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Abstract
Purpose—The purpose of this article was to summarize scientific knowledge from an expert
panel on reproductive health among adolescents with type 2 diabetes (T2D).

Methods—Using a mental model approach, a panel of experts—representing perspectives on
diabetes, adolescents, preconception counseling, and reproductive health—was convened to
discuss reproductive health issues for female adolescents with T2D.

Results—Several critical issues emerged. Compared with adolescents with type 1 diabetes, (1)
adolescents with T2D may perceive their disease as less severe and have less experience managing
it, putting them at risk for complications; (2) T2D is more prevalent among African Americans,
who may be less trusting of the medical establishment; (3) T2D is associated with obesity, and it is
often difficult to change one’s lifestyle within family environments practicing sedentary and
dietary behaviors leading to obesity; (4) teens with T2D could be more fertile, because obesity is
related to earlier puberty; (5) although obese teens with T2D have a higher risk of polycystic
ovary syndrome, which is associated with infertility, treatment with metformin can increase
fertility; and (6) women with type 2 diabetes are routinely transferred to insulin before or during
pregnancy to allow more intensive management.

Conclusions—Findings from the expert panel provide compelling reasons to provide early,
developmentally appropriate, culturally sensitive preconception counseling for teens with T2D.

This article reports the findings of an expert panel convened to review what is known about
adolescents with type 2 diabetes (T2D) in relation to reproductive health, pregnancy risks,
and preconception counseling. It is the first step in a larger project, which uses the mental
models approach to develop effective risk communication tools.1 This approach begins with
the creation of a formal model, identifying key variables and positing how they are related.
Later steps use this model to assess risk communication (information) needs in the target
audience (in this case, adolescent girls) and guide the development of appropriate
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communication tools (in this case, an interactive DVD). This article reports on the initial
step of the process, the literature search, and expert panel consultation behind the
development of an expert model of diabetes, reproductive health, and preconception
counseling for adolescents.

Glycemic control can affect reproductive health in both women with type 1 diabetes (T1D)
and women with T2D.2 Starting with puberty, uncontrolled diabetes can also have a major
impact on sexual function,3 pregnancy-related complications, and morbidity and mortality in
the offspring.4–7 Most of these problems can be prevented with tight glycemic control,
which can be fostered by planning a pregnancy through preconception counseling.4,5,8,9

However, more than two-thirds of all pregnancies in women with diabetes are unplanned,
heightening their risks for complications.4,7,10,11 The American Diabetes Association
(ADA) recommends preconception counseling for all women with diabetes of childbearing
potential, starting at puberty.12 Preconception counseling, however, tends to be offered to
women who are imminently planning a pregnancy13,14 and rarely started as early as
adolescence, a time prior to sexual activity, when unplanned pregnancies can truly be
avoided and wanted pregnancies sufficiently planned in advance to meet the ADA goals.15

Therefore, most adolescent girls with diabetes are unaware of their increased risk of
pregnancy complications or the power of tight metabolic control in preventing complications
both prior to and during pregnancy.16

Although much is known about reproductive health issues in adolescents with T1D,16–19

these issues are not yet well described in adolescents with T2D. T2D now accounts for up to
45% of new-onset diabetes cases among adolescents worldwide and continues to rise.20–22

The prevalence is especially high among some minority populations, including Native
Americans and Americans of African, Hispanic, and Asian descent,21,23 populations that
together are growing faster than the US population as a whole due to migration and birth
rates.24

The few existing preconception counseling efforts aimed at adolescents have mostly focused
on T1D.17 Because adolescents with T2D may have unique needs for preconception
counseling and reproductive health, this panel sought to summarize relevant expertise into a
single, coherent model of existing knowledge using the mental models approach described
below. To that end, a literature search was conducted on this topic of women with T1D and
compiled key concepts, and then a panel of experts was convened representing multiple
perspectives, including adolescent health, T2D, preconception counseling, cultural issues,
and pregnancy risks to complete the model.

Methods
Mental Models Approach

This article aims to consolidate the existing literature and the input from the expert panel by
using a mental models approach to summarizing scientific knowledge.1 This approach is
especially useful in cases such as reproductive health risks in diabetes, when relevant
expertise spans a variety of disciplines.25 Members of this research team have previously
developed expert models to describe sexual behavior risks26–29 but have not applied these
efforts to the special risks for pregnancy among women with diabetes.

This approach involves reviewing the existing literature relevant to the topic and identifying
key concepts, followed by formal narrative analyses from a panel of experts to elicit further
insights beyond those already found in the literature. These narrative analyses identify
factors that influence the associated risk, as well as qualitative relationships between the
factors. The expert panel input is collected by moderating a discussion among experts and
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prompting them to consider what concepts are new and not well represented in the literature,
as well as how those concepts relate to the literature and to one another.

