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of Diabetes in Women
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Abstract

Introduction: Type 2 diabetes and prediabetes are heterogeneous diseases that directly affect over 115 million
Americans. Considerable gender differences exist with regard to diabetes risk factors, hormonal effects on
glucose, and cardiovascular outcomes.
Materials and Methods: Historically, diabetes studies have largely focused on men with the assumption that the
data can safely be extrapolated to women. However, more recent investigations have illuminated significant
differences between genders.
Results: Women are at higher risk of death from cardiovascular disease (CVD), are more likely to die following
a myocardial infarction, and are treated less aggressively toward glycemic targets. Additionally, pregnancy and
menopause have profound effects on the risks for diabetes and therefore warrant more aggressive diagnostic
attention and monitoring. It is important for practitioners to understand that women who have gestational
diabetes are at an increased risk for CVD even if they do not develop diabetes. Older age brings additional
challenges with diabetes, including increased fracture risk even with normal bone mineral density.
Conclusion: Recognizing the stages of life that are unique to women is critical as treatment and patient
education can significantly impact patient well-being and outcomes. This article describes female-specific
characteristics of prediabetes and diabetes during several distinct phases of life, including pregnancy, meno-
pause, and older age. Diagnostic and management strategies for these populations are also discussed.
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Introduction

D iabetes mellitus is a heterogeneous disease, and we
continue to learn more about the clinical differences

between women and men with diabetes. Special consider-
ations are required for women, particularly for women of
childbearing age and senior women. The reasons for the
clinically significant differences between sexes are largely
unknown, but data suggest that a higher burden and greater
effect of cardiovascular risk factors are present for women
with diabetes.1 As per the Centers for Disease Control and
Prevention (CDC), 30.3 million people in the United States
have diabetes, and an estimated 23.8% of these cases are
undiagnosed.2 In 2012, the estimated cost of diabetes in the
United States was $245 billion.3 Autoimmune or type 1 di-
abetes makes up about 5% of diagnosed diabetes in the
United States2 and it also has different gender-specific im-
pacts. This article, however, will focus on representative
cases of women with type 2 diabetes and the effects of dia-
betes at various stages of life.

Prediabetes

Case: A 55-year-old female with a 5-year history of diet-
controlled prediabetes has noticed that her random glucose
values have increased. Her hemoglobin A1C (HA1c) is 6.1%.
She asks her healthcare provider what she can do to prevent
the development of diabetes.

Prediabetes is a heterogeneous disease that primarily rep-
resents an increased risk for diabetes. It is characterized by
varying degrees of insulin resistance and pancreatic beta cell
dysfunction. People with prediabetes have abnormally high
average blood glucose (HA1c 5.7%–6.4%), high fasting blood
glucose (FBG 100–125 mg/dL), and/or impaired glucose tol-
erance (2-hour oral glucose tolerance test [OGTT] results of
140–199 mg/dL).4 Additionally, compensatory elevations of
endogenous insulin levels are present, but are insufficient to
maintain euglycemia. The degree of abnormality of glucose
metabolism is less severe than in people with overt diabetes,
but evidence shows that the effects of the metabolic derange-
ment should be addressed early, particularly with lifestyle
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modification.5 These values have evolved over time and vary
by medical organization. For example, the World Health Or-
ganization defines prediabetes by FBG of 110–125 mg/dL.6

The prevalence of prediabetes in the United States is *84
million people or 33.9% of U.S. adults. Nearly 50% of adults
aged 65 years or greater have prediabetes. Additionally, as
per the 2011–2014 National Health and Nutrition Examina-
tion Survey and 2015 U.S. Census Bureau data, only 11.6%
of people with prediabetes were aware of the diagnosis.7 The
prevalence of prediabetes was similar among racial and
ethnic groups.

