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lence of metabolic syndrome,

risk of decreased insulin sensi-
tivity is becoming more widespread
among women of reproductive age.!
Pregnancy results in a series of meta-
bolic changes that serve to optimize
fetal growth conditions; however,
these changes can also result in the
development of diabetes in women
with predisposing risk factors.2 One
study® identified an increase in the
percentage of pregnancies compli-
cated by gestational diabetes mellitus
(GDM) from 2.9% in 1999 to 3.6% in
2006 (P < 0.01). Another study* found
an increase in GDM prevalence from
1.9% in 1989-1990 to 4.2% in 2003—
2004. Overall, the prevalence of GDM
is estimated to have increased by
10-100% in the past 20 years among
several racial/ethnic groups.® In 2010,
the International Association of
Diabetes in Pregnancy Study Groups
established new criteria for GDM
diagnosis, which, if adopted, would
increase the number of cases to 18%
of all pregnancies.

GDM is associated with a host
of complications, including pre-
eclampsia, polyhydramnios, fetal
macrosomia, fetal organomegaly,
birth trauma, operative delivery,
and neonatal respiratory and
metabolic complications or death.’
Tight glycemic control decreases the
risks of spontaneous abortion and
congenital malformations, which are
twice as likely to occur in the setting
of maternal diabetes.® Infants who
survive a birth complicated by GDM

In the context of increasing preva-
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may be at increased risk of child-
hood obesity and diabetes, impaired
motor function, and higher rates

of inattention and/or hyperactiv-
ity.”!° These conditions compromise
the child’s cognitive and physical
development. For mothers, there is
a rapid increase in the risk of type 2
diabetes during the first 5 years after
delivery." The risk of overt diabe-
tes immediately after pregnancy

is 10%.'2 Women with a history

of GDM remain at an increased
long-term risk of developing type

2 diabetes compared to their coun-
terparts with no GDM history (risk
ratio 7.43).3 They also have a higher
likelihood of developing GDM in a
subsequent pregnancy.

Postpartum follow-up for patients
with gestational diabetes mellitus
(GDM) is essential to manage
future disease risk. In a diverse,
urban population of GDM
patients at a major medical center,
high fasting glucose, high BMI at
diagnosis, and low education level
were associated with not follow-
ing up in the endocrinology clinic
after delivery; patients least likely
to follow up are, therefore, also at
greatest risk of GDM complica-
tions. Although race/ethnicity
was not a significant predictor of
follow-up, Hispanic/Latina and
African-American patients were
more likely to have risk factors for
postpartum clinical attrition.

Several risk factors mediate
postpartum type 2 diabetes risk
among women with a history of
GDM. These include elevated fasting
blood glucose (FBG) in a diagnostic
glucose tolerance test (GTT) dur-
ing pregnancy; FBG > 121 mg/dl is
associated with a 21-fold risk.*1*1
High BMI at the time of diagnosis is
also positively correlated with post-
partum risk of type 2 diabetes.?!¢
One study" found that African-
American women with GDM and,
secondarily, Hispanic/Latina women
are at the highest risk of developing
postpartum type 2 diabetes com-
pared to Asian/Pacific Islander and
non-Hispanic/non-Latina women.
This disparity was only partially
decreased after accounting for BMI.
In another study of Hispanic/Latina
women with GDM,"*® 80% of women
developed type 2 diabetes within
5 years of delivery. Physiological
and demographic factors, there-
fore, mediate postpartum type 2
diabetes risk.

Given its potential for long-term
sequelae, GDM is a disease that
requires close clinical follow-up
at least every 3 years, beginning
with a postpartum GTT within
612 weeks of delivery.!” Follow-up
allows for diagnosis and appropriate
treatment of patients who develop
diabetes early in the postpartum
period. Timely diagnosis also serves
as secondary prevention of long-
term complications associated with
diabetes, and early postpartum
follow-up is crucial for establishing
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or maintaining lifestyle changes that
decrease the risk of type 2 diabetes
later in life or delay its onset. Tight
glycemic control is also crucial for
the health of future pregnancies.
Spontaneous abortions in the first
semester are more common in preg-
nancies complicated by diabetes.?
Maternal diabetes increases the risk
of congenital malformations, most
notably cardiac anomalies and neu-
ral tube defects.?’ This risk remains
elevated for mothers with diabetes
even when glycemic control is good.

Given the importance of close
postpartum follow-up of patients
with GDM, identification of those
most at risk of attrition is a signifi-
cant clinical question. In one study,”
negative predictors of postpartum
follow-up included obesity and
higher parity. On the other hand,
older age, Asian or Hispanic/Latina
ethnicity, greater contact with medi-
cal providers, and higher education
were identified as predictors of
postpartum follow-up. In another
study,” older age, nulliparity, and
higher income or education were
positive predictors of completing
GTT screening. Women who fail to
follow up for postpartum care often
have more severe GDM and a higher
prepregnancy weight than those
who do, suggesting that underlying
causes of clinical attrition may be
associated with risk factors for post-
partum type 2 diabetes.”* A report
on postpartum GTT screening from
the Translating Research Into Action
for Diabetes study?' found that the
rate of postpartum screening has
increased since the mid-1990s, but as
of 2006, it is still only 53.8%.

