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Translating Research on Diabetes
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Epidemiological studies on the intergenerational transmission of hyperglycemia
and obesity via in utero exposure have established the scientific foundation for the
vicious cycle of diabetes and obesity. The findings compel us to address an urgent
public health question: how do we break this vicious cycle and implement upstream
prevention strategies that are feasible for patients and health care delivery
systems? To address this question, it is necessary to work across a continuum of
translational research from basic science, epidemiology, and efficacy trials to
pragmatic trials, which, along with evaluations of health programs, may lead to
implementation of positive changes in clinical care. Three strategies for translating
research on diabetes and obesity in pregnancy into prevention are discussed: 1)
identifying diagnostic criteria of gestational diabetes mellitus (GDM) practicable in
clinical settings to implement treatment and prevention, 2) examining trends in the
prevalence of diabetes in pregnancy and related complications across racial/ethnic
groups to plan prevention efforts, and 3) developing and evaluating scalable
upstream diabetes and obesity prevention interventions. Upstream preventive
interventions aimed at breaking the vicious cycle are discussed. Areas of future
research needed to break the vicious cycle are identified. Evaluating the effec-
tiveness of programs for the management of pregnancy hyperglycemia is necessary
to reduce complications. Understanding racial/ethnic differences in the patho-
physiology of GDM and its complications will be important for risk stratification.
Pragmatic trialsin real-world clinical settings for upstream prevention are needed to
break the vicious cycle at the population level. Finally, leveraging basic science with
intergenerational studies will inform targeted interventions.

Norbert Freinkel, in his Banting lecture in 1980 (1), was among the first to introduce
the concept of the diabetes vicious cycle by describing evidence and hypotheses on
how excess pregnancy fuel substrates, resulting from altered glucose and insulin
homeostasis, had the potential to lead to adverse effects on the fetus by affecting
organogenesis, behaviors, and adiposity. Freinkel hypothesized that among women
with gestational diabetes mellitus (GDM) the effect of pregnancy hyperglycemia on
the fetal 3-cell may have intergenerational effects. This hypothesis was supported by a
study of rats with streptozotocin-induced hyperglycemia during pregnancy (F1),
which showed that their offspring (F2) exhibited reduced glucose tolerance and insulin
secretion during late pregnancy, and the third generation (F3) also showed in-
adequate -cell changes during late pregnancy, suggesting that GDM could be an in
utero—acquired condition (2).
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Today, we have several pieces of
evidence from large racially and ethni-
cally diverse population-based epidemi-
ological studiesontheintergenerational
transmission of hyperglycemia and obe-
sity related to in utero exposure to these
conditions, thus further substantiating
the vicious cycle of diabetes and obesity
that was first observed among the Pima
Indians (3) (Fig. 1). Women with a preg-
nancy affected by GDM are at high risk of
recurrent GDM in a subsequent preg-
nancy (4) and type 2 diabetes later in life
(5); their offspring are at increased risk of
several perinatal complications, includ-
ing macrosomia and large for gestational
age (LGA) (6,7), and adverse health out-
comes during childhood and adolescence,
such as obesity, early puberty, and type 2
diabetes (8-13). Female offspring are
more likely to enter pregnancy with obe-
sity or dysglycemia, factors that predis-
pose women to having GDM (14,15) and a
macrosomic or LGA infant (16). The effect
of GDM and obesity on these risks is
amplified if excess gestational weight
gainoccurs (17,18). These findings compel
us to address an urgent public health
question: how do we break the vicious
cycle of diabetes and obesity in pregnancy
and implement upstream prevention
strategies that are feasible for patients
and health care delivery systems?