Because both prediabetes and diabetes are diseases that
often have a prolonged asymptomatic phase, and because
there are effective interventions to treat early disease and
prevent progression, screening is recommended for a majority
of the population. As per the American Diabetes Association
(ADA) Standards of Medical Care 2017, asymptomatic people
who are overweight or obese and have one additional risk
factor for metabolic syndrome should be tested for diabetes.4

In addition, anyone who is 45 years or older should be tested.
In people without prediabetes or diabetes, testing should
continue at 3-year intervals. In people with prediabetes, an-
nual testing is recommended. Furthermore, people with
prediabetes should be regularly screened for other cardio-
vascular risk factors, such as dyslipidemia, hypertension,
obesity, tobacco use, and physical inactivity.4

In addition to conferring an increased risk for diabetes,
prediabetes itself is associated with metabolic syndrome,
dyslipidemia, neuropathy, and cardiovascular disease (CVD).8

Multiple studies have shown that people with elevated fasting
or elevated postprandial hyperglycemia have at least a two-
fold higher risk of CVD than people with normal glucose
metabolism. The pathologic mechanisms of prediabetes in
the development of CVD include insulin resistance, hyper-
glycemia, impaired endothelial function, subacute inflam-
mation, increased prothrombotic factors, changes in cytokine
and adipokine signaling, and alterations in lipid metabolism.
CVD risk is further increased by the presence of additional
metabolic risk factors such as central obesity, hypertension,
elevated triglycerides, and low levels of high-density lipo-
protein (HDL cholesterol).

For women, pregnancy and menopause increase the risk
for dysglycemia. Gestational diabetes mellitus (GDM) is
associated with a dramatic increase in the incidence of
postpartum and long-term prediabetes. Studies have shown
that 35%–60% of women diagnosed with GDM will develop
type 2 diabetes within 10 years.9 The direct association be-
tween menopause and insulin resistance is less clear as
studies have shown mixed results. However, menopause does
clearly increase the risk of weight gain, particularly central
adiposity, which is itself associated with insulin resistance
and metabolic syndrome.10 These findings demonstrate the
distinctive impact that hormonal changes and weight gain
have on women. The diagnosis of prediabetes in these pop-
ulations is critical to permit intervention and to prevent
progression to overt diabetes.

Lifestyle interventions, including weight loss and in-
creased physical activity, have been repeatedly shown to
decrease the rate of progression from prediabetes to diabetes.
The Diabetes Prevention Program (DPP) Research Group
conducted a large randomized trial that included more than
3000 people with prediabetes to evaluate the impact of a

lifestyle modification program versus metformin on the
prevention of diabetes. They demonstrated that over an av-
erage of 2.8 years, the lifestyle modification program reduced
the incidence of diabetes by 58%. The group that was treated
with metformin showed a 31% lower incidence of diabetes
compared with the group that received a placebo. These ef-
fects were seen in both genders and in all racial and ethnic
groups. In this study, the lifestyle modification program fo-
cused on a goal of 7% weight loss and a minimum of 150
minutes of physical activity per week. At the end of 24 weeks,
about 50% of people in the lifestyle intervention group had
achieved 7% weight loss, and about 74% of the people in this
group met the goal for physical activity. However, based on
subgroup analyses from this study, there does appear to be a
group of people with prediabetes who would benefit from
starting metformin before progression to overt diabetes. This
group includes people with a body–mass index (BMI)
>35 kg/m2, people 60 years or older, women with a history of
GDM, and people with a rising HA1c despite lifestyle in-
tervention.5 Based on these findings, everyone with predia-
betes is recommended to achieve and maintain at least 7%
weight loss and exercise at a moderate intensity for at least
150 minutes per week.4

Gestational Diabetes

Case: A 29-year-old female G2P1A0 presents to her ob-
stetrician at 16 weeks’ gestation for routine follow-up. She is
concerned about developing diabetes during her pregnancy.
Her last baby was 9 lbs 8 oz when delivered at 38 weeks’
gestation.