The scientific literature and narrative analyses are then organized into an influence
diagram,30 which represents the key concepts that emerged as nodes, with causal and
predictive links connecting them where appropriate, as determined by expert analysis of the
relationships between concepts. Actions are shown in rectangular boxes, and variables that
are affected by those actions are shown in rounded boxes.

A computationally tractable model29,31 provides a starting point for estimating the potential
impacts of changing different actions (eg, delaying sexual activity, seeking preconception
counseling). In situations like this one, where there are insufficient data to explicitly
quantify the relationships between social variables, such computations are not actually
performed. However, the model is intended as far as possible to be calculable to force its
terms to be as explicit as possible to capture what is worth knowing, scientifically and
practically. The resulting expert model is designed to identify intervention needs specific to
the domain of interest, rather than general psychological processes. As a result, creating an
expert model increases the opportunity for a subsequent intervention to correct
misconceptions and dispel myths and to better guide the target audience to a complete
understanding of the domain and to behavior that will lead to outcomes more in line with the
goals and needs of individuals with T2D.

Literature Search
A literature review of scholarly articles published between January 1989 and January 2009
was performed using Ovid Medline and CINAHL. Search criteria included the key words
adolescent, type 1 diabetes, type 2 diabetes, puberty, reproductive health, preconception
care, preconception counseling, preconception planning, pregnancy, and congenital
anomalies for articles published in English. Fifty-two articles were selected.

Participants
A panel of 9 experts, consisting of authors of this article, met in a panel discussion, with
most attending in person and the rest by telephone conference call, in a single-session
meeting. This group included experts in T1D and T2D, adolescence and diabetes, diabetes
and sexual behavior, adolescent sexual decision making, gynecological implications of
diabetes, minority health issues, and cultural diversity. The expert panel included African
American and Caucasian participants.

Procedure
The primary author moderated the discussion, explaining the goal of the panel and
beginning by offering a narrative of her basic understanding as a nonexpert in diabetes,
which reflects the information from the literature shown by the light print in Figure 1.
Experts were then each given an opportunity to provide their own narrative and were free to
respond to one another’s claims. Expert input was based on clinical experience and
familiarity with the scientific literature. At the close of the meeting, all experts indicated that
they felt their expertise had been sufficiently summarized by the moderator and that their
responses to others’ comments had been addressed and noted. Information was recorded by
handwritten notes and a tape recorder. The lead author wrote a summary of the information
shared during the panel and checked it against the audio recording for correctness and
completeness. The summary was then sent to all members of the expert model for final
validation.
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The resulting summary was then reviewed for unique concepts that added to the expert
model of the literature on T1D and pregnancy risk. Concepts that were already represented
in the larger literature on diabetes and reproductive health were confirmed against the
preliminary expert model. New concepts (bold print) in Figure 1 were identified as
potentially relevant to the model and were defined in terms described by the expert panel.

Results
Scientific Literature Model

Before conducting the expert panel discussion, an influence diagram was created
representing the initial expert model reflecting the published literature. Figure 1 depicts the
key variables and actions derived from the literature on preconception counseling and
reproductive health for women with T1D (in light print) and expert knowledge from the
panel on the factors relevant to T2D (in bold print). Such behaviors can be motivated by the
constructs from the health belief model32 (included in personal values and beliefs). These
key variables (barriers and benefits to seeking preconception counseling and intention to
prevent an unplanned pregnancy, and susceptibility to the complications) are described only
briefly here. The health belief model may focus attention on common elements to be
addressed, such as barriers to implementing a behavior, with the mental models approach
identifying the specific barriers relevant to the domain. The act of seeking preconception
counseling (found in the middle of the left side of the model) is often prompted by
interactions with health care professionals and existing knowledge and beliefs33; this act can
go up in the model to affect the intention to prevent pregnancy, down to improve adherence
to treatment, as well as into the center of the model to promote self-efficacy for controlling
diabetes. Self-efficacy may also be a function of knowledge about diabetes management,
interactions with health care professionals, and one’s personal values and beliefs, and it can
affect behavior in terms of monitoring glucose and seeking adherence to treatment.33

The intention to prevent pregnancy eventually affects sexual behavior and pregnancy, via
important constructs such as intentions to delay sex and use contraceptives,34 all of which
may be affected by other influences such as intentions to prevent sexually transmitted
infections (STIs),34 emotions, or the sexual partner.35 Once pregnant, poor glucose control
can lead to problems with both the woman’s health and the fetus’ health as well as
pregnancy complications that can adversely affect the fetus’ outcomes.4 It is important to
note that glucose control, in addition to being affected by nutrition and activity, can be
hampered by the glucose instability brought on, among other causes, by hormonal
fluctuation, which may result from pregnancy, puberty, or use of hormonal contraceptives or
which may vary with the menstrual cycle or increased stress. In turn, glucose instability can
affect a woman’s menstrual cycle.3

This foundation was used as a starting point to gather new insights from the expert panel to
expand the expert model to include relevant concepts that emerge with attention on
adolescents with T2D (see Figure 1).

