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Abstract

Background—Adverse perinatal outcomes are common with pregnancy-related mild glucose 

intolerance. The perinatal impact of improving this population’s health, instead of individual 

health, has not been quantified.

Methods—We estimated this impact among women with mild glucose intolerance, delivered at 

The University of North Carolina Women’s Hospital from April 1996 to May 2010. We compared 

observed with predicted risks of perinatal outcomes after simulating a cohort with a one standard 

deviation decrease in each glucose value. We estimated absolute and adjusted risks, relative risks, 

and risk differences with Poisson regression and bootstrapped 95% confidence intervals [CI].

Results—Among 3217 women, mean (SD) 1-h screening result was 157 (16) mg/dL; 3-h 

diagnostic results were 81 (10), 154 (28), 130 (25), and 104 (26) mg/dL for fasting, 1-h, 2-h, and 

3-h, respectively. Compared with observed, predicted risks decreased for preeclampsia (9.1% vs. 

6.6%, risk ratio [RR] 0.73 [95% CI 0.60, 0.88]), caesarean delivery (30.1% vs. 26.4%, RR 0.88 

[95% CI 0.81, 0.96]), preterm birth (13.0% vs. 9.8%, RR 0.75 [95% CI 0.64, 0.87]), birthweight 

>4000 g (13.4% vs. 10.5%, RR 0.78 [95% CI 0.67, 0.90]), and shoulder dystocia (3.5% vs. 2.2%, 

RR 0.61 [95% CI 0.46, 0.83]).

Conclusions—Modestly improved population distribution of glucose tolerance in pregnancies 

affected by mild glucose intolerance translated to meaningful improvements in perinatal 

outcomes.
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Glucose intolerance of pregnancy is a continuum in which short- and long-term adverse 

outcomes increase in prevalence with worsening hyperglycaemia.1 Gestational diabetes 
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(GDM) carries the greatest risk. Women without GDM but with lesser degrees of 

hyperglycaemia, however, still have a higher risk of poor pregnancy outcomes than 

normoglycaemic women.1 Evidence suggests that treating individuals with mild glucose 

intolerance lowers perinatal risk.2–4 Despite adoption of more inclusive criteria for GDM 

diagnosis, women with mild glucose intolerance who do not meet diagnostic criteria for 

GDM typically go without potentially beneficial treatment.1,5 In one accepted two-step 

GDM screening and testing method, women who screen positive but are not diagnosed with 

GDM may comprise almost 10% of the population.6 Testing continues to vary in research 

populations and clinical practice. Generally accepted alternate cut-offs for screening and for 

diagnosis in two-step testing, and the diagnostic criteria recently proposed for one-step 

testing, may be more inclusive and diagnose additional women with GDM.

Routine clinical management of GDM includes multiple daily self-glucose monitoring, diet 

and nutrition counselling, and medical management when goal glucose thresholds are not 

met.7 While treatment may decrease adverse outcomes among women with mild glucose 

intolerance, standard GDM management is cumbersome and costly to patients, providers, 

and the health care system. Whether less cost- and resource-intensive treatments or even 

earlier pregnancy or pre-pregnancy prevention of glucose intolerance could improve 

glycaemic profile and perinatal outcomes is unknown. Before limited health care resources 

are directed toward this population, evidence is needed to define what measureable changes 

in health status are associated with a clinically meaningful difference.

Our emphasis in the current analysis is on the population, instead of the individual, the more 

traditional approach of clinical trials. We followed the lead of Geoffrey Rose, an 

epidemiologist known best for transforming the approach to health improvement strategies. 

In his 1985 seminal paper, Rose contrasted the consequences of a focus on sick individuals 

vs. sick populations, and the importance of distinguishing the two.8,9 The latter, a ‘sick 

population’ of women with mild glucose intolerance during pregnancy, is of interest here.8,9 

Specifically, we evaluated the risks of adverse pregnancy outcomes in a prospective 

observational cohort with mild glucose intolerance receiving routine prenatal care. We 

compared observed outcomes in the cohort with the predicted number of outcomes in the 

same cohort after shifting the entire population distribution of glucose measures during 

pregnancy. We sought to quantify the magnitude of improvement in pregnancy outcomes 

that might be accomplished by potential interventions to improve glucose tolerance before 

pregnancy or during early pregnancy.

Methods

We identified a prospective observational cohort of all women eligible for GDM screening 

and delivered at a single tertiary care university hospital between April 1, 1996 and May 31, 

2010. We excluded women who delivered prior to 24 weeks’ gestation, with a diagnosis of 

pre-GDM, or without documented GDM screening or diagnostic test results. For multiple 

gestations, we used neonatal data for the firstborn. University Institutional Review Board 

approval was obtained for this study.
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GDM screening was performed as part of routine prenatal care between 24 and 28 weeks’ 

gestation using a 50-g, 1-h oral glucose load test, with plasma glucose values ≥140 mg/dL 

considered screen-positive. For screen-positive women, diagnostic testing included a 100-g, 

3-h oral glucose tolerance test (OGTT). National Diabetes Data Group criteria were used for 

diagnosis at our institution during the study period.10 Screen-positive women not diagnosed 

with GDM received routine prenatal care and comprised our study sample. Women 

diagnosed with and treated for GDM were not the focus of this analysis and thus were 

excluded.

We abstracted maternal demographic data and pregnancy diagnoses from the University’s 

Department of Obstetrics and Gynecology Perinatal Database. The Perinatal Database 

includes prospectively collected data, and details of data abstraction are described 

elsewhere.6 Self-reported race/ethnicity was abstracted from the database and had been 

recorded during routine prenatal care as Caucasian, African-American, Hispanic, Asian, or 

other/not reported.

