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Abstract

Background: Preconception diabetes is strongly associated with adverse birth outcomes. Less is known about the
effects of elevated glycemia at levels below clinical cutoffs for diabetes. In this study, we estimated associations
between preconception diabetes, prediabetes, and hemoglobin Alc (HbAlc) on the risk of preterm birth, and
evaluated whether associations were modified by access to or utilization of health care services.

Materials and Methods: We used data from Add Health, a US prospective cohort study with five study waves to
date. At Wave IV (ages 24-32), glucose and HbAlc were measured. At Wave V (ages 32-42), women with a
live birth reported whether the baby was born preterm. The analytic sample size was 1989.

Results: The prevalence of preterm birth was 13%. Before pregnancy, 6.9% of women had diabetes, 23.7% had
prediabetes, and 69.4% were normoglycemic. Compared to the normoglycemic group, women with diabetes
had 2.1 (confidence interval [95% CI]: 1.5-2.9) times the risk of preterm birth, while women with prediabetes
had 1.3 (95% CI: 1.0, 1.7) times the risk of preterm birth. There was a nonlinear relationship between HbAlc
and preterm birth such that risk of preterm birth emerged after HbAlc=5.7%, a standard cutoff for prediabetes.
The excess risks of preterm birth associated with elevated HbAlc were four to five times larger among women who
reported unstable health care coverage and among women who used the emergency room as usual source of care.
Conclusion: Our findings replicate prior research showing strong associations between preconception diabetes
and preterm birth, adding that prediabetes is also associated with higher risk. Policies and interventions to
enhance access and utilization of health care among women before pregnancy should be examined.
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Introduction

MONG US wOMEN of reproductive age (i.e., ages 18
to 44 years), the prevalence of diabetes is 4.5% and
half of these cases are poorly controlled.' Appr0x1mately
1%-2% of women enter pregnancy with diabetes.>> An

additional estimated 20% of women in this age range have
prediabetes, a metabolic state characterized by higher
than normal blood glucose levels, but do not meet criteria
for a diagnosis of diabetes mellitus.> The proportion of
women entering pregnancy with prediabetes is not well
documented.
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Preconception diabetes is associated with adverse preg-
nancy outcomes.>~> For example, a 2017 meta-analysis of 55
studies reported that preconception diabetes is associated
with 3.5 (3.1 and 4.0) times the odds of preterm birth.® No-
tably, only a few studies have evaluated risks associated with
preconception prediabetes. Of those available, two found that
glucose levels in this range were associated with slightly
higher birth weight, but not with gestation length.”* Another
study reported that glucose levels in this range were associ-
ated with small increased risks of preterm birth.’

The American College of Obstetricians and Gynecologists
(ACOG) and American Diabetes Association (ADA) rec-
ommend that women with preconception diabetes achieve
optimal glycemic control before conception to prevent ad-
verse outcomes.>*!° However, adherence to this guidance is
complicated by limited access and utilization of health care
services for some groups.''™* More specifically, 12% of
reproductive-aged women are uninsured.'* Furthermore, the
proportion of preventive care visits among nonpregnant
women that include recommended screening for diabetes is
low (15%), ranging from 5.2% at obstetrician/gynecologist
visits to 21.8% at primary care physician visits.'> Thus,
prediabetes and diabetes can easily go undetected. Indeed,
one-third of individuals with diabetes and >80% of individ-
uals with prediabetes are undiagnosed in this population
group.>!!

In the analysis presented below, we examined associations
between both preconception diabetes status and hemoglobin
Alc (HbAlc) with preterm birth. We hypothesized that both
preconception diabetes and prediabetes would be associated
with increased risk of preterm birth. Second, we assessed
whether associations were modified by access and utilization
of health care and hypothesized that the associations would
be larger among women with less engagement in health care
before pregnancy.