Expert Panel Model
There was broad agreement across all members of the expert panel, reflecting little
contention around the issues that emerged. The experts’ narratives informed the
development of the expert model and provided insights into particular aspects of T2D that
are likely to become increasingly relevant as the population of adolescents with T2D grows.
Below, paraphrases from the expert panel are presented; key elements from the panel’s
insights have been italicized and were added in Figure 1 as darker bolded nodes. This new
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information will become critical points of preconception counseling specifically relevant for
adolescents with T2D.

Behavioral implications of etiology and management of T2D versus T1D—
Youth with T2D are usually diagnosed during adolescence and may have less experience
managing their disease than those with T1D. Unlike T1D, which typically requires insulin
for survival and to manage glucose control, adolescents with T2D are often treated with oral
medication or through lifestyle intervention, including nutrition and activity changes.

With T2D, there is less risk of imminent, acute effects on health such as diabetic
ketoacidosis (DKA). However, failing to keep glucose control in check can lead to severe
long-term effects on health, such as heart disease. Unlike adolescents with T1D, when those
with T2D do not adhere to treatment (diet, exercise, medication, blood glucose monitoring)
and miss doses of their medication, they usually do not suffer acute changes in their health.
As a result, there is concern that adolescents with T2D may consider their disease to be less
severe and therefore not have as much motivation or be as diligent about maintaining tight
glucose control.

Culture and norms may further exacerbate this effect. People with T2D are
disproportionately nonwhite. African Americans tend to be less trusting of health care
professionals, which extends for some people to a reluctance to adhere to their treatment as
prescribed. Furthermore, there may be a cultural tendency within these cultures to ascribe
health conditions such as diabetes to “fate,” something that was caused by unknown forces
over which they can take little control. As a result of these aspects of culture and norms,
they may be less likely to change their lifestyle, including nutrition and activity, and they
may have a diminished self-efficacy for controlling diabetes.

In addition, compared with Caucasian adolescents, African American adolescents are often
expected to be less reliant on their families. T2D is frequently first diagnosed after puberty,
leaving nonwhite adolescents with the expectation to take more responsibility for
recommended changes to their lifestyle, including nutrition, activity, and adherence to
treatment. Without strong support from their family, such major lifestyle changes are very
difficult for an adolescent to initiate and maintain. An additional cultural factor among
African Americans is the association of diabetes with obesity. Being overweight may be less
negatively perceived within the African American community because larger body size is
culturally associated with fertility, which is believed to be a sign of health. This perception
makes it harder to promote losing weight as a strategy for maintaining glucose control.

Furthermore, recommended behavioral changes to combat diabetes sometimes conflict with
the family routine or health history. It may be difficult for the overweight adolescents at risk
for T2D to change their nutrition and activity as part of their lifestyle habits in the face of a
family environment that reinforces both sedentary and dietary behaviors leading to obesity.
Moreover, some family members may have diabetes themselves and may feel that it is
“nothing to worry about”; as a result, their children may be less motivated to maintain good
glucose control.

Implications for pregnancy—If a woman with diabetes gets pregnant when she is not in
tight glucose control, she risks pregnancy complications, which may jeopardize the fetus’
outcome by leading to congenital malformation. Not getting glucose under control before
and during the pregnancy may lead to negative consequences such as birth defects,
preeclampsia, preterm delivery, neonatal intensive care admission, hyperbilirubinemia,
respiratory distress, hypoglycemia, macrosomia, and electrolyte abnormalities. Birth defects
can occur very early in the pregnancy, before the woman knows she is pregnant and seeks
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prenatal care. In addition, there may be long-term consequences for the children of women
with diabetes during pregnancy, including childhood obesity and glucose intolerance.
Awareness of genetic risks can help new parents to promote a healthy diet and active
lifestyle to reduce their child’s risk of developing T2D and health consequences.

