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Abstract Objectives Public health surveillance of diabe-

tes during pregnancy is needed. Birth certificate and

hospital discharge data are population-based, routinely

available and economical to obtain and analyze, but their

quality has been criticized. It is important to understand the

usefulness and limitations of these data sources for sur-

veillance of diabetes during pregnancy. Methods We

conducted a comprehensive literature review to summarize

the validity of birth certificate and hospital discharge data

for identifying diabetes-complicated births. Results Sensi-

tivities for birth certificate data identifying prepregnancy

diabetes mellitus (PDM) ranged from 47% to 52%, median

50% (kappas: min = 0.210, med = 0.497, max = 0.523).

Sensitivities for birth certificate data identifying gestational

diabetes mellitus (GDM) ranged from 46% to 83%, median

65% (kappas: min = 0.545, med = 0.667, max = 0.828).

Sensitivities for the two studies using hospital discharge

data for identifying PDM were 78% and 95% (kappas:

0.839 and 0.964), and for GDM were 71% and 81%

(kappas: 0.584 and 0.840). Specificities were consistently

above 98% for both data sources. Conclusions Overall,

hospital discharge data performed better than birth certifi-

cates, marginally so for identifying GDM but substantially

so for identifying PDM. Reports based on either source

alone should focus on trends and disparities and include the

caveat that results under represent the problem. Linking the

two data sources may improve identification of both GDM

and PDM cases.
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Introduction

Diabetes is a growing public health problem in the United

States [1]. Diabetes during pregnancy has serious adverse

consequences for both mothers and their children. Prepre-

gnancy diabetes mellitus (PDM), type 1 or type 2,

accelerates maternal diabetes complications and increases

risk for spontaneous abortions and birth defects [2]. Ges-

tational diabetes mellitus (GDM) can lead to pregnancy-

associated hypertension, fetal macrosomia, and cesarean

delivery [3]. GDM recurs in up to 70% of subsequent

pregnancies; 50% of women with GDM will develop type

2 diabetes within 5 years, and their children face increased

risk for obesity and diabetes [3–5].

Effective public health surveillance of diabetes during

pregnancy is needed to define the burden, identify mothers

at risk and inform strategies to reduce the short-term and

long-term impact of diabetes and its complications. It is

important that surveillance sources distinguish between

PDM and GDM because the two conditions differ mark-

edly in terms of their impacts and potential interventions.

Treatment for PDM requires tight glucose control prior to

and during pregnancy, early screening for fetal abnormal-

ities and neonatal follow-up care [2]. For GDM, treatment

strategies include medical nutrition therapy, insulin and
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moderate physical activity [3]. GDM also presents a win-

dow of opportunity to prevent or delay type 2 diabetes

among women at high risk and their families.

A challenge for GDM surveillance is that there is no

consensus on screening or diagnostic criteria for GDM [5].

Russell, Carpenter, and Coustan’s recent review [6] found

limited evidence to choose among different screening

methods, or criteria. The US Preventive Services Task

Force found insufficient evidence to warrant GDM

screening at all [7]. However, there is mounting evidence

that diabetes risk persists across generations via the intra-

uterine environment [8]. It is therefore worth noting that

none of the reviews took into account the impact of GDM

screening on type 2 diabetes prevention. It is also unclear

when or how these reviews will influence practice. Cur-

rently, most prenatal care providers uniformly screen for

GDM. For example, Ferrara et al. [9] found that 87% of

women without pre-pregnancy diabetes were screened for

GDM in a large northern California health plan.

Birth certificate and hospital discharge data are popu-

lation-based, routinely available and economical to obtain

and analyze. Both can be used to identify diabetes-com-

plicated births and examine disparities by selected maternal

demographics. It is important to better understand the

usefulness and limitations of these data sources for sur-

veillance of diabetes during pregnancy.