Materials and Methods
Study sample

The National Longitudinal Study of Adolescent to Adult
Health (Add Health) is a prospective cohort study. Partici-
pants were recruited while in the 7th—12th grade from a
sample of schools across the United States. The sampling
frame included schools with at least 30 students enrolled and
was stratified by region, urbanicity, school size, school type,
and ethnicity.'® The initial sample included 20,745 adoles-
cents (Wave I, 1994-1995) and follow-up is ongoing, with
five assessment waves completed to date.'® Detailed infor-
mation about the Add Health study design is accessible at
https://addhealth.cpc.unc.edu/data. We obtained Add Health
data through a restricted contract with the University of North
Carolina at Chapel Hill, Carolina Population Center. Sec-
ondary analyses of these data were deemed exempt from the
Institutional Review Board review by the UC San Diego
Human Research Protections Program.

For this analysis, we used data collected at the Wave IV
(2008-2009) and V (2016-2018) assessments, when partic-
ipants were between ages 24-32 and 32-42 years, respec-
tively. We included women who reported at least one
pregnancy between the waves and were not pregnant at Wave
IV. We excluded 62 participants with non-singleton births,
197 with missing laboratory values, and 24 with missing data
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for gestational age, resulting in a final analytic sample of
1989 women (Fig. 1). A comparison of sociodemographic
characteristics between women assessed at the Wave I ex-
amination and those included in our analysis is provided in
Supplementary Table S1.

Preconception diabetes status

At Wave 1V, capillary whole blood was collected using
finger stick from voluntary fasting (n=273) and nonfasting
participants (n=1944). Samples were assayed for HbAlc (%)
and glucose (mg/dL) using standard protocols.'” Reliability
was tested in a random subsample of participants who pro-
vided two blood samples, 1 week apart, and showed an in-
traclass correlation coefficient of 0.97 for HbAlc (%) and
0.67 for fasting glucose.'” Self-reported history of diabetes
was measured by the questionnaire item: ‘“Has a doctor,
nurse, or other health care provider ever told you that you
have or had high blood sugar or diabetes when you were not
pregnant?”’ In addition, prescription medication containers
were reviewed for therapeutic classification.'’

Using the Wave IV data, we created a three-level pre-
conception diabetes status variable (diabetes, prediabetes,
and normoglycemia). Criteria for diabetes included self-
reported history of diabetes, antidiabetes medication use,
HbAlc 26.5%, nonfasting glucose 2200 mg/dL, or fasting
glucose >126mg/dL.'"® Criteria for prediabetes included
HbAlc 5.7%—-6.4% or fasting glucose 100—125 mg/day. We
classified women who did not meet criteria for diabetes or
prediabetes as normoglycemic.>'® In secondary analyses, we
created a four-level preconception diabetes variable that
further stratified the diabetes group into those with optimal
versus suboptimal glycemic control using the ADA-
recommended cutoff for preconception glycemia (optimal:
HbAlc <6.5%).'°

In sensitivity analyses, we recreated the three-level pre-
conception diabetes using different criteria to evaluate po-
tential misclassification bias. Specifically, we first excluded
self-reported data from the classification, and then excluded
glucose laboratory values. We found good agreement across
the different classification schemes (Supplementary Table S2).

Preterm birth

The outcome variable was preterm birth. At the Wave V
visit, women who gave birth since Wave IV responded to the
questionnaire item, ‘“A preterm delivery is one that occurs
before 37 weeks in pregnancy (more than 3 weeks early).
Was this baby born preterm?’’ If someone had multiple births
between Wave IV and Wave V, we analyzed outcome data
from the birth most proximal to the Wave IV visit.

Health care access and utilization

We created four binary indices of health care access and
utilization based on self-reported data from Wave IV. They
were (1) stable health care coverage (coded ‘‘yes” if partic-
ipant answered ‘“12 months” to the questionnaire item,
“Over the past 12 months, how many months did you have
health insurance?’’), (2) unmet health care needs (coded
“yes” if participant responded ‘‘yes’’ to the questionnaire
item, ‘‘Has there been a time in the past 12 months when you
thought you should get medical care, but you did not?”’), (3)


https://addhealth.cpc.unc.edu/data
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Wave |: total women enrolled
1994-1995

N =10,480

¥
Wave IV
2008-2009

N = 8,352

Baseline data for current analyses

N = 1266 Unable to contact

!