Here, | will share what | learned about
breaking the vicious cycle of diabetes and
obesity in pregnancy. | started to work on
this area of research when | arrived at the
Division of Research at Kaiser Perma-
nente Northern California (KPNC). Doing
research there, in a division embedded in
an integrated health care delivery sys-
tem, made it possible to advance and
translate my research into a model for
prevention. My research was also pos-
sible because of the collaboration with
valuable colleagues and friends—Drs.
Monique Hedderson, Samantha Ehrlich,
Susan Brown, Yeyi Zhu, and Charles
Quesenberry and the directors of the
KPNC Regional Perinatal Service Center
(Perinatal Center), Drs. Yvonne Crites and
Mara Greenberg. Together we worked
across a continuum of translational re-
search. On this continuum, basic science,
epidemiology, and efficacy randomized
controlled trials (RCTs) all informed prag-
matic RCTs that, along with evaluations
of health programs, may lead to imple-
mentation of positive changes in clinical
care and policies. As described below, we

had three valuable strategies for trans-
lating the research on diabetes and obe-
sity in pregnancy into interventions
designed to break the vicious cycle.

1. Identifying Diagnostic Criteria for
GDM That Are Practicable in Clinical
Settings to Implement Treatment and
Prevention

Historically, the first systematicapproach
to establish diagnostic criteria for GDM
was led by O’Sullivan in the late 1950s
(19). In 1979 the National Diabetes Data
Group (NDDG) proposed modifying up-
ward the glucose thresholds established
by O’Sullivan due to a switch from using
venous whole-blood samples to plasma
orserum samples (20). In 1982 Carpenter
and Coustan (CC) proposed glucose
thresholds lower than the NDDG thresh-
olds due to the new enzymatic method
that reduced measurements of nonglu-
cose substances in the plasma or serum
(21). Both the NDDG and CC followed the
original O’Sullivan criteria for the diag-
nosis of GDM by using at least two glucose
values during the 100-g, 3-h oral glucose
tolerance test (OGTT) above the selected
thresholds. Until early 2000, the NDDG
thresholds were the most commonly used
criteria, given the paucity of evidence on
whether lower glucose levels were asso-
ciated with increased risk of perinatal
complications (22).

In 2007 we published the results of
three case-control studies with approx-
imately 500 cases for each neonatal com-
plication previously reported to be
associated with in utero exposure to hy-
perglycemia, such as severe macrosomia
(birth weight >4,500 g), severe neonatal
hypoglycemia (plasma glucose <2.2
mmol/L), and hyperbilirubinemia (serum
bilirubin =342 pwmol/L) (6). Cases and
controls were nested within a cohort of
more than 45,000 racially and ethnically
diverse pregnant women who did not
meet the NDDG thresholds and therefore
were not treated. We showed that having
two or more glucose values meeting the
CC thresholds was associated with sub-
stantially increased odds of having an
infant with macrosomia (odds ratio [OR]
3.40 [95% CI 1.55-7.43]), hypoglycemia
(2.61[0.99-6.92]), or hyperbilirubinemia
(2.22 [0.98-5.04]) (Fig. 2A) (6). These
results were among the earliest and stron-
gest evidence in support of the associa-
tions between the CC criteria and the risk
of perinatal complications, and they led
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‘ Figure 1—The vicious cycle of diabetes and
obesity.

to a wider adoption of the CC criteria for
the diagnosis of GDM.

In 2010 the International Association
of the Diabetes and Pregnancy Study
Groups (IADPSG) proposed new glucose
thresholds for the diagnosis of GDM that
were based on the results from the
Hyperglycemia and Adverse Pregnancy
Outcome (HAPO) study (7). The IADPSG-
proposed glucose thresholds were lower
than the CC thresholds and required only
oneglucose value obtained during a 75-g,
2-h OGTT at or above those thresholds for
the diagnosis of GDM (23). The IADPSG
criteria opened a series of debates since
their use would substantially increase the
prevalence of GDM (24), posing challenges
to health care delivery systems. Moreover,
in some populations, the IADPSG criteria
were not found to be associated with
increased risk of perinatal complications
(24). Other questions were related to
whether the increased odds of perinatal
complications that were observed above
the IADPSG thresholds were mostly re-
lated to values in the upper end of the
glucose distribution, which included the
CC thresholds.

