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OBJECTIVE | The social adaptability index (SAI) is a composite indicator capturing an individual’s social adaptability within
society and socioeconomic status to predict overall health outcomes. The objective of this analysis was to examine
whether the SAI is an independent risk factor for adverse pregnancy outcomes in women with and without diabetes
during pregnancy.

METHODS | Data from the 2011–2017 National Survey of Family Growth were analyzed using a cross-sectional meth-
odology. Women aged 18–44 years with a singleton gestation were included in the analysis. Maternal diabetes was
defined as either presence of pregestational diabetes or diagnosis of gestational diabetes. The SAI was developed from
the following maternal variables: educational level, employment status, income, marital status, and substance abuse. A
higher score indicated lower risk. A series of multivariable logistic regression models were run stratified by maternal
diabetes status to assess the association between SAI and pregnancy outcomes, including cesarean delivery, mac-
rosomia (birth weight $4,000 g), and preterm birth (,37 weeks). All analyses were weighted, and P ,0.05 was
considered significant.

RESULTS | A total of 17,772 women were included in the analysis, with 1,965 (10.7%) having maternal diabetes during
pregnancy. The SAI was lower in women with diabetes during pregnancy compared with control subjects (6.76 0.2 vs.
7.26 0.1, P,0.001). After adjusting for maternal race and ethnicity, insurance status, BMI, age, and partner support
of the index pregnancy, SAI was associated with preterm birth among women with diabetes during pregnancy (adjusted
odds ratio 0.83, 95% CI 0.72–0.94). The SAI was not significantly associated with cesarean delivery or macrosomia in
women with diabetes during pregnancy and was not associated with these outcomes in women without diabetes during
pregnancy.

CONCLUSION | Among women with diabetes during pregnancy, a higher SAI is independently associated with a lower risk of
preterm birth. The SAI could be a useful index to identify women at high risk of preterm birth in addition to traditionally
defined demographic risk groups among women with diabetes during pregnancy.

Rates of maternal diabetes during pregnancy, including
gestational diabetes mellitus (GDM) and pregestational
diabetes, are on the rise in parallel with obesity, both in the
United States and worldwide (1). Both GDM, defined as
carbohydrate intolerance that develops during pregnancy,
and pregestational diabetes, type 1 or type 2, are associated
with significantly increased risks of adverse perinatal
outcomes (2–4). These outcomes include cesarean delivery,
macrosomia (birth weight of $4,000 g), preeclampsia,
preterm birth, neonatal birth trauma (including shoulder
dystocia), and hypoglycemia leading to neonatal intensive
care admission (2–4). Monitoring and treating maternal

diabetes can reduce these adverse outcomes (1,5,6). How-
ever, the self-management skills and engagement required
to achieve optimal glycemic control during pregnancy are
complex and challenging and often are affected by socio-
economic factors (7–13).

The social adaptability index (SAI) is a composite indicator
capturing an individual’s social adaptability within society
and socioeconomic status to predict overall health out-
comes (14,15).The SAI was created by Goldfarb-Rumyantzev
et al. (14–16) to separate biologic and socioeconomic factors
and identify the population most at risk for poor medical
outcomes based on socioeconomic factors. As defined in
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the initial creation of the index, the SAI is based on em-
ployment, education level, income, marital status, and
substance abuse (15). Each of these components can be
easily measured and quantified, and, taken together, they
encompass the complex cultural and social environment.
The SAI has been associated with poor outcomes in pa-
tients with chronic kidney disease and those with diabetes
(14–17). Although individual components of the index are
recognized as important social determinants of maternal
and fetal health, the SAI has not been examined with regard
to pregnancy outcomes complicated by diabetes or in the
pregnant population in general (18–29).

Maternal employment status, education level, and income
have been associated with higher risks of preterm birth and
lower neonatal birth weight (18–23). Similarly, marriage has
long been documented to be associated with improved
pregnancy outcomes, including lower rates of preterm birth
and low birth weight (24–26). Finally, substance use is a
major risk factor for congenital malformations, fetal growth
restriction, preterm labor, and maternal, fetal, and neonatal
death (27–29).

