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Abstract Compared to the 2-h oral glucose tolerance test

(OGTT), the assessment of HbA1c was proposed as a less

time-consuming alternative to detect pathologies in car-

bohydrate metabolism. This report aims to assess the pre-

dictive accuracy of HbA1c to detect alterations in glucose

disposition early after gestational diabetes mellitus (GDM)

pregnancy. A detailed metabolic characterization was

performed in 77 women with previous GDM (pGDM) and

41 controls 3–6 month after delivery: 3-h OGTT, fre-

quently sampled intravenous glucose tolerance test. Fol-

low-up examinations of pGDMs were performed up to

10 years. HbA1c (venous samples, HPLC) was assessed at

baseline as well as during the follow-up period (475 patient

contacts). Moderate associations were observed between

HbA1c and measurements of plasma glucose during the

OGTT at the baseline examination: The strongest correla-

tion was found for FPG (r = 0.40, p \ 0.001), decreasing

after ingestion. No associations were detected between

HbA1c and OGTT dynamics of insulin or C-peptide.

Moreover, baseline HbA1c showed only modest correla-

tion with insulin sensitivity (r = -0.25, p = 0.010) and

disposition index (r = -0.26, p = 0.007). A linear model

including fasting as well as post-load glucose levels was

not improved by HbA1c. However, pGDM females with

overt diabetes manifestation during the follow-up period

showed more pronounced increasing HbA1c in contrast to

females remaining normal glucose tolerant or developing

prediabetes. It is suggested that the performance of HbA1c

assessed early after delivery is inferior to the OGTT for the

detection of early alterations in glucose metabolism.

However, an increase in HbA1c levels could be used as an

indicator of risk for diabetes manifestation.
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Introduction

History of gestational diabetes mellitus (GDM) confers a

markedly increased risk for the later development of type 2

diabetes [1]. Thus, appropriate risk stratification is rec-

ommended to identify early postpartum impairments in

carbohydrate metabolism [2]. Conventionally, the post-

partum 75-g oral glucose tolerance test (OGTT) is used to

identify impaired fasting glucose (IFG) and impaired glu-

cose tolerance (IGT) as intermediate states of hyperglyce-

mia with strong relation to insulin resistance and b-cell

failure [3, 4]. Interventional studies have shown that both

criteria for prediabetes (PD) can be safely treated by life-

style intervention or pharmacological treatment [5] to
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sufficiently prevent the later manifestation of overt diabetes

in several populations including females with the history of

GDM [6].

In 2010, the ADA [7] as well as in 2011 the WHO [8]

consistently added HbA1c levels C6.5 % (48 mmol/mol)

to their diagnostic recommendations of overt diabetes.

Hence, there is increasing interest in using the HbA1c

assay as an alternative method for defining prediabetic

hyperglycemia. Its use in clinical practice is attractive as it

is an internationally well standardized and less time-con-

suming test without requiring fasting [7, 9]. However,

evidence for large interindividual physiologic variability

[10] should be concerned as major limitation. Thus, rec-

ommendations on a HbA1c-based definition of PD are

contradictory between different health care organizations

[7–9].

To date, little is known regarding the postpartum reas-

sessment of glucose metabolism via HbA1c. In the

majority of women, history of GDM is characterized by

modest alterations in insulin sensitivity and b-cell function,

whereas plasma glucose levels remain within the normal

(nondiabetic) range. Hence, it is questionable, whether

these subtle metabolic alterations could be adequately

mirrored by the long-term average of glucose levels instead

of using a standardized glucose stress test. It was hypoth-

esized that HbA1c might be useful for detecting early

postpartal prediabetic conditions; however, two recent

reports on this topic showed only moderate to fair con-

cordance between HbA1c and OGTT criteria for PD in

women with the history of GDM [11, 12].

Actually, information on the relationship between

HbA1c and parameters of glucose disposition as well as the

long-term implications in this specific risk collective is still

missing. Thus, this report aimed to assess the associations

of early postpartum HbA1c levels with impaired carbohy-

drate metabolism as primary objective. As secondary

objectives of this report, we aimed to assess time-depen-

dent changes of HbA1c levels during 10 years of follow-up

as well as its accuracy to correctly identify at baseline

subjects with later development of diabetes.

