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The International Association of Diabetes and Paegy Study Groups (IADPSG) was formed in 1998 asmhbrella organization to facilitate
collaboration between the various regional andnaligroups that have a primary or significant foon diabetes and pregnancy. The principal
objectives of IADPSG are to foster an internatiaggroach to enhancing the quality of care, fatifig research, and advancing education in the
field of diabetes in pregnancy.

During 11-12 June 2008, the IADPSG sponsored @&nnlational Workshop- Conference on Gestational &&gDiagnosis and Classification in
Pasadena, California. More than 225 conferees #@mountries reviewed published results of the ylgeemia and Adverse Pregnancy Outcome
(HAPO) study, additional unpublished HAPO studylfirgs, and results of other work that examined@atons of maternal glycemia with
perinatal and long-term outcomes in offspring. @oeés then held regional caucuses to considecalimiplications of the information that had
been presented. On 13 June 2008, the IADPSG CarsErasel (with representation from the 10 memlgararations of the IADPSG and other
organizations with an interest in diabetes andrmagy) was convened. Members of the IADPSG ConsdPanel are listed in the online-only
appendix, available &tttp://care.diabetesjournals.org/cgi/content/fell@l-1848/DC1Subsequently, the IADPSG Consensus Panel reviewiber
HAPO study results. Through this process, the amsesummarized in this report was reached.

This report represents the opinions of individuahmers of the IADPSG Consensus Panel and doegoetsarily reflect the position of the
organizations they represent. It is expected thiatreport will be considered by diabetes, obstetid other organizations and will serve as the
basis for internationally endorsed criteria for thi@gnosis and classification of diabetes in pragga

Gestational diabetes mellitus (GDM), a common neddiomplication of pregnancy, is defined as “angrée of glucose intolerance with onset or
first recognition during pregnancyl,@). The initial criteria for its diagnosis were ddtshed more than 40 years a@d &énd, with modifications4,
remain in use today. These criteria were choséfetttify women at high risk for development of ditds after pregnanc§)(or were derived from
criteria used for nonpregnant individuag énd not necessarily to identify pregnancies witeased risk for adverse perinatal outcome. Tisere
consensus that overt diabetes during pregnancyhathgymptomatic or not, is associated with sigaifit risk of adverse perinatal outcome. The
risk of adverse perinatal outcome associated vatireks of hyperglycemia less severe than overetdialis controversial. Several factors contribute
to this longstanding controversy.

Some have attributed risks of adverse outcomegiassd with GDM, such as birth weight that is lafgegestational age (LGA), excess fetal
adiposity, and higher rate of cesarean sectiotpnéounding characteristics, such as obesity, rmdv@nced maternal age, or other medical
complications, rather than glucose intolerar¥e®). Bias of caregivers toward expectation of advexgeomes may increase morbidity due to
increased interventiorl(). Some suggest that criteria currently in widefasehe diagnosis of GDM are too restrictive ahattesser degrees of
hyperglycemia increase risk of adverse perinatadames {1-16). Conversely, others believe that systematic &ffaar identify GDM should be
stopped unless data become available to link sigmif morbidities to specific degrees of glucogelérance §). Lack of international uniformity in
the approach to ascertainment and diagnosis of GBdvbeen a major hurdi®)(

Questions have been raised regarding cost-effeetsgeand benefit of detecting and treating GDMeRexecommendations of the U.S. Preventive
Services Task Force, the U.K. National Health $ervaind the Canadian Task Force on the PerioditiHHegamination assert that there is not
sufficient high-level evidence to make a recomménddor, or against, screening for GDM7A19). Recently, a cost-effectiveness study
undertaken by the U.K. National Institute for Heahd Clinical Excellence concluded that “screendiggnosis, and treatment of gestational
diabetes is cost-effective2().

As currently defined1(2), GDM includes a subgroup with more severe hygerghia (similar to that seen in preexisting diapteat presents
special issues concerning management during pregraent postpartum follow-up. The issues raisedhblusion of this subgroup with those with
GDM are of greater concern because of the risiegglence of obesity, type 2 diabetes, and othealoét disturbances among younger age-
groups 21-23).