N =72 deceased
N = 182 respondent refusal
N = 329 unlocatable

Wave V
FIG. 1. Derivation of analytic 2016-2018
sample.
N =6,282

N = 519 pregnant at Wave IV exam

N = 3491 no live birth between Wave IV
and V

¥
21 live birth between Wave IV
and Wave V

N = 2272

N = 62 not singleton birth
N = 16 conflicting report of time
between birth and Wave IV visit

Final Analytic Sample
N = 1989

N = 8 missing data on gestational age
N = 197 missing HbA1c values

emergency room as usual source of care (coded “‘yes” if
participant responded ‘‘emergency room department or other
nonprimary care site”’ to the questionnaire item, ‘“Where do
you usually go when you are sick or need health care?”’), and
(4) last routine check-up (coded as ‘<12 months’’ or “>12
months” based on participant response to the questionnaire
item, ‘““How long ago did you last have a routine check-up?’’).
In addition to these binary variables, we created a 4-level
insurance status variable based on responses to the ques-
tionnaire item, ‘“Which of the following best describes your
current health insurance situation?”” The categories were as
follows: uninsured, Medicaid, private insurance, and other.
The ‘‘other’ category included people who were covered
through the Indian Health Service or active-duty military.

Covariates

We identified potential confounding variables by literature
review. These were maternal age at birth, months between

glucose measurement and birth, gravidity, US region, ma-
ternal race, maternal education status, Hispanic ethnicity,
past year health care coverage, systolic blood pressure, waist
circumference, and smoking status.

We calculated maternal age (in years) at birth from ma-
ternal birth date and offspring birth date and calculated the
time (in months) between the Wave IV visit when diabetes
status was assessed and the offspring birth date. Preconcep-
tion systolic blood pressure (mmHg) and preconception waist
circumference (cm) were measured by research personnel.'®
We used all four of these variables as continuous variables in
analysis.

The remaining covariates were self-reported by the par-
ticipant and used as categorical variables in analysis. At
Wave I, participants indicated their race using the following
response options: White, Black or African American,
American Indian or Native American, Asian or Pacific Is-
lander, and other. They also responded to the questionnaire
item, “‘Are you of Hispanic or Latino origin?”’ (yes/no).
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At Wave IV, participants responded to the questionnaire
item, ‘““What is the highest grade or year of regular school you
completed.” This questionnaire item had 13 response options
ranging from “8™ grade or less”” to “completed postbacca-
laureate professional education.”” For analysis, we collapsed
maternal education status into three categories: less than high
school, high school to some college, and college or more.

Gravidity was reported with the questionnaire item, ‘““‘How
many times have you been pregnant?”’ For analysis, we
created a three-level gravidity variable: 0, 1, or 2+ prior
pregnancies. We also created a three-level smoking status
variable (current, former, and never) based on participant
response to ‘‘During the past 30 days, on how many days did
you smoke cigarettes?”’ and ‘“Have you ever smoked ciga-
rettes regularly—that is, at least once cigarette every day for
30 days?” Finally, US region was coded based on the par-
ticipant’s residential address at Wave IV (Northeast, Mid-
west, South, and West).

Statistical analysis

Restricted use, de-identified Add Health participant data
were obtained from the University of North Carolina at
Chapel Hill, Carolina Population Center. All analyses were
carried out in SAS 9.4 (Cary, NC).

We first described demographic, socioeconomic, and
health care access and utilization variables in the full sample
and stratified by preconception diabetes status. Then, we used
multivariable Poisson regression models (link =log)* to es-
timate risk ratios and linear regression models (link =iden-
tity)21 to estimate risk differences (RDs) for the association
between preconception diabetes status and preterm birth. In a
separate set of models, we used the four-level diabetes status
variable to distinguish between participants with optimal
versus suboptimal glycemic control. Models adjusted for all
covariates listed above.

