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OBJECTIVE — The purpose of this study was to assess changes in the prevalence of preex-
isting diabetes (diabetes antedating pregnancy) and gestational diabetes mellitus (GDM) from
1999 through 2005.

RESEARCH DESIGN AND METHODS — In this retrospective study of 175,249
women aged 13-58 years with 209,287 singleton deliveries of =20 weeks’ gestation from 1999
through 2005 in all Kaiser Permanente hospitals in southern California, information from clin-
ical databases and birth certificates was used to estimate the prevalence of preexisting diabetes
and GDM.

RESULTS — Preexisting diabetes was identified in 2,784 (1.3%) of all pregnancies, rising
from an age- and race/ethnicity-adjusted prevalence of 0.81 per 100 in 1999 to 1.82 per 100 in
2005 (Pyyeng < 0.001). Significant increases were observed in all age-groups and all racial/ethnic
groups. After women with preexisting diabetes were excluded, GDM was identified in 15,121
(7.6%) of 199,298 screened pregnancies. The age- and race/ethnicity-adjusted GDM prevalence
remained constant at 7.5 per 100 in 1999 to 7.4 per 100 in 2005 (P,,.,q = 0.07). Among all
deliveries to women with either form of diabetes, 10% were due to preexisting diabetes in 1999,
rising to 21% in 2005, with GDM accounting for the remainder.

CONCLUSIONS — The stable prevalence of GDM and increase in the prevalence of preex-
isting diabetes were independent of changes in the age and race/ethnicity of the population. The
increase in preexisting diabetes, particularly among younger women early in their reproductive
years, is of concern.
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iabetes, a common medical compli-
cation of pregnancy, can be divided
into two broad categories: overt or
preexisting diabetes (type 1 and type 2)
and gestational diabetes mellitus (GDM).
The latter is defined as glucose intoler-
ance with onset or first recognition during
pregnancy (1). GDM accounted for

~88% of all pregnancies affected by dia-
betes in the U.S. in 1988, with preexisting
diabetes accounting for the remaining
12% (2). GDM complicates 4-14% of
pregnancies in the U.S. annually, with the
prevalence varying significantly with
characteristics of the population studied
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Several studies reported increases in
GDM in U.S. populations in the 1990s.
An increased incidence of GDM in a
northern California population was ob-
served from 1991 (5.1%) to 1997 (7.4%),
with rates leveling off from 1997 through
2000 (4). The prevalence of GDM in a
Colorado cohort doubled from 1994 to
2002 (5). From 1990 to 2005, the age-
adjusted prevalence of diabetes increased
from 0.9 per 100 to 1.5 per 100 for
women aged <44 years in the U.S (6).
The SEARCH for Diabetes in Youth Study
estimated that 3.1 per 1,000 girls aged
10-19 years in the U.S. had nongesta-
tional diabetes of any type in 2001 (7).
Overweight and obesity are known risk
factors for diabetes (8). One-third of all
women aged 20-39 years in the U.S. were
obese in 2003-2004, whereas more than
half of black women and more than 40%
of Mexican-American women were obese
).

Given the increasing prevalence of
obesity and diabetes among reproduc-
tive-age women, we examined changes in
the prevalence of preexisting diabetes and
GDM among a racially/ethnically diverse
population of pregnant women to deter-
mine whether there were changes in prev-
alence over time, to identify women in
racial/ethnic groups and age-groups most
affected by any changes, and to assess
whether preexisting diabetes or GDM
may now account for a larger proportion
of diabetes-exposed pregnancies than re-
ported previously.

RESEARCH DESIGN AND

METHODS — The Kaiser Permanente
Southern California (KPSC) Medical Care
Program is alarge prepaid group practice—
managed health care organization provid-
ing health care for >3 million members.
Members receive their care in KPSC-
owned medical offices and hospitals
throughout the seven county region.
Confidential health plan databases, in-
cluding all hospitalizations, outpatient
visits, laboratory test results, and pre-
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scriptions dispensed by KPSC pharma-
cies, were used for this study.