Studies examining the contributions of these five social
factors to pregnancy outcomes in women with diabetes
during pregnancy have shown evidence that maternal in-
come and education are associated with management of
GDM, specifically initiation of medication for GDM (30). In
addition, lower maternal education was shown to be as-
sociated with higher rates of small-for-gestational-age
(SGA) infants in women with pregestational diabetes (31).
Because diabetes represents one of the most challenging
medical complications of pregnancy, requiring frequent
monitoring and adjustment of medication, as well as car-
rying higher risks of maternal and fetal complications, it
would be helpful to have a relatively easy index to identify
social determinants that increase the risk of adverse
pregnancy outcomes in women with diabetes.

Therefore, the objective of this analysis was twofold. First,
we aimed to examine whether SAI was independently
associated with a set of adverse obstetric outcomes. Second,
we aimed to determine whether this relationship differed in
women with and without diabetes during pregnancy.

Because the SAI has been strongly associated with clinical
outcomes in other patient populations and may be used to
identify individuals at risk, it could be especially relevant in
womenwhose pregnancy is complicated by diabetes (14–16).
Successful diabetes management requires complex skills
that are affected by socioeconomic factors represented by
the SAI (7–13).We hypothesized that higher SAI, indicating
an individual’s greater degree of adaptability within the

society, would be associated with lower rates of cesarean
delivery, macrosomia, and preterm birth and that this as-
sociation would be stronger in womenwith diabetes during
pregnancy.

Research Design and Methods

Study Population and Sample Size

We conducted a retrospective, cross-sectional, weighted
analysis of 17,772 women, aged 18–44 years, with a singleton
gestation, using the combined datasets collected by the
National Survey of Family Growth (NSFG) in 2011–2013,
2013–2015, and 2015–2017. The NSFG is a nationally repre-
sentative survey conducted by the Centers for Disease
Control and Prevention’s National Center for Health Sta-
tistics providing data on family life, marriage and divorce,
pregnancy, infertility, use of contraception, and men’s and
women’s health (32). NSFG data were collected by in-
person, trained female interviewers using computer-
assisted personal interviewing and audio-computer––– assis-
ted self-interviewing administered for a subset of sensitive
questions (33). The analysis was stratified by presence of
maternal diabetes during pregnancy. Maternal diabetes
during pregnancy was based on self-report and included
both pregestational diabetes and GDM. This study was
exempt from institutional review board review because it
was a secondary analysis of publicly available de-
identified data.

Outcome

The following three obstetric outcomes were examined:
cesarean birth, macrosomia (defined as birth weight$4,000
g), and preterm birth (defined as delivery at ,37 weeks of
gestation. All outcomes were obtained from the surveys and
were based on self-report. These three outcomes were se-
lected because they are associated with maternal diabetes in
pregnancy (2–4).

Primary Independent Variable

The primary independent variable of interest was SAI
developed from previously validated questions and scored
according to instructions developed using data in the
general U.S. population (14–16). Components of the SAI
included education level, employment status, income,
marital status, and substance use. Education and em-
ployment were graded on a scale of 0–3, and marital status,
income, and substance use were graded on a scale of 0–2.
Categories for each component of the SAI with their
representative scoring included:
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• Education level: 0 5 no high school graduation, 1 5
high school graduate, 25 at least some college, and 35
post-college education

• Employment status: 0 5 unemployed, 1 5 working
but on leave, 2 5 working part time, and 3 5 working
full time

• Marital status: 0 5 single, 1 5 divorced, separated, or
widowed, and 2 5 married

• Income: 0 5 ,$20,000, 1 5 $20,000–$50,000, and
25.$50,000

• Substance use: 0 5 using drugs and alcohol, 1 5 using
drugs or alcohol, and 2 5 not using drugs or alcohol

The original SAI analysis included an additional point for
tobacco use; however, this variable was missing for a high
percentage of study participants and therefore was not used
in the scale. The SAI was calculated by adding all five
factors for each woman included in the analysis, leading to
a final scale with a range of 0–12. A higher score indicated
higher individual adaptability to society as well as higher

TABLE 1 Weighted Descriptive Statistics of Participants With Live, Single Births in the NSFG 2011–2017 Dataset

All
(N 5 17,772)

No Maternal Diabetes
(n 5 15,862)

Maternal Diabetes
(n 5 1,910)

P

Maternal age at pregnancy, years 26.2 6 0.1 26.2 6 0.1 26.5 6 0.3 0.264

Race 0.009
Non-Hispanic White 9,613 (54.0) 8,739 (55.1) 874 (45.8)
Non-Hispanic Black 2,541 (14.3) 2,284 (14.4) 267 (14.0)
Hispanic 4,069 (22.9) 3,475 (21.9) 584 (30.6)
Other 1,470 (8.7) 1,364 (8.6) 186 (9.7)

