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Abstract
OBJECTIVE—This study investigated the cost-effectiveness of treating mild gestational diabetes
mellitus (GDM).

STUDY DESIGN—A decision analytic model was built to compare treating vs not treating mild
GDM. The primary outcome was the incremental cost per quality-adjusted life year (QALY). All
probabilities, costs, and benefits were derived from the literature. Base case, sensitivity analyses,
and a Monte Carlo simulation were performed.

RESULTS—Treating mild GDM was more expensive, more effective, and cost-effective at
$20,412 per QALY. Treatment remained cost-effective when the incremental cost to treat GDM
was less than $3555 or if treatment met at least 49% of its reported efficacy at the baseline cost to
treat of $1786.

CONCLUSION—Treating mild GDM is cost-effective in terms of improving maternal and
neonatal outcomes including decreased rates of preeclampsia, cesarean sections, macrosomia,
shoulder dystocia, permanent and transient brachial plexus injury, neonatal hypoglycemia,
neonatal hyperbilirubinemia, and neonatal intensive care unit admissions.
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Gestational diabetes mellitus (GDM), defined as glucose intolerance that first occurs or is
first identified in pregnancy, is thought to occur in 2–5% of all pregnancies and along with
the rate of obesity is rising in frequency in the United States.1 It is associated with higher
rates of preeclampsia, operative deliveries, macrosomia, shoulder dystocia, and birth
injuries.2

Current recommendations from the American College of Obstetricians and Gynecologists
are that all patients be screened during the second trimester of pregnancy, those that screen
positive have a confirmatory test, and those that are diagnosed with GDM be treated first by
medical nutrition therapy (diet), and if that fails, then with insulin.1 However, the US
Preventative Services Task Force in their 2008 recommendation stated that there was
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insufficient evidence to support screening for GDM and that it was uncertain whether
treatment led to improved health outcomes.3,4

Until recently the best evidence for treating GDM was from a multicenter study (Australian
Carbohydrate Intolerance Study in Pregnant Women [ACHOIS]) that randomized women
diagnosed with “glucose intolerance of pregnancy” by pre-1998 World Health Organization
(WHO) criteria (fasting glucose <140 mg/dL and a 75 g, 2 hour oral glucose tolerance test
between 140 and 198 mg/dL) to treatment vs no treatment. The results showed that treating
these women with GDM with dietary advice, glucose monitoring, and insulin if necessary
reduced serious perinatal morbidities, including neonatal death, shoulder dystocia, bone
fracture, and nerve palsy.5

A more recent (2009) multicenter randomized controlled trial (RCT) investigated women
with mild GDM, defined as a normal fasting glucose (<95 mg/dL) but 2 or more values
exceeding the postprandial thresholds of the Carpenter-Coustan criteria after a 100 g, 3 hour
oral glucose tolerance test, which is commonly used in the United States as opposed to the
WHO criteria. Women were assigned to receive formal nutritional counseling, diet therapy,
and insulin if required (treatment group) or usual prenatal care (control group). The results
showed that treating mild GDM resulted in reduced risks of fetal overgrowth, shoulder
dystocia, cesarean delivery, and hypertensive disorders.6

In the setting of wide variations in the definition and management of GDM, cost-
effectiveness analyses on the results of clinical trials are an integral component of public
policy decision making. Understanding the cost-effectiveness of treating mild GDM is
particularly important because a normal fasting glucose in the setting of abnormal
postprandial glucose levels represents the margin of GDM care because its definition and
clinical implications continue to evolve as a result of ongoing research efforts. To date, there
has been no cost-effectiveness analysis on treating mild GDM based on the most recent
clinical trial results.

