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Abstract

Objective: To report longitudinal trends (1983-2015) for pregnant women hospitalized in California
with pre-existing Type 1 or Type 2 diabetes mellitus (PDM) and gestational diabetes mellitus (GDM).
Research design and methods: Using 1983-2015 patient discharge data, we identified admissions of
pregnant California resident women, age 15 to 44 (N = 18,560,269). We used the Clinical Classification

System to classify diagnoses and procedures.

Results: Over the period, 18,952,079 pregnant California-resident women age 15 to 44 were admitted
to hospital. Of these, 212,631 (1.1%) had PDM and 787,361 (4.2%) had GDM. At start-of-period 1983-
1987, the percent of admissions with either condition was about 1% each. By 2013-2015, the PDM
rate rose to 1.5% while the GDM rate rose to 9.1%. Compared to women without diabetes, those with
any diabetes had greater risk and rising trends for co-morbidities and adverse outcomes.
Discussion: It is not clear if these trends reflect real underlying changes in population health or
changes in professional attention to these conditions. Trends may be rising because of different
diagnostic criteria, because of underlying changes in risk factors, or for both reasons.

Conclusions: Regardless of the underlying reason, PDM and GDM pose significant risk to a growing

proportion of California’s pregnant women.

Introduction

Diabetes mellitus is a group of metabolic
diseases characterized by hyperglycemia resulting
from defects in insulin secretion, insulin action,
or both [1]. The United States Centers for Disease
Control and Prevention estimates that 4.1% of
the population age 20 to 44 has diabetes mellitus,
with women slightly less likely to have it [2]. This
condition affects many parts of the body and is
associated with serious complications such as
heart disease, stroke, blindness, kidney failure,
and lower-limb amputation.

Gestational diabetes mellitus (GDM), defined
as any degree of glucose intolerance with onset or
first recognition during pregnancy [3], represents
nearly 90% of pregnancies complicated by diabetes
mellitus [1], and today complicates about 7.6% of
US pregnancies [4,5]. GDM affects both maternal
and infant outcomes [6]. Women with GDM in one
pregnancy are at increased risk in later pregnancies
[7,8].

Both pre-existing Type 1 or Type 2 diabetes
mellitus (PDM) and GDM are associated with
significant risk of poor outcomes in the current
pregnancy and future risk of obesity and diabetes
in the offspring. There is a strong association
between maternal diabetes and impaired cognitive
outcomes for the infant such aslearning disabilities
and autism [9,10].

In 1979, the National Diabetes Data
Group (NDDG) developed and published the
classification and diagnosis of diabetes used in
the US [3]. Although members defined GDM and

proposed new diagnostic criteria, the NDDG felt that
the diagnostic criteria had not been widely tested
and therefore made no new recommendations. In
1980, the International Classification of Disease
(ICD) changed from Version 8, which did not
distinguish GDM, to Version 9, which for the first
time introduced specific GDM codes. As Lavery and
colleagues noted, screening and diagnostic criteria
evolved over the past several decades with five
international workshops since 1979 [11], and these
changes complicate interpretation of longitudinal
studies.

This brief compares PDM and GDM trends for
pregnancy admissions for the period 1983 through
Sep-2015, during which California used the ICD-9-
CM to report patient diagnose in hospital discharge
data. The conversion to ICD-10-CM in Oct-2015
provided an opportunity to do this longitudinal
report.

Methods

Using previously described methods [12,13]
and the Jan-1983 to Sep-2015 confidential patient
discharge data from the California Office of
Statewide Health Planning and Development
(OSHPD) [14], we identified all inpatient
admissions of pregnant California resident women,
age 15 to 44 (N = 18,560,269), including those that
did not result in live birth.

To classify diagnoses (DX) and procedures
(PX), we applied the Clinical Classification System
(CCS) developed by the Agency for Healthcare
Research and Quality [15]. CCS Level 2 groups
diagnoses (DXCL) and procedures (PXCL) within
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body systems. Searching over the array of diagnoses, PDM was
defined as DXCL codes 49 or 50 or DX 648.0x under DXCL186. GDM
was defined as cases under DXCL186 with no PDM [16].

Intheperiod 1983-2007, theselectionalgorithm flagged pregnancy
as the primary reason for admission if the Diagnosis Related Group
(DRG) was in the range of 370-384. The Medicare Severity DRG
(MSDRG) took effect in 2008, after which the algorithm flagged
pregnancy if the MSDRG was in the range 765 to 782. However, a
number of women need hospital care for reasons not related directly
to pregnancy. For example, admission with a principal diagnosis of
injury, mental health, or infectious disease raises pregnancy risk.
Identifying these cases involves searching the array of DX and PX
fields. Consider a woman admitted with MSDRG indicating injury
or mental health as the primary reason for admission. Searching the
DX array identifies that she also was pregnant (DXCH11) and that the
pregnancy ended with a spontaneous abortion (DXCL177). Relying
on DRG or principal DX to identify pregnancy status would not find
such records.

10

The analysis was completed in SAS, version 9.4. Supplemental File
1 reports frequencies, overall percent distributions, with odds ratios
and confidence intervals comparing differences between admissions
with PDM or GDM to admissions without these conditions, and
differences between PDM and GDM. These were calculated using
SAS PROC FREQ with the CMH option. To highlight both clinical
and statistical significance, odds ratios are bolded when the P-value
is greater than 0.001 and the confidence interval is plus/minus 0.05
[17]. The Supplemental File also contains data used to prepare figures.