The HAPO study was designed to clarify risks ofexde outcome associated with degrees of mateunadgg intolerance less severe than those
with overt diabetes during pregnang) HAPO study result26,26) were considered in depth in arriving at the rec@ndations for diagnosis of
GDM presented in this report. Recommendations éteation of overt diabetes during pregnancy aredas the opinions of the IADPSG
Consensus Panel members because information frospextive studies or appropriately designed clinicas is not available.

THE HAPO STUDY

The objective of the HAPO study was to clarify asations of levels of maternal glucose lower tHamse diagnostic of diabetes with perinatal
outcome 24,25). This was accomplished by performing a 75-g ghatose tolerance test (OGTT) on a heterogeneauiinational, multicultural,
ethnically diverse cohort 0f 25,000 women in the third trimester of gestatiordidal caregivers were blinded to status of glut¢okseance except
when predefined criteria were met (fasting plastnaase [FPG] >5.8 mmol/l [105 mg/dl] and/or 2-hgpfea glucose >11.1 mmol/l [200 mg/d)4(

). It was anticipated that this would provide daticassociations between maternal glycemia andfisgecific adverse outcomes that could be used
to derive internationally acceptable criteria faaghosis and classification of GDM.

Primary outcomes in the blinded HAPO cohort weréhhiveight >90th percentile, primary cesarean sediilivery, clinically defined neonatal
hypoglycemia, and cord C-peptide >90th percerfliteondary outcomes were preclampsia, preterm dglisieoulder dystocia/birth injury,
hyperbilirubinemia, and intensive neonatal care.

Importantly, there were continuous graded relatigmsbetween higher maternal glucose and incred@saggency of the primary outcomes,
independent of other risk facto5]. Similar associations were also observed forrsgay outcomes2§,26). Associations did not differ among
centers; thus, the results are applicable to aliere and can be used globally to develop outcaasedcriteria for classifying glucose metabolism
in pregnancy. Because associations were continuiti$1o obvious thresholds at which risks increagadas concluded that a consensus was
required to translate these results into clinicatfce.

OTHER STUDIES REVIEWED
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Data from numerous studies are consistent with HAR@y results. In Pima Indians, Pettitt et ) found that maternal plasma glucose
concentration during pregnancy (measured 2 h affé-g load) had a continuous association with @averegnancy outcomes (LGA and cesarean
section). A Danish study of pregnant women withdngiicose intolerance but without GDM found a lin@ssociation between maternal 2-h
glucose and cesarean delivery, spontaneous preedivery, shoulder dystocia, and macrosomia afigrstment for confounder&§). Another
analysis of that cohorfL{) showed a linear relationship between maternsihiag/lucose and macrosomia. The Toronto Tri-HadBtudy showed
continuous associations between maternal glycendaeverse pregnancy outcom28)(Sacks et al.30) found associations between FPG and the
2-h value on a 75-g OGTT and macrosomia in a méthdic U.S. cohort (61% Hispanic). In a multiethdiS. population, Ferrara et &6 found

risk of severe macrosomia, neonatal hypoglycenmd,hayperbilirubinemia increased with increasing benof abnormal glucose values according
to current American Diabetes Association cut poi@fs) among women who did not meet National Diabetets @aoup criteria for GDM3JY).

There are studies relating maternal glycemia tg-temm outcomes in offspring. Pima Indian data destrated a direct association between
maternal glycemia (in women whose glucose condamrtisawere in the range found in the blinded HARBart) and offspring's long-term relative
weight and degree of glucose tolerance, and itanésk factor for diabetes and/or impaired gludoderance during the female offspring's
pregnancies3?). Hillier et al. 33) assessed offspring of mothers receiving cardange, diverse health care practice. Adipositgffispring at 5-7
years of age was significantly associated with mnesssof maternal glycemia (50-g glucose challemgiaa 100-g OGTT) during pregnancy. This
suggests that we may expect similar outcomes 8puffg from the HAPO study.