This study was approved by the
KPSC institutional review board. The
study population was women who had
one or more singleton births at =20
weeks’ gestation (stillbirth or livebirth)
from 1 January 1999 through 31 De-
cember 2005 in KPSC hospitals. Uni-
form definitions of preexisting diabetes
and GDM could be applied using stan-
dardized databases and methods for this
period. Maternal race/ethnicity as re-
ported on the infant’s birth certificate was
categorized as Hispanic, non-Hispanic
white (white), non-Hispanic black
(black), Asian/Pacific Islander, and other
races. Maternal age at delivery, catego-
rized as 13-19, 20-24, 25-29, 30-44,
35-39, and =40 years, and parity, cate-
gorized as 0, 1, 2, and =3, were also ob-
tained from the birth certificate.

Identifying women with preexisting
diabetes

An algorithm was used to identify women
with a high probability of having diabetes
on the basis of having at least one of the
following: an ICD-9 hospital diagnostic
code of 250.xx (diabetes mellitus), an
outpatient encounter code for diabetes, a
prescription for insulin or other oral hy-
poglycemic agents, or A1C =7.0% (10).
There were two exceptions. First, women
taking metformin who had none of the
other criteria defining diabetes were not
defined as having preexisting diabetes be-
cause this drug is also used to treat poly-
cystic ovary syndrome independent of
whether or not the patient has glucose in-
tolerance (11,12). Second, to avoid mis-
classifying women with a history of GDM
treated with insulin or glyburide (13) as
having preexisting diabetes during any
future pregnancy based solely on her
use of these medications during preg-
nancy, use of these two drugs during
pregnancy was excluded from the algo-
rithm to classify women as having pre-
existing diabetes.

Screening and testing women for
GDM

Plasma glucose and oral glucose tolerance
test (OGTT) results were obtained from
KPSC laboratory databases that include
all tests performed at all KPSC facilities.
Women were defined as having been
screened for GDM if a 50-g, 1-h OGTT
was performed, as this is the standard
practice in 10 of the 11 medical centers.
Given that we wished to include women

who had results from other laboratory
tests during pregnancy that met the crite-
ria for diagnosing GDM or diabetes, re-
gardless of whether they had the 50-g test,
we also considered women who had the
100-g, 3-h or 75-g, 2-h OGTT; a fasting
plasma glucose test; or a random plasma
glucose test as having been screened for
GDM.

GDM was defined hierarchically as 1)
at least two abnormal plasma glucose
measurements during the 100-g, 3-h
OGTT greater than or equal to the Car-
penter and Coustan threshold values rec-
ommended by the American Diabetes
Association (fasting 5.3 mmol/l, 1 h 10
mmol/l, 2 h 8.6 mmol/l, and 3 h 7.8
mmol/l [14]; or 2) at least two abnormal
values on the 75-g obstetric OGTT greater
than or equal to the threshold values (fast-
ing 5.3 mmol/l, 1 h 10 mmol/l, and 2 h
8.6 mmol/l [14]; or 3) a fasting plasma
glucose concentration of =7 mmol/l [1];
or4) arandom plasma glucose concentra-
tion of =11.1 mmol/l (1). One medical
center did not perform the 50-g screening
test but, rather, tested each pregnant
woman with the 75-g OGTT; the other 10
medical centers selectively test with the
100-g OGTT contingent on the results of
the 50-g glucose screen.

Categorization of diabetes status for
each pregnancy

For each pregnancy, we determined
whether a woman had preexisting diabe-
tes, GDM, or neither condition. To avoid
overlap of the diagnostic periods, women
were defined as having preexisting diabe-
tes if they met the criteria previously de-
scribed at least 270 days before the
delivery, excluding the time during any
previous pregnancies. Once a woman had
preexisting diabetes, she retained this sta-
tus for any future pregnancies. Women
who had GDM were not assumed to have
GDM in future pregnancies.

