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ABSTRACT

Background: It is generally appreciated that gestational di-
abetes is a risk factor for type 2 diabetes. However, the
precise relation between these 2 conditions remains un-
known. We sought to determine the incidence of diabetes
mellitus after diagnosis of gestational diabetes.

Methods: We used a population-based database to identify
all deliveries in the province of Ontario over the 7-year pe-
riod from Apr. 1, 1995, to Mar. 31, 2002. We linked these
births to mothers who had been given a diagnosis of gesta-
tional diabetes through another administrative database
that records people with diabetes on the basis of either
physician service claims or hospital admission records. We
examined database records for these women from the time
of delivery until Mar. 31, 2004, a total of 9 years. We deter-
mined the presence of diabetes mellitus according to a vali-
dated administrative database definition for this condition.

Results: We identified 659 164 pregnant women who had
no pre-existing diabetes. Of these, 21 823 women (3.3%)
had a diagnosis of gestational diabetes. The incidence of
gestational diabetes rose significantly over the 9-year
study period, from 3.2% in 1995 to 3.6% in 2001 (p <
0.001). The probability of diabetes developing after gesta-
tional diabetes was 3.7% at 9 months after delivery and
18.9% at 9 years after delivery. After adjustment for age,
urban or rural residence, neighbourhood income quintile,
whether the woman had a previous pregnancy, whether
the woman had hypertension after the index delivery, and
primary care level before the index delivery, the most sig-
nificant risk factor for diabetes was having had gestational
diabetes during the index pregnancy (hazard ratio 37.28,
95% confidence interval 34.99-40.88; p < 0.001). Age,
urban residence and lower income were also important
factors. When analyzed by year of delivery, the rate of de-
velopment of diabetes was higher among the latest subco-
hort of women with gestational diabetes (delivery during
1999-2001) than among the earliest subcohort (delivery
during 1995 or 1996) (16% by 4.7 years after delivery v.
16% by 9.0 years).

Interpretation: In this large population-based study, the
rate of development of diabetes after gestational diabetes
increased over time and was almost 20% by 9 years. This
estimate should be used by clinicians to assist in their
counselling of pregnant women and by policy-makers to
target these women for screening and prevention

Une version frangaise de ce résumé est disponible a I’ adresse
www.cmaj.cal/cgi/content/full/179/3/229/DC1

CMAJ 2008;179(3): 229-34

CMAJ

< JULY 29, 2008 = 179(3)

Prevention predicted a 3-fold rise in the prevalence

of diabetes mellitus in the United States between
2005 and 2050, from 16.2 million to 48.3 million.* Although
evidence to support population-based screening as an ap-
proach to stem this epidemic is lacking, targeted screening
of high-risk populations has been advocated.>* One group at
very high risk for diabetes consists of women with a history
of gestational diabetes.

During pregnancy, women with gestational diabetes dis-
play metabolic abnormalities similar to those of people with
type 2 diabetes mellitus, such asinsulin resistance and reduced
B-cell compensation for that resistance® After delivery, most
of these women return to a euglycemic state, but they are at in-
creased risk for overt type 2 diabetes in the future. The rates of
development of type 2 diabetes anong women with previous
gestational diabetes quoted in the literature have been ex-
tremely variable, between 3% and 70%.™** Aside from genetic
differences among populations, this large variation in the sub-
sequent development of type 2 diabetes may aso be due to the
use of diverse tests for glucose tolerance in pregnancy, selec-
tion biasand, in particular, duration of follow-up.®

In light of a growing body of evidence that it is possible to
delay the development of diabetes among those at high
risk,”>*® it isimportant to determine the true risk of type 2 dia-
betes by means of a population-based study; this will allow
accurate assessment of the cost-effectiveness and appropriate-
ness of postpartum case management and screening. We
sought to determine the incidence of diabetes mellitus in the
years following adiagnosis of gestational diabetes.

R ecently, the US Centers for Disease Control and

Methods

Data sources

We used a national database of hospital discharge information
prepared by the Canadian Ingtitute for Health Information to
identify all deliveries that occurred in Ontario over the 7-year
period from Apr. 1, 1995, to Mar. 31, 2002. For women with
multiple deliveries during the period of interest, one delivery
was selected at random as the index pregnancy. We identified
women with a diagnosis of diabetes before the index preg-
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nancy using the Ontario Diabetes Database,”” a vaidated ad-
ministrative data registry of Ontario residents with diagnosed
diabetes; these women were excluded from the study cohort.
The Ontario Diabetes Database includes all patients for whom
adiagnosis of diabetesis recorded in hospital discharge infor-
mation or in claims for outpatient physician services (through
the Ontario Health Insurance Plan). For patients meeting
these criteria, the earliest record referring to a diagnosis of di-
abetes is deemed to be the date of diagnosis. The database has
been validated against data taken from primary care charts
and was found to have a sensitivity of 86% and a specificity
of greater than 97%."