GDM has rapidly increased in
incidence in recent years, in keep-
ing with the global upward trend of
obesity, type 2 diabetes, and other
metabolic diseases. Type 2 diabetes
is an important sequela of GDM,
and close postpartum follow-up is
key to preventing or treating this dis-
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ease in a timely manner. This study
adds to the literature describing
characteristics of patients least likely
to follow up for a postpartum clinic
visit. The results may serve as a
starting point for targeted interven-
tions aimed at patients at high risk
of postpartum attrition and subse-
quent preventable morbidity after an
episode of GDM.

Methods
We conducted a retrospective chart
review of 373 postpartum GDM
patients seen at a major academic
medical center between January 2010
and November 2012. Institutional
review board approval was obtained
before data collection began.
Variables of interest included race/
ethnicity, level of formal education,
income, age, history of GDM or
delivery of a large-for-gestational-age
baby, BMI at diagnosis, gestational
age at diagnosis, type of treatment
received, infant birth weight, pre- and
postpartum GTT results, and follow-
up at a postpartum visit within 4
months of delivery.

Means and standard devia-
tions were calculated to summarize
continuous variables; counts and
percentages were calculated to sum-
marize categorical variables. The
comparisons between groups were
performed with the use of Kruskal-
Wallis or Wilcoxon rank-sum
tests for continuous variables and
Pearson’s ¢ test for categorical vari-
ables. A logistic regression model
was also fit to assess the association
between keeping a follow-up visit
appointment and prespecified con-
founding variables.

Results

The mean age was 31.0 years (n = 373).
Sixty percent of patients were iden-
tified as Caucasian/white, 17% as
Hispanic/Latina, 9% as African-
American/black, and 14% as other
backgrounds, including Asian,

Middle Eastern, and African. The
majority of patients received only diet
and exercise counseling for treatment;
the next most common form of treat-
ment was insulin therapy, followed
by glyburide. Other demographic
characteristics of patients can be
found in Table 1.

Descriptive statistics and
analysis of variance were used to
identify characteristics of patients
who did not attend their postpar-
tum follow-up appointment in the
endocrinology clinic. The overall
follow-up rate was 50%. Patients
with less than a high school educa-
tion were significantly less likely to
complete a follow-up visit (defined
as a return to the endocrinology
clinic within 4 months of delivery
for the purposes of GDM follow-
up) than patients with an advanced
degree (odds ratio [OR] 4.36, 95% CI
1.42-13.41). Furthermore, education
level was inversely correlated with
fasting glucose at time of diagnosis,
which is a significant predictor of
postpartum diabetes risk. The OR of
having a higher fasting glucose for a
patient with a high school education
versus an advanced degree was 2.77
(95% CI 1.09-7.00).

Average BMI at diagnosis was
31.7 kg/m? among patients who did
not follow up and 29.9 kg/m? among
those who did follow up (P = 0.01);
patients with a higher BMI were less
likely to keep their follow-up visits
(OR 0.69). Of note, a prepregnancy
BMI > 30 kg/m? is associated with
an increased risk of postpartum
diabetes among women with GDM."?
These data suggest that a lower level
of formal education and higher BMI
at diagnosis are associated with a
decreased likelihood of completing a
follow-up visit. Incidentally, patients
with lower levels of education have
higher fasting glucose levels at
diagnosis. Both higher fasting glu-
cose and higher prepregnancy BMI
are linked to greater postpartum
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Table 1. Demographics (n = 373)

Characteristic Percentage of Patients or Mean = SD
Race/ethnicity
Caucasian/white 60
Latina/Hispanic 17
African-American/black 9
Other 14
Education
Advanced degree 18
College 37
High school/some college 32
Less than high school 12
Income
> $70,000+ 32
$50,000-$70,000 20
$30,000-$49,999 21
< $30,000 27
Age (years) 31.0+438
BMI at diagnosis (kg/m?) 319+69
Treatment
Diet/exercise 62.5
Glyburide 9.3
Insulin 28.2
Infant birth weight (g) 3,425+ 496
Serum fasting glucose (mg/dl) 88+ 12
<100 88.6
101-125 9.7
> 125 1.6
2-hour GTT (mg/dl) 108 £ 32
<140 86.6
141-200 11.8
>200 1.6

diabetes risk, suggesting that GDM

patients least likely to follow up are

also the patients at the highest risk

for postpartum type 2 diabetes.
Although race/ethnicity was

not independently associated with

postpartum follow-up, associations
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between racial/ethnic categories and
the observed risk factors existed.
Average BMI at diagnosis was 33.3
kg/m? for Hispanic/Latina and
African-American patients and

31.0 kg/m? for Caucasian patients

(P < 0.001). Nearly 20% of Caucasian

patients had an advanced degree
compared to 12.9% of African-
American patients and 1.8% of
Hispanic/Latina patients (P < 0.001).
Therefore, Hispanic/Latina and, to
a lesser extent, African-American
patients may be more likely to have
risk factors for not following up in
populations similar to the one in
this study.