Statistical analysis

Statistical analyses were performed with
SAS (version 9.1; SAS Institute, Cary,
NC). As the purpose of this article was to
report the trends in prevalence of preex-
isting diabetes and GDM by year, we in-
cluded all women with one or more
deliveries during the study period to ac-
curately estimate the yearly prevalence.
All references to year refer to the delivery
year, screening and diagnosis may have
occurred in the previous calendar year.
Differences were assessed using Student’s
t tests (maternal age), Wilcoxon’s rank-

sum test (parity), and x> tests (race/
ethnicity). Prevalence of preexisting
diabetes was estimated by dividing the
number of women with preexisting dia-
betes giving birth that year by the total
number of women giving birth during
that year. Prevalence of GDM was esti-
mated by dividing the number of women
giving birth during that year with GDM
by the total number of women screened
for GDM giving birth that year. Although
the prevalence of diabetes is frequently
reported per 1,000 and the prevalence
of GDM reported per 100, we used per
100 for both conditions to facilitate the
comparison of the prevalence of these
conditions.

The annual age-adjusted and the age-
and race/ethnicity-adjusted prevalence of
preexisting diabetes and GDM and SEMs
were calculated using the direct adjust-
ment method (15). The age and race/
ethnicity distribution of the entire study
population of all singleton births was
used as the standard population for all
adjusted prevalence estimates.

We used the GENMOD procedure to
develop Poisson regression models to as-
sess the effect of time (year), controlling
for race/ethnicity and maternal age and
then repeating these models adding parity
on prevalence of preexisting diabetes and
GDM (16) by comparing the prevalence
of these conditions at the beginning
(1999) and the end (2005) of the study
period. Rate ratios (RRs) and 95% Cls are
presented. Testing for trend was con-
ducted by fitting year as a continuous
variable in the log-linear Poisson model,
adjusting for age or race/ethnicity catego-
ries where appropriate. Age-specific mod-
els and race/ethnicity-specific models
only included women from the specified
group in the model of interest, whereas
final crude, age-adjusted, and age- and
race/ethnicity-adjusted trends were as-
sessed with all women in the model (17).
We considered P values < 0.05 indicative
of a significant trend.

To estimate the proportions of all
pregnancies affected by some degree of
glucose intolerance due to preexisting di-
abetes and GDM each year, we used two
approaches. First, we added the age- and
race/ethnicity-adjusted rates for both
conditions and then calculated the per-
centage attributed to each condition. Sec-
ond, we used the total number of women
with either condition as the denominator
and then calculated the percentage attrib-
uted to preexisting diabetes and GDM.
This second approach does not adjust for
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Table 1—Annual number of singleton births, mean maternal age, and prevalence of preexisting diabetes per 100 births by maternal age and
race/ethnicity among 209,287 births by year, Kaiser Permanente Southern California, 1999-2005