Study population and eligibility

We identified women with gestational diabetes by examining
adminigtrative data records for the latter half of each pregnancy
or the immediate postpartum period, when follow-up visits for
gestationa diabetes could be expected to occur. Although spe-
cific diagnosis codes for gestational diabetes exist within the In-
ternational Classification of Diseases (9th and 10th revisions),
they are not reliably used, and many women with gestational di-
abetes are smply coded as having diabetes. Accordingly, any
woman with a diagnosis code for gestational diabetes or dia-
betes in either a physician service claim to the Ontario Hedlth
Insurance Plan or Canadian Ingtitute for Health Information dis-
charge information during the period from 150 days before the
index delivery to 90 days after was deemed to have had gesta-
tional diabetes. Women were excluded if they were younger
than 16 or older than 50 years of age, if there was no recorded

Deliveries in Ontario between
Apr. 1, 1995, and Mar. 31, 2002
n=914971

—— Excluded n =255 807

* Women with more than 1 delivery
n =240 324

e Pre-existing diabetes n = 9497

* Age<16o0r>50yr n=2068

e No postal code or local health
integration network code n=2172

« Died or left Ontario before start of
follow-up period n=1746

\4

Initially included in study cohort
n =659 164

—— Data incomplete n= 25715
e Left Ontario during follow-up period
n =24 585
« Died during follow-up period n = 1130

Y

Included in final cohort
n = 633 449

Figure 1: Identification of cohort (using a national database of
hospital discharge information prepared by the Canadian Insti-
tute for Health Information) and loss to follow-up.

postal code or loca hedlth integration network code, or if they
died or |eft Ontario before the start of follow-up.

Data collection and outcomes

We examined database records for women in the study cohort
from the time of delivery until Mar. 31, 2004, and recorded a
diagnosis of postpartum diabetes for any women who were
entered into the Ontario Diabetes Database during that period.
The Ontario Diabetes Database does not distinguish between
type 1 and type 2 diabetes; however, the majority of women
in whom diabetes develops after gestational diabetes tend to
have type 2 diabetes.****2 \We obtained arange of related di-
agnostic and demographic characteristics and indicators of
health-service use for adjustment of multivariable models.
We assessed general comorbidity for the index delivery using
the Charlson Comorbidity Index.® Thisindex, asmple, vaid
method of estimating the risk of death from comorbid disease,
has been used in many previous studies. We examined physi-
cian service claimsfor the 2 years before the index delivery to
determine the frequency of primary care visits (including pre-
natal visits) and whether there was a regular provider of pri-
mary care (defined as a single provider accounting for at least
half of the woman's primary care visits). Income data were
not available on an individual basis but were estimated on the
basis of neighbourhood characteristics in census data obtained
from Statistics Canada. We used residential postal code data
to link the patients to their census subdivisions, and we then
attributed the median household income for that census unit
to the individuals living within it. We identified hypertension
on the basis of any physician service claim or hospital dis-
charge information that recorded a diagnosis of hypertension
following the index delivery. We used census definitions to
determine urban or rura residential status.

Statistical analysis

We calculated descriptive statistics to describe the study co-
hort. We used the Cochran Armitage test* to assess changes
in the rate of gestational diabetes over time and the Kaplan—
Meier method to calculate the cumulative incidence rate for
the development of postpartum diabetes. We evaluated risk
factors leading to the development of diabetes after the index
pregnancy using a Cox proportional hazards model. For all
analyses we used a 2-tailed p value of 0.05 as the threshold
for statistical significance.