Methods

Study participants

A detailed description of the study design is given

elsewhere [13]. For this report, we included 77 women

3–6 months after pregnancy with GDM previous gesta-

tional diabetes (pGDM) (the 4th International Workshop

Conference on GDM with a 75-g OGTT [14] ) as well

as 41 women after gestation without GDM (controls)

participating in the ‘‘Vienna Post-Gestational Diabetes

Project.’’ Subjects included in this report were recruited

between January 2000 and December 2003. Females with

baseline examination before January 2000 were excluded

due to missing of HbA1c. pGDMs were annually invited

for reexaminations (OGTT, HbA1c, and biometric

parameters) until March 2013 (median time of follow-up

of 68 month, IQR 51–136 month). Thus, a total of 475

patient contacts (approximately 6.2 contacts per subject)

with measurements of HbA1c were available. We were

able to exclude specific conditions (severe anemia, renal

failure, infectious diseases) which might affect HbA1c

levels after complete examination of the medical history

(exclusion criteria).

At the baseline visit, all subjects received a detailed

metabolic characterization including examinations of

routine laboratory and body composition. A 3-h 75-g

OGTT was additionally performed: Glucose, insulin, and

C-peptide were measured at fasting (FPG) as well as at

10, 20, 30, 60, 90, 120, 150, and 180 min. Moreover, a

frequently sampled intravenous glucose tolerance test

(FSIGT) was performed to assess parameters of glucose

disposition: Glucose (300 mg/kg body weight) was

infused for 30 s starting at time 0 and normal insulin

(0.03 U/kg, Humulin R; Eli Lilly, Indianapolis) from 20

to 25 min, respectively. Plasma concentration of glucose

and insulin was assessed at fasting as well as at 3, 4, 5,

6, 8, 10, 14, 19, 22, 27, 30, 35, 40, 50, 70, 100, 140, and

180 min. Insulin sensitivity index (SI) was estimated by

minimal model analysis from the FSIGT [15], and the

disposition index (DI) was calculated as SI 9 DAIRG,

where the latter represents the incremental short-term

insulin response after glucose bolus: 3–10 min [16].

Insulin sensitivity and secretion were additionally esti-

mated from the OGTT by using the oral glucose insulin

sensitivity index (OGIS) [17] and the insulinogenic index

(IGI), respectively. IGI was calculated as Dinsulin30/

Dglucose30 [18]. The area under the concentration curves

during the OGTT was estimated by using the trapezoidal

rule.

A manifestation of overt diabetes was diagnosed, if FPG

or 2-h post-load glucose levels exceeded 125 or 199 mg/dl.

IFG and IGT were defined by glucose ranges between

100–125 mg/dl and 140–199 mg/dl, respectively.

Some data of the present study were reported previously

[19–22]; however, the association of HbA1c levels with

parameters of disturbed carbohydrate metabolism as well

as follow-up examinations until March 2013 was not

reported until now.

The study was approved by the local ethics committee

(Ethics Committee of the Medical University of Vienna)

and performed in accordance with the 1964 Declaration of

Helsinki and its later amendments. All subjects gave

written informed consent prior to the inclusion in the study.
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Laboratory reagents

Plasma glucose was obtained from Beckman, Fullerton,

CA, USA; Insulin was obtained from radioimmunoassay,

Serono Diagnostics; C-Peptide was obtained from radio-

immunoassay, CIS Bioe International. HbA1c (high-per-

formance liquid chromatography) was obtained from

Variant II, Bio-Rad, IFCC standardized and DCCT aligned,

CV = 1.8 % (HbA1c = 5.6 %).

Statistical analysis

Continuous variables were summarized by means and

standard deviations (SD). Differences between two sub-

groups at the baseline visit [e.g., categorized for PD or

normal glucose tolerance) were compared with Student’s

t test and differences between more than two groups with

analysis of variance (ANOVA), respectively. Data trans-

formations [ln(x ? 1)] were performed if skewed distri-

bution was detected within descriptive analysis: SI and DI.

Pearson’s product-moment correlation was used for

analyzing linear associations between baseline HbA1c and

glucose as well as insulin and C-peptide levels during the

3-h OGTT. Multiple linear regression models were used to

assess the associations between HbA1c levels and param-

eters of glucose disposition including FPG and post-load

glucose as further predictors. The additional information

derived from HbA1c levels was expressed in changes of

adjusted R-squared (AR2), indicating how well a statistical

model explains the outcome variable adjusted for the

number of independent variables included into the model.