1999 2000 2001 2002 2003 2004 2005 Prond
No. births 32,089 31,377 29,980 29,877 29,598 28,135 28,231
Mean age (years) 28.2 283 28.5 28.8 29.0 29.1 29.1
No. with diabetest 245 333 315 377 451 526 537
13-19 years 0.11 (0.07) 0.25(0.10) 0.14(0.08) 0.21(0.11) 0.51(0.17) 0.17 (0.10) 0.55(0.17) 0.0106
20-24 years 0.36 (0.07) 0.48(0.09) 0.41(0.08) 0.58(0.10) 0.66(0.11) 0.87 (0.13) 0.72(0.12) 0.0001
25-29 years 0.59 (0.08) 0.70(0.09) 0.85(0.10) 0.92(0.10) 1.19(0.12) 1.40(0.13) 1.29(0.13) <0.0001
30-34 years 0.95(0.11) 1.44(0.13) 1.23(0.12) 1.50(0.13) 1.83(0.15) 2.34(0.17) 2.36(0.17) <0.0001
35-39 years 1.39(0.18) 1.98(0.22) 1.87(0.21) 2.30(0.23) 2.61(0.24) 3.00(0.26) 3.43(0.27) <0.0001
=40 years 2.86 (0.54) 3.13(0.57) 3.62(0.58) 3.32(0.54) 3.35(0.54) 4.66(0.66) 4.08 (0.60) 0.0425
Race/ethnicity
Non-Hispanic white
Crude 0.63(0.08) 0.89(0.10) 0.82(0.10) 1.14(0.12) 1.23(0.13) 1.53(0.14) 1.48(0.15) <0.0001
Age-adjusted 0.61(0.02) 0.87(0.02) 0.75(0.02) 1.09(0.02) 1.15(0.02) 1.42(0.03) 1.38(0.03) <0.0001
Hispanic
Crude 0.75(0.07) 1.13(0.08) 1.05(0.08) 1.22(0.09) 1.66(0.10) 1.98(0.12) 1.92(0.11) <0.0001
Age-adjusted 0.89 (0.02) 1.29(0.02) 1.15(0.02) 1.27(0.02) 1.72(0.03) 2.04(0.03) 1.95(0.03) <0.0001
Black
Crude 0.87(0.16) 1.39(0.21) 1.44(0.21) 1.59(0.23) 1.66(0.24) 2.11(0.28) 2.59(0.31) <0.0001
Age-adjusted 0.96 (0.02) 1.53(0.03) 1.52(0.03) 1.62(0.03) 1.68(0.03) 2.23(0.03) 2.77(0.04) <0.0001
Asian/Pacific Islander
Crude 1.07(0.18) 0.95(0.17) 1.20(0.19) 1.48(0.21) 1.47(0.20) 2.02 (0.24) 2.12(0.25) <0.0001
Age-adjusted 0.96 (0.02) 0.78(0.02) 0.98(0.02) 1.15(0.02) 1.24(0.02) 1.70(0.03) 1.73(0.03) <0.0001
Other races
Crude 0.95(0.47) 0.26(0.26) 1.17(0.58) 1.04(0.52) 1.63(0.66) 1.08(0.54) 1.97 (0.56) 0.0431
Age-adjusted 1.05(0.02) 0.35(0.01) 1.34(0.03) 0.91(0.02) 1.68(0.03) 1.25(0.02) 2.14(0.03)  0.0710
All women
Crude 0.76 (0.05) 1.06 (0.06) 1.05(0.06) 1.26(0.06) 1.52(0.07) 1.87(0.08) 1.90(0.08) <0.0001
Age-adjusted 0.81(0.02) 1.10(0.02) 1.06(0.02) 1.25(0.02) 1.50(0.03) 1.81(0.03) 1.83(0.03) <0.0001
Age- and race/ethnicity-adjusted  0.81 (0.02) 1.10(0.02) 1.06(0.02) 1.24(0.02) 1.50(0.03) 1.82(0.03) 1.82(0.03) <0.0001

Data are prevalence per 100 (SEM). *P values derived from Poisson regression models using pre-existing diabetes as the outcome variable and year as a continuous

variable in the model after adjustment for other variables specified for the row. Preexisting diabetes.

differences in age or race/ethnicity in the
population over time.

RESULTS

Characteristics of study sample
There were 175,249 women aged 13-58
years (mean * SEM 28.7 = 6.0) with
209,287 singleton pregnancies that
ended in livebirths or stillbirths at =20
weeks gestation from 1999 through 2005.
Of these women, 144,228 (82%) had one
birth and 31,021 (18%) had more than
one birth in a KPSC hospital during the
study period. The maternal racial/ethnic
composition of the population on the ba-
sis of total number of births was 51.6%
Hispanic, 25.9% white, 11.1% Asian/
Pacific Islander, 9.9% black, and 1.5%
other races. The mean maternal age in-
creased from 28.2 years in 1999 to 29.1
years in 2005 (P < 0.0001). The median
parity was 1.00 for each year of the study;
the means showed no clinical difference
(range 1.02-1.05) over time.

Prevalence of preexisting diabetes

Of the 209,287 deliveries in the cohort,
2,784 (1.3%) were to women with preex-
isting diabetes. These women tended to
be older (mean age 32.2 vs. 26.6 years,
P < 0.0001), were least likely to be white,
and had higher parity (1.4 vs. 1.0 [both
medians 1.0], P < 0.0001) than women
without diabetes. The prevalence of pre-
existing diabetes among women giving
birth doubled from an age- and race/
ethnicity-adjusted prevalence of 0.81 in
1999 to 1.82 in 2005 (Table 1).