BMI 28.4 6 0.1 28.0 6 0.2 31.4 6 0.4 <0.001

Insurance status 0.003
Private 10,200 (57.4) 9,263 (58.4) 944 (49.4)
Public 4,563 (25.7) 3,902 (24.6) 661 (34.6)
None 3,003 (16.9) 2,697 (17.0) 306 (16.0)

Partner support 0.454
Right time 10,521 (59.2) 9,441 (59.5) 1,081 (56.6)
Mistimed 3,661 (20.6) 3,251 (20.5) 410 (21.5)
Unwanted 3,590 (20.2) 3,170 (19.9) 420 (22.0)

SAI 7.2 6 0.1 7.2 6 0.1 6.7 6 0.2 <0.001

SAI variables

Education level 0.025
No high school graduation 3,485 (19.6) 2,982 (18.8) 487 (25.5)
High school graduate 4,336 (24.4) 3,791 (23.9) 537 (28.1)
At least some college 7,268 (40.9) 6,662 (42.0) 615 (32.2)
Post-college education 2,683 (15.1) 2,427 (15.3) 271 (14.2)

Employment status 0.089
Unemployed 5,527 (31.1) 4,839 (30.5) 695 (36.4)
Working, but on leave 782 (4.4) 634 (4.0) 138 (7.2)
Part-time 3,200 (18.0) 2,918 (18.4) 277 (14.5)
Full-time 8,264 (46.5) 7,471 (47.1) 800 (41.9)

Income level <0.001
,$20,000 4,176 (23.5) 3,632 (22.9) 535 (28.0)
$20,000–$50,000 5,384 (30.3) 4,575 (28.8) 789 (41.3)
.$50,000 8,212 (46.2) 7,655 (48.2) 586 (30.7)

Marital status 0.149
Single 3,394 (19.1) 3,077 (19.4) 320 (16.8)
Divorced/separated/widowed 4,070 (22.9) 3,521 (22.2) 536 (28.1)
Married 10,308 (58.0) 9,264 (58.4) 1,054 (55.2)

Substance/alcohol abuse 0.316
Using drugs and alcohol — — —

Using drugs or alcohol 13,329 (75.0) 11,959 (75.4) 1,386 (72.6)
None 4,443 (25.0) 3,903 (24.6) 524 (27.4)

Data are mean 6 SD or n (%). Bold type indicates statistical significance.
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socioeconomic status, thus conferring overall lower risk of
poor health outcomes.

Covariates

Covariates included maternal age (analyzed as a continuous
variable), race and ethnicity (analyzed in the following four
groups: non-Hispanic White, non-Hispanic Black, Hispanic,
and other), BMI (analyzed as a continuous variable), insurance
status (analyzed in the following three groups: private, public,
and uninsured), and level of partner support of the index
pregnancy (analyzed in three categories of the pregnancy
occurring at the right time, mistimed, and unwanted).

Statistical Analyses

All analyses were performed using STATA, v. 14.0 (Stata Corp.,
College Station, TX) (34). with appropriate sampling weights to
account for the complex survey design, oversampling, and
survey nonresponse and provide nationally representative
estimates (35), First,we compared sample characteristics using
2 statistics for categorical variables and t tests or one-way
ANOVA for continuous variables by maternal diabetes status.
Next, multiple logistic regressionmethodswere used tomodel
association of the primary independent variable, SAI, with
each of the pregnancy outcomes (cesarean delivery, macro-
somia, and preterm birth). Adjusted logistic regressionmodels
were used to further examine association of SAI and preg-
nancy outcomes stratified by maternal diabetes status. All
multiple logistic regression models were adjusted for cova-
riates (maternal age at pregnancy, race/ethnicity, BMI, in-
surance status, and partner support).Variables were included
in the models if they had P values,0.25 in bivariate analyses
or were conceptually associated with the outcomes of interest.
The threshold for identifying statistically significant associ-
ations was set at P ,0.05.