GDM refers to diabetes that is diagnosed in the second or
third trimester and was not clearly present before gestation.
The diagnosis is made with an abnormal OGTT. Women with
risk factors for diabetes should be tested using common di-
abetes testing at their first prenatal visit. All other pregnant
women should be screened for GDM between 24 and 28
weeks of gestation.4

The most recent guidelines from the ADA recommend us-
ing either a one-step or two-step glucose tolerance testing
strategy.4 The one-step test uses a 75-g glucose load and
measures fasting and 1- and 2-hour glucose measurements.
The diagnosis of GDM is made if any one of the following
glucose values are met or exceeded: fasting glucose of 92 mg/
dL, 1-hour glucose 180 mg/dL, or 2-hour glucose 153 mg/dL
(Table 1). Alternatively, the two-step strategy employs the use
of a 50-g glucose load given in the nonfasting state. Serum
glucose is then measured 1 hour later and if it is greater than
130–140 mg/dL, then the patient proceeds to the second step of
the screening test. A systematic review by the US Preventive
Services Task Force in 2013 showed that a cutoff value of
130 mg/dL or greater yielded an 88%–99% sensitivity.11

Table 1. One-Step Strategy to Screen

for Gestational Diabetes Mellitus

75-g OGTT

Fasting 92 mg/dL (5.1 mmol/L)
One hour 180 mg/dL (10.0 mmol/L)
Two hours 153 mg/dL (8.5 mmol/L)

OGTT, oral glucose tolerance test.
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However, the American College of Obstetricians and Gyne-
cologists association recommends using either a 135 or
140 mg/dL cutoff value.4 In step 2 of the two-step method, a
100-g glucose load is given in the fasting state. The diagnosis
of GDM is made if at least two of the following glucose values
are met or exceeded: fasting glucose 95 mg/dL, 1-hour glucose
180 mg/dL, 2-hour glucose 155 mg/dL, or 3-hour glucose
140 mg/dL (note that the National Diabetes Data Group uses
glucose cutoff values that are 5–10 mg/dL higher for each of
the timed values)4 (Table 2).

There are data to support using either screening method,
but there are no randomized clinical trials that compare the
two. Some groups are concerned that the one-step method
may overdiagnose GDM and increase healthcare costs/utili-
zation.12 The National Institutes of Health, which supports
the two-step method, also acknowledges that the 50-g test
does not require fasting, so it may be more practicable in
some cases.4 Therefore, patient and clinic factors should be
considered. For example, the one-step test may be more
reasonable for women who travel from rural areas.

Gestational diabetes increases the risk for fetal macro-
somia and birth complications, and this risk increases pro-
gressively as hyperglycemia worsens. In addition, there is a
clear association between GDM and the eventual develop-
ment of diabetes. In a large randomized trial with observa-
tional follow-up of 10 years, women with a history of
gestational diabetes had a 48% higher risk of developing type
2 diabetes compared with women without a history of ges-
tational diabetes.13 Therefore, treatment of GDM is critical
and includes both lifestyle and medication interventions.
Studies have demonstrated that between 70% and 85% of
women with GDM can achieve target glycemic control with
lifestyle modification alone.4 Table 3 shows glycemic goals
during pregnancy as per the ADA recommendations.

Medication interventions are recommended when women
with GDM remain hyperglycemic. Insulin is the first-line ther-
apy for GDM as oral diabetes agents that have been studied are
known to cross the placenta to the fetus. Despite this, random-
ized controlled trials have shown both metformin and glyburide
to be safe and effective, so these medications are often used.14

However, all oral agents lack long-term safety data.
Although lifestyle modification is essential for women

with GDM, the best type of dietary advice remains unclear. A
Cochrane Review of February 2017 evaluated data from
nineteen randomized trials that compared the effects of dif-

ferent dietary advice regimens for women with GDM. For the
nearly 1400 women who were included in these studies, no
particular dietary approach demonstrated benefit for either
mother or child. The only potential exception was the lower
frequency of cesarean sections for women following the di-
etary approaches to stop hypertension or DASH diet.15 This
diet limits sodium intake to <2300 mg per day and empha-
sizes fruits, vegetables, whole grains, and low-fat dairy
foods.16

A population-based cohort study of over 1.5 million Ca-
nadian women with GDM evaluated the cardiovascular risks
associated with GDM. This study demonstrated that women
with a history of GDM, even if they do not go on to develop
diabetes, are at an increased risk for CVD. Neither hyper-
tension nor dyslipidemia accounted for the observed differ-
ences in those who developed CVD. However, the increased
risk for microvascular complications was dependent upon the
development of diabetes.17 This same study also showed that
patients with GDM who did develop diabetes were at the
highest risk of CVD. These findings highlight the importance
of lifelong monitoring of this population of women for the
development of diabetes. It is generally recommended that
women with GDM are first tested for persistent diabetes at 4–
12 weeks postpartum and then monitored closely thereafter.