The increase in prevalence differed by
maternal age, race/ethnicity, and year of
delivery. From 1999 to 2005, age-specific
prevalence of preexisting diabetes ap-
proximately doubled for women in the
middle four age categories (20-24, 25—
29, 30-34, and 35-39 years), increased
fivefold for teenagers (13-19 years) from
0.11 (0.07) to 0.55 (0.17) per 100 deliv-
eries, and increased by >40% among
women >40 years of age; all trend tests
were significant (Table 1). The age-

adjusted prevalence doubled for Hispanic
women, white women, and women of
other races; almost tripled for black
women, from 0.96 (0.02) to 2.77 (0.04);
and increased by ~75% for Asian/Pacific
Islander women during the study period.

After adjustment for maternal age and
race/ethnicity, the RR for the prevalence
of preexisting diabetes comparing the last
year of the study (2005) to the first year
(1999) was 2.26 (95% CI 1.95-2.63). Af-
ter adjustments for year and maternal age,
the RRs for black (1.69 [95% CI 1.47-
1.93]), Hispanic (1.42 [1.29-1.57]), and
Asian/Pacific Islander (1.25 [1.09-1.42])
women were significantly higher than
those for white women. Further adjust-
ment for parity had no impact on the RR,
as parity remained constant over the
study period.

Screening for GDM

After exclusion of the 2,784 pregnancies
to women with preexisting diabetes,
96.5% (199,298) of the 206,503 remain-
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Table 2—Annual number of singleton births, mean maternal age, and prevalence of GDM per 100 births by maternal age and race/ethnicity
among 199,298 births screened for GDM, Kaiser Permanente Southern California, 1999-2005

1999 2000 2001 2002 2003 2004 2005 P
No. births 30,576 29,903 28,474 28,443 28,308 26,815 26,779
Mean age (years) 28.1 28.4 28.6 28.8 29.0 29.1 29.2
No. with GDM 2,171 2,205 2,219 2,329 2,091 2,028 2,078
13-19 years 1.8(0.27) 1.4(0.25) 2.0(0.32) 1.3(0.27) 1.4(0.29) 2.2 (0.36) 1.7(0.31) 0.7539
20-24 years 3.3(0.23) 3.4(0.24) 4.3(0.27) 3.7 (0.26) 3.3(0.25) 3.3(0.27) 3.7(0.29) 0.6778
25-29 years 6.0 (0.25) 6.5 (0.26) 6.4 (0.27) 6.8 (0.27) 5.6 (0.25) 6.2 (0.27) 6.1(0.27) 0.4686
30-34 years 8.9(0.32) 9.1(032) 95(034) 102(034) 94(0.33) 85(0.32) 9.0(0.32) 0.6606
35-49 years 13.0(0.53) 13.4(0.54) 13.2(0.54) 135054 12.2(0.51) 12.8(0.52) 12.8(0.52) 0.3787
=40 years 174 (1.27) 155(1.22) 162(1.19) 17.6(1.18) 159(1.13) 17.0(1.21) 17.1(1.17) 0.8138
Race/ethnicity
Non-Hispanic white
Crude 5.2 (0.24) 5.2 (0.25) 5.9 (0.27) 6.3 (0.28) 5.4 (0.27) 5.4 (0.27) 5.3(0.28) 0.9306
Age-adjusted 51(0.05 5.0(0.05) 56(0.05 59(0.05) 520.05 50(0.05) 4.9(0.05 04767
Hispanic
Crude 7.6(0.21) 7.8(0.22) 8.3(0.23) 8.6 (0.23) 7.8 (0.22) 8.0 (0.23) 8.5(0.23) 0.0506
Age-adjusted 8.6 (0.06) 8.6 (0.06) 8.9 (0.07) 9.0 (0.07) 8.1 (0.06) 8.2 (0.06) 8.6 (0.06) 0.2552
Black
Crude 5.6 (0.41) 6.2 (0.44) 6.1 (0.44) 6.9 (0.48) 4.6 (0.41) 5.9 (0.47) 5.0(0.44) 0.1120
Age-adjusted 6.0(0.05) 6.6(0.06) 6.5(0.06) 7.1(0.060) 4.6(0.05 6.2(0.05) 52(0.05 0.0297
Asian/Pacific Islander
Crude 11.3(0.57) 12.0(0.57) 11.7(0.58) 11.7(0.57) 12.5(0.57) 12.0(0.57) 11.8(0.57) 0.4782
Age-adjusted 10.2 (0.07) 10.8(0.07) 10.5(0.07) 10.2(0.07) 10.9(0.07) 10.8(0.07) 10.3(0.07) 0.5923
Other races
Crude 5.6 (1.16) 6.5 (1.28) 6.0 (1.34) 8.3 (1.45) 4.3 (1.08) 7.4 (1.40) 8.1(1.14) 0.2005
Age-adjusted 6.1(0.05) 7.2(0.06) 6.4(0.06) 95(0.07) 4.6(0.05 7.6(0.060 85(0.06) 0.3224
All women
Crude 7.1(0.15) 7.4 (0.15) 7.8 (0.16) 8.2 (0.16) 7.4 (0.16) 7.6 (0.16) 7.8(0.16) 0.0176
Age-adjusted 7.4 (0.06) 7.6 (0.06) 7.9 (0.06) 8.1 (0.06) 7.2 (0.06) 7.4 (0.06) 7.5(0.06) 0.4104
Age- and race/ethnicity-adjusted 7.5 (0.06) 7.6 (0.06) 7.9 (0.06) 8.1 (0.06) 7.2 (0.06) 7.3 (0.06) 7.4(0.06) 0.0655