The predictive performance of HbA1c levels with PD

(defined by the OGTT as gold standard) at the baseline

examination was assessed by receiver operating charac-

teristic (ROC) analysis, and 95 % confidence intervals

(95 % CI) were estimated by one million stratified boot-

strap replicates by using the pROC package for R [23]. The

agreement between HbA1c- and OGTT-based criteria for

PD was additionally assessed by Cohen’s j coefficient.

Kaplan–Meier estimates and the log-rank test were used

to examine the association of HbA1c-based categories with

the incidence of type 2 diabetes during the follow-up period.

An event was defined as manifestation of type 2 diabetes,

and data were censored if patients were lost to follow-up.

Moreover, linear mixed-effects models with random inter-

cepts and random slopes by subjects were used to assess

time-dependent changes of HbA1c during follow-up in

different subgroups [i.e., females with pGDM showing

NGT during follow-up examination (OGTT criteria) as well

as pGDMs developing IFG or IGT or overt diabetes]. An

exponential spatial covariance structure was used to model

the correlations between repeated measurements. To assess

group-specific differences in the slope of HbA1c

trajectories, a disease group by time interaction term was

included into the model. Individual data of HbA1c trajec-

tories were visualized by spaghetti plots as well.

Statistical analysis was performed with R (V3.0.1) and

contributed packages (particularly the R-packages

‘‘pROC,’’ ‘‘nlme,’’ and ‘‘survival’’) [24]. A two-sided

p value B0.05 was considered statistically significant,

without adjustment for multiplicity.

Results

Cross-sectional analyses at the baseline examination

At the baseline examination, descriptive characteristics of

women categorized by HbA1c versus OGTT suggested that

both criteria discriminated subjects with impaired cardio-

metabolic risk factors. However, subjects fulfilling IFG or

IGT were older, more obese, and insulin resistant

(Table 1). In addition, postpartum HbA1c levels were

significantly higher in females with pGDM as compared to

the control group (5.50 ± 0.42 vs. 5.17 ± 0.27,

p \ 0.001).

As shown in Table 2, correlation analyses of metabolic

parameters assessed at the baseline visit revealed only

moderate associations of HbA1c with measurements of

plasma glucose during the OGTT: The strongest associa-

tion was observed between HbA1c and FPG (r = 0.40,

p \ 0.001) decreasing within this examination. Of note, no

associations were found between HbA1c and OGTT

dynamics of insulin and C-peptide, whereas they were

found to be significantly correlated with fasting and post-

load glucose levels. With regard to glucose disposition,

HbA1c showed weak correlation with log-transformed SI

(r = -0.25, p = 0.010) or DI (r = -0.26, p = 0.007).

Three different multivariate regression models were

assessed to explain log-transformed DI: model A including

FPG as independent variable (AR2 = 5.4 %, p = 0.009);

model B including FPG and 2 h post-load glucose levels

(AR2 = 14.4 %, p \ 0.001); model C including FPG, 1

and 2-h post-load glucose levels (AR2 = 21.3 %,

p \ 0.001). The inclusion of HbA1c as further predictor

had no significant impact to improve the predictive per-

formance of these models (model A: AR2 = 7.3 %; model

B: AR2 = 14.6 %, model C: AR2 = 21.6 %). Comparable

results were observed when log-transformed SI was used as

dependent variable: model A (AR2 = 9.4 vs. 9.9 % after

including HbA1c); model B (AR2 = 15.5 vs. 15.0 %);

model C (AR2 = 18.3 vs. 17.9 %). No interactions were

identified between females with pGDM and controls sug-

gesting comparable effects in women after delivery.

Figure 1 shows ROC analysis of HbA1c to explain IFG

or IGT as gold standard in pGDMs and revealed that

Acta Diabetol (2014) 51:715–722 717

123



HbA1c performed at best fair to identify early alterations

during the OGTT at the baseline examination (AUC: 0.69,

95 % CI 0.56–0.81). The recommended cutoff by the ADA

(HbA1c C5.7 %, 39 mmol/mol) showed a specificity of

69.6 % (95 % CI 57.1–82.2) and a sensitivity of 57.1 %

(95 % CI 38.1–76.2). Another cutoff (HbA1c C6.0 %,

42 mmol/mol) recommended by others [9] showed

improved specificity (83.9 %, 95 % CI 73.2–92.9), how-

ever, lacked in sensitivity (23.8 %, 95 % CI 9.5–42.9) as

well. The j-index was 0.24 (p = 0.031) for IFG/IGT and

HbA1c C5.7 % (39 mmol/mol) and 0.09 (p = 0.433) for

HbA1c C6.0 % (42 mmol/mol), respectively.