Next, we analyzed HbAlc as an independent variable. To
assess a potential nonlinear relationship between HbAlc and
preterm birth, we modeled HbAlc as a continuous variable
using restricted cubic splines with five knots placed at the 5th,
35th, 65th, 75th, and 98th percentiles of HbA1c.? Knot lo-
cations were selected based on standard recommendations for
a four-knot model,23 with an added knot at the 75th percen-
tile, which in this sample was HbAlc=5.7, a clinically
meaningful cut point used to indicate prediabetes.*

Finally, we assessed effect modification by health care
access and utilization on the additive scale. To do so, we first
described the percentage of participants with elevated HbAlc
(HbAlc =5.7) and preterm birth by level of each health care
variable. Then we estimated RDs stratified by health care
access and utilization to evaluate a change in magnitude of
the association across groups.

Results

The average age of women at the Wave IV assessment was
28.6 years (range 24-34 years) and average age at delivery
was 32 years (range 26—40) (Table 1). At Wave IV, 6.9% of
women had diabetes, 23.7% had prediabetes, and 69.4% were
normoglycemic. Among women with diabetes, 61.6% were
aware of their status, 27.5% were currently taking antidia-
betic medicine, and 54.4% had met ADA guidelines for op-
timal glycemic control preconception (Table 2).
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Among women with preconception diabetes and predia-
betes, the prevalence of preterm birth was 25.4% and 15.1%,
respectively. Compared to the normoglycemic group (prev-
alence: 11%), women with diabetes had 2.1 (confidence in-
terval [95% CI]: 1.5-2.9) times the risk of preterm birth,
while women with prediabetes had 1.3 (95% CI: 1.0-1.67)
times the risk of preterm birth. Furthermore, 37% of women
with suboptimal control of diabetes had a preterm birth
compared to 16% of those with optimal control (Table 3).

When evaluating HbAlc as a continuous variable, we
found no significant increase in risk of preterm birth in the
normoglycemic range. The risk of preterm birth began to
increase with HbA 1c values above 5.7% (Fig. 2). Using 5.4%
(sample median) as the reference, we estimated risk ratios of
1.3 (95% CI: 1.0-1.7) for HbAlc of 5.6% and 2.1 (95% CI:
1.3-3.3) for HbAlc of 6.5%. In the full sample, and com-
pared to women with HbAlc <5.7, having an HbAlc level
>5.7% was associated with 6.2 per 100 (95% CI: 2.5-9.9)
additional cases of preterm birth.

The prevalence of preterm birth was higher among women
without versus with stable health care coverage in the last
year (14.7% vs. 12.5%), among those with unmet versus met
health care needs (18.0% vs. 11.6%), among those indicating
the emergency room as a usual source of care versus not
(17.3% vs. 12.6%), and among those who were covered by
Medicaid (19.7%) versus those who were privately insured
(12.3%) or uninsured (13.6%) (Table 4).

The RD for preterm birth comparing women with HbAlc
level 25.7% to women with HbAlc <5.7 was larger among
those with unstable health care coverage (RD=13.1,95% CI:
6.2-20.0), among those who used the emergency room as
usual source of care (RD=17.7, 95% CI: 7.1-28.2), among
those who were uninsured (RD=13.6, 95% CI: 4.7-22.5),
and among those who had not had a routine checkup in the
year prior (RD=9.0, 95% CI: 1.9-16.2) (Table 4).

Discussion

In this cohort of US women who gave birth between 2008
and 2018, both preconception diabetes and prediabetes were
associated with increased risk of preterm birth. Notably, the
association between higher HbAlc and risk of preterm birth
emerged at HbAlc =5.7%, a clinical cutoff for prediabetes.
The associations between preconception elevated HbAlc and
preterm birth were larger among women without stable health
care coverage.