Results

From Apr. 1, 1995, to Mar. 31, 2002, we identified 914 971
deliveries involving 674 647 women in Ontario. Using the el-
igibility criteria for the study, we included 659 164 of the
women in our analysis (Figure 1). Women who were re-
moved from the Ontario Registered Persons Database (i.e.,
those who moved from the province and were therefore ex-
cluded) were dightly younger (mean 28.4 [standard deviation
(SD) 5.6] years) than those who were entered into the Ontario
Diabetes Database (mean 30.5 [SD 5.5] years) and those
whose records were followed until the end of the study period
(mean 29.3[SD 5.5] years) (p < 0.001).
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Development of gestational diabetes

Incidence of gestational diabetes

The overal incidence of gestational diabetes in Ontario rose
from 3.2% in 1995 to 3.6% in 2001 (p < 0.001). The incidence
of gestational diabetes increased with increasing age of the
women at ddlivery (Table 1). In particular, the rate of gestational
diabetes was 9.7% among women 46-50 years of age but only
1.4% among those 1620 years of age (p < 0.001). The likeli-
hood of having gestational diabetes was higher among women
with a Charlson Comorbidity Index score of 1 or grester than
among women whose comorbidity index was 0 (7.8% v. 3.3%;
p < 0.001). Women from higher-income neighbourhoods were
less likely to have gestational diabetes (2.6% for those in the
highest income quintile v. 3.9% for those in the lowest income
quintile; p < 0.001). Women from urban areas were more likely
than women living in rura areas to have gestationa diabetes

RESEARCH

(delivery during 1995 or 1996) (hazard ratio 31.83, 95% CI
26.70-37.94). The rate of development of diabetes was aso
higher among those with a later delivery. In the latest subco-
hort, diabetes developed in 16% of women with gestational di-
abetes by 4.7 years, whereas it took 9.0 years for the earliest
subcohort to reach arate of 16% (Figure 3).

In the multivariable analysis, the most significant factor
associated with the risk of development of diabetes after de-
livery was having had gestational diabetes during the index
pregnancy (hazard ratio 37.28, 95% CI 34.00-40.88; p <
0.001) (Table 2). Other factors increasing the risk of develop-
ment of diabetes after delivery included higher Charlson Co-
morbidity Index score, greater age, having a greater number
of primary care visits in the 2 years before the index delivery
and the development of hypertension after the index delivery.
Factors that decreased the risk of development of diabetes af-
ter the index pregnancy were living in arura area rather than

(3.4%v. 2.5%; p < 0.001).

Access to care

Women with 10 or fewer primary care
visits within the 2 years before the index
delivery were less likely to receive a di-
agnosis of gestational diabetes than
women with more than 10 visits (2.7% v.
3.7%; p < 0.001). As well, women with-
out ausua care provider were less likely
to receive a diagnosis of gestational dia-
betes than women who had a usual care
provider (3.0% v. 3.4%; p < 0.001).

Development of diabetes

after delivery

We examined database records for the
women included in the study for a maxi-
mum of 9 years and amedian of 5.4 years
after delivery. The rate of development of
diabetes among women who had had ges-
tational diabetes increased rapidly during
the first 9 months postpartum (Figure 2)
and remained reasonably constant there-
after. The probability of development of
diabetes was 3.7% at 9 months, 4.9% at
15 months and 13.1% at 5.2 years. By the
end of the 9 years of follow-up, 3.9% of
the women had been lost to follow-up
(Figure 1). Among those remaining, 2874
women (18.9%) with prior gestationa di-
abetes had received a diagnosis of dia
betes; in contrast, the rate was only 2.0%
among women who did not have gesta-
tional diabetes. When analyzed by year
group, those who had gestational diabetes
inthe latest period (delivery during 1999—
2001) had a higher risk of diabetes (haz-
ard ratio 47.43, 95% confidence interval
[CI] 40.59-55.43) than those who had
gestational diabetes in the earliest period

Table 1: Characteristics of women without previously diagnosed diabetes who
delivered a baby in Ontario, 1995-2002