Table 1 Characteristics of the sample classified as having PD by OGTT criteria (IFG or IGT, n = 23) and HbA1c (C5.7 %, 39 mmol/mol,

n = 31)

Complete (%) NGT (HbA1c) PD (HbA1c) p value NGT (OGTT) PD (OGTT) p value

Age (years) 100 32.0 ± 5.3 32.5 ± 4.6 0.692 31.6 ± 5.1 34.2 ± 5.1 0.030

BMI (kg/m2) 96.6 26.2 ± 5.3 28.5 ± 6.7 0.060 26.0 ± 5.8 30.1 ± 4.5 0.002

Waist (cm) 91.5 86.3 ± 14.1 92.7 ± 14.8 0.039 85.7 ± 13.6 98.0 ± 14.1 \0.001

SI [10-4/min/(lU/ml)] 92.4 4.81 ± 2.7 3.73 ± 2.4 0.033* 4.80 ± 2.7 3.39 ± 2.0 0.016*

DI (10-4/min) 92.4 2.09 ± 1.6 1.26 ± 1.1 0.001* 2.04 ± 1.6 1.16 ± 0.89 0.004*

OGIS (OGTT) [ml/min/m2] 96.6 471.8 ± 79.4 436.7 ± 70.5 0.035 476.5 ± 76.2 404.3 ± 59.3 \0.001

IGI (OGTT) [lU/mg] 95.8 0.91 ± 0.67 0.89 ± 0.79 0.944 0.98 ± 0.74 0.59 ± 0.35 0.020

HbA1c (%) 100 5.19 ± 0.26 5.92 ± 0.21 \0.001 5.31 ± 0.38 5.69 ± 0.37 \0.001

FPG (mg/dl) 100 85.7 ± 8.8 92.0 ± 11.0 0.002 84.2 ± 6.3 100.7 ± 10.6 \0.001

1200-PLG (mg/dl) 100 104.5 ± 22.9 123.0 ± 33.4 \0.001 101.9 ± 18.4 139.9 ± 35.8 \0.001

Insulin (fasting) [lU/ml] 100 9.82 ± 6.2 10.01 ± 6.0 0.881 9.25 ± 5.5 12.4 ± 7.9 0.025

Insulin (mean, OGTT) [lU/ml] 100 40.6 ± 24.6 43.3 ± 21.8 0.588 39.8 ± 23.0 47.8 ± 26.7 0.149

C-peptide (fasting) [ng/ml] 100 1.83 ± 0.78 1.92 ± 0.91 0.601 1.74 ± 0.71 2.33 ± 1.01 0.002

C-peptide (mean, OGTT) [ng/ml] 100 5.62 ± 1.90 5.84 ± 1.74 0.564 5.44 ± 1.67 6.64 ± 2.27 0.005

Data are means ± SD

BMI body mass index, SI insulin sensitivity index, DI disposition index, OGIS oral glucose insulin sensitivity index, IGI insulinogenic index,

FPG fasting plasma glucose, 1200-PLG 1200-post-load glucose

* p values are based on log-transformed data

Table 2 Correlation analysis of HbA1c and OGTT measurements

HbA1c Glucose 00 Glucose 1200

r p value r p value r p value

Glucose 00 0.40 \0.001 - - 0.38 \0.001

Glucose 600 0.28 0.002 0.50 \0.001 0.64 \0.001

Glucose 1200 0.29 0.001 0.38 \0.001 - -

Glucose 1800 0.19 0.045 0.33 \0.001 0.51 \0.001

AUC (OGTT,

glucose)

0.33 \0.001 0.60 \0.001 0.86 \0.001

Insulin 00 0.12 n.s. 0.33 \0.001 0.20 0.032

Insulin 1200 0.01 n.s. 0.22 0.016 0.37 \0.001

AUC (OGTT,

insulin)

0.07 n.s. 0.26 0.005 0.24 0.010

C-Peptide 00 0.18 0.048 0.46 \0.001 0.25 0.007

C-Peptide 1200 0.18 n.s. 0.37 \0.001 0.50 \0.001

AUC (OGTT,

C-peptide)