To provide further information to this
ongoing debate, we estimated the odds
of LGA across increasing categories of
pregnancy glycemia for each of the four
time points of a 100-g, 3-h OGTT in a
multiethnic cohort of more than 150,000
pregnant women who did not have GDM
by the CC criteria and therefore had a
glucose value exceeding only one of the
CC thresholds (25). We found that the
highest prevalence of LGA (i.e., 20%) was
observed among women with isolated
fasting glycemia at or above the CC
threshold (i.e., =5.3 mmol/L), and it
was similar to that observed in women
with GDM by the CC criteria who were
not treated. The odds of delivering an
LGA infant associated with isolated fast-
ing hyperglycemia =5.3 mmol/L was
1.89 (95% Cl 1.45-2.45), whereas the
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Figure 2—A: ORs and 95% Cl for neonatal complications associated with number of glucose values meeting the Carpenter and Couston (CC) thresholds
during a diagnostic 100-g, 3-h OGTT among women who did not meet the NDDG criteria. Adapted from Ferrara et al. (6). B: ORs and 95% Cl for LGA across
categories of fasting plasma glucose. Adapted with permission from Ehrlich et al. (25).

odds in women with fasting glycemia in
the rage 5.0-5.2 mmol/L, and thus in-
cluding the IADPSG cut point, was 1.73
(95% Cl 1.45-2.07) (Fig. 2B) (25). These
results suggested that isolated fasting
hyperglycemia may be clinically usefulin
identifying women with increased odds
for delivering an LGA infant, who would
benefit from treatment and manage-
ment of hyperglycemia.

Guided by the continuum of trans-
lational research, based on the results
we obtained through these epidemiolog-
ical studies, | collaborated with my col-
leagues at the KPNC Perinatal Center to
implement the CC criteria and isolated
fasting hyperglycemia by CC thresholds
for the diagnosis and treatment of GDM
in our clinical setting. These changes in
GDM diagnostic criteria provided oppor-
tunities for women with pregnancy hy-
perglycemia below the NDDG thresholds
to receive treatment, with the goal of
reducing rates of macrosomia or LGA and
breaking the vicious cycle of GDM.

2. Examining Trends in the Prevalence
of Diabetes in Pregnancy Across Racial/
Ethnic Groups to Plan Treatment and
Prevention Efforts

To allow health care delivery systems to
allocate resources for treatments and
behavioral interventions to prevent peri-
natal complications among women with
GDM or pregestational diabetes, it is im-
portant to know trends in the prevalence
of these conditions. We were among the
first to show that the prevalence of
GDM was on the rise when we published

astudy of 267,051 pregnancies which found
that the age- and race/ethnicity-adjusted
prevalence of GDM increased by almost
50%, from 5.1% in 1991 to 7.2% in
2000 (Fig. 3A) (26). We also discovered
clear racial/ethnic disparities in the bur-
den of GDM, with Asian women having
the highest prevalence of GDM, followed
by Hispanic women and then African
American and White women (26). These
racial/ethnic disparities were indepen-
dent of overall obesity since the preva-
lence of GDM among Asian women was
10% at a BMI of 22.0-24.9 kg/m?, whereas
in Hispanic, White, and Black women, the
prevalence was between 8% and 10% at
BMls of 28.0-30.9, 34.0-36.9, and =37.0
kg/m?, respectively (27). These data sug-
gest that other factors besides obesity
contribute to the high risk of GDM among
Asian women. In contrast, we observed
that among women with GDM the prev-
alence of LGA newborns was highest
in African Americans (25.1%), lowest
in Asians (13.9%), and intermediate
among Hispanic (17.3%) and White
women (16.4%) (16). These racial/
ethnic disparities persisted even after
adjustment for sociodemographic fac-
tors, glucose values during the 100-g
OGTT, and BMI, suggesting that other
factors—such as racial/ethnic dispar-
ities in achieving optimal glycemic con-
trol (28)—may partially explain the
observed disparity in having an LGA
infant. In addition, we found that among
pregnant women with GDM, higher
ethnic identity—a measure of attachment
to one’s ethnic group—was associated

with increased physical activity and bet-
ter diet quality (29), behaviors that we
found to be associated with optimal
glycemic control in women with GDM
(30,31). These racial/ethnic disparities
in GDM prevalence, related LGA risk,
and protective health behaviors need
to be considered when implementing
treatment and prevention strategies
to ensure their effectiveness across all
racial/ethnic groups. They also call for a
better understanding of the underlying
pathophysiology of GDM across racial/
ethnic groups.