Our findings relating preconception diabetes and risk of
preterm birth are largely consistent with a previously published
meta-analysis reporting that pre-existing diabetes was associ-
ated with 3.5 times the odds of preterm birth.® Similarly, our
findings provide support for the ADA guidelines recommend-
ing optimal glycemic control before conception.'® In this
sample, women with preconception diabetes, who had HbAlc
<6.5%, the ADA recommended target, had substantially lower
risk of preterm birth compared to those with HbAlc 26.5%.
Unfortunately, only 54% of women had optimal glycemic
control, a percentage consistent with the National Health and
Nutrition Examination Survey estimate of poor glycemic con-
trol (51.5%) among women ages 20-44.! Furthermore, nearly
40% of women with diabetes were unaware of their diagnosis.

Our study extends existing literature by evaluating effects
of glucose impairment in the prediabetic range, as well as
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TABLE 1. DEMOGRAPHIC, SOCIOECONOMIC, AND HEALTH CARE ACCESS AND UTILIZATION

DELKER ET AL.

CHARACTERISTICS AT THE WAVE IV ASSESSMENT STRATIFIED BY PRECONCEPTION DIABETES CATEGORY,

ApD HEALTH 2008-2009 (N=1989)

Normoglycemia
(N=1380, 69.4%)

Prediabetes
(N=471, 23.7%)

Diabetes
(N=138, 6.9%)

Characteristics Full sample
Demographic
Maternal age, years 285+ 1.7
US region, %
Northeast 303 (15.2)
Midwest 475 (23.9)
South 723 (36.4)
West 488 (24.5)
Race, %
White 1311 (66.0)
Black or African American 365 (18.4)
American Indian or Alaska Native 43 (2.2)
Asian or Pacific Islander 127 (6.4)
Other 140 (7.1)
Hispanic or Latina, % 278 (14.0)
Socioeconomic
Household annual income, $
<25,000 261 (13.8)
25,000-50,000 459 (24.3)
50,000-100,000 819 (43.3)
100,000-150,000 240 (12.7)
>150,000 114 (6.0)
Highest education completed, %
Less than high school 66 (3.4)
High school to some college 961 (49.7)
College or more 114 (46.8)
Health care access and utilization
Insurance status, %
Private insurance 1550 (78.2)
Medicaid 147 (7.4)
Uninsured 273 (13.8)
Other 12 (0.6)
Unstable coverage past 12 months 457 (23.0)
Last routine checkup
<12 months ago 1464 (73.6)
>12 months ago 524 (26.4)
Emergency room as usual source of care, % 168 (8.5)
Unmet need for medical care, % 429 (21.6)

285+1.7 28.6x1.6 28.8+1.7
233 (16.9) 51 (10.8) 19 (12.8)
342 (24.8) 104 (22.1) 29 (21.0)
476 (34.5) 190 (40.3) 57 (41.3)
329 (23.8) 126 (26.8) 33 (23.9)
992 (71.9) 245 (52.0) 74 (53.6)
174 (12.6) 141 (29.9) 50 (36.2)
32 (2.3) 8 (1.7) 3(2.2)
85 (6.2) 36 (7.6) 6 (4.3)
96 (7.0) 39 (8.3) 5 (3.6)
180 (13.0) 82 (17.4) 16 (11.6)
163 (11.8) 67 (14.2) 31 (22.5)
310 (22.5) 117 (24.8) 32 (23.2)
579 (42.0) 191 (40.6) 49 (35.5)
184 (13.3) 43 (9.1) 13 (9.4)
82 (5.9) 27 (5.7) 5 (3.6)
40 (2.9) 20 (4.2) 6 (4.3)
610 (44.2) 261 (55.4) 90 (65.2)
686 (49.7) 181 (38.4) 38 (27.5)
1105 (80.1) 349 (74.1) 96 (69.6)
83 (6.0) 47 (10.0) 17 (12.3)
177 (12.8) 72 (15.3) 24 (17.4)
9 (0.7) n/a n/a
292 (21.2) 129 (27.4) 36 (26.1)
1003 (68.5) 352 (74.7) 109 (79.0)
376 (27.2) 119 (25.3) 29 (21.0)
96 (7.0) 54 (11.5) 18 (13.0)
272 (19.7) 108 (22.9) 49 (35.5)