The 1989 US Standard Certificate of Live Birth included a

single check box for diabetes as a maternal medical risk factor

of pregnancy [10]. In 1989, birth certificates in 10 reporting

jurisdictions differed from the national standard in that they

distinguished between PDM and GDM. These jurisdictions

were: Alaska, Colorado, Maine, Missouri, Nebraska, New

York City, North Dakota, Oregon, Washington State, Wis-

consin (Kowaleski, Personal Communication, November 28,

2005). With the 2003 revision, two checkboxes distinguishing

PDM and GDM were added to the standard form. As of 2006,

only 20 states had implemented the new birth certificate, and

less than half of all births were being reported on the revised

form [11]. Prior to implementing the 2003 revision, several

more jurisdictions began distinguishing PDM from GDM.

These included California, Connecticut, Minnesota, North

Dakota, Utah and Washington (Edelman, Personal Commu-

nication, January 10, 2007).

Results from birth certificate quality studies vary

widely, but information on maternal medical risk factors is

generally considered poor relative to other birth certificate

variables [12, 13]. There is wide variation in the personnel

and procedures involved with birth certificate completion,

and this may affect birth certificate quality [14–16].

Improvements were anticipated in the quality of birth

certificate data with the advent of electronic birth certifi-

cate reporting, which became common in the mid-1990s

[17]. But there is some question whether this is occurring

[18]. Birth certificate design (specifically check boxes vs.

open-ended responses) has been shown to influence birth

certificate data accuracy [19].

Hospital discharge data are collected primarily for bill-

ing purposes but routinely used for state and national

disease surveillance and research, including studies of

maternal medical conditions and pregnancy complications

[20]. Diabetes is identified using diagnosis codes, deliver-

ies using procedure codes. Hospital discharge data have

been extensively validated for the purpose of identifying

diabetes [21]. However, few validation studies of hospital

discharge data have been specific to obstetric events [22].

We conducted a comprehensive literature review to

summarize the existing information on validity of hospital

discharge data and birth certificate data for identifying

diabetes-complicated births. Our review is modeled on

Saydah et al. [21] who recently reviewed death certificates,

administrative and survey data for identifying diabetes

cases, but did not include birth certificates or address dia-

betes during pregnancy. Relative to standard diabetes

surveillance, the challenges of surveillance for diabetes

during pregnancy include: the need to distinguish between

PDM and GDM; the lack of agreement on screening and

diagnostic criteria for GDM; and the lack of an accepted

gold standard.

Our objective is to thoroughly document what is cur-

rently known about the performance and usefulness of birth

certificate and hospital data for identifying cases of dia-

betes-complicated pregnancy. We also hope to shed light

on the strengths and limitations of existing validation

studies to improve future research on the quality of these

data sources.

Methods

We searched Medline and the Internet for articles and

abstracts published between 1989 and 2007 describing

studies linking US birth certificate and/or hospital dis-

charge data with another source to assess their validity.

On Medline, we used ‘‘birth certificates’’ as a medical

subject heading (MeSH) term, along with one of the fol-

lowing additional MeSH terms: comparative study,

validation studies, reproducibility of results or sensitivity

and specificity. We also looked for ‘‘birth certificates’’ as a

MeSH term, along with any of the following terms in any

part of the Medline record: accuracy, bias, completeness,

credibility, evaluation, quality, reliability, underreporting

or validity. We conducted the same searches as above

using ‘‘hospital records’’ as a MeSH term, combined with

‘‘pregnancy’’ as a MeSH term. As we identified relevant

articles, we used Medline’s ‘‘Related Articles’’ function to

identify additional articles.
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We reviewed references in relevant papers and con-

tacted our colleagues in diabetes, maternal and child health

and vital statistics to identify additional references. Finally,

using the same terms as above, we used the Google search

engine and the New York Academy of Medicine’s grey

literature reports to locate additional unpublished studies.

We reviewed all studies meeting the search criteria

above for mention of diabetes. We selected articles that: (1)

reported their methods in sufficient detail to permit repli-

cation; and (2) reported a measure of validity, such as

sensitivity, specificity or positive predictive value, or pro-

vided enough information to calculate such measures for

diabetes. Where necessary, we contacted study authors for

additional information and to ensure the accuracy of our

calculations.