Data are prevalence per 100 (SEM). *P values derived from Poisson regression models using GDM as the outcome variable and year as a continuous variable in the
model after adjustment for other variables specified for the row.

ing pregnancies had been screened for
GDM. The proportion screened was very
high across all years and increased over
time (P < 0.001); 96.0% were screened in
1999, the year with the lowest proportion
screened, and 97.0% were screened in
2003, the year with the highest propor-
tion screened. Women with 7,205 preg-
nancies who were not screened were
younger (26.5 vs. 28.7 years, P < 0.001),
less parous (1.0 vs. 1.2 [both medians
1.0], P < 0.001), and more likely to be of
black or other race (P < 0.001) than those
who were screened for GDM. The propor-
tion screened by race/ethnicity ranged
from 95.6% (other races) to 97.3%
(Asian/Pacific Islanders).

Prevalence of GDM

We calculated the GDM prevalence by
year based on the 199,298 screened preg-
nancies. Of these women, 15,121 (7.6%)
had laboratory-identified GDM on the ba-
sis of the following criteria using the hier-

archical approach: 100-g OGTT (n =
12,494; 82.6%), 75-g OGTT (n = 1,928;
12.8%), fasting plasma glucose (n = 458;
3.0%), or a random plasma glucose (n =
241; 1.6%). Women with GDM were
older (mean age 31.7 vs. 28.5 years, P <
0.001) and of higher parity (1.23 vs. 1.00
[both medians 1.0], P < 0.001) and were
more likely to be Asian/Pacific Islander or
Hispanic than were women without
GDM. Over the 7-year period, we ob-
served almost no change in the age- and
race/ethnicity-adjusted prevalence of
GDM, from 7.5 per 100 in 1999 to 7.4 per
100 in 2005; the test for trend was not
significant (Table 2).

After adjustment for maternal age and
race/ethnicity, the RR for the prevalence
of GDM comparing the last year of the
study (2005) to the first year (1999) was
0.99 (95% C10.93-1.05). Further adjust-
ment for parity had no effect. RRs for
Asian/Pacific Islanders (1.97 [95% CI
1.86-2.08]), Hispanic (1.69 [1.62-

1.77]), other (1.47 [1.26-1.72]), and
black (1.26 [1.18-1.36]) women were
higher than for white women after adjust-
ment for year and maternal age.

We reran the model for GDM twice to
determine whether including 7,205 un-
screened pregnancies in the denominator
or excluding 43,304 pregnancies from the
medical center with the 75-g protocol sig-
nificantly affected our findings. No signif-
icant changes were observed (data not
shown).