Heart Health and Diabetes

Case: A 48-year-old female presents to her physician for a
heart check. She is obese with a BMI of 31 kg/m2 and has
hypertension, which is treated with lisinopril. Her current
HA1c is 5.9%. Her father was diagnosed with coronary dis-
ease at the age of 68.

There is a disproportionate cardiovascular risk for women
with diabetes compared with men with diabetes. Women who
have diabetes are at a higher risk of death from CVD than are
men who have diabetes, and women have a poorer prognosis
following a myocardial infarction.1 Furthermore, it has been
shown that women are treated less aggressively for cardio-
vascular prevention and achieving therapeutic glycemic
goals.18 Primary prevention should begin early as a healthy
diet in adolescence is associated with a lower risk of CVD
later in life.19 Even in women who have already developed
diabetes, exercise should also be strongly encouraged as just
1 hour of walking per week is associated with a lower CVD
risk.20 Current guidelines recommend low-dose aspirin for
primary prevention in both men and women who have dia-
betes and at least one additional major cardiovascular risk
factor.4 However, data from large meta-analyses have not yet
clearly demonstrated the most appropriate gender-specific
age at which the potential benefits outweigh the potential
risks in the setting of primary prevention. Statin medications
and aspirin are strongly recommended for both genders for
secondary cardiovascular protection.

Table 2. Two-Step Strategy to Screen

for Gestational Diabetes Mellitus

50-g GLT (nonfasting) 100-g OGTT

Fasting 95 mg/dL
(5.3 mmol/L)

One hour 130–140 mg/dLa

(7.2–7.8 mmol/L)
180 mg/dL

(10 mmol/L)
Two hours 155 mg/dL

(8.6 mmol/L)
Three hours 140 mg/dL

(7.8 mmol/L)

If 50-g GLT is positive, then proceed to 100-g OGTT.
aACOG recommends cutoff of 135 or 140 mg/dL.
GLT, glucose load test.

Table 3. Glycemic Targets During Pregnancy

Glucose value

Fasting 95 mg/dL (5.3 mmol/L)
One hour postprandial 140 mg/dL (7.8 mmol/L)
Two hours postprandial 120 mg/dL (6.7 mmol/L)

DIABETES MANAGEMENT FOR WOMEN ONLY 3

D
ow

nl
oa

de
d 

by
 D

uk
e 

U
ni

v 
fr

om
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 0
7/

25
/1

8.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 



Menopause and Diabetes

Case: A 52-year-old female who is taking empagliflozin
and metformin for diabetes asks her physician if she should
get a bone density evaluation. She has been feeling dizzy and
is afraid of falling and breaking her hip.

Type 2 diabetes is associated with an increased fracture
risk.21 Women with diabetes have nearly twice the fracture
risk compared with women without diabetes.22 This in-
creased risk exists in postmenopausal women even with
normal bone mineral density.23 Systemic and long-term ef-
fects of diabetes likely contribute to this risk. These factors
include hyperinsulinemia; microvascular complications that
may impact lifestyle and/or activity level (such as nephrop-
athy, retinopathy, autonomic dysfunction, or orthostatic hy-
potension); hormonal changes (including estrogen and
adipose-secreted hormones); and arteriosclerosis that leads to
reduced skeletal blood flow.24 Diabetes is also associated
with lower bone quality despite normal or increased bone
mineral density. Studies have shown that postmenopausal
women with type 2 diabetes have lower bone turnover.25

People with diabetes-related microvascular complications
also have cortical bone deficits, including increased cortical
bone porosity.26 For these reasons, typical screening proce-
dures, such as bone density measurements and FRAX
(Fracture Risk Assessment Tool) calculations, may not be as
predictive as are measurements of bone quality. Further
studies are needed to better characterize these associations
and to provide guidance for both screening and treatment
strategies.

