0.56 0.00 0.55
Mother’s medicaid status: no 0.52 0.18 0.93 0.44 0.97 0.27 0.94 0.50 0.97 0.03 0.45 0.30 0.71
Annual household income: ≥ $50,000 0.31 0.05 0.65 0.15 0.73 0.09 0.65 0.19 0.74 0.00 0.25 0.06 0.46
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high adulthood SEP groups was 12.91, 10.34, and 8.51%, 
respectively. In comparisons with their respective high SEP 
groups, women in the low SEP groups were more likely to 
deliver preterm: low childhood SEP group PTD odds ratio 
(OR) 1.36, (95% CI 0.98, 1.90); and low adulthood PTD 
OR 1.59, (95% CI 1.18, 2.15) (Table 4). PTD occurred in 
8.34% of women who had upward SM and 11.62% of women 
who had downward SM. Women in the upward SM group 
had a decreased odds of PTD (OR 0.60, 95% CI 0.42, 0.87) 
compared to women in the static low SM group. The odds 
of PTD among women with downward SM was higher (OR 
1.36, 95% CI 0.80, 2.30) than that of women with static 
high SM, however, the association was not statistically 
significant.

In a separate set of analyses we used race/ethnic-specific 
LCA models. Among the white/others women, low child-
hood SEP and low adulthood SEP were associated with 
increased odds of PTD in comparisons with their respective 
high SEP groups, PTD ORs 1.21, (95% CI 0.98, 1.90) and 
1.44 (95% CI 1.02, 2.04). Women who experienced upward 
SM had a lower odds of PTD, OR 0.66, (95% CI 0.43, 1.00) 
when compared to those in the static low SM group. Among 
black women, PTD odds were greater in the low childhood 
SEP and low adulthood SEP groups compared to their 
respective high SEP groups, however, the small samples 
sizes for each SEP class resulted in more limited statistical 
power and no statistically significant associations.

We incorporated NDI in the adulthood SEP to examine 
its added effect on SEP associations with PTD. Table 5 in 
Appendix 1 summaries the LCA model fit statistics. In con-
sideration of a combination of fit statistics and interpretabil-
ity, we selected a three-class model for adulthood SEP with 

NDI and a four-class model for SM that included childhood 
SEP and adulthood SEP with NDI. The item-response prob-
abilities for each SEP indicator conditional on latent class 
membership of adulthood SEP with NDI and SM are shown 
in Table 6 in Appendix 2. The latent class profiles were 
similar to those in adulthood SEP without NDI. When we 
assessed the associations between latent class membership 
and PTD (Table 7 in Appendix 3), NDI did not substantially 
change our original findings.

Discussion

Using a latent class approach with relevant indicators, we 
identified constructs of pregnant women’s childhood SEP, 
adulthood SEP, and SM from childhood to adulthood in 
association with risk of PTD. We found that women with 
low childhood SEP and low adulthood SEP were at greatest 
risk of PTD; and pregnant women who experienced upward 
SM had a lower likelihood of delivering preterm than those 
who had static low SEP. This SM advantage was true for all 
women and most pronounced in white/others women.

Our findings are consistent with Slaughter-Acey et al.’s 
analysis of POUCH Study data showing decreased risk of 
delivering a small-for-gestational-age infant among pregnant 
women with upward SM (Slaughter-Acey et al. 2016). In 
another study of African-American pregnant women, Collins 
et al. reported that upward SM was related to a decreased 
risk of PTD (Collins et al. 2011). The previous studies have 
typically measured SEP at a single time point, and used a 
single indicator, e.g. education, occupation or family income 
(Auger et al. 2009; Blumenshine et al. 2011; Joseph et al. 