0.16 n.s. 0.34 \0.001 0.31 0.001

Data are Pearson’s correlation (r) for HbA1c and plasma glucose (00,
1200) levels with plasma glucose, insulin, and C-peptide dynamics

during the OGTT examination
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Fig. 1 Predictive accuracy of HbA1c for detecting IFG or IGT. Plot

shows ROC curve as well as the respective specificity and sensitivity

for recommended HbA1c cutoff levels: 5.7 % (39 mmol/mol) and

6.0 % (42 mmol/mol)
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Longitudinal analyses of follow-up data

During the follow-up period, 16 (21 %) women with

pGDM developed type 2 diabetes, 30 (39 %) subjects

showed IFG or IGT (baseline or new manifestation), and

further 31 (40 %) women had normal glucose metabolism

(NGT). As visualized in Fig. 2, HbA1c trajectories differed

between the subgroups: The estimated increase in HbA1c

levels (%) per 3 years was significantly more pronounced

in subjects who developed overt diabetes as compared to

subjects with NGT (bgroup:time = 0.45, 95 % CI 0.34–0.56,

p \ 0.001) or IFG/IGT (bgroup:time = 0.38, 95 % CI

0.27–0.48, p \ 0.001). Of note, HbA1c levels at baseline

were comparable between the three groups (NGT:

5.4 ± 0.47, IFG/IGT: 5.5 ± 0.42, diabetes: 5.6 ± 0.38,

pANOVA = 0.421). The results remained constant in a

sensitivity analysis where NGT (n = 10) or IFG/IGT

(n = 6) females with a follow-up period of less than

5 years were excluded. Therefore, baseline HbA1c per-

formed poor for classifying subjects under particularly high

risk: HbA1c C5.7 % (39 mmol/mol) misclassified 50 %

(pLog-Rank = 0.235) and HbA1c C6.0 % (42 mmol/mol)

misclassified 81 % (pLog-Rank = 0.921) of females with

later development of diabetes. Kaplan–Meier plots are

provided as supplementary material.

Discussion

This report aimed to assess the predictive performance of

HbA1c in post-GDM risk stratification, keeping in mind

the practical advantage of a single parameter containing

long-term information of carbohydrate metabolism without

requiring fasting or the time-consuming burden of an

OGTT. While HbA1c was shown to be related to insulin

resistance and disposition index, estimated correlations

were small and the explanatory value of HbA1c appeared

to be inferior as compared to measurements of plasma

glucose in multivariable analysis. Secondarily, we

observed that HbA1c was not sufficient to identify subjects

with IFG or IGT correctly. However, increasing HbA1c

levels during the follow-up examinations showed improved

predictability for the later manifestation of overt diabetes

as compared to baseline levels.

Our results are in line with observations from the Insulin

Resistance and Atherosclerosis Study suggesting that

parameters of glucose disposition were more strongly

related to fasting or 2-h post-load glucose as compared to

HbA1c levels in a mixed population. Of note, analysis of

interactions revealed strong effect modifications due to

ethnicity and particularly sex (HbA1c was stronger related

to insulin sensitivity in women), underlining the major

importance of investigating these issues in females after

pregnancy with GDM [25]. In addition, Kanat et al. [26]

assessed the relationship between b-cell failure and HbA1c

in Mexican Americans. Although insulin sensitivity and b-

cell secretion decreased steeply in subjects exceeding

HbA1c levels of 5.5 % (37 mmol/mol), approximately half

of the individuals with HbA1c \5.7 % (39 mmol/mol) had

IFG or IGT and markedly impaired b-cell function. Thus,

the authors concluded that the OGTT was superior to

identify subjects with particularly high risk for future dia-

betes. In contrast, no major differences in HOMA-IR and

insulinogenic index were observed between individuals
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Fig. 2 Trajectories of HbA1c levels in females after pregnancy with

GDM: a females with pGDM showing NGT during follow-up

examination (OGTT criteria); b females with pGDM developing

prediabetes (OGTT criteria: IFG or IGT); c females with pGDM

developing diabetes (OGTT criteria). Dashed line marks the respec-

tive HbA1c cutoff for prediabetes (5.7 %, 39 mmol/mol) and diabetes

(6.5 %, 48 mmol/mol)
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meeting HbA1c versus OGTT criteria for PD in an Italian

cohort. However, the authors mentioned that individuals

with overt diabetes identified by the OGTT were at higher

risk for disturbed insulin action and insulin secretion as

those identified by HbA1c [27].