Materials and Methods
A decision-analytic model (Figure 1) from the societal perspective was created using
TreeAge Pro (version 2009; Tree-Age, Williamstown, MA) to simulate a cohort of pregnant
women diagnosed with mild GDM and divided into a treatment and no treatment arm.
Because no human subjects were involved in creating this theoretical model, this study was
exempt from institutional review board approval. Maternal outcomes in the model included
preeclampsia, shoulder dystocia, cesarean vs vaginal delivery, and maternal death. Neonatal
outcomes included macrosomia (>4000 g), permanent or transient brachial plexus injury,
hypoglycemia, admission to a neonatal intensive care unit (NICU), hyperbilirubinemia, and
neonatal death. All probabilities, costs, and utilities were derived from the literature. A cost-
effectiveness threshold of $100,000 per quality-adjusted life year (QALY) was used.7

Probabilities
The baseline probabilities for preeclampsia, macrosomia, cesarean delivery, neonatal death,
and NICU admission and how treatment affected these probabilities were derived directly
from a 2009RCTon treating mild GDM (Table 1).6 Because the presence of macrosomia
affects the probability of shoulder dystocia, brachial plexus injury, hypoglycemia, and
hyperbilirubinemia, these probabilities were derived from a separate body of work that
examined these factors independently in patients with GDM (Table 2).8,9 To estimate the
effect of GDM treatment on shoulder dystocia, brachial plexus injury, hypoglycemia, and
hyperbilirubinemia, their baseline probabilities were multiplied by the relative risk
associated with treatment published in the 2009 RCT.6 Although treating mild GDM
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affected the probability of brachial plexus injury occurring, once it occurred, the probability
that it would be permanent (vs transient)9 did not change because there were no data to
support how treatment affected the severity of a brachial plexus injury. Probabilities for
maternal death were derived from the literature.10

Costs
All costs are in 2009 US dollars and inflated using the medical component of the consumer
price index (Table 1).11–15 Of note, the cost of treating GDM was set at a baseline of $1786,
which included pharmacotherapy, antenatal visits, ancillary diabetes-related visits, and
antepartum fetal surveillance; it did not include the cost of screening, diagnosis, or
antepartum admissions for GDM-related conditions nor broader indirect costs.16 For
maternal mortality, because it is the most difficult to quantify with a point estimate because
the values vary based on the circumstances of death, a baseline of $100,000 was used, and
this figure was also subject to sensitivity analysis.17 For brachial plexus injury, published
costs for management were $15,699 for permanent injury and $1757 for transient injury.18

All costs were subject to sensitivity analysis.

Utilities
All utilities were derived from the literature and included utilities from the maternal and
neonatal perspective (Table 1). The utility of a vaginal delivery was assumed to be 1, and
the utility of a cesarean delivery was set to a baseline of 0.99 based on previously published
research on women’s preference in mode of delivery.19–21 Maternal death by definition was
set to a utility of 0. The utility of a neonatal death from the maternal perspective was set at a
baseline of 0.92, which is the published maternal utility of a miscarriage and thus applied
over the maternal lifetime.21,22 The utility of a neonatal death from the neonatal perspective
was by definition 0 and applied over the neonatal lifetime. The neonatal utility of a transient
brachial plexus injury was set to a baseline of 0.99 based on brachial plexus injury that
resolves within 2 months18; for a permanent brachial plexus injury, a conservative value of
0.6 was used based on a published value for mild to moderate injury, compared with a utility
of 0.45 for a severe injury.18 Both utilities for brachial plexus injury were applied over the
neonatal lifetime. Because there are no published utilities on short-term neonatal
consequences such as hypoglycemia, NICU admission, or hyperbilirubinemia, these utilities
were set to a conservative baseline value of 1.21 Utilities were calculated over the course of
maternal life expectancy (56.1 years) and neonatal life expectancy (77.2 years)23 at a
discount rate of 3%.7 All utilities were subject to sensitivity analysis.

Analysis
Initial analysis compared treating vs not treating mild GDM using baseline values to
estimate differences in maternal and neonatal outcomes, total costs and QALYs for each
strategy, and the incremental cost-effectiveness ratio. Next, deterministic sensitivity
analyses were performed on all probabilities, costs, and utilities to better understand the
variables that had the most influence on the outcomes and to test the robustness of the
model.