TRANSLATION OF HAPO STUDY RESULTSFOR DIAGNOSIS OF GDM

Some studies cited above and others were presantieel IADPSG Pasadena meeting. The results wagstent with HAPO findings indicating

that associations between maternal glycemia aneraehoutcomes are continuous across the rangeaafsgl concentrations below levels diagnostic
of diabetesZ5,26). As a result of the extensive efforts used todaadize procedures for participant enrollm@d435), laboratory analyse84),

data collectionZ4,25), and analysis of result2§,26), HAPO data were used as the basis for the new @RNhostic thresholds recommended in
this report.

HAPO data show strong linear associations of risk&90th percentiles of birth weight, cord C-pdptiand percent body fat with each of three
measures of maternal glucose (FPG, 1-h, and 24 g load). In determining the recommendatiomsifagnostic thresholds, associations with
these outcomes were used to select glucose coatiensras potential diagnostic threshold valuegpmental Fig. 1). Published data support this
decision. Fetal macrosomia (LGA) is a major indicalf the effects of hyperglycemia during pregnafi®35,36). Associations of LGA and excess
adiposity with fetal hyperinsulinemia are strongl &mlependent of confounde6(37,38). This is supported by experiments in pregnantkags
(39). Risks of difficult delivery and maternal/neoniatamage associated with fetal macrosor@jad) were confirmed in large populatiorl(42).
Long-term risks associated with fetal macrosomiafiants of women with GDM (independent of confoars) include childhood overweight344

) and metabolic factors that may increase riskaofiovascular disease (CVD)H).

In the HAPO study, frequencies of study outcomesewempared across the entire distribution of gdeamncentrations, with the lowest glucose
concentration ranges used as the reference farlaadémn of odds ratios (OR2%). However, the IADPSG Consensus Panel decideddhat
selection of diagnostic thresholds, mean value§RB, 1-h, and 2-h OGTT plasma glucose concemiati.5, 7.4, and 6.2 mmol/l, respectively)
for the entire study cohort should be used asenter. Concentrations at which ORs for specificauts in adjusted models reached predefined
values, with glucose modeled as a continuous Vatialere then determined. After review of thesedtite IADPSG Consensus Panel concluded
that the predefined value for the OR at the threshedative to the mean should be 1.75 (ORs 1.52aBdvere also considered, see other
considerations below). Finally, proportions of p&pants who would be identified by measuremerE®6 only, FPG plus 1-h glucose
concentration, and FPG plus both 1-h and 2-h plago@se concentrations were considered.

Diagnostic recommendations

The stepwise consideration of the HAPO study desziibed above led to the recommendation of theegdor FPG, 1-h, and 2-h plasma glucose
concentration$ and conventional) indicated Fable 1las diagnostic thresholds. These thresholds a@#rage glucose values at which odds for
birth weight >90th percentile, cord C-peptide >9p¢hcentile, and percent body fat >90th percergiehed 1.75 times the estimated odds of these
outcomes at mean glucose values, based on fullist@dj logistic regression models. At least ondedé thresholds must be equaled or exceeded to
make a diagnosis of GDM. Measuring FPG alone ifledtB.3% of the cohort as having GDM. Adding meament of the 1-h plasma glucose
identified an additional 5.7%; adding the 2-h plagglucose measurement identified another 2.1%eo€dhort. Among the HAPO cohort, 11.1%

had only one elevated result, 3.9% had two elevasults, and 1.1% had elevation of all three tesid addition, 1.7% of the cohort was unblinded
due to an FPG or 2-h plasma glucose value on ttodiraent OGTT above predefined values of 5.8 mm(@id5 mg/dl) or 11.1 mmol/l (200 mg/dl),
respectively 25). Thus, by these new criteria, the total incideoic&DM was 17.8%; the FPG plus 1-h plasma glutesels identified a large

majority of these individuals.