Table 4  Odds ratios of preterm 
delivery conditional on latent 
class membership (n = 3019), 
Pregnancy Outcomes and 
Community Health Study, 
Michigan, 1998–2004

CI confidence interval, OR odds ratio, SEP socioeconomic position, SM socioeconomic mobility
*P < 0.05

Overall White/others Black

OR 95% CI OR 95% CI OR 95% CI

Childhood SEP
 Low 1.36 0.98, 1.90 1.21 0.79, 1.86 1.48 0.53, 4.14
 Middle 0.95 0.62, 1.45 0.84 0.56, 1.26 1.18 0.28, 5.07
 High (referent) 1.00 1.00 1.00

Adulthood SEP
 Low 1.59* 1.18, 2.15 1.44* 1.02, 2.04 1.44 0.78, 2.68
 Middle 1.24 0.78, 1.98 1.29 0.77, 2.17 0.67 0.24, 1.89
 High (referent) 1.00 1.00 1.00

SM: childhood SEP and adulthood SEP
 Static low (referent) 1.00 1.00 1.00
 Upwardly mobile 0.60* 0.42, 0.87 0.66* 0.43, 1.00 1.03 0.51, 2.07
 Downwardly mobile 1.36 0.80, 2.30 1.45 0.83, 2.56 1.65 0.46, 5.93
 Static high (referent) 1.00 1.00 1.00
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2014; Gigante et al. 2015). However, the multidimensional 
nature of SEP and the complexity of SEP transition from one 
time point to another suggest that SEP and SM cannot be 
measured completely with one indicator. In pregnancy out-
comes studies, methods for combining multiple SEP indica-
tors and for measuring SM from childhood to adulthood vary 
(Gigante et al. 2015; Slaughter-Acey et al. 2016). A novel 
contribution of our study is that we used a LCA approach 
for measuring SM in a dataset with individual-level data of 
maternal childhood and adulthood SEP indicators.

We also observed that disadvantaged SEP at adulthood 
was associated with a greater likelihood of PTD, a finding 
that is echoed across many previous studies (Morgen et al. 
2008; Blumenshine et al. 2011; Matijasevich et al. 2010; 
Whitehead 2012; Joseph et al. 2014). In a systematic review 
of 106 studies from 1999 to 2007, Blumenshine et al. (2010) 
suggested that disadvantaged SEP was consistently linked to 
greater risk of adverse birth outcomes and observed racial/
ethnic heterogeneity in the effect of SEP measures (Blumen-
shine et al. 2010). The inverse associations between mater-
nal education and adverse birth outcomes were significant 
among non-Hispanic white pregnant women. Shankardass 
et al. (2014) found that the risk of spontaneous PTD was 
elevated across all the indicators of lower SEP, and women 
living in neighborhoods with higher NDI had greater risks 
of medically indicated and spontaneous PTD (Shankardass 
et al. 2014). In our study, the addition of NDI to the model 
did not substantively change the adulthood SEP relation to 
PTD risk.

Our findings support the hypothesis that improving 
women’s SEP from childhood to adulthood may improve 
pregnancy outcomes. According to the cumulative pathway 
life-course model, upward SM might decrease the accumula-
tion of adverse exposures that create “wear and tear” to the 
body (allostatic load) (McEwen 1998), and thereby create 
a more optimal in-utero environment for the growing fetus 
(Slaughter-Acey et al. 2016). Pregnant women who experi-
ence upward SM may have: (1) greater access to high-quality 
food, reliable housing, a safe living environment, and high-
quality health care; (2) more support for healthy lifestyle 
choices (diet, physical activity, no smoking, no alcohol use, 
etc.); and (3) greater opportunity for psychological health 
(less stress, more social integration, etc.). The benefit of SM 
also implies that the childhood environment (SEP) is not 
deterministic for women’s future risk of PTD. In our data, 
the adulthood SEP had the strongest association with PTD 
risk.

Some studies of SEP and pregnancy outcomes use logis-
tic regression models with multiple SEP measures, often 
hoping to identify the most salient indicators. However, SEP 
indicators are highly correlated and SEP can be thought of 
as a latent construct. By using LCA, a more comprehensive 
strategy, we can better capture the latent constructs of SEP 

and SM. To our knowledge, this study is the first to use 
the model-based approach to LCA with distal outcome to 
elucidate complex relationships between SM and the risk 
of PTD among pregnant women in the United States. Typi-
cally, traditional classify-analyze strategies have been used 
to predict a distal outcome from latent class membership. 
In the first classification step, individuals were assigned to 
latent classes based on probabilities. In a second analysis 
step, the latent class membership was treated as observed 
and used to predict the distal outcome. From these strategies 
the results are biased to the extent that there is classification 
error. However, this model-based approach models measure-
ment error and produces less biased estimates for the prob-
ability of PTD conditional on latent class membership (Col-
lins and Lanza 2010). Moreover, use of the full-information 
expectation–maximization algorithm in LCA may include 
all participants who responded to at least one indicator of 
SEP (Collins and Lanza 2010). Most previous studies exam-
ining the impact of SM on pregnancy outcomes used a single 
SEP indicator to measure SM (Love et al. 2010; Collins et al. 
2006, 2011, 2015; Kramer et al. 2013). Our study used mul-
tiple SEP indicators for childhood SEP and adulthood SEP 
measures, which may minimize misclassification bias. In 
addition, this study enrolled pregnant women with diverse 
SEP, which allowed us to observe a wider range of SM.