Interestingly, recent studies have found that higher post-
menopausal follicular-stimulating hormone (FSH) values are
associated with a lower prevalence of type 2 diabetes.27,28

These findings are likely partially explained by lower estrogen
levels in nonobese people, which result in higher FSH via re-
duced negative feedback. Conversely, more adiposity is asso-
ciated with higher estrogen levels, which lead to lower FSH.
However, this inverse relationship between FSH and diabetes
in postmenopausal women persists even after correcting for
estradiol levels.28 There is speculation that additional bioactive
substances may also contribute to FSH suppression. Because
obesity is a state of inflammation,29 inflammatory cytokines
have been proposed as factors involved in FSH regulation.
Additionally, in overweight postmenopausal women with
prediabetes, weight loss results in a small, but significant, in-
crease in FSH.30 This was demonstrated in the DPP study, a
large, randomized controlled trial, in which 5%–7% weight
loss resulted in a 58% reduction in the incidence of diabetes.
The sum of these findings supports the potential use of FSH as a
biomarker for preservation of normal glucose metabolism.
Furthermore, serum FSH levels in postmenopausal women
may negatively correlate with the 10-year atherosclerotic CVD
risk calculation.28. Still, further research is needed to better
clarify the significance of these relationships and the potential
clinical utility of FSH as a biomarker.

Maturity and Diabetes

Case: An 82-year-old female with a 15-year history of type
2 diabetes is treated with metformin and glipizide. She ex-
presses concern that her HA1c is 7.5% and she wants it to be
normal. She notes that she occasionally awakes with night-
mares and morning headaches.

The optimum treatment of diabetes in older adults can vary
according to patient goals and priorities. Treatment strategies
largely depend on the patient’s comorbidities, life expec-
tancy, and quality of life. Avoidance of both hypoglycemia
and symptomatic hyperglycemia should take priority. It is
reasonable to continue target-based therapy in older adults
who have minimal comorbid conditions and relatively long
life expectancy. This population should be assessed annually
for cognitive decline, for increased fall risk, and for depres-
sion.31 Diabetes is a heterogeneous disease at all ages, par-
ticularly in the older population, and treatment must be
individualized. Focus should be maintained on quality of life,
functionality, and personal goals/preferences.

Treatment goals often evolve during the aging process.
Target HA1c in patients with multiple comorbidities, cognitive
impairment, or impairments in activities of daily living should
be raised to 8%. Patients with a limited life expectancy or very
poor health should have a target HA1c of 8.5%.4 Recurrent
hypoglycemia may also necessitate a higher HA1c target.
Physicians must be aware of the impact of clinical inertia,
reflect on prior treatment goals, and reconsider current optimal
care at each visit.

Conclusion

Although diabetes has been a focus of basic science and
clinical research for decades, women are historically under-
represented in these studies. More recent data have clearly
demonstrated that the pathophysiology and outcomes of dia-
betes do vary by gender. Overall, women who have diabetes
are at a higher risk of death from CVD than men who have
diabetes. This poorer prognosis is compounded by findings
that women are often treated less aggressively for coronary
artery disease and toward glycemic targets. Additionally,
women have worse outcomes following a myocardial infarc-
tion, but women are still less likely to receive recommended
secondary prevention treatments. More women should be in-
cluded in future diabetes trials, and further investigation into
the gender-specific nature of diabetes is essential.

Also unique to women are the significant hormonal impacts
on glycemic metabolism. Pregnancy and menopause have
profound effects on diabetes and for women at risk for dia-
betes. The importance of diagnosing gestational diabetes
cannot be underestimated as its presence dramatically changes
the risk of progression to diabetes and warrants close clinical
monitoring. With respect to elderly women with diabetes,
there remains much to be determined. However, it is clear that
each individual requires a personalized approach to glycemic
targets, and quality of life must be thoughtfully considered.
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