Prevalence of preexisting diabetes
compared with GDM

The cumulative prevalence of preexisting
diabetes and GDM increased over the
years studied. Using the first approach,
we estimated that 8.3 per 100 pregnan-
cies were affected by some form of diabe-
tes in 1999 compared with 9.2 per 100 in
2005. The proportion of pregnancies af-
fected by preexisting diabetes of all dia-
betic pregnancies (preexisting diabetes
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plus GDM) increased over time. In 1999,
10% of diabetic pregnant women had
preexisting diabetes, whereas 90% had
GDM. In 2005, 21% had preexisting dia-
betes and 79% had GDM. When we used
the absolute number of deliveries to
women with either condition as the de-
nominator (the second approach), 11% of
pregnant diabetic women had preexisting
diabetes in 1999 compared with 26% in
2005.

CONCLUSIONS

Prevalence of preexisting diabetes
The age- and race/ethnicity-adjusted
prevalence of preexisting diabetes during
pregnancy doubled during the 7-year
study period. Age-specific prevalence
doubled for women in categories aged be-
tween 20 and 39 years and increased five-
fold for teenagers from the first to the last
year of the study. In contrast, women
aged =40 years had a small but significant
increase in the prevalence of preexisting
diabetes. The increase in prevalence of
preexisting diabetes among women in the
younger age categories may reflect an in-
creasing prevalence of diabetes (7) or an
earlier age at diagnosis.

Although neither Ferrara et al. (4) nor
Dabelea et al. (5) included women with
preexisting diabetes in their studies, we
calculated that 0.5% of women (1,614 of
309,440) from 1991-2000 in the north-
ern California cohort (4) and 0.4% of
women (140 of 36,403) from 1994 -2002
in the Colorado cohort (5) had preexist-
ing diabetes on the basis of their data,
whereas 1.3% of pregnancies in our study
from 1999-2005 were to women with
preexisting diabetes. Dabelea et al. (5)
noted that there was no trend in the prev-
alence of preexisting diabetes in their co-
hort, whereas Ferrara et al. (4) did not
comment on the prevalence in their co-
hort. The estimated prevalence of preex-
isting diabetes from the seven states using
the expanded birth certificate was 7.2 per
1,000 (0.72 per 100) in 2004, less than
half of our estimate of 1.82 per 100. The
larger proportion of non-Hispanic white
women (72.4%) in their sample com-
pared with ours (25.0%) and their
younger age distribution may both ac-
count for the lower prevalence (18).

Prevalence of GDM

The prevalence of GDM was quite similar
in 1999 and 2005. It rose until 2002 but
then declined to the previous level. Simi-
lar patterns were observed across age cat-

egories and racial and ethnic groups. We
can compare our GDM prevalences in
1999 and 2000 (7.5 and 7.6 per 100) to
those of Ferrara et al. (4) using laboratory-
identified GDM only (6.4 and 6.4 per
100, respectively). Our GDM prevalence
was higher than theirs; this may be due to
our population having a higher propor-
tion of women from racial/ethnic minor-
ity groups that have a higher prevalence of
GDM. Similarly, our prevalence of GDM
was higher than the 3-year moving aver-
age of the race/ethnicity-specific age-
adjusted prevalence reported by Dabelea
etal. (5) for 1999-2001 and 20002002
as well as their race/ethnicity-specific es-
timates for all years and racial and ethnic
groups. The latter study used higher
screening thresholds to diagnose GDM
and had a smaller proportion of minority
participants than did our study. Both of
these factors probably contributed to a
lower prevalence of GDM in their studies.
The 2004 expanded birth certificate
yielded a GDM prevalence of 44.0 per
1,000 (4.4 per 100) (18), significantly less
than our unadjusted GDM prevalence of
7.6 per 100 in the same year. Differences
may be attributed to the different race/
ethnicity and age distributions of the pop-
ulation as well as to our case definitions.
We chose to include only women
with laboratory-identified GDM in our
study. Others have relied on birth certifi-
cate data (18), self-report of the timing of
diabetes in relation to pregnancy (19),
ICD-9 codes exclusively (20), or com-
bined ICD-9 codes and laboratory-
identified GDM after presenting rates
using laboratory-identified cases alone
(4). By limiting our case definition to
women with laboratory confirmation of
GDM from a KPSC laboratory, we may
have missed women who entered prenatal
care in a KPSC facility after receiving a
diagnosis of GDM in another facility,
which is probably a rare occurrence.
However, we are not including women
who have ICD-9 codes for GDM who do
not meet our objective laboratory-
identified case definition of GDM.