View this table:

. In this window
. In a new window
Table 1

Threshold values for diagnosis of GDM or overt dials in pregnancy

Adjusted ORs and 95% Cls for associations betwegermmal glucose and HAPO study outcomes are inlemg@ntal Table A. ORs are for the
difference in glucose between the mean glucosee\aid the recommended threshold. In addition totheomes used to determine the thresholds,
there were strong associations between maternedgpuand preeclampsia (ORs 1.40-1.57) and shalydercia and/or birth injury (1.30-1.43).

The frequencies of HAPO study outcomes when adielylucose measures were below threshold valuestaerd any one or more values were
greater than or equal to threshold concentratiar wempared (supplemental Table B). The frequehbyritn weight, C-peptide, or percent infant
body fat >90th percentile was approximately twofgidater when any of the glucose values were gréete or equal to the threshold. The
frequency of preeclampsia was twofold higher whea ar more glucose values met or exceeded threshraddfrequencies of preterm delivery and
primary cesarean section were >45% higher.

Other consderations
M easurement of glucose.
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The frequencies and ORs for outcomes on whicheébemmended diagnostic thresholds are based incsabstntially over relatively small
changes in glucose concentration (supplementallFigd Table A). Therefore, to achieve reliablgdé@sis and classification of hyperglycemia in
pregnancy, clinical laboratories must measure veptasma or serum glucose using an enzymatic methbdigh accuracy and precision. This
includes proper sample collection and processimgitimize pre-analytic glycolysis and proper laliorg analysis §4,46). Capillary and venous
plasma glucose concentrations differ and are netdhangeable, and conversion factors do not aetyestimate equivalent valuess].

Alternative OR/threshold combinations.

Consideration was given to glucose values and medoequencies for adjusted ORs of 1.5 and 2.0 tfifeshold OR of 1.5 identified 25% of the
cohort with one or more glucose values that metxoeeded the threshold. The proportion of the dakith FPG equal to or greater than threshold
atORs of 1.5,1.75, or 2.0 (5.0, 5.1, and 5.3 nfimpBO0, 92, or 95 mg/dl, respectively) differathstantially, representing12, 8, and 4%,
respectively. At ORs of 2.0, frequencies of birteight, cord serum C-peptide, or percent infant bfatly90th percentile in those meeting threshold
were modestly higher than those for OR 1.75 (supefgal Table B), but the number of participantstingehreshold decreased from 16.1 to 8.8%,
meaning that the higher thresholds would fail Eniify many cases with nearly comparable risk afease outcomes.

Rounding threshold valuesto easy-to-remember numbers.

Values such as 5.0 and 9.0 mmol/l (90 and 155 m@sipectively) for FPG and 2-h plasma glucose &ibelsomewhat easier to remember than
those indicated iffable 1 However, this strategy is not feasible. Firstinaicated above, arbitrarily choosing an FPG tioksof 5.0 mmol/l (90
mg/dl) would substantially affect the proportionvadmen meeting a diagnostic threshold. Second, 8@thd standard units are widely used, and
the numbers are not equally easy or difficult meenber for both units of measure. The valu€Eahle 1represent the best choice from a clinical
perspective, and they meet the predefined stresfgihsociation from an epidemiological perspective.

Randomized treatment trialsand choice of threshold values.

Two randomized controlled trials comparing actigatment versus standard obstetric care for mildi®Gave been conducted during the years in
which the HAPO study was carried 047{48). In both randomized controlled trials, treatmextieved primarily by diet/lifestyle modification,
resulted in reduced birth weight and frequency®#®Lbirths and preeclampsia. Recruitment processaégycemic values of participants were not
identical in the randomized controlled trials ahd HAPO observational study. However, there wastantial overlap between glucose values used
for inclusion in the randomized controlled triatedahose recommended in this report as new théstadlies. Furthermore, frequencies of outcomes
such as LGA or birth weight >90th percentile anelggtampsia in usual care versus treatment arne shhdomized controlled trials are similar to
those observed in the HAPO study among women wighos more glucose values that meet or exceedhtbghtold, compared with those with all
values below threshold (supplemental Table B). &ltjh not directly comparable, it was concluded thstilts of the two randomized controlled
trials @7,48) and HAPO 25,26) are highly complementary.