No. (%) of women

Without gestational

With gestational

Characteristic diabetes diabetes p value
All women 637 341 (96.7) 21823 (3.3) < 0.001
Age at index <0.001
delivery, yr
16-20 47 758 (98.6) 696 (1.4)
21-25 111 908 (97.8) 2459 (2.2)
26-30 206 125 (97.1) 6 259 (2.9)
31-35 190 549 (96.2) 7576 (3.8)
36-40 71 555 (94.6) 4087 (5.4)
41-45 9167 (92.8) 716 (7.2)
46-50 279 (90.3) 30 (9.7)
Income quintile* <0.001
Lowest 146 370 (96.1) 6 015 (3.9)
Highest 101 210 (97.4) 2715 (2.6)
Charlson Comorbidity <0.001
Index score
0 634 120 (96.7) 21549 (3.3)
>1 3221 (92.2) 274 (7.8)
Residential area <0.001
Urban 563 454 (96.6) 19 905 (3.4)
Rural 72 319 (97.5) 1886 (2.5)
Unknown 1568 (98.0) 32 (2.0)
Primary care <0.001
office visits
<10 275 806 (97.3) 7759 (2.7)
>10 361 535 (96.3) 14064 (3.7)
Usual care provider <0.001
Yes 528 000 (96.6) 18 416 (3.4)
No 109 341 (97.0) 3407 (3.0)
*Income quintile defined at the neighbourhood level by median household income.
CMAJ = JULY 29, 2008 = 179(3) 231
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an urban area, having a higher income and having had a prior
pregnancy within 4 years of the index pregnancy.

Interpretation

In this large, population-based study, we found that diabetes
developed within 9 years after the index pregnancy in 18.9%
of women with previous gestational diabetes; this rate was
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Figure 2: Cumulative incidence rate of diabetes mellitus.
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Figure 3: Cumulative incidence rate of diabetes mellitus for
women with gestational diabetes by year group.

much higher than the rate among women without gestational
diabetes (2.0%). This cumulative incidence is aso higher than
what has been reported for certain populations followed for a
similar period® but lower than for other populations known to
have high rates of diabetes®% For example, these observa
tions are similar to the rate of 17% noted among white Aus-
tralian women® and the rate of 22% observed over 10 yearsin
asmall study involving Nova Scotian women.® Although oth-
ers found that the rate increased markedly until 5 years post
partum and plateaued at 10 years,® the cumulative incidence
rate in our study showed no signs of a plateau.

The rate of development of diabetes was rapid in the first 9
months post partum and remained relatively constant there-
after. More specificaly, diabetes had been diagnosed in 3.7%
of the women by 9 months. These women probably had previ-
oudly undiagnosed type 2 diabetes that was discovered through
screening for gestational diabetes in pregnancy. A study in
Spain found asimilar rate of diabetes immediately post partum
(5.4% by 6 months).® In that study, there was an association
between postpartum glucose intolerance and other cardiovascu-
lar risk factors such as triglyceride levels, blood pressure, obe-
sity and regiona distribution of body fat, which underscores
the potentia risk that these women carry for cardiovascular dis-
ease. Another study revealed that women with undiagnosed
type 2 diabetes in pregnancy had worse perinatal outcomes
than women known to have type 2 diabetes® most likely be-
cause of lack of proper care before the diagnosis. For this rea-
son it is imperative to identify this high-risk group as early in
the pregnancy as possible, and ideally before pregnancy.

The most significant risk factor for the development of di-
abetes was previous gestational diabetes. This finding is rea-
sonable, given that the presence of gestational diabetes identi-
fies women with a defect in 3-cell function, in whom insulin
secretion does not increase adequately in response to the in-
sulin-resistant state of pregnancy. The same defect in -cell
function predisposes some women to overt diabetes in the en-
suing years.® We found that the latest subcohort of women
with gestationa diabetes (delivery during 1999-2001) had a
higher rate of development of diabetes than those of the earli-
est subcohort (delivery during 1995 or 1996). Women with
gestationa diabetes in the latest subcohort reached a cumula-
tive incidence rate of 16% by 4.66 years, whereas it took the
earliest subcohort 9 years to reach a similar incidence rate.
This result implies that the risk of development of diabetes
among those with a history of gestational diabetes is rising
over time. A similar phenomenon was seen in a study per-
formed in Denmark, where the incidence of diabetes was
higher in arecent cohort (delivery during 1987—1996) than in
an earlier one (delivery during 1978-1985).* The authors
speculated that this shift related to the significantly higher
prepregnancy body mass index in the more recent group.
However, the explanation for the finding in our cohort is un-
clear and merits further study.

In accordance with other studies from the United States,**
we found that the incidence of gestational diabetesis increas-
ing in Ontario. Women were more likely to have gestational
diabetes and were more likely to have a subsequent diagnosis
of diabetes if they had a lower income and lived in an urban
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setting. This may reflect the large South and East Asian and
black populations living in urban areas, who have a higher
risk of type 2 diabetes. Women were less likely to receive a
diagnosis of gestational diabetes if they had suboptimal care
(i.e., 10 or fewer visitsto a physician in the 2 years before de-
livery) and if they did not have a physician providing usual
care, probably because these situations indicate less opportu-
nity to make the diagnosis.