Mean £ SD reported for continuous variables, and Column N (%) reported for categorical. Missing data: insurance status (n=7),

education (n=57), income (n=96), Hispanic ethnicity (n=4), race (n=3), last routine checkup (n=1).

n/a, not listed due to cell size <3.

continuous measures of preconception HbAlc. We estimated
an ~30% increased risk in preterm birth among women with
prediabetes. A study conducted in Norway found similarly
increased odds of preterm birth (OR 1.4, 95% CI: 1.4-2.1)
among participants with preconception glucose levels be-
tween 5.4 and 11.5 mmol/L (values in prediabetes and dia-
betes range) compared to those with glucose levels between
1.0 and 4.4 mmol/L.® Another study from Guangdong Pro-
vince, China, found that preconception prediabetes was as-
sociated with ~ 10% increased risk of preterm birth.”

Of note, when evaluating preconception glucose as a
continuous variable, the Guangdong Province study reported
null associations with preterm birth.” Two other studies that
analyzed preconception glucose levels as a continuous vari-
able (one conducted in the Cardiovascular Risk in Young
Finns Study®® and one in the Bogalusa Heart Study*®) also

reported null associations of higher glucose levels with pre-
term birth. When we examined the effects of HbAlc (a proxy
for average plasma glucose concentration in the prior 2-3
months) continuously, we similarly found no effect of in-
creasing HbAlc within the normoglycemic range. Instead,
we identified HbAlc=5.7% as a potential threshold at which
an increased risk of preterm birth emerges.

The mechanisms underlying associations between pre-
conception diabetes, prediabetes, and preterm birth are un-
clear, although hyperglycemia at conception and in early
pregnancy is associated with increased chronic inflammation
and oxidative stress. These stressors may adversely affect
placental growth during the first trimester and placental
function throughout pregnancy, as evidenced by the higher
rate of preeclampsia noted in pregnancies complicated by
diabetes.**"* The nonlinear effect between HbAlc and
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TABLE 2. SUMMARY STATISTICS FOR PRECONCEPTION DIABETES AND BLOOD GLUCOSE MEASURES COLLECTED
AT WAVE IV, ApDD HEALTH (N=1989)

Characteristic

Mean=*SD (range) or N (%)

Full sample

Diabetes classification®
Normoglycemia, %
Prediabetes, %
Diabetes, %

HbAlc, mean %

HbAlc category”
<5.7%
5.7%—6.4%
>6.5%

Participants with diabetes (N=138)
Self-reported history of diabetes, %
Current antidiabetic medication use, %
Current insulin use, %
Optimal glycemic control (i.e., HbAlc <6.5%), %

Fasting participants (<8 hours) (N=271)
HbAlc, mean %
Blood glucose, mg/dL
Nonfasting participants (N=
HbAlc, mean %
Blood glucose, mg/dL

1937)

1380 (69.4)
471 (23.7)
138 (6.9)

5.5+0.7 (4.5-15.1)

1490 (74.9)
436 (21.9)
63 (3.2)

85 (61.6)
38 (27.5)
5 (6.0)
75 (54.4)

5.7+0.8 (4.7-11.6)
100.3+22.0 (59.0-287.0)

5.5%+0.7 (4.5-15.1)
104.4+28.0 (40.0-597.0)

“Criteria for diabetes included self reported history of diabetes, antidiabetes medication use, HbAlc 26.5%, nonfasting glucose 2200 mg/
dL or fasting glucose =126 mg/dL."® Criteria for prediabetes included HbAlc 5.7%—6.4% or fasting glucose 100-125 mg/day.