DETECTION AND DIAGNOSIS OF OVERT DIABETESDURING PREGNANCY

The International Workshop-Conferences on GDM tdeféed the condition as “any degree of glucosalénance with onset or first recognition
during pregnancy”},2). The definition has applied whether or not insidiused for treatment or hyperglycemia persigts pregnancy. The
possibility that unrecognized glucose intolerantiedated the pregnancy is not excluded. This fat# a uniform strategy for detection and
classification of GDM but has limitations. As onggiepidemics of obesity and diabetes result in rhgre 2 diabetes in young women, the number
who are undiagnosed (before pregnancy) is incrggé®50). The need to identify these women and addredgsatal risks that may be particular to
their greater degree of hyperglycemia is becomingenmportant. The IADPSG Consensus Panel revighedurrent knowledge base during the
June 2008 IADPSG meeting. The recommendations suizedebelow are the opinions of the IADPSG Consstianel.

The issue of classification of women with likelyepregnancy diabetes (overt diabetes) first notethglypregnancy was addressed via presentations
by experienced clinicians/researchers (Yasue Ornois, Jovanovic, Elisabeth Mathiesen, and Siri jascompanied by interactive discussion.
Several arguments were made for identifying astndt group women with overt diabetes:

. Increased risk of congenital anomalies in offsp(d).

. Risk of diabetes complications (nephropathy anidepathy) requiring treatment during pregnarts)(

. Need for rapid treatment and close follow-up dugmggnancy to ensure prompt restoration of noryakgia 63,54).
. Need to ensure confirmation and appropriate tre@tofediabetes after pregnancy.

Identification of overt diabetes

When and how to identify women with overt diabetesng pregnancy (not previously diagnosed) and twodefine overt diabetes were considered
during the IADPSG Pasadena meeting and subsequ&h#ye was uniform agreement that this assessshentd be made during the initial visit

for prenatal care. There was debate about perforoniiversal early testing or limiting testing t@$e women classified as high risk according to
locally defined criteria. It was acknowledged thatkground population prevalence of diabetes imgauomen and extent of previous testing for
metabolic disturbances vary greatly in differemfioas. Furthermore, it has not been determinedivénemiversal testing early in pregnancy to
detect overt diabetes is either of clinical valueast-effective.

IADPSG Consensus Panel members favored use ofvailgitde certified laboratory measure of glucose@-random plasma glucose, or A1C) for
initial detection of possible cases. An expert cdtta® recently recommended that an A1C valé&% (measured in a laboratory
standardized/aligned with the Diabetes Control@anhplications Trial [DCCT]/UK Prospective Diabettsidy [UKPDS] assay) be used for
diagnosis of diabetes outside pregnars®).(Although many IADPSG Consensus Panel membemsdawising A1C for detection of overt diabetes
in pregnancy, it was not feasible to recommendglsitest to use exclusively. Cost and standaiidizaf A1C testing are issues for consideration,
and hemoglobin variants are prevalent in some pioaks. Attending the first prenatal visit in tlasfing state is impractical in many settings.
Consensus thresholds recommended for the indivglye¢mia measures are indicated @ble 1 A tentative diagnosis of overt diabetes based on
measurement of random plasma glucose must be wadfiwith either an FPG or A1C value greater thaegoral to the threshold using a
DCCT/UKPDS standardized/aligned meth&6)(

Other condderations
Timing of theinitial test.

It is desirable to detect overt diabetes in pregpas early as possible to provide an opportunigptimize pregnancy outcome. However, there is
variability in time of enrollment for prenatal caveyond the control of health care providers. Aditagly, no limit is placed on the timing of initial
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assessment for detection of overt diabetes in jaregn However, if enrollment is at 24 weeks' géstadr later and overt diabetes is not found, the
initial test should be followed by a 75-g OGTT.

Indeter minateresults of initial testing.