Results

Between 1989 and 2007, we found reports for 12 studies

that compared US birth certificate and/or hospital discharge

data with another source of data to assess their validity and

included information on diabetes [13, 20, 23–31]. We

omitted one study because of insufficient detail in reported

methods and results [26]. We omitted another because

measures of agreement could not be computed [13].

Because the latter study examined the 2003 birth certificate

revision, we have included it in our Discussion.

Table 1 summarizes our results. In Table 1, italics

indicate statistics that were not originally reported, but

which we calculated for purposes of this review. Study

designs, sample sizes and standards of comparison varied

widely among the articles; none were optimally designed

for our purposes.

Specificities were consistently above 98% for both data

sources, due in part to the relative rareness of diabetes-

complicated births. Sensitivities for birth certificate data

identifying PDM ranged from 47% to 52%, median 50%

(kappas: min = 0.210, med = 0.497, max = 0.523). Sen-

sitivities for birth certificate data identifying GDM ranged

from 46% to 83%, median 65% (kappas: min = 0.545,

med = 0.667, max = 0.828). Sensitivities for hospital

discharge data (two studies) identifying PDM were 78%

and 95% (kappas: 0.839 and 0.964) and for GDM were

71% and 81% (kappas: 0.584 and 0.840).

Four birth certificate studies were not able to distinguish

between PDM and GDM [25, 28, 29, 31]. Sensitivities for

these studies ranged from 33% to 74%. Where GDM and

PDM could be distinguished, 83–97% of cases were GDM

[20, 22, 30].

In a particularly large and well-designed study, Lydon-

Rochelle et al. [20] compared the accuracy of birth certifi-

cate and hospital discharge data, alone and linked, using

hospital delivery records as the ‘‘gold standard’’. They found

the combination of hospital discharge and birth certificate

data to be more accurate than either alone. Linked birth

certificate and hospital discharge data produced sensitivities

of 97 and 93% for PDM and GDM, respectively.

Discussion

We identified one validation of the 2003 birth certificate.

Foley [13] compared Pennsylvania birth certificate data

gathered using the 1989 and 2003 revisions with ICD-9

codes from maternal and newborn hospital records. The

study included 57,859 live births occurring at 110 Penn-

sylvania hospitals during 2002 (old birth certificate) and

between January and June 2003 (new birth certificate).

Aggregate prevalence of diabetes (PDM and GDM com-

bined) differed significantly in birth certificate vs. hospital

data in 2002 (3.9% vs. 4.4%, respectively) but not in 2003

(4.8% and 4.4%, respectively). Results from this compar-

ison thus suggest that diabetes documentation improved

with the 2003 revision. This study was not included in our

review, however, and the following comments pertain to

data from the 1989 birth certificate.

Birth certificate data and hospital discharge data un-

derreported the number diabetes complicated births,

whether looking at PDM, GDM or the two combined.

Overall, hospital discharge data performed better than birth

certificates, marginally so for identifying GDM but sub-

stantially so for identifying PDM—particularly when

hospital medical records were treated as the comparison

standard. The performance of birth certificate data for

identifying PDM was consistently poor; birth certificate

data typically identified about half of PDM-complicated

births, regardless of the standard.

As previously observed, our results suggest that birth

certificate data quality is lower for high risk births [32].

Reichman and Hade [29] found the lowest sensitivity of all

those we identified among a group of high risk, Medicaid-

eligible women. Piper et al. [28] examined births with

adverse pregnancy outcomes along with matched controls

and found that birth certificate data had higher sensitivity for

identifying diabetes among the controls. Dobie et al. [25]

also found relatively low sensitivity among births specifi-

cally selected to be low risk, but this could be attributable to

using hospital and prenatal care records rather than hospital

records alone as the comparison standard.