An important limitation in most SM research pertains 
to the inferences. When we study individuals we don’t ran-
domly assign SM, therefore it is difficult to disentangle the 
extrinsic benefits of an improved socioeconomic environ-
ment from the unique attributes of individuals who are able 
to climb the SEP ladder (self-selection). In addition, our 
study had other limitations that should be noted. All SEP 
indicators were self-reported and recall bias cannot be ruled 
out, but the recall bias should apply equally to those with 
and without PTD because reporting occurred mid-preg-
nancy, well before delivery. Few black women experienced 
SM in this study, making it difficult to calculate accurate 
race/ethnicity-specific estimates of the SM-PTD associa-
tion in this group. Our software and modeling strategy, i.e. 
model-based approach to LCA with distal outcome, could 
not accommodate adjustment for other covariates (potential 
confounders); this leaves open the possibility of unmeasured 
confounding. While we stratified on race/ethnicity, we con-
sidered maternal age, parity, and pre-pregnancy body mass 
index as important covariates. In sensitivity analyses we 
also looked to see whether our results would vary by these 
covariates. The analyses results suggested that our findings 
were robust even after the stratification. We cannot be sure if 
the relationships between SEP, SM and PTD observed in this 
study would apply to women in other countries, or cohorts 
embedded in different historical periods.

In summary, our study suggests that policies or programs 
to reduce socioeconomic inequalities may play an important 
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role in decreasing adverse pregnancy outcomes such as PTD. 
Upward SM among pregnant women was associated with 
decreased risk of PTD. This relationship was most evident 
among white/others women in our study. Further research 
is needed to understand the specific elements accompanying 
SM that are protective for PTD and the best strategies for 
increasing SM among all race/ethnic groups.
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Appendix 1

See Table 5.

Table 5  Fit statistics for latent 
class analysis (n = 3019), 
Pregnancy Outcomes and 
Community Health Study, 
Michigan, 1998–2004

SEP socioeconomic position, SM socioeconomic mobility

Class Log-likelihood Bayesian information criterion Entropy

Childhood SEP
 2 − 8431.3 244.6 0.74
 3 − 8380.5 191.2 0.70
 4 − 8366.2 210.7 0.82
 5 − 8365.0 256.4 0.81

Adulthood SEP and neighborhood deprivation index
 2 − 11971.3 805.4 0.82
 3 − 11865.7 658.3 0.76
 4 − 11713.6 418.3 0.73
 5 − 11703.3 461.8 0.75
 6 − 11677.2 473.8 0.71
 7 − 11667.3 518.0 0.75

SM: childhood SEP and adulthood SEP and neighborhood deprivation index
 2 − 20295.5 4243.5 0.85
 3 − 19969.8 3696.5 0.80
 4 − 19755.6 3372.2 0.76
 5 − 19656.5 3278.0 0.75
 6 − 19588.7 3246.6 0.70
 7 − 19537.1 3247.6 0.70
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Appendix 2

See Table 6.

Table 6  Estimated item-response probabilities of the socioeconomic position indicators conditional on latent class membership with distal out-
come preterm delivery overall and by race/ethnicity (n = 3019), Pregnancy Outcomes and Community Health Study, Michigan, 1998–2004

DM downwardly mobility, SEP socioeconomic position, SH stable high, SL stable low, SM socioeconomic mobility, UM upwardly mobility

Latent Class

Overall (n = 3019) White/others (n = 2276) Black (n = 743)