If a woman with T1D or T2D wants to avoid poor fetal outcomes and pregnancy
complications, she must have tight glucose control before she conceives and must maintain
tight control throughout the pregnancy. To achieve tight glucose control, all women with
diabetes will need to rigorously monitor glucose levels and adjust their treatment
accordingly. In preconception counseling, women with T2D are routinely transferred to
insulin prior to a pregnancy, because as pregnancy progresses, glucose regulation requires
more intensive management, which is best achieved with insulin. In addition, some oral
medications for managing T2D can be teratogenic, and the safety of other oral agents (eg,
metformin) during pregnancy are questionable; only limited data are available regarding
pregnancy exposure.

Acute complications associated with T2D are often perceived as less severe than for T1D.
Yet pregnancy-related complications are similar for both types of diabetes. Pregnant women
with T2D, however, face different kinds of challenges compared with pregnant women with
T1D. First, pregnant women with T2D who were managed on oral treatment or a careful diet
and exercise regimen will need to change to insulin treatment to avoid pregnancy
complications, along with dealing with unfamiliar, pregnancy-induced hormone fluctuations
and related glucose instability. Second, severe acute health outcomes that are not typically
associated with T2D, such as DKA, could occur during pregnancy. Because they have not
faced these threats before, pregnant women with T2D may be less likely to recognize and
treat them than pregnant women with T1D.

Implications for fertility and contraception—Young women with diabetes, however,
could experience disruption in their menstrual cycle when they do not have good glucose
control. Adolescents with T2D could likely be more fertile because obesity is related to
earlier puberty. On the other hand, obese adolescents with T2D may have an increased risk
for polycystic ovary syndrome (PCOS), a hormonal abnormality that is associated with
infertility. This phenomenon has 2 important implications for young women who do not
want to become pregnant. First, metformin, a common treatment of T2D and PCOS, helps to
regulate their reproductive system, thus increasing their fertility. If they have come to
believe that they may not be very fertile—perhaps because they have PCOS and diabetes, or
because of irregular periods or previous unprotected sexual behavior has not led to
pregnancy—they may not realize that their treatments are making it more likely that they
will get pregnant if they have sex. Second, if they are not having periods regularly, they may
not realize right away that they are pregnant, so that when they do find out, they have less
time to achieve tight glucose control early in their pregnancy.

Ironically, because some young diabetic women know that they may have problems with
pregnancy, they could wonder if they will ever be able to get pregnant. This question may
lurk in the back of their minds or may even be contemplated often, and they may want to
“find out now” by getting pregnant.

Birth control options for sexually active diabetic adolescents can be an issue. Some birth
control methods may be easier but less effective than others (eg, withdrawal, rhythm). Other
more effective methods, such as hormonal contraceptives, may cause changes in glucose
control and may increase their risk of problems, including, for obese girls, further weight
gain and hypertension. Furthermore, adolescents may not take the pill regularly or use
condoms routinely. The health risks associated with hormonal contraceptives such as Depo-
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Provera shots or Ortho Evra patches that do not require daily action may be outweighed by
the risks associated with an unplanned pregnancy.

Implications for sexual behavior—Obese and overweight girls, who are at higher risk
for developing T2D, tend to go through puberty earlier. This may lead to sexual behavior at
a younger age because of emerging sexual feelings coupled with a more mature physical
appearance. These girls may receive more sexual overtures, possibly from older partners
who affect sexual decisions. Many young women are already sexually active when they
learn that they have diabetes and thus are already at risk for pregnancy and vulnerable to
sexually transmitted infections and fungal vulvavaginitis. Furthermore, because T2D is
associated with obesity, many of these young women may suffer from other psychosocial
effects of being overweight, including low self-esteem, depression, disordered eating, and
other problems that may lead them to act out in various ways. These outcomes may be even
more typical of adolescents who neglect to prevent pregnancy when having sex, as a result
of “taking life as it comes.” Thus, those who are least likely to act to avoid pregnancy may
end up being the most vulnerable to the negative outcomes of a pregnancy.

T2D can also be associated with visceral factors and emotions that make adolescents feel
less attractive, such as being obese, being hirsute, or having acne with PCOS. One way in
which young women who are depressed or who have a poor self-image may try to find
approval or comfort is by engaging in (often risky) sexual behavior to encourage a
relationship. Such a relationship may satisfy these needs, and the idea of having a baby may
appeal even more.