The results of our review suggest that policy analysts

currently using birth certificate or hospital discharge data

alone should: 1) use birth certificates only to identify

GDM, not PDM; 2) focus on assessing trends and dispar-

ities, not on measuring the burden in absolute terms; and 3)

include a caveat that results under represent the problem.
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Table 1 Validity of birth certificate and hospital discharge data for identifying diabetes-complicated births

First author,

year [ref #]

Population description Study

year(s)

Gold standard Diabetes

status

Prevalence

(%)a
Sensitivity

(%)

Specificity

(%)

PPV

(%)

kappa

Birth certificates

Costakos,

1998 [23]

99 births randomly selected

from 893 occurring at

one hospital in La

Crosse, WI

1995 Maternal and infant

hospital delivery

records

GDM 3.0 66.7 99.0 66.7 0.656

DiGiuseppe,

2002 [24]

33,616 of 89,748 births

occurring in 20 sampled

hospitals in Northeast

Ohio (all voluntary

participants in a hospital

performance initiative)

1993–

1995

Maternal hospital

delivery records

GDM 4.0 45.8 99.2 71.9 0.545

Dobie, 1998

[25]

1,937 births to Washington

State women, selected

within participating

providers from 5,385

patients deemed low risk

at start of prenatal care

1989–

1990

Maternal prenatal

outpatient and

hospital delivery

records

Allb 3.9 52.0 99.7 86.7 0.660

Lydon-

Rochelle,

2005 [20]

3,701 births randomly

selected from 26,363

occurring in a

representative group of

Washington State

hospitals, oversampling

women with C3 day

length of stays

2000 Maternal hospital

delivery records

GDM 5.5 64.3 98.8 75.5 0.678

PDM 1.1 52.2 99.5 53.5 0.523

MacKay,

2002 [27]c
508,214 birth records

successfully linked with

maternal and infant

hospital discharge

records, representing

97% of 1997 California

live births

1997 Maternal and infant

hospital discharge

data

PDM 0.6 47.1 98.3 14.1 0.210

Piper, 1993

[28]

Among live births to White

or Black residents of

Tennessee, 1,016 with

adverse pregnancy

outcomes and 634

randomly selected

controls

1989 Maternal and infant

hospital delivery

records

All (Cases) 4.2 65.1 99.5 84.8 0.727

All (Controls) 3.6 73.9 99.5 85.0 0.783

Reichman,

2001 [29]

46,437 births occurring to

New Jersey residents

representing 80% of

HealthStart program

participants whose

records were successfully

matched with birth

certificate data;

demographically similar

to unmatched participants

1989–

1992

Medicaid claims and

HealthStart records

(based on prenatal

and postpartum

medical records and

personal interviews)

All 3.4 42.1 99.3 68.8 0.509

Roohan,

2003 [30]c
400 randomly selected

births occurring in two

upstate and two

downstate counties in

New York State

1999 Maternal and infant

hospital records

GDM 3.0 83.3 99.5 83.3 0.828

PDM 0.5 50.0 99.7 50.0 0.497
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Whenever possible, the two sources should be linked to

improve accuracy.

A majority of the studies we reviewed were based on

secondary analysis of datasets created for purposes other

than validation; only 4 out of 10 were originally designed

to validate the specified data source [20, 27, 30, 31]. Only

one presented a rationale for their chosen standard of

comparison [25]. Standards of comparison for the birth

certificate validation studies that we reviewed varied

widely, including (alone or combination): hospital dis-

charge data; maternal delivery medical records; infant

delivery records; prenatal records; postpartum outpatient

records; and maternal interviews.

For hospital discharge data, medical records were the

standard in both the studies we identified. Sensitivity was

lower in the study that included prenatal care records [22]

than the one that included only records of hospital care [20].

The mother’s prenatal care record is likely to be a more

accurate comparison than the hospital medical record for

pre-existing maternal medical risk factors such as diabetes

[25, 29, 33] The presumed gold standard is particularly

relevant for comparing the quality of birth certificate and

hospital discharge data, because high agreement should be

expected between hospital discharge claims and the hospital

delivery record from which they derive [25]. Three of the

studies we reviewed addressed prenatal care records:

Yasmeen [22] included prenatal care records when avail-

able as part of the hospital record. Roohan [30] included the

hospital record of prenatal care but excluded outpatient

prenatal records even when available to ensure compara-

bility across records. Dobie [25] included all hospital and

outpatient prenatal and records.