An additional variable was introduced in the sensitivity analysis, which was a measure of the
efficacy of treatment. Its purpose was to account for variations in practice that can result in a
range of outcomes. This variable was defined as 0 equal to treatment being ineffective, or no
difference between the treatment and no treatment values, and increased linearly to a value
of 1 meaning perfect efficacy, or 100% attainment of the expected difference in outcomes
between the treatment and no-treatment groups.

Ohno et al. Page 3

Am J Obstet Gynecol. Author manuscript; available in PMC 2012 September 17.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Finally, a Monte Carlo simulation was created to simultaneously vary all of the models
inputs across a distribution of values for a theoretical cohort of 10,000 random women with
GDM. Because of its inherent randomness, Monte Carlo simulations can be used to
extrapolate real-world outcomes from a stochastic model by changing multiple variables
simultaneously. One simulation represents a woman undergoing the decision to treat or not
treat mild GDM, and her probabilities and costs are randomly chosen from a prespecified
distribution; this simulation is repeated with a different set of randomly chosen values and
the aggregate represents a theoretical cohort of random women.21 Based on these
simulations, an acceptability curve can be constructed that shows the probability of
achieving cost-effectiveness. To adopt the deterministic model to a stochastic one for the
Monte Carlo simulation, costs were modeled using a gamma distribution and probabilities
were modeled using a beta distribution.

Results
Maternal and neonatal outcomes associated with treatment of a theoretical cohort of 100,000
women were estimated (Table 3). Treatment decreased all maternal outcomes, including
shoulder dystocia (1902 without treatment vs 575 with treatment), cesarean delivery (33,800
without treatment vs 26,900 with treatment), and preeclampsia (13,600 without treatment vs
8600 with treatment). Furthermore, all neonatal outcomes were also decreased, including
macrosomia (14,300 without treatment vs 5900 with treatment), permanent brachial plexus
injury (28 without treatment vs 5 with treatment), transient brachial plexus injury (386
without treatment vs 74 with treatment), hypoglycemia (2986 without treatment vs 2925
with treatment), and hyperbilirubinemia (10,800 without treatment vs 7818 with treatment).

The baseline cost-effectiveness analysis results are that treating GDM is more expensive at
$12,623 vs $12,167 for no treatment but more effective shown by higher QALYs at
56.891002 vs 56.868753 for no treatment (Table 4). The incremental cost per QALY is cost-
effective (below the cost-effectiveness threshold of $100,000/QALY) at $20,412/QALY.

Sensitivity analysis
Univariate sensitivity analyses were conducted on all probabilities, costs, and utilities
(Figure 2). The model remained robust across reasonable ranges for all of the variables. The
only cost that made treatment no longer cost-effective (>$100,000/QALY) was the
incremental cost of GDM treatment (Figure 2, A). Treating mild GDM was dominant (less
expensive and more effective vs no treatment) until the incremental cost to treat GDM
reached $1330. Above $1330, treating was more expensive but more effective vs no
treatment and was still cost-effective (<$100,000/QALY) as long as the cost to treat GDM
was less than $3555 (Figure 2, B).

Univariate sensitivity analysis on the efficacy of treatment showed that at the baseline cost
to treat GDM of $1786, treating was cost-effective as long as it was at least 49% efficacious.
Because the efficacy of treatment also affected the cost-effectiveness threshold (the lower
the efficacy, the lower the cost-effectiveness threshold in which it was no longer cost-
effective to treat GDM), 2-way sensitivity analysis was also performed on treatment efficacy
vs incremental cost to treat GDM (Figure 2, D). At 100% treatment efficacy, the cost to treat
GDM could be as high as $3555 and still be cost-effective; this represents the baseline cost-
effectiveness threshold. As the treatment efficacy decreased (Figure 2, D, horizontal axis),
the upper limit on the cost to treat GDM that was still cost-effective decreased linearly.
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Monte Carlo analysis
A Monte Carlo analysis was performed to simulate the outcome of 10,000 random women
with mild GDM. Based on these simulations, an acceptability curve showed that at a cost-
effectiveness threshold of $100,000/QALY, there was a 70% probability that treating mild
GDM would be cost-effective (Figure 3).