Low Middle High Low Middle High Low Middle High

Childhood SEP  No. 1159 1130 730 538 1059 679 579 97 67
Latent class member-

ship probabilities
0.38 0.38 0.24 0.24 0.46 0.30 0.78 0.13 0.09

Indicator % Item-response probabilities

Grandmother’s education: > high school 0.36 0.17 0.34 0.74 0.11 0.27 0.72 0.22 0.87 0.93
Grandfather’s education: > high school 0.29 0.11 0.11 0.97 0.08 0.13 0.94 0.13 0.01 0.98
Grandmother’s occupation: high 0.68 0.23 0.98 0.93 0.09 0.93 0.94 0.41 0.97 0.82
Grandfather’s occupation: high 0.29 0.11 0.17 0.76 0.11 0.16 0.77 0.11 0.12 0.64
Family history of public assistance: no 0.60 0.43 0.67 0.89 0.47 0.72 0.90 0.30 0.50 0.69
Adulthood SEP and neighborhood deprivation index  No. 1567 413 1039 1109 240 927 499 176 67
Latent class membership probabilities 0.52 0.14 0.34 0.49 0.10 0.41 0.67 0.24 0.09
Mother’s education: >high school 0.53 0.20 0.83 0.93 0.26 0.87 0.94 0.08 0.80 0.90
Father’s education: > high school 0.41 0.09 0.77 0.77 0.12 0.95 0.79 0.07 0.43 0.80
Mother’s occupation: high 0.61 0.40 0.72 0.89 0.41 0.76 0.90 0.37 0.71 0.84
Father’s occupation: high 0.35 0.13 0.56 0.60 0.16 0.70 0.62 0.12 0.32 0.58
Mother’s Medicaid status: no 0.52 0.22 0.46 0.98 0.33 0.55 0.99 0.07 0.27 0.91
Annual household income: ≥ $50,000 0.31 0.08 0.06 0.76 0.12 0.06 0.78 0.01 0.07 0.67
Neighborhood deprivation index: < medium 0.50 0.32 0.43 0.80 0.47 0.47 0.82 0.09 0.21 0.44

Overall (n = 3019) White/others (n = 2276) Black (n = 743)

SL UM DM SH SL UM DM SH SL UM DM SH

SM: childhood SEP and adulthood SEP 
and neighborhood deprivation index

 No. 1375 710 477 456 845 629 384 417 431 112 145 55

Latent class membership probabilities 0.46 0.24 0.16 0.15 0.37 0.28 0.17 0.18 0.58 0.15 0.20 0.07

Indicator % Item-response probabilities

Grandmother’s education: > high school 0.36 0.21 0.23 0.68 0.75 0.16 0.23 0.65 0.76 0.20 0.44 0.61 0.89
Grandfather’s education: > high school 0.29 0.08 0.15 0.64 0.93 0.06 0.15 0.71 0.94 0.08 0.00 0.39 0.87
Grandmother’s occupation: high 0.68 0.49 0.74 0.87 0.96 0.52 0.76 0.91 0.97 0.45 0.61 0.51 0.89
Grandfather’s occupation: high 0.29 0.09 0.17 0.53 0.81 0.10 0.18 0.57 0.82 0.09 0.15 0.19 0.67
Family history of public assistance: no 0.60 0.39 0.81 0.73 0.96 0.48 0.83 0.77 0.97 0.24 0.47 0.50 0.69
Mother’s education: > high school 0.53 0.17 0.84 0.70 1.00 0.17 0.87 0.68 1.00 0.09 0.78 0.44 1.00
Father’s education: > high school 0.41 0.11 0.66 0.44 0.93 0.12 0.70 0.41 0.93 0.08 0.58 0.09 0.88
Mother’s occupation: high 0.61 0.40 0.83 0.57 0.95 0.39 0.86 0.54 0.95 0.36 0.79 0.54 0.81
Father’s occupation: high 0.35 0.15 0.50 0.32 0.79 0.15 0.52 0.31 0.81 0.14 0.56 0.00 0.53
Mother’s Medicaid status: no 0.52 0.17 0.94 0.45 0.99 0.26 0.94 0.50 0.99 0.03 0.45 0.30 0.69
Annual household income: ≥ $50,000 0.31 0.05 0.64 0.15 0.75 0.09 0.65 0.18 0.76 0.00 0.26 0.05 0.45
Neighborhood deprivation index: < medium 0.50 0.27 0.72 0.53 0.82 0.42 0.75 0.59 0.84 0.08 0.26 0.16 0.44
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Appendix 3

See Table 7.
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