PCategories determined by HbAlc alone.
HbAIc, hemoglobin Alc.

preterm birth in our study suggests that there is a specific
point at which glucose dysregulation becomes harmful to
developmental processes. These findings must be replicated
by future research to inform understanding of the specific
physiologic mechanism. In addition, studies with glucose
measured both preconception and during pregnancy will be
critical to disentangling pathways and identifying periods of
risk because the association between preconception diabetes
and preterm birth may be explained by higher incidence of
gestational diabetes in this group.

Our findings, in aggregate with the existing literature,
suggest that screening for hyperglycemia before pregnancy is
important to identifying women who may experience greater
risks of adverse birth outcomes. HbAlc is simple to collect in
clinical settings, is valid irrespective of fasting status, and

may be a useful tool for screening. Our data show that pre-
conception HbAlc is associated with preterm birth with a
similar magnitude as diabetes status (which requires fasting
glucose measurements). Future studies may consider the
benefits, harms, and added health care costs of universal
HbA 1c screening among women of reproductive age. We add
that the potential benefits of universal HbAlc screening are
highlighted by the statistic that almost half of US pregnancies
are unintended.’® If a provider waits until an individual is
pregnant or is seeking preconception care to screen for hy-
perglycemia, they will miss a large portion of the population
that may have benefited from earlier screening.

Moreover, our finding that women with diabetes meet-
ing optimal glycemic control before pregnancy have con-
siderably better outcomes emphasizes the importance of

TABLE 3. RISK OF PRETERM BIRTH ASSOCIATED WITH PRECONCEPTION DIABETES STATUS (N=1989)

Preterm birth

Exposure variable N % PTB aRR (95%CI) aRD (95%CI)
Diabetes classification
Normoglycemia 1380 11.0% Ref. Ref.
Prediabetes 471 15.1% 1.30 (0.99 to 1.70) 3.34 (—0.42 to 7.09)
Diabetes 138 25.4% 2.07 (1.46 to 2.94) 12.89 (5.25 to 20.52)
Optimal control® 75 16.0% 1.54 (0.89 to 2.67) 5.76 (-3.16 to 14.67)
Suboptimal control 63 36.5% 2.67 (1.73 to 4.13) 21.87 (9.49 to 34.25)

Models adjust for age at pregnancy, months between pregnancy and glucose measurement, gravidity, US region, race, maternal education
status, Hispanic ethnicity, past year health care coverage, systolic blood pressure, waist circumference, and smoking status.

#Optimal glycemic control: HbAlc <6.5%

aRD, adjusted risk difference, interpreted as cases per 100 persons; aRR, adjusted risk ratio; CI, confidence interval.
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FIG. 2. Nonlinear associa- 4
tion between preconception 3.5
HbAlc (%) and preterm birth 31
(N=1989). F2 Footnote: re- 254
sults from restricted cubic

spline with four knots (5th, 2
35th, 65th, 75", and 98th

percentiles). Models adjusted 154

for age at pregnancy, US re-
gion, gravidity, race, Hispanic

[

ethnicity, education, past year
health care coverage, smok-
ing status, systolic blood
pressure, and waist circum-
ference. Reference is median

Risk Ratio (95% Confidence Interval)

054

5.8% 6.4%

HbAlc (5.4%). X-axis trim-

med at 1st (HbAlc=4.8) and
99th (HbAlc=8.4) percen-
tiles. Vertical reference lines

—EII'—'UUUUDOUDOOD o o o o o o

at 5.8% and 6.5% used to in-
dicate standard cutoffs for
prediabetes and diabetes, re-
spectively. HbAlc, hemoglo-
bin Alc.

preconception care.’'?? A simulation model based on US
estimates found that universal preconception glycemic care
could prevent 8397 annual preterm deliveries among women
with diagnosed diabetes and 2267 preterm deliveries among
women with undiagnosed diabetes, and reduce costs attrib-
uted to preterm birth by >500 million dollars.>'

In discussing strategies to improve screening and precon-
ception care, we acknowledge that engagement in health care
among women ages 18—44 is low. Before the implementation
of the Affordable Care Act (ACA) (corresponding to the

| S LR N ) MRS [N E RS A PR N SR FER I RS DL LI SRR LN R
48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82
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period under study), 25% of women reported being uninsured
at some point in the prior year.'* After ACA implementation,
this number decreased to 12%."'* In our study, we reported
substantially greater burden of preconception hyperglycemia
among women with limited health care access and utilization.
This subgroup of women also experienced excess relative
burden of preterm birth associated with preconception
HbAlc levels. This excess relative burden may be due to
delayed detection of diabetes, longer duration of uncontrolled
diabetes, and fewer resources to control glycemia.