Northam and Knapp recently reviewed studies of birth

certificate reliability and validity and identified several

challenges to summarizing results [34]. We experienced

similar challenges in attempting to identify relevant literature,

and we concur with their call for standard terminology. Our

review was primarily concerned with validity, meaning in this

case the ability of the data source to reflect accurately whether

a mother had PDM or GDM during her pregnancy. Reli-

ability, in this case, means consistency between birth

certificates and hospital discharge data or between hospital

discharge data and hospital medical records. Reliability is

important but insufficient for effective surveillance of dia-

betes during pregnancy. This is one reason we emphasize

including outpatient prenatal care records, which we believe

are currently the best source of accurate information regard-

ing maternal diabetes status, short of active surveillance.

Table 1 continued

First author,

year [ref #]

Population description Study

year(s)

Gold standard Diabetes

status

Prevalence

(%)a
Sensitivity

(%)

Specificity

(%)

PPV

(%)

kappa

Zollinger,

2006 [31]d
1,050 births randomly

drawn from 80,073

occuring at 108 Indiana

hospitals, selected to

represent small, medium

and large facilities

1996 Maternal hospital

delivery records

All 2.1 33.0 99.8 78.4 0.458

Hospital Discharge Data

Lydon-

Rochelle,

2005 [20]

3,701 births randomly

selected from 26,363

occurring in a

representative sample of

Washington State

hospitals; oversampled

women with length of

stay C3 days.

Maternal hospital

delivery records

GDM 5.5 81.3 99.4 88.8 0.840

PDM 1.1 95.3 100.0 97.6 0.964

Yasmeen,

2006 [22]

1,611 deliveries randomly

selected from 52

hospitals representative

of acute care hospitals

with active obstetric

services in California

1992–

1993

Maternal and infant

hospital delivery

records and

associated prenatal

records, when

available

GDM 6.0 71.0 99.6 50.0 0.584

PDM 0.2 78.0 99.4 94.0 0.839

Notes. GDM = Gestational Diabetes Mellitus; PDM = Prepregnancy Diabetes Mellitus; PPV = Positive Predictive Value. Italics indicate

calculated statistics not originally reported
a Ascertained by the ‘‘gold standard’’
b PDM and GDM combined
c Additional data provided by the authors via personal communication
d Recalcuated to correct an error in published statistics
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In future validations of birth certificate and hospital

discharge data for collecting information on maternal

medical risk factors such as diabetes, we recommend that:

1) the comparison standard should include maternal and

infant hospital delivery records as well as maternal prenatal

outpatient records; 2) samples should be sufficiently large

and study designs stratified to adequately represent diver-

sity in facility location and size, providers delivering and

documenting care, and in women giving birth, 3) studies

should examine (alone and in combination) multiple data

sources such as birth certificates, hospital discharge data,

and electronic medical records, and 4) if possible, a stan-

dardized protocol should be developed to enable better

comparisons across studies, states, and time.

We strongly concur with previous authors in recom-

mending data linkages to improve accuracy [20, 35].

Surveillance of diabetes and other maternal and perinatal

health issues would be markedly improved by making such

linkages standard public health practice in all the states.

We urge that the 2003 birth certificate revision be promptly

implemented and rigorously evaluated in as many states as

possible. Finally, it is crucial that future studies be

designed to assess whether data quality may be changing

over time amid rising GDM prevalence, potentially shifting

screening and diagnosis practices and with implementation

of the 2003 birth certificate revision.

Our review included 10 studies from 8 different states.

Despite variation in study designs, sample populations and

comparison standards, it is clear that improvement in PDM

and GDM reporting are urgently needed, along with

implementation and assessment of the revised 2003 birth

certificate. Both PDM and GDM are increasing, and their

adverse impact on mothers and their children are signifi-

cant [8, 36, 37]. High quality data are essential to providing

timely and appropriate care before, during, and after

pregnancy to ensure the long-term health of mothers and

infants. Women with a history of GDM are an ideal pop-

ulation on which to focus lifestyle or pharmacological

interventions to prevent type 2 diabetes [5]. However, post-

partum glucose screening rates remain low among women

with GDM [38–40]. Accurate identification of PDM and

GDM is required for public health surveillance to guide

appropriate population-based strategies and policies sup-

porting healthy pregnancies and follow-up care.
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