Results

A total of 17,772 womenwere included in the analysis,with 1,910
(10.7%) having maternal diabetes during pregnancy. Table 1
describesmaternal characteristics, aswell as the components of

the SAI stratified by maternal diabetes during pregnancy.
Womenwith diabetes during pregnancy weremore likely to be
Hispanic (30.6 vs. 21.9%, P5 0.009), have a higher BMI (31.46
0.4 vs. 28.0 6 0.2 kg/m2, P ,0.001), and have public insurance
(34.6 vs. 24.6%, P 5 0.003). The SAI was lower in women with
diabetes during pregnancy compared with control subjects
(6.7 6 0.2 vs. 7.2 6 0.1 points, P ,0.001). Specific components
of the SAI that differed between women with and without
diabetes were education and income levels (Table 1).

Table 2 describes diabetes-related obstetric outcomes
stratified by diagnosis of maternal diabetes. The rates of all
three obstetric outcomes were higher among women with
diabetes during pregnancy.

Table 3 provides results for weighted unadjusted and adjusted
analyses for the relationship between SAI and pregnancy
outcomes for the entire cohort, as well as by stratification of
maternal diabetes status. There was a significant unadjusted
association between higher SAI and lower risk of preterm birth
among all women and women with diabetes (odds ratio [OR]
0.93, 95% CI 0.90–0.96, and OR 0.94, 95% CI 0.91–0.97, re-
spectively).The SAI associations with rates of cesarean birth or
macrosomiawere not significant. After controlling formaternal
age, race/ethnicity, BMI, insurance status, and partner support
of the index pregnancy, higher SAI remained independently
associated with lower risk of preterm birth among all women
(adjusted OR 0.94, 95% CI 0.89–0.98). When the adjusted
analysiswas stratified by presence ofmaternal diabetes, the SAI
remained independently associated with preterm birth among
women with diabetes during pregnancy, with higher SAI
conferring lower risk of pretermbirth (adjustedOR0.83, 95%CI
0.72–0.94). The relationship was not significant for all three
outcomes for women without diabetes during pregnancy.

Discussion

Using a nationally representative sample from NSFG 2011–2017
data, this study found a significant association between the SAI
and preterm birth among all women included in the cohort.
When analysis was further stratified by diabetes status, this
association persisted only in women with diabetes during
pregnancy, after adjusting for maternal age, race and ethnicity,

TABLE 2 Obstetric Outcomes Stratified by Diagnosis of Maternal Diabetes

All
(n 5 17,772)

No Maternal Diabetes
(n 5 15,862)

Maternal Diabetes
(n 5 1,910)

P 95% CI

Cesarean birth 4,780 (26.9) 4,124 (26.0) 657 (34.4) 0.004 1.50–1.82

Macrosomia 1,475 (8.3) 1,237 (7.8) 227 (11.9) 0.002 1.76–2.33

Preterm birth 2,115 (11.9) 1,792 (11.3) 321 (16.8) <0.001 1.32–1.68

Data are n (%). Bold type indicates statistical significance.
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BMI, insurance, and partner support.These findings are in line
with prior research demonstrating a strong association between
preterm birth and maternal socioeconomic and demographic
factors (36,37).

The associations between SAI and cesarean birth and mac-
rosomia in women with diabetes during pregnancy were not
significant. This finding is possibly explained by the fact that
numerous factors external to patient characteristicsmay lead to
cesarean birth, including labor characteristics, fetal presenta-
tion, and “intolerance of labor,”which is a phrase being used to
describe fetal category II or III tracing during labor, as well as
health system factors, including physician’s decision-making,
organization of the hospital, and medico-legal issues (38). Re-
garding macrosomia, the SAI was not associated with higher risk
of macrosomia, since most components of the SAI are associa-
ted with its opposite outcome,which is low birth weight (39,40).

The individual components of the SAI have been previ-
ously associated with adverse obstetric outcomes. The two
most commonly examined outcomes that are reported to be
significantly associated with socioeconomic factors are
preterm birth and low birth weight (11–13,16). For example,
in higher-income countries, women who had a low income
or were unemployed also had higher rates of preterm birth
and low birth weight (11–13,16). Lowmaternal education has
also been associated with preterm birth, fetal growth re-
striction, and infant mortality in both high-income and
developing countries (21,41). One study reported that the
effect of maternal education on a child’s birth weight was
strongly mediated by smoking during pregnancy, demonstrating
that the relationship between socioeconomic inequalities
and clinical outcomes is intricate (22). When assessing
marital status, a systematic review and meta-analysis of 21
studies reported that maternal unmarried status is asso-
ciated with preterm birth, low birth weight, and SGA in-
fants (25). The last component of the SAI, substance use in
pregnancy, is a well-known risk factor for poor maternal
and neonatal outcomes (27–29).