It was recognized that any assessment of glycemsarly pregnancy would also result in detectiomdder degrees of hyperglycemia short of
overt diabetes. Recently, it was reported thatdnidinst-trimester FPG levels (lower than thoseydistic of diabetes) are associated with increased
risks of later diagnosis of GDM and adverse preggamutcomesX7). However, there have not been sufficient stud@$ormed to know whether
there is benefit of generalized testing to diagravstreat GDM before the usual window of 24—28ksegestation. Therefore, the IADPSG
Consensus Panel does not recommend routinely penfgitOGTTs before 24-28 weeks' gestation. It ismenended that an FPG value in early
pregnancy5.1 mmol/l (92 mg/dl) also be classified as GDM.

Previous SectionNext Section
SUMMARY OF DETECTION STRATEGY

The overall strategy recommended by the IADPSG €usiss Panel for detection and diagnosis of hypeegiyc disorders in pregnancy is
summarized imable 2 Two discrete phases are included. The firstteaiien of women with overt diabetes not previoutiggnosed or treated
outside of pregnancy. Universal early testing ipydations with a high prevalence of type 2 diab&escommended, especially if metabolic testing
in this age-group is not commonly performed outsifleregnancy. Well-designed studies should be ected to determine whether it is beneficial
and cost-effective to perform an OGTT in women wbaot have overt diabetes at early testing bué fredeterminate nondiagnostic results. The
second phase is a 75-g OGTT at 24—-28 weeks' gestatall women not previously found to have owiabetes or GDM.

View this table:

J In this window
J In a new window
Table 2

Strategy for the detection and diagnosis of hypesghic disorders in pregnancy*
Previous SectionNext Section

CONCLUSIONS

Immediate implications

These recommendations have widespread implicafidresstrategy outlined ihable 2will finally lead to using a 75-g glucose dose &orOGTT in
all clinical settings in or outside of pregnanaysbme regions and/or countries, this represesibstantial change in long-established practices.
Glucose testing early in pregnancy to detect adietietes and again with a 75-g OGTT at 24—28 weék® station in all pregnancies not already
diagnosed with overt diabetes or GDM by early testepresents fundamental changes in strategieefection and diagnosis of hyperglycemia in
pregnancy. In most areas, using the outcome-lidlighostic criteria iTable 1and the detection strategyTiable 2will substantially increase the
frequency of hyperglycemic disorders in pregnahtywever, this is consistent with the high prevaéentobesity and disorders of glucose
metabolism in the general population of young &d@lt,22) and with recent reports of a rising prevalenc&bM and preexisting overt diabetes in
pregnant womer4Q).

Futureconsiderations

In future clinical practice, simpler and more ceffective strategies that do not require perforrandGTT on most pregnant women may be
developed. In the HAPO study, risks of some adveuteomes were low when FPG wak4 mmol/l (80 mg/dl). However, it was thought thaing
FPG to potentially identify pregnancies at very logk for GDM and for adverse outcomes requiretherevaluation. Similarly, further evaluation
of A1C results from the HAPO study, results frorhestpopulations, or new integrated tests of glyeemith a shorter timeframe than A1C might
serve this purpose.

The HAPO study was a basic epidemiological invasitm that for the first time conclusively idengifi strong continuous associations of maternal
glucose levels below those diagnostic of diabet#s several perinatal outcomes. It was not a dihtidal, but two randomized controlled trials of
treatment of mild GDM have been carried out sudodégsn participants with glucose values that daerwith the thresholds recommended in this
report. However, it is likely that additional welesigned randomized controlled trials and otheiadi studies will be needed to determi)eost-
effective therapeutic strategies for treatment DMGdiagnosed by the IADPSG Consensus Panel-recoaedesriteria?2) optimal glycemic
treatment target8) appropriate follow-up of mothers to determinésifor later development of diabetes, other metaltisorders, or CVD risk
factors; and}) follow-up of children to assess potential assdmies of maternal glycemia with long-term risksobfesity, altered glucose
metabolism, and CVD risk factors.
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