Results

Over the 33-year interval 1983 through Sep-2015, the selection
algorithm identified 18,952,079 admissions of pregnant California-
resident women age 15 to 44. Of these, 212,631 (1.1%) had PDM and
787,361 (4.2%) had GDM. The table in Supplemental File 1 reports
overall demographic, access, and outcome characteristics. We focus
here on longitudinal trends for selected measures.
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Figure 1. Admissions with PDM or GDM (%)
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Figure 2. Demographic trends per 100 pregnancy admissions (%) 1983-2015
A. Pre-existing diabetes mellitus (PDM) [1. Race/Ethnicity; 2. Age group]
B. Gestational diabete;s mellitus (GDM) [1. Race/Ethnicity; 2. Age group]
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Figure 1 shows the trend for the percent of pregnant hospitalized
women diagnosed with PDM or GDM over the study period. At the
start-of-period 1983-1987, the percent of admissions with either
condition was about 1% each. The PDM rate rose to 1.5%. However,
by 2013-2015, the GDM rate rose to 9.1%. Vertical grey dashed lines
highlight about when the NDDG changed diagnostic criteria. The
GDM rise occurs in the context of changing criteria, with little impact
on the PDM trend.

Within race/ethnic groups, admission rates rose slightly for PDM
and sharply for GDM. By period end, 2.2% of Black women admitted
while pregnant had PDM (Figure 2.A.1), the highest rate for that
condition. On the other hand, the percent of admissions for pregnant
Black women with GDM rose to 6.6%, with Asian/PI women having
the highest rate at 14% (Figure 2.B.1). For women age 35-44, PDM
dropped to 1.4% then rose to 2.3% (Figure 2.A.2), while the rate for
women age 35-44 with GDM rose 7-fold from 2% to 14% (Figure 2.B.2).
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Pregnant women with any diabetes diagnosis have increased risk
for a number of complications. Consider, for example, the 16,350,963
admissions that ended in live birth. For these, Figure 3A shows that
rates for hypertension in pregnancy (DXCL183) rose from 4% to 7.3%
in women without a diabetes diagnosis, for a change ratio of 1.8 over
the period. In 1983-1987, hypertension rates for women with PDM or
GDM were respectively 14.6% and 12.2%, more than 3 times higher
than women without diabetes. In women with PDM, hypertension
rates rose to 34%, a change ratio of 2.35 from 1983-1987. By contrast,
the GDM hypertension rate remained relatively stable, ranging from
12% to 14%. Figure 3B compares Cesarean-section delivery (PXCL134)
rates by diabetes status. We again see that rates for women with a PDM
or GDM diagnosis are close to each other in 1983-1987 and higher than
for women without these diagnoses. And once more, PDM Cesarean-
section rates are higher than GDM rates in 2013-2015, with the GDM
rate about where it was in 1983-1987.
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Figure 3. Complications per 100 deliveries of a live infant (%) by diabetes status 1983-2015
A. Hypertension in pregnancy (DXCL183)
B. Cesarean-section delivery (PXCL134)
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Figure 4. Pregnancy admission outcomes (%) 1983-2015 by diabetes status
A. Pre-existing diabetes mellitus (PDM)
B. Gestational diabetes mellitus (GDM)

Overall, 2,203,926 admissions (11.6%) did not result in live birth
but ended by return home still pregnant (7.7%) or after pregnancy
termination (in-hospital abortion, miscarriage, or infant death at
delivery) (3.9%). Figure 4 shows outcome trends by diabetes status.
Outcomes examined include whether the admission resulted in live
delivery, whether the woman was discharged still pregnant, or whether
the admission ended with pregnancy termination.

Figure 4A shows that among admissions resulting in delivery,
about 1% had PDM and the rate stayed relatively flat. Among
admissions ending with the woman still pregnant, the PDM rate rose
from 4.4% to 5.5%. However, among women whose admission ended
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with termination, the PDM rate rose from 0.6% to 2.8%. Additionally,
over the period, compared to women without diabetes, women with
PDM were more likely to die (OR = 3.43, CI 2.81- 4.19).

Figure 4B shows sharp GDM increases from rates of 1% or less at
start-of-period across all pregnancy admission outcomes. By period
end, GDM was a factor in 9.3% of admissions ending in delivery,
7.8% resulting in return home still pregnant, and 3.8% resulting
in pregnancy termination. Compared to women without diabetes,
women with GDM were neither more nor less likely to die (OR = 0.89,
CI0.73- 1.09).
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Conclusions

Conversion from ICD-9-CM to ICD-10-CM in October, 2015
provided an opportunity to review hospital-based rates and trends
for PDM and GDM. Today about 1 in 10 California women admitted
to hospital while pregnant have one of these conditions. Women with
GDM have increased risk for adverse events in the current and later
pregnanciesand are at increased risk of converting to PDM as they age
[6,18]. Whether mothers have PDM or GDM, infants they conceive
have increased risk of short- and long-term adverse outcomes [19,20].
With birth rates increasing among women older than 30 [21] and
obesity increasing in the reproductive age population [22], current
estimates are that 20-50% of women with GDM will have PDM
within 10 years [4].

Several recent reports have focused on the relationship between
rate changes and the timing of now seven position statements since
1979, released by the American Diabetes Association and/or the
European Association for the Study of Diabetes [3,10]. Do reports
of diabetes increasing in pregnant women reflect real underlying
changes in population health or changes in professional attention to
these conditions? Trends may be rising because of different diagnostic
criteria, because of underlying changes in risk factors, or perhaps for
both reasons. Regardless of why trends are rising, PDM and GDM
pose significant risk to a growing proportion of pregnant women.
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