This study is unique because, although individual com-
ponents of the SAI are recognized as important social
determinants of maternal and fetal health, a composite
score or index of these determinants in relation to 
obstetric outcomes has not been assessed, especially in
pregnancies complicated by diabetes. Using a composite
index may be an easier and more precise way to identify
underprivileged women who are more likely to experience
obstetric health care disparities. Furthermore, because this
is a quantified measure, it could have a dose-response
relationship to adverse obstetric outcomes.

In addition to clinical practice, the SAI can be used in
researchwhen designing interventions to reduce disparities
in obstetric outcomes. Future directions could focus on
understanding the association of SAI with preterm birth in
women with pregestational diabetes or GDM, specifically
whether lower SAI leads to poor glycemic control followed
by preterm birth versus whether low SAI leads to a higher
rate of spontaneous preterm birth. Research aimed at
understanding the pathway between low SAI and preterm
birth in women with diabetes could ultimately lead to the
development of specific interventions to reduce the rate of
preterm birth, as well as policies to address societal and
community factors that play a role in the risk of preterm
birth in this high-risk disadvantaged population.

SAI measured over time may be used as a monitoring tool
for intervention programs aimed at reducing preterm birth
through addressing a suite of risk factors. Three compo-
nents of the SAI—employment status, income level, and
substance use—are modifiable and could potentially be
affected by interventions. If incorporation of a composite
score is easier than considering multiple factors in clinical
practice, incorporation of these factors into the medical
record to provide a single score to clinicians could facilitate
its use in more pragmatic trials working to limit collection
of data, while also incorporating basic social risk factors.

TABLE 3 Weighted Unadjusted and Adjusted Models to Examining Association of SAI With Pregnancy Outcomes
Stratified by Diabetes Status

All (N 5 17,772) No Maternal Diabetes (n 5 15,862) Maternal Diabetes (n 5 1,910)

Unadjusted OR
(95% CI)

Adjusted OR
(95% CI)*

Unadjusted OR
(95% CI)

Adjusted OR
(95% CI)*

Unadjusted OR
(95% CI)

Adjusted OR
(95% CI)*

Cesarean birth 1.03 (0.99–1.06) 1.01 (0.97–1.05) 1.03 (0.99–1.06) 1.00 (0.96–1.05) 1.06 (0.9–1.17) 1.05 (0.93–1.19)

Macrosomia 1.04 (1.00–1.09) 1.02 (0.97–1.08) 1.05 (1.00–1.10) 1.03 (0.97–1.09) 1.03 (0.94–1.12) 0.99 (0.87–0.13)

Preterm birth 0.93 (0.90–0.96) 0.94 (0.89–0.98) 0.93 (0.85–1.02) 0.96 (0.92–1.00) 0.94 (0.91–0.97) 0.83 (0.72–0.94)

Bold type indicates statistical significance. *Adjusted for partner support, race, insurance status, maternal age at pregnancy, and BMI.
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This study has several strengths. First, it used nationally
representative data collected through probabilistic sam-
pling methodologies. This strategy allowed the analysis to
be weighted to the U.S. population and enables general-
izability to women in the United States. Second, this study
is innovative in examining the role of SAI when studying
adverse pregnancy outcomes.The study is, however, limited
by its cross-sectional design, limited follow-up time, and
self-reported outcome measures. In addition, the infor-
mation on glycemic control in the pregnancies complicated
by diabetes and the nature of the preterm birth (sponta-
neous vs. iatrogenic) was not provided in the NSFG dataset.
In addition, separate breakdowns of pregestational diabetes
versus GDM, and type 1 versus type 2 pregestational dia-
betes were not available in this dataset. It is very possible
that the type of diabetes may have had a different asso-
ciation with preterm birth and with the SAI. Finally, we did
not have information on additional confounding factors
that are associated with obstetric outcomes examined,
mainly prior obstetric history such as prior cesarean birth,
which would lead to higher rates of cesarean births in the
current analysis, and prior preterm births, which would
increase the risk of recurrent preterm birth.

In conclusion, we found that, among women with diabetes
during pregnancy, a higher SAI, indicating an individual’s
overall higher social adaptability within the society was in-
dependently associated with a lower risk of preterm birth.
Future studies are needed to evaluate whether the SAI could
be a useful index to identify women at higher risk of preterm
birth in addition to traditionally defined demographic risk
groups among women with diabetes during pregnancy.
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