Discussion
T2D and its treatment can affect reproductive health. Raising awareness of these issues will
be imperative to prevent problems. In preparation for developing a tailored preconception
counseling program for adolescent girls with T2D, an expert panel was brought together for
this formative stage of research. In starting to develop this expert model of T2D and
reproductive health, several key issues emerged as critically important to this distinction.
Five important insights emerged in considering how adolescents with T2D differ from those
with T1D. First, T2D may be perceived as being a less severe disease because it can be
treated with oral medication and lifestyle changes and because there are fewer severe acute
complications.23 And since T2D is usually diagnosed during adolescence, newly diagnosed
patients have much less experience managing their disease.23,36 This lack of experience
contributes to their tendency not to react immediately to imbalances in blood glucose,
leaving them less likely to maintain control over their blood glucose levels and at high risk
for complications.37 This is especially true given that African American women tend to have
higher initial A1C levels during diabetic pregnancies.38

Second, T2D is more prevalent among some minorities, such as the African American
population, compared with T1D, which is found predominantly among Caucasians.23,39

African American children consume more dietary fat than Caucasian children, placing them
at risk for obesity and insulin resistance, leading to T2D.39,40 Due to cultural factors,
African American adolescents with T2D and their families may be less trusting of the
medical establishment,41 and adolescents may be less likely to take control of their
disease.18 Poor socioeconomic status can also perpetuate an unhealthy lifestyle, through lack
of health insurance (especially to pay for diabetes management, including medication), lack
of access to medical resources, lack of safe places to exercise where they live (especially for
females), lack of healthy food in their neighborhood, and limited food choices.42

Adolescents from lower-income households tend to have more unhealthy behaviors.43 Thus,
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the etiology of T2D is complex and perhaps a combination of genetic, environmental,
behavioral, and social factors.23

Third, the dramatic increase in the prevalence of T2D among youth has been associated with
the rise in overweight and obesity.23,21,44 Furthermore, children of obese parents have a
higher risk of becoming obese.45 Adolescents are influenced by their family’s lifestyle,
which is often difficult for them to change. The family may model and promote sedentary
behaviors and overnutrition, patterns that become established in the adolescent, resulting in
psychological, physiological, and environmental patterns promoting obesity.45 These
patterns include day-long access to calorie-dense, inexpensive foods, loss of structure to
meals, and lack of regulated hunger-satiety feedback.45 In addition, family members with
diabetes may provide models of adult relatives who do not take good care of their bodies
and disease, reinforcing the attitude that good control does not matter. Alternatively, seeing
diabetes as the cause of complications may lead some to recognize the need for better
control, make them angry, or leave them in denial.

Fourth, adolescents with T2D could likely be more fertile, in part because they tend toward
obesity, which is related to earlier puberty and menarche,46 which in turn is associated with
earlier ovulatory frequency and thus early fertility.47 Also, T2D is more prominent among
African Americans,23,36 who often experience earlier puberty,48,49 thus altering their self-
image,50 which can lead to earlier sexual advances,46–52 and unintentional pregnancies.53

Fertility is also enhanced by medications such as metformin, used to treat T2D and PCOS,
which is more common among adolescents with T2D.54 Other aspects of reproductive health
could also be affected by diabetes.2,3 Young women with diabetes could experience
disruption in their menstrual cycle when they do not have good glucose control.3 Such
irregularities could make it difficult to plan or detect pregnancies.

Finally, because some oral agents for managing T2D can be teratogenic, women must
transfer to insulin prior to a pregnancy.55 Because poorly controlled diabetes can also be
teratogenic, insulin also makes it easier to fine-tune metabolic control.12,38

All of these factors could converge to affect reproductive health, such as puberty, menses,
sexuality, perceived and actual fertility, and pregnancy. These factors could increase these
adolescents’ risk of having an unplanned pregnancy and complications with their pregnancy.
Taken together, these factors provide compelling reasons to create developmentally
appropriate, culturally sensitive preconception counseling programs specifically tailored for
teens with T2D. Preconception counseling is a cost-effective method that could decrease
their risks of complications with reproductive health.4,5,56,57

The complexity of issues and their interrelatedness pose a challenge for future work on
interventions to address pregnancy risks for adolescent girls with T2D. Receiving this advice
well before a woman is considering a pregnancy can be very beneficial. Having such
information together in a single, integrated description found in this article is intended to
help future researchers to address the full domain of relevant issues in their work and to be
confident that there are no major gaps in representing what is currently known by experts.
The growing numbers of adolescents with T2D, as well as the cultural differences between
this group and adolescents with T1D, will contribute to a public health crisis for these young
women in the years to come if these risks are not addressed with effective prevention efforts.
For such efforts to be effective, they must address the risks in ways that will work for this
population. The results from this expert panel can inform research on this issue.
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Figure 1.
An integrated assessment of the key concepts described by the full expert model of
preconception counseling and reproductive health for young women with diabetes,
incorporating expert knowledge from the panel on the factors relevant to type 2 diabetes
(bold color) with factors from the literature for women with type 1 diabetes (light color).
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