TABLE 4. ASSOCIATIONS BETWEEN PRECONCEPTION HYPERGLYCEMIA AND PRETERM BIRTH STRATIFIED BY HEALTH
CARE AccCEss AND UTILIZATION (N=1989)

% preterm birth aRD (95% CI)

Characteristic Sample size % HbAlc =25.7%
Full sample 1989 25.1%
Stable health care coverage

Yes 1532 23.8%

No 457 29.5%
Unmet health care needs

Yes 429 29.4%

No 1560 23.9%
Emergency room as usual source

Yes 168 37.5%

No 1819 23.9%
Insurance provider

Uninsured 273 28.9%

Medicaid 147 36.7%

Private 1550 23.4%
Last routine checkup

<12 months 1464 26.1%

>12 months 524 22.3%

13.0% 6.17 (2.47 to 9.86)
12.5% 3.71 (-0.49 to 7.91)
14.7% 13.11 (6.23 to 19.99)
18.0% 6.97 (0.20 to 14.15)
11.6% 5.70 (1.57 to0 9.84)
17.3% 17.65 (7.14 to 28.17)
12.6% 4.76 (0.87 to 8.66)
13.6% 13.6 (4.69 to 22.49)
19.7% 1.13 (-10.13 to 12.39)
12.3% 5.16 (0.93 to 9.39)
13.5% 5.20 (1.05 to 9.35)
11.5% 9.04 (1.90 to 16.18)

Models adjust for age at pregnancy, months between pregnancy and glucose measurement, gravidity, US region, race, maternal education
status, Hispanic ethnicity, systolic blood pressure, waist circumference, and smoking status.

RD, risk difference (interpreted as cases per 100 persons).
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This study has several limitations. Preterm birth was self-
reported and did not distinguish spontaneous versus indicated
preterm births. The prevalence of preterm birth in the full
sample (13%) was higher than anticipated, indicating some
women may have misreported the outcome. However, we
would not expect this misclassification to be differential by
diabetes status. For the exposure, we classified women who
reported being told by a doctor that they had ‘“high blood
sugar or diabetes’’ as having diabetes. This may have resulted
in misclassification if women with prediabetes also re-
sponded positively to this question. Furthermore, we were not
able to distinguish between Type I and Type II diabetes,
measured glucose and HbA1c only once, and did not consider
other complications of pregnancy such as preeclampsia and
gestational hypertension, which could explain some of the
increased preterm birth risk associated with hyperglycemia.

Finally, we included women who had a pregnancy between
Waves IV and Wave V. These women were more educated
and older during pregnancy, and a greater proportion were
White than in the baseline cohort. Due to small sample sizes
and resultant unstable estimates, we did not use Add Health
sampling weights. However, a previous study conducted
within Add Health reported the weighted prevalence of dia-
betes, prediabetes, and gllycemic control among all women
participants at Wave IV."' The unweighted estimates pre-
sented in our analytic sample are similar to those previously
published."'

Despite these limitations, this research is strengthened by
the measurement of glycemia before pregnancy. We were not
reliant on retrospectively reported exposures, and we were
able to examine risk of adverse birth outcomes across the full
range of HbAlc.

Conclusions

We reported increased risk of preterm birth associated with
blood glucose levels below clinical cutoffs for diabetes and
showed the disproportionate burden of elevated preconcep-
tion glucose levels among women with limited access to and
utilization of health care. Additional monitoring could help
identify at-risk women earlier, providing increased opportu-
nities for preconception intervention and substantial benefit
to population health.
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