Discussion

Postpartum follow-up for GDM
patients is essential to identify and
treat those who develop diabetes
early in the postpartum period.
Early diagnosis and treatment serve
as secondary prevention of long-
term complications associated with
diabetes. Follow-up is also crucial for
establishing or maintaining lifestyle
changes that decrease type 2 dia-
betes risk.

This retrospective chart review
demonstrated that the patients least
likely to follow up were those with
lower levels of formal education
(less than a high school degree).
These patients were at the high-
est risk of developing postpartum
type 2 diabetes given that they also
had higher BMIs and fasting glu-
cose levels at diagnosis. Although
race was not independently associ-
ated with postpartum follow-up,
Hispanic/Latina and, secondarily,
African-American patients had
higher BMIs and lower levels of
education than Caucasian patients
in this population. Other studies
have found that African-American
and Hispanic/Latina women with
a history of GDM are at higher
risk of postpartum type 2 diabetes,
which highlights the intersection of
demographic and physiological risk
factors for both clinical attrition and
later morbidity.!*

These findings could serve as a
starting point for targeted inten-
sive postpartum outreach. Primary
care providers (PCPs) and obstetri-
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cians may play an important role in
identifying women at high risk of
GDM in the preconception and early
prenatal periods. Lifestyle changes
to encourage weight loss and prevent
hyperglycemia in early pregnancy
may be particularly important
for this population. A systematic
review of interventions to increase
postpartum testing rates among
GDM patients found that proactive
programs featuring reminders to
both patients and their PCPs, as well
as patient tracking systems, were the
most effective.”

Because women interact with
pediatricians frequently during
the months after delivery, pediatri-
cians may be another important
provider group to engage. Just as
they administer postpartum depres-
sion screenings, pediatricians could
administer maternal and child
chronic disease risk screenings and
recommend appropriate clinical and
community resources to promote
healthy lifestyles. Maternal life-
style risk factors may directly affect
child health; a study of Hispanic/
Latino families? found that parental
physical activity was strongly cor-
related with toddler physical activity.
Pediatricians may be ideal providers
to promote family health, particu-
larly in the first 5 years of a child’s
life, when maternal risk of conver-
sion to type 2 diabetes after GDM is
highest and excessive infant weight
gain is particularly deleterious.'?’
This study identifies opportunities
to target patients with lower levels
of formal education, higher fasting
glucose levels, and BMIs > 30 kg/m?
for more intensive efforts at ensur-
ing follow-up. Collaborative clinical
efforts to engage this subgroup may
be particularly effective in terms of
morbidity prevention.

Prevention is also important
for reducing health care costs. One
study?® found that pregnancies
complicated by GDM were associ-
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ated with costs of care 34% greater
than for uncomplicated pregnancies;
women with GDM had significantly
higher rates of emergency caesarean
section, and their infants were more
likely to require neonatal intensive
care. After delivery, women with
GDM face an increased risk of
developing diabetes and contributing
to the $245 billion spent annually on
diabetes care in the United States.”
In a setting of increased health

care costs, preventive measures to
reduce both perinatal complications
and long-term disease morbidity

are crucial. Prevention includes
systemic solutions to social deter-
minants of health. Our findings
demonstrate that minority women,
in particular Hispanic/Latina and
African-American patients, are more
likely to have higher BMIs and lower
levels of formal education, factors
associated with a higher likelihood
of postpartum clinical attrition.
Decreasing disparities in GDM care,
therefore, also involves preventive
efforts and advocacy outside the
clinical setting.

Limitations of this study include
its descriptive nature and the limited
number of cases (n = 373). With
a larger cohort, the racial/ethnic
category of “other” could be further
stratified into discrete categories,
providing more information by race/
ethnicity. A prospective study would
provide opportunities to explore
trends in the development of post-
partum type 2 diabetes, perinatal
complications, or other sequelae.
Directions for future research may
include exploring barriers to post-
partum follow-up among patients
who fail to return to the clinic
after delivery. Such research could
inform the development of effective
interventions to increase postpar-
tum follow-up rates among patients
identified as being at high risk in this
population. GDM is an increasingly
important problem related to the

recent rise in obesity. Its potential to
affect long-term individual, as well
as intergenerational, health calls for
expanded research efforts to eluci-
date persistent gaps and disparities
in treatments and outcomes.
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