We also observed an alarming 82%
increase in the prevalence of overall
pregestational diabetes between 1996
and 2014, with similar increases for
pregestational type 1 and type 2 di-
abetes (32). The age-adjusted preva-
lence increased from 0.14% (95% CI
0.12-0.16) to 0.24% (0.21-0.27) for
pregestational type 1 diabetes and
from 0.42% (0.38-0.46) to 0.78%
(0.73-0.83) for pregestational type 2
diabetes (Fig. 3B) (32).

Increases in the prevalence of diabetes
in pregnancy are alarming. Given that in
utero exposure to diabetes is associated
with increased risk of obesity and di-
abetes in offspring, increases in diabetes
in pregnancy suggest a snowballing of the
intergenerational transfer of these con-
ditions and thus call for the need for
upstream prevention. However, to have
an impact at the population level, we
need to test upstream diabetes preven-
tion programs that are scalable in clinical
settings.
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Figure 3—Trends in the age-adjusted prevalence of GDM (A) and pregestational diabetes (B). Panel A adapted from Ferrara et al. (26). Panel B adapted

with permission from Peng et al. (32).

3. Developing and Evaluating Scalable
Interventions for Upstream Diabetes
and Obesity Prevention

Treatment of Hyperglycemia in Women
With GDM

Both the Australian Carbohydrate In-
tolerance Study in Pregnant Women
(ACHOIS) trial (33) and the Maternal-Fetal
Medicine Units (MFMU) Network trial (34)
showed that treatment of pregnancy hy-
perglycemia reduced the odds of macro-
somia and LGA. These trials provided
evidence that the vicious cycle of diabetes
in pregnancy can be broken if efficient
treatment is implemented. We provided
additional evidence on the effectiveness
of managing pregnancy hyperglycemia in
real-world clinical settings by evaluat-
ing the referral of patients with GDM
tothe KPNC Perinatal Center—a nurse-
management program delivering sup-
plemental care to women with GDM by
providing telephonic counseling on glucose
monitoring and control and encouraging
the completion of postpartum screening
for diabetes (35). We showed that, as
compared with women from KPNC med-
ical facilities that referred <30% of their
patients with GDM to the Perinatal Cen-
ter, women from KPNC medical facilities
that referred >70% of their GDM patients
had a 25% reduction in the odds of having
a macrosomic infant (OR 0.75 [95% ClI
0.57-0.98]) and almost three times the
odds of completing postpartum screening
for diabetes (OR 2.96 [2.56-3.42]) (35).
This finding provided further evidence
that it is possible to break the vicious

cycle of GDM by implementing clinical
care to manage pregnancy hyperglycemia.
Increasing postpartum diabetes screen-
ing followed by patient outreach (36) may
promote diabetes prevention or early treat-
ment and possibly reduce the risk of macro-
somia in a subsequent pregnancy. Again,
guided by the continuum of translational
research, results of this clinical care evalu-
ation fully supported the referral of all GDM
patients at KPNC to the Perinatal Center.
Moreover, it suggested that referral of GDM
patients to similar nurse-managed pro-
grams has strong potential to reduce rates
of macrosomia and interrupt the vicious
cycle of GDM.

Lifestyle Interventions in Women With GDM
The Diabetes Prevention Program (DPP)
demonstrated that an intensive lifestyle
intervention reduced the risk of devel-
oping diabetes by approximately 53% in
parous women with a history of GDM,
whose pregnancies were on average
approximately 12 years before enroll-
ment in the trial (37). The DPP lifestyle
curriculum was very intensive and re-
quired several in-person group sessions,
thereby posing challenges for implemen-
tation. We adapted the DPP curriculum
to be delivered by telephone to meet
the needs of pregnant and postpartum
women with GDM who may benefit more
from early prevention, given their excep-
tionally high risk of type 2 diabetes, and
who juggle the competing demands of
having young families. A telephonic in-
tervention also has the potential to
be more feasible for implementation in

health care delivery settings. Based on
evidence showing that excess gestational
weight gain is a strong predictor of post-
partum weight retention (38) and that
postpartum weight retention is linked to
type 2 diabetes (39), our DPP-based life-
style curriculum started soon after the
GDM diagnosis and continued through
postpartum to help women to manage
their weight during these critical periods.