The main strength of our study liesin the fact that it was a
large population-based study involving more than 21 000
women with gestational diabetes, with up to 9 years of follow-
up. Unlike other studies, it covered a large, well-defined geo-
graphic region with a population of about 13 million, which
allowed us to make a more robust assessment of the risk of
type 2 diabetes after gestational diabetes than has been possi-
ble in previous studies. The vaidated Ontario Diabetes Data-
base, with its high sensitivity and specificity, provides confi-
dence that these data accurately reflect the rate of development
of clinical diabetes after a diagnosis of gestational diabetes. In
addition, our attrition rate was much lower than that noted in
many of the other studies that have attempted to follow
women with gestational diabetes.**

Some important limitations of our study include our inabil -
ity to assess the effect of ethnicity, obesity and level of fasting
glucose during pregnancy, risk factors that are clearly associ-
ated with the development of diabetes but that are unavailable
for population-based administrative data. If we had had ac-
cess to these data, the independent risk related to gestational
diabetes might have been less striking. In addition, we might

Table 2: Independent risk factors for development of type 2
diabetes mellitus in women with previous diagnosis of
gestational diabetes

Adjusted hazard

Factor ratio* (95% ClI) p value
Gestational diabetes 37.28 (34.00-40.88) < 0.001
diagnosed at index delivery
v. no gestational diabetes
Charlson Comorbidity Index 1.27 (1.15-1.40) <0.001
score (per unit increase)
Rural v. urban residence 0.78 (0.72-0.84) <0.001
Age, yrt
>35 1.70 (1.58-1.83) <0.001
31-35 143 (1.34-1.53) <0.001
25-30 1.33 (1.25-1.42) <0.001
Primary care visits before 1.36 (1.30-1.43) <0.001
delivery (> median v. < median)
Neighbourhood income 0.89 (0.87-0.90) <0.001
quintile (increase of one level)
Prior pregnancy v. 0.87 (0.8-0.91) <0.001
no prior pregnancy
Hypertension after index 4.00 (3.50-4.59) <0.001

delivery v. no hypertension

*Adjusted hazard ratio from time-dependent Cox proportional hazards model.
tReference group: age < 25 yr.

FIncome quintile defined at the neighbourhood level by median household
income.
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have underestimated the true incidence of diabetes because
some women moved out of the province; however, outmigra-
tion was a censoring variable in the survival models, so its
impact should be small. Given the very large sample, some of
the hazard ratios are of uncertain clinical significance, even
though statistical significance was achieved (e.g., the in-
creased risk of diabetes with higher Charlson Comorbidity In-
dex score).

Our study has important implications. Although popula
tion-based screening for diabetes has been rejected in many ju-
risdictions as inefficient, targeted screening in high-risk popu-
lations has been widely accepted. The risk level for women
with prior gestational diabetes as defined by this study sug-
gests that these women may benefit from both preventive in-
terventions and regular screening. In addition, more robust es-
timates of risk may allow policy-makers to evaluate more
accurately the cost and potential impact of such programs.

This article has been peer reviewed.
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Gebauer’s Pain Ease® Topical Anesthetic

Speed and efficiency are important metrics for hospitals and
private practices alike, but most importantly, children do not

need to endure the pain associated with the increasing number
of needle procedures. Gebauer’s Pain Ease, an immediate,
non-drug topical anesthetic “vapocoolant,”is fast, easy, and safe.
No waiting as with anesthetic creams. No prescription to write
for each patient. Spray the needle site for 4 to 10 seconds prior
to IV placement, venipuncture, injections, and immunizations for
immediate anesthetic effect that lasts approximately one
minute. Gebauer’s Pain Ease can be used on minor open
wounds and can be reapplied as needed. Gebauer’s
Pain Ease is nonflammable and is available in Mist and
Medium Stream Sprays.
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Patient Comzfort

No systemic toxicity. Do not use on large areas of damaged skin, puncture wounds, animal
bites, or serious wounds. Apply only to intact oral mucous membranes. Freezing may lower  mwrws
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*Farion, K., Splinter, K., Newhook, K., Gaboury, |., & Splinter, W. (2008). The effect of vapocoolant
spray on pain due to intravenous cannulation in children: A randomized controlled trial,
Canadian Medical Association Journal, July 1,2008, 179, pp.31-6.
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