Comment
This decision analytic model showed that treating GDM was cost-effective as long as the
cost to treat GDM was less than $3555 or at the baseline cost to treat GDM of $1786, when
the efficacy of treatment met at least 49% of its expected goal. Above a cost of $3555 or
below to treat GDM, an efficacy of 49% at baseline costs ($1786), treating GDM was no
longer cost-effective in terms of reducing maternal and neonatal adverse outcomes,
including preeclampsia, shoulder dystocia, maternal death, macrosomia, permanent and
transient brachial plexus injury, neonatal hypoglycemia, neonatal hyperbilirubinemia, and
NICU admissions.

Macrosomia, shoulder dystocia, and brachial plexus injury are among the well-described
adverse maternal and neonatal outcomes associated with GDM.1 Another perspective on the
benefits of treating mild GDM is a number-needed-to-treat (NNT) analysis to calculate the
number of women who would need to be treated to decrease the incidence of a complication
by 1. NNT analysis of this model showed an NNT of 12 for macrosomia, an NNT of 75 for
shoulder dystocia, and an NNT of 320 for transient brachial plexus injury. Furthermore, only
14 women would need to be treated to reduce 1 case of a cesarean section.

The cost-effectiveness results are similar to a cost-consequence analysis of the ACHOIS
trial, performed in Australia, which showed that treating mild GDM was more expensive vs
routine care but cost-effective at $2186/QALY, based on an incremental cost to treat GDM
of $247/patient (converted from 2002 Australian dollars to 2009 US dollars).24 Just as the
costs to treat GDM in the United States are an order of magnitude higher than in Australia
($1786 in the United States vs $247 in Australia), the cost per QALY is also similarly higher
($20,412 in the United States vs $2186 in Australia).

Several costs were not included in this model because the clinical trials did not measure the
outcomes associated with those costs or the data were not available. First, although antenatal
admissions can add to the overall cost of managing women with GDM, they were not
included in the costs because this outcome was not measured, and it was unclear how
treating GDM would affect this parameter. For example, the cost-consequence analysis of
the ACHOIS trial showed that the difference in antenatal admissions between the treatment
and routine-care groups was not significant (health services use for antenatal inpatient
admissions: 135 for treatment vs 133 for routine-care, adjusted treatment effect 1.11 (95%
confidence interval, 0.91–1.36; P = .31).24 Thus, including antenatal admissions is unlikely
to significantly affect the cost-effectiveness analysis. Similarly, emergency room visits were
not taken into account because again the trials did not measure this outcome, and it is
unclear how treating GDM would affect this factor.

Second, indirect costs from GDM such as time off from work were not included because
these data were not available. Again, the cost-consequence analysis of the ACHOIS trial
surveyed 108 of the 1000 women who participated in the RCT to determine the mean
charges to women and their family from randomization to birth. These charges included paid
child care, travel to/from appointments, food substitution, time off from work for both the
mother and partner, and blood glucose monitoring equipment and consumables. There was
no difference between the intervention and routine care group (Australian dollars 2002:
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$367 for the intervention group vs $302 for the routine-care group, P = .34). If the cost of
the blood glucose monitoring equipment and consumables was removed because they were
already accounted for in the cost to treat GDM, then the difference was even smaller ($314
for the intervention group vs $285 for the routine-care group because some in the routine-
care group were diagnosed with GDM after randomization).24

Third, although the costs of the various complications associated with GDM were included
in this model, the indirect costs associated with these complications, for example, the
economic losses from a child with a permanent brachial plexus injury, were not included in
this analysis. These costs are likely to be higher in the nontreatment group; thus, this
analysis errs on the conservative side on this point.