We first tested this lifestyle interven-
tionin our Diet, Exercise, and Breastfeed-
ing Intervention (DEBI) trial, where we
randomized 96 women to the interven-
tion and 101 women to usual care soon
after the GDM diagnosis (40). During
pregnancy, women in the intervention
were given the goal to meet the Institute
of Medicine (IOM) guidelines for gesta-
tional weight gain (41); during postpar-
tum, women were given the goal of
returning to their prepregnancy weight,
if their prepregnancy BMI was <25.0 kg/
m?, or losing an additional 5% of their
prepregnancy weight, if their prepreg-
nancy BMI was =25.0 kg/m? (40). We
observed that the proportion of women
who reached the postpartum weight goal
at 12 months postpartum was higher in
the intervention condition than in usual
care (37.5% vs. 21.4%; 16% absolute
condition difference). The intervention
was more effective among women who
did not exceed the I0OM guidelines for
gestational weight gain; among these
women, the absolute difference in the
proportion who reached the postpartum
weight goals between conditions was
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Figure 4—A and B: Effects of lifestyle interventions on the proportion of women with GDM meeting the postpartum weight goals (A) and the IOM
guidelines for gestational weight gain (B) in the GEM cluster randomized controlled trial. Panel A adapted with permission from Ferraraetal. (44); panel B
adapted with permission from Hedderson et al. (45). C: Effects of lifestyle intervention on the proportion of women with overweight or obesity meeting
the IOM guidelines for gestational weight gain in the GLOW randomized controlled trial. Adapted from Ferrara et al. (49). GWG, gestational weight gain.

22.5% (40). In a secondary analysis, we
found that, as compared with women who
maintained or gained weight, women who
lost >2 kg at 12 months postpartum had
significantly lower serum glucose levels at
fasting and 2 h after a 75-g OGTT (42),
suggesting that even modest weight loss
inthe postpartum period could potentially
delay the development of type 2 diabetes
in women with GDM. Moving forward on
the continuum of translational research,
based on the results of the DEBI trial, our
nurse-managed program for women with
GDM at the KPNC Perinatal Center de-
veloped diabetes prevention education
materials to be mailed to all women with
GDM, thus providing preventive care to
these young women at high risk of type 2
diabetes.

This new initiative also offered the
opportunity to conduct comparative effec-
tiveness of diabetes prevention strategies
in women with GDM. In the Gestational
Diabetes’ Effects on Mom (GEM) pragmatic
cluster randomized controlled trial (43),
we compared mailed prevention materials
implemented by our nurse-managed pro-
gram to the lifestyle intervention adapted
from the DPP. The GEM lifestyle interven-
tion had a pregnancy component and a
postpartum component. Soon after the
diagnosis of GDM, women were mailed a
letter including tailored weight goals for
the end of pregnancy based on awoman’s
prepregnancy BMI, current weight, and
gestational weight gain trajectory in re-
lation to the IOM gestational weight gain
guidelines, as well as tips on diet and

exercise. At 6 weeks postpartum, women
were mailed a workbook, derived from
the DDP lifestyle curriculum, that was
discussed through 13 individual tele-
phone sessions lasting on average 20
min each (43). Women were given the
same postpartum weight goals as in the
DEBI intervention. We randomized all
KPNC medical centers to either the GEM
intervention (22 centers, 1,087 women
with GDM) or usual care conditions
(22 centers, 1,193 women with GDM)
(44). As a pragmatic trial, the interven-
tion was presented as a new initiative of
our nurse-management program; there-
fore, the intervention was offered to all
women in the medical centers random-
ized to the intervention. This makes the
results of the GEM trial very generaliz-
able, since it was not based on aselected
sample of volunteers, as in typical ran-
domized trials. In an intention-to-treat
analysis (which included women who
did not wish to participate in the in-
tervention), we found that during the
12 months postpartum, women in the
medical facilities assigned to the GEM
intervention had 28% significantly higher
odds of meeting postpartum weight goals
than women in the medical facilities as-
signed to usual care (OR 1.28 [95% CI
1.10-1.47]). The proportion meeting post-
partum weight goals was consistently
higher in the intervention than in usual
care duringthe follow-up (25.5%vs. 22.4%
at 6 weeks, 30.6% vs. 23.9% 6 months, and
33.0% vs. 28.0% at 12 months postpar-
tum) (Fig. 4A) (44). We also found that