Prevalence of preexisting diabetes
compared with GDM

We found that in 1999, among pregnan-
cies affected by some form of diabetes,
10% of diabetes cases were attributed to
preexisting diabetes and 90% were attrib-
uted to GDM. This was similar to the es-
timate of Engelgau et al. in 1988 (2) of
12% being due to preexisting diabetes. In
2005, the proportion of all pregnancies
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affected by diabetes attributed to preexist-
ing diabetes in our sample rose to 21—
26%, whereas the proportion attributed
to GDM had dropped to 74-79% of dia-
betic pregnancies, depending on which
approach we used to calculate the esti-
mate. Using data reported by Martin et al.
(18) from the 2004 expanded birth certif-
icates, we calculated that 14% of diabetic
pregnancies in their sample were attrib-
uted to preexisting diabetes in 2004.

Limitations and strengths

Given the relationship of overweight/
obesity with type 2 diabetes (8), the in-
creasing prevalence of obesity/overweight
in women of reproductive age (9) seems
to be a likely contributor to the increase in
preexisting diabetes found in our study.
Unfortunately, this study, like others
(4,5), lacks data on maternal height and
weight to assess maternal BMI. These will
be available from the 2007 California
birth certificate and KPSC electronic
health record in 2008. We are also unable
to identify type of preexisting diabetes. A
review of the inpatient and outpatient
clinical encounter codes yielded missing
and inconsistent information on diabetes
type based on the fifth digit. Age at diag-
nosis of preexisting diabetes was also not
available from electronic data. Although
we cannot rule out the possibility that
some of the increase in preexisting diabe-
tes is due to selective enrollment into the
health plan by women with impaired glu-
cose tolerance, it may also be a harbinger
of increases in impaired glucose tolerance
in the population.

The availability of multiple comput-
erized confidential databases, the use of
standardized screening and diagnostic
procedures over time, the application of
consistent definitions over the study pe-
riod, and large numbers of women in four
racial/ethnic groups are significant
strengths of our study. Although our find-
ings are based on members of a managed
health care plan, the findings are probably
applicable to the general southern Cali-
fornia population, as the race/ethnicity
and income distribution of our insured
childbearing-age women is quite similar
to that of the seven-county area where our
members reside on the basis of geocoded
census data, as is the racial/ethnic distri-
bution of our study cohort to women giv-
ing birth (21).

Clinical implications
Women with GDM are at high risk of re-
currence of GDM and of developing type
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2 diabetes (22,23). The increasing pro-
portion of women with preexisting diabe-
tes has implications for both maternal and
infant health lasting far beyond preg-
nancy. Although there are negative con-
sequences for fetal development due to
GDM, maternal hyperglycemia antedat-
ing pregnancy and continuing into the pe-
riod of organogenesis (5-8 gestational
weeks) in women with poorly controlled
preexisting diabetes exposes their fetuses
to an increased risk of birth defects.

We observed a progressive increase in
the prevalence of preexisting diabetes
over a recent 7-year period in this popu-
lation of women who had singleton
births. The increase in the relative propor-
tion of pregnant women whose diabetes
antedated pregnancy is a source of great
concern. In addition to the potential in-
creased risk of fetal, neonatal, and child-
hood consequences of exposure to the
intrauterine environment of a woman
with long-standing glucose intolerance
(24-26), the earlier onset and therefore
longer duration of maternal diabetes sug-
gests that these women may develop com-
plications of diabetes at a younger age.
Interventions that focus on reducing
overweight and obesity as a means of pre-
venting or delaying the onset of diabetes
in all women as well as increased avail-
ability of and awareness that preconcep-
tion care reduces maternal and infant
complications for women with diabetes
should be the focus of future culturally
appropriate public health interventions.
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