One limitation of this model is the lack of recent data on the incremental cost to treat GDM
(costs above routine care costs) in the United States. Although there are more recent studies
that report this cost in other countries that range from $247 to $458,24,25 the most recent
study in the United States is from a review published in 2000 in which the incremental costs
ranged from $1786 to $3352.16 This analysis showed, however, that as long as the cost to
treat GDM was below $3555, a value above the upper range of these cost estimates, treating
GDM was cost-effective. More recent data are likely to show that the cost to treat GDM is
lower than these 2000 estimates because GDM has become more prevalent and treatment
practices more standardized, leading to more efficiently administered perinatal clinics that
could absorb the additional costs over a larger patient population, thus lowering the per-
patient cost.

In addition, the costs associated with various GDM outcomes represented in this analysis are
taken from a wide range of published studies. These studies use varying methodologies to
determine said costs and as such may not be valid when combined into a unifying analysis.
However, univariate sensitivity analyses were performed over a wide range on all costs, and
only the cost to treat GDM crossed the cost-effectiveness threshold.

Another limitation is that the probabilities of the effect of GDM treatment on maternal and
neonatal outcomes come from 1 trial. However, this was a well-powered, multicenter, RCT.6

Furthermore, the results of this trial were very similar to the results ACHOIS trial.5 Because
the threshold analysis showed the model to be robust over a wide range of probabilities,
costs, and utilities, this illustrates that there is a wide margin in which treatment is cost-
effective as long as it decreases maternal and/or neonatal outcomes.

Finally, a decision analytic model has its inherent limits in simulating reality. For example,
some neonatal outcomes are modeled as discrete, mutually exclusive outcomes; in other
words, in this model a neonate cannot have both hypoglycemia and hyperbilirubinemia,
even though both outcomes can occur in reality. Adding permutations for every possible
combination of outcomes quickly makes decision analytic models unwieldy. However
variables that were known to have strong associations, such as the relationship between
macrosomia, shoulder dystocia, and brachial plexus injury, were taken into account in this
model. For example, a neonate could have shoulder dystocia both in the presence and
absence of macrosomia; similarly, shoulder dystocia and macrosomia were both factors that
affected the probability brachial plexus injury. Moreover, we were unable to model the long-
term downstream effects on the offspring from treatment of GDM. Within increasing
evidence from the field of fetal programming, it does appear that there are effects from
maternal diet and hyperglycemia that may lead to obesity and type 2 diabetes mellitus in the
offspring. However, the incorporation of these results would only have made our findings
more robust.
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Whereas treating mild GDM is more expensive than not treating, it is also more effective
with cost-effectiveness within usual cost-effective thresholds. Because the costs of treating
GDM are expected to decrease with increased efficiency in management, technology
advances, and lower cost of supplies and pharmaceuticals, it is likely to be both less
expensive and more effective in the future. These results in combination with the results of
the Hyperglycemia and Adverse Pregnancy Outcome study, which showed a continuous
relationship between maternal glucose levels below what is considered overt GDM and
various outcomes including birthweight above the 90th percentile and primary cesarean
delivery,27 suggest that lowering the thresholds for diagnosing GDM may be cost-effective.
Such policy efforts are currently underway,28 and more clinical research is warranted to
clearly identify specific cut-off values.