women in the medical facilities assigned
to the GEM intervention were 8% more
likely to meet IOM guidelines for weekly
rate of gestational weight gain from the
GDM diagnosis to delivery (72.6% vs.
67.1%; relative risk 1.08 [95% CI 1.01-
1.17]; Fig. 4B) (45). Finally, the proportion
of LGA infants was significantly lower in
the intervention than usual care condi-
tion (9.7% vs. 12.8%) (45). In summary,
we found that the GEM intervention
improved gestational weight gain, re-
duced postpartum weight retention, and
reduced LGA, providing additional evidence
that it is possible to break the vicious
cycle of GDM.

Lifestyle Interventions for Management of
Gestational Weight Gain

The ongoing global epidemics of obesity
and excessive gestational weight gain,
which synergistically increase the risks of
GDM and LGA (18,46), highlight the need
for interventions to help women with
overweight or obesity to manage gesta-
tional weight gain. Weight management
interventions in women with overweight
or obesity during pregnancy have had
limited success. Recently, however, the
meta-analysis of the Lifestyle Interven-
tions for Expectant Moms (LIFE-Mom)
trials showed that intensive in-person
lifestyle interventions in pregnant women
with overweight or obesity reduced the
proportion of women exceeding the IOM
guidelines for weekly rate of gestational
weight gain by 17.6% (47). Given that
intensive interventions requiring multi-
ple in-person sessions may not be feasible
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for many pregnant women and may be
difficult to implement in health care
delivery settings, we developed a behav-
ioral lifestyle intervention delivered pri-
marily by telephone to help pregnant
women with overweight or obesity to
manage their gestational weight gain
(48). We tested this intervention in
the Gestational weight gain and Optimal
Wellness (GLOW) trial conducted among
pregnant women with overweight or
obesity, in which we randomized 199
women to the intervention and 195
to usual care (49). Women in the in-
tervention were provided a workbook
that was discussed during two individ-
ual in-person sessions and eleven in-
dividual telephone sessions starting
at approximately 14 weeks of gesta-
tion. The GLOW intervention substan-
tially reduced the proportion of women
exceeding the IOM guidelines for weekly
rate of gestational weight gain by 29.8%
(48.2% in the intervention and 68.7%
in usual care; relative risk 0.70 [95%
C10.59-0.83]) (Fig. 4C) (49). The GLOW
intervention also significantly reduced
the pregnancy-related increases in
biomarkers related to diabetes, such
as insulin, HOMA of insulin resistance,
and leptin, between the first and the
third trimester; cord blood levels of
leptin and C-peptide were also lower in
the intervention group than the usual
care group (49).

Both the LIFE-Mom and the GLOW
trials did not show intervention effects
in reducing LGA, although they were not
powered to examine this outcome. Since
observational studies have reported an
association between first trimester ex-
cess gestational weight gain and LGA
(50), it may be that interventions should
start before conception to help women
begin pregnancies with a healthier BMI
and a better diet quality to reduce LGA
risk. For example, in our Pregnancy En-
vironment and Lifestyle Study (PETALS),
with a longitudinal cohort of more than
3,000 pregnant women, we found that a
lower healthy eating index score from the
immediate preconception period through
the first trimester was associated with
increased risk of having an LGA infant
(51). However, among women with a low
healthy eating index score, substituting
empty calories with whole grains was
associated with a 25% reduction in LGA
(OR 0.75 [95% CI 0.66-0.86]), suggest-
ing that diet modifications from the

preconception period through the first
trimester may have the potential to re-
duce LGA. We are now following the
children of the women from the PETALS
cohort in the Environmental influences
on Child Health Outcomes (ECHO) pro-
gram, supported by the National Insti-
tutes of Health and including more than
50,000 children across the U.S. Given the
large sample size, as well as the assess-
ments of genetics, epigenetics, omics,
and other multidimensional factors, the
ECHO program may lead to a better
understanding of the etiology of child-
hood obesity associated with in utero
exposure to overnutrition (52), and thus
it has the potential to inform the de-
velopment of targeted interventions to
break the vicious cycle.