The lacking performance of baseline HbA1c as a cor-

relate of impaired glucose disposition is also mirrored by

its notable weak association with insulin or C-peptide

levels during the OGTT as proposed by our results in

females after pregnancy with GDM. It is well established

that insulin or C-peptide dynamics as well as their relation

to changes in plasma glucose are key factors for deriving

accurate information of insulin secretion and insulin sen-

sitivity [28]. As both defects represent the underlying

pathophysiologic mechanisms already for the development

of disturbed carbohydrate metabolism during the pregnant

state [29], their reassessment after delivery is pivotal to

provide an accurate risk approximation. However, based on

our data, this seems to be out of the scope of HbA1c,

representing the mean glucose of the last 2–3 month, but

giving only a weak surrogate of borderline disorders which

are actually only quantifiable by performing a glucose

tolerance or clamp test, respectively.

Likewise, the strong association of IFG and IGT with

parameters of glucose disposition was previously con-

firmed by a number of investigations, also suggesting dif-

ferent underlying deteriorations for both prediabetic

conditions (IFG: impaired early phase of insulin secretion

and hepatic insulin sensitivity; IGT: impaired early and late

phase of secretion as well as impaired insulin sensitivity in

the muscle) [4, 5]. Also, a recent metaanalysis compared

progression rates to type 2 diabetes of IFG, IGT, and raised

HbA1c (C6.0, 42 mmol/mol) and suggested lower inci-

dence rates for subjects meeting the HbA1c criterion, while

subjects with IFG and IGT showed the highest rates of

conversion [30]. In our study, the accordance between

HbA1c and IFG or IGT was only moderate: Females with

HbA1c C6.0 % (42 mmol/mol) are likely presenting IFG

or IGT, but there are many false negatives, while post-

partum HbA1c C5.7 % (39 mmol/mol) lacks in specificity

as well. This was also shown by a French study suggesting

that postpartum screening with HbA1c (alone or in com-

bination with FPG) gives no accurate model for risk

stratification [12]. Also, another study in 54 pGDM women

reported at best fair agreement between HbA1c and OGTT

criteria for PD with specificity of 68 % (comparable to our

observation) and sensitivity of 65 % (slightly higher as

observed in our study but within the confidence margin)

[11]. The remarkable discordance between the methods

was also concerned in larger epidemiological investiga-

tions containing different ethnic groups [25, 31, 32]. As a

possible explanation, authors discussed large physiologic

variability of HbA1c [10, 33] due to differences in age [34]

and race [35] in addition to genetic [36], and hematological

factors [37, 38]. These and other parameters (e.g., iron

deficiency [39]) might also influence HbA1c levels in the

postpartum period and thus contribute to the weak associ-

ation with glycemic parameters and dynamics of insulin

and C-peptide as well.

In the present study, we also found that subjects with

later development of overt type 2 diabetes showed a

notably increase in HbA1c, suggesting that the longitudinal

reassessment might be of importance in the medical deci-

sion-making process. Increasing HbA1c relative to baseline

levels possibly derives an interpretation of glucose

metabolism which is independent from specific interindi-

vidual or postpartal confounders. Therefore, we recom-

mend HbA1c reassessment for early identifying potential

conversions to type 2 diabetes after baseline risk stratifi-

cation via the OGTT. However, as our observations are

limited due to the small sample size of subjects developing

type 2 diabetes, we suggest that larger follow-up studies on

HbA1c changes should take further care on this topic.

To point out strength and limitations, while some of our

findings are restricted due to the rare number of events (i.e.,

cases with incident type 2 diabetes) and hence these results

should be interpreted descriptively, the major strength of

this observational study is the availability of FSIGT in

addition to OGTT-derived parameters of carbohydrate

metabolism as well as the long-term reassessment of

HbA1c.

We conclude that baseline HbA1c assessed early after

delivery is only a weak surrogate of insulin sensitivity and

disposition index and gives almost no additive information

to glycemic parameters assessed during the OGTT. More-

over, recommended HbA1c cutoffs for PD misclassifies a

large number of subjects meeting the OGTT criteria early

after pregnancy with GDM. Thus, our study corroborates

the WHO recommendation that HbA1c is imprecise to

exclude borderline deteriorations in carbohydrate metabo-

lism [8]. However, as pGDM females developing overt

diabetes showed significantly increasing HbA1c levels

during the follow-up period, we suggest that the longitu-

dinal assessment of HbA1c changes provides additive

information for an early diagnosis of diabetes manifesta-

tion. This, however, needs to be confirmed in a larger study.
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