Based on this analysis, the expected value of perfect information29 of such research is
expected to be high because there is a small difference in cost-effectiveness between treating
and not treating, there is some uncertainty about cost-effective estimates, the consequences
of GDM can be serious, and the disease is increasing in prevalence.30
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FIGURE 1. The decision analytic model comparing treating vs not treating mild GDM
Not all branches are shown to facilitate display. Lines that do not terminate in a circle or a
triangle indicate they are collapsed to facilitate display and are the same as branches that are
already open.
GDM, gestational diabetes mellitus.
Ohno. Treating mild gestational diabetes mellitus: a cost-effectiveness analysis. Am J Obstet
Gynecol 2011.
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FIGURE 2. Sensitivity analyses
A, Tornado diagram showing how varying the costs affects the incremental cost-
effectiveness ratio (ICER). Only increasing the incremental cost of treating GDM above
$3555 can make treating GDM not cost-effective (ICER >$100,000/QALY). B, Univariate
sensitivity analysis on the incremental cost to treat mild GDM. At a cost of $1330 to treat,
treating mild GDM becomes more expensive than not treating but still cost-effective.
Treating mild GDM was no longer cost-effective if the cost to treat was greater than $3555.
C, Univariate analysis on the efficacy of treatment. 1, 100% efficacy; 0, no difference
between treatment and no treatment. At the baseline cost of $1786 to treat GDM, treating
mild GDM is cost-effective as long as treatment meets at least 49% of its expected results.
D, Two-way sensitivity analysis on the cost to treat GDM vs efficacy of treatment. The blue-
hatch region represents where treating GDM is cost-effective (below the cost-effectiveness
threshold of $100,000/QALY). At 100% efficacy, the cost to treat can be as high as $3555
and be cost-effective (baseline case). As the treatment efficacy decreases, the cost at which
treating GDM no longer becomes cost-effective decreases. At the baseline cost of $1786 to
treat GDM, treatment can be as low as 49% and still be cost-effective.
GDM, gestational diabetes mellitus; QALY, quality-adjusted life year.
Ohno. Treating mild gestational diabetes mellitus: a cost-effectiveness analysis. Am J Obstet
Gynecol 2011.
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FIGURE 3. Monte Carlo simulation of 10,000 random women
Monte Carlo simulation of 10,000 random women shows there is a 70% probability that
treatment is cost-effective at a threshold of $100,000/quality-adjusted life year.
Ohno. Treating mild gestational diabetes mellitus: a costeffectiveness analysis. Am J Obstet
Gynecol 2011.
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TABLE 2

Stratified probability of brachial plexus injury6,8

Variable

Macrosomia

Yes No

Without treatment

    Shoulder dystocia

      Yes 0.18000 0.09000

      No 0.00790 0.00057

With treatment

    Shoulder dystocia

      Yes 0.08640 0.04320

      No 0.00379 0.00027

Ohno. Treating mild gestational diabetes mellitus: a cost-effectiveness analysis. Am J Obstet Gynecol 2011.
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TABLE 3

Maternal and neonatal outcomes in treating vs not treating mild GDM per 100,000 women

Outcome Without treatment With treatment

Maternal outcomes

      Preeclampsia 13,600 8600

      Cesarean delivery 33,800 26,900

      Shoulder dystocia 1902 575

Neonatal outcomes

      Macrosomia 14,300 5900

      Permanent brachial plexus injury 28 5

      Transient brachial plexus injury 386 74

      Hypoglycemia 2986 2925

      Hyperbilirubinemia 10,800 7818

GDM, gestational diabetes mellitus.
Ohno. Treating mild gestational diabetes mellitus: a cost-effectiveness analysis. Am J Obstet Gynecol 2011.
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TABLE 4

Cost-effectiveness analysis of treating vs not treating mild GDM

Variable Costs QALYs $/QALY

Treatment $12,623 56.891002 $20,412

No treatment $12,167 56.868753 Baseline

Treatment is more expensive Treatment has higher QALYs

Cost threshold in which treatment is more expensive vs no treatment: $1330

Cost threshold in which treatment is no longer cost-effective: $3555

GDM, gestational diabetes mellitus; QALY, quality-adjusted life year.
Ohno. Treating mild gestational diabetes mellitus: a cost-effectiveness analysis. Am J Obstet Gynecol 2011.
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