Future Research

We should focus on evaluating the ef-
fectiveness of programs delivered in health
care systems for management of preg-
nancy hyperglycemia across levels and di-
agnostic procedures. These programs need
to be rigorously evaluated to provide ev-
idence based on effective treatments to
reduce perinatal complications in clinical
settings.

We need continuous surveillance of
the prevalence of diabetes and obesity in
pregnancy and their related complica-
tions across diverse racial and ethnic
groups to better understand risk factors
for future patient risk stratification and
tailored interventions. In addition, a bet-
ter understanding of differences in the
pathophysiology of GDM and its related
perinatal complications across diverse
racial/ethnic groups is needed to better
target individual clinical care of preg-
nancy hyperglycemia. Evaluation of clin-
ical care across racial/ethnic groups is
also needed to implement modalities of
care that are most effective for each
group and to reduce possible health
disparities in pregnancy glycemic control
and complications.

There remain important gaps in our
knowledge on upstream prevention to
break the vicious cycle of diabetes and
obesity in pregnancy. Trials targeting the
treatment of GDM such as the ACHOIS
(33) and MFMU (34) trials prevented mac-
rosomia and LGA; however, they did
not prevent childhood obesity (53,54).
Lifestyle interventions during preg-
nancy to prevent GDM have reported
inconsistent results (55-57). Lifestyle
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interventions on management of ges-
tational weight gain were successful in
reducing excess gestational weight gain;
however, they did not reduce the risk for
LGA. In contrast, observational studies
have showed strong associations between
GDM and childhood obesity (8-13), as
well as between excess gestational weight
gain and LGA and GDM and childhood
obesity (14-16).

Itis possible that observational studies
were unable to control for unmeasured
confounding factors and thus overesti-
mated the associations; it is also possible
that interventions delivered to women
randomized at the individual level in-
cluded healthier volunteers, as com-
pared with the general population,
who were more prone to successfully
change health behaviors, thereby improv-
ing outcomes. Thus, more pragmatic
RCTs—conducted in real-world health
care settings using strategies such as
telemedicine to potentially increase par-
ticipation and adherence—are needed to
inform upstream prevention strategies
to break the vicious cycle of diabetes
and obesity. Upstream prevention may
require interventions that begin before
conception to help women to begin
pregnancies with a healthier BMI and a
healthier diet to prevent GDM and LGA;
this is consistent with our findings that
greater weight gain before pregnancy and
during the first trimester were associated
with increased risk of GDM (4,14,17), and
first trimester excess gestational weight
gain has been linked to increased risk of LGA
(50). Finally, there is the need to merge
basic science with intergenerational ep-
idemiological studies. Such work is necessary
to better understand the pathophysiology
related to complications of in utero exposure
to diabetes and obesity in order to inform
targeted upstream interventions.

Intergenerational epidemiological stud-
ies and the pragmatic randomized con-
trolled intervention trials they may inform
are both very time consuming and in-
tensive. To increase our knowledge of
how to break the vicious cycle of diabetes
and obesity, there is the need to mentor
the new generation of scientists who will
keep working on the underlying etiologies
of the vicious cycle, to develop targeted
interventions and evaluate the effective-
ness of programs for women with diabetes
and obesity in pregnancy at the population
level, and finally to advocate for continued
scientific investment in the translation and
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implementation of programs to improve
the health of women and their children. In
conclusion, the epidemiological evidence
tells us that upstream prevention of obe-
sity and diabetes during the preconception
period, pregnancy, and postpartum are
desperately needed. Prevention strategies
need to be feasible and scalable in health
care delivery systems in order to break the
ongoing vicious cycle of diabetes and
obesity.
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