We included perinatal outcomes shown to improve with treatment of impaired glucose 

tolerance in other studies.3,4 Abstracted maternal outcomes included: gestational 

hypertension, preeclampsia [composite of mild, severe eclampsia, and/or HELLP syndrome 

(haemolysis, elevated liver enzymes, and low platelets)], caesarean delivery, and third or 

fourth degree perineal laceration. Neonatal outcomes included: preterm birth <37 weeks, 

macrosomia >4000 g and >4500 g, low birthweight <2500 g, shoulder dystocia (abstracted 

from provider notation in perinatal record), and neonatal intensive care unit (NICU) stay 

>24 h.

Descriptive statistics for the study population were calculated as per cent (%) for categorical 

variables and as the mean and standard deviation (SD) for continuous variables including 

each glucose measure. We fit separate Poisson models for each outcome, including as 

independent predictors the 1-h screening glucose load test and each component (fasting; 1-h, 

2-h, and 3-h) of the 3-h OGTT. To determine the independent effect of each glucose test 

result, we included parameters for the effects of maternal characteristics on the outcome of 

interest (maternal age at delivery, multiparae, race/ethnicity, chronic hypertension, history of 

caesarean delivery, history of gestational diabetes, history of preeclampsia, or multiple 

gestation). Maternal age was centered at 30 years and modelled with linear and quadratic 

terms to allow nonlinear relationships with the outcomes.

To estimate the joint effects of a one SD decrease across all five glucose measures, we 

subtracted the SD of the observed distribution of each glucose measure from each woman’s 

glucose test results. Using the parameter estimates from the regression models, we 

calculated the predicted probability that each individual would experience the outcome of 

interest given the full set of glucose results that were set to one SD below the patient’s 

measured values. The sum of the predicted probabilities was used to estimate the number of 

events that would have been observed in the study population. We calculated the risk 

difference (RD) per 100 as predicted minus observed risk, number needed to treat (NNT) as 

1/RD, and risk ratio (RR) from the observed and predicted outcomes. To obtain 95% 

confidence intervals [CI], we bootstrapped 2000 complete samples with replacement and 
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conducted the complete analysis in each iteration.11 We report the median RD, NNT, and 

RR from 2000 iterations, and the empirical 2.5th and 97.5th percentiles of the distribution.

To determine whether the findings were primarily driven by a subgroup of women who were 

most glucose intolerant and could have been diagnosed with GDM if more inclusive criteria 

were used, we conducted a sensitivity analysis. We limited the cohort to women who had no 

elevated results for the OGTT or had a single elevated result on the 1-h (≥180 mg/dL), 2-h 

(≥155 mg/dL), or 3-h (≥140 mg/dL) results, but with a fasting glucose <95 mg/dL. Based on 

the criteria used by Landon et al.3 that defined a group of women with mild gestational 

diabetes, women in our sensitivity analysis would not have met criteria for treatment.

Results

From April 1, 1996, to May 31, 2010, 41 398 women delivered at the university hospital, 

and 33 179 women met initial study inclusion criteria and were screened for GDM with a 50 

g 1-h oral glucose load. A total of 10.2% (3370/33 178) screened positive but were not 

diagnosed with GDM by testing criteria. As all four components of the OGTT were required 

for this analysis, 4.4% (147/3370) with one or more missing values were excluded. After 

excluding six women who were missing birthweight data, 3217 comprised the sample for 

further analysis, as shown in Figure 1. Mean (SD) 1-h screening result was 157(16) mg/dL; 

3-h glucose values were 81 (10), 154 (28), 130 (25), and 104 (26) mg/dL for fasting, 1-h, 2-

h, and 3-h, respectively. Other demographic and clinical characteristics of the study 

population are shown in Table 1.

Across the observed as well as the predicted cohorts, poor pregnancy outcomes were 

common. A total of 43% in the observed cohort experienced at least one poor maternal 

outcome. With an improved glycaemic profile, the predicted prevalence would decrease to 

37%. Similarly, 48% of neonates in the observed cohort experienced at least one poor 

outcome. The predicted prevalence would decrease to 44% with an improved glycaemic 

profile.

When compared with observed prevalence of adverse maternal outcomes, a population of 

women with GDM testing values one SD lower would have a lower predicted risk of 

preeclampsia and caesarean delivery, as shown in Table 2. The relative reduction in 

preeclampsia (9.1%) would be 27% (RR 0.73 [95% CI 0.60, 0.88]) with an NNT of 42 [95% 

CI 28, 91]. In the context of this analysis, the NNT of 42 represents how many women 

would need to present with a lower glycaemic profile to prevent one case of preeclampsia. 

The relative reduction in caesarean delivery (30.1%) would be 12% (RR 0.88 [95% CI 0.81, 

0.96]), and if 28 women had an improved glycaemic profile by one SD, one caesarean may 

be prevented (NNT 28 [95% CI 18, 78]). Observed and predicted risks of gestational 

hypertension and perineal laceration did not differ on the relative or absolute scales.

When compared with observed prevalence of adverse neonatal outcomes, a population of 

women with GDM testing values one SD lower would have a lower predicted prevalence of 

preterm birth <37 weeks, birthweight >4000 g, and shoulder dystocia, as shown in Table 2. 

The relative reduction in preterm birth <37 weeks (13.0%) would be 25% (RR 0.75 [95% CI 
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0.64, 0.87]) with an NNT of 32 [95% CI 22, 59]. The relative reduction in birthweight 

>4000 g (13.4%) and birthweight >4500 g (2.4%), respectively, would be 22% (RR 0.78 

[95% CI 0.67, 0.90]) with an NNT of 35 [95% CI 23, 77], and 37% (RR 0.63 [95% CI 0.43, 

0.91]) with an NNT of 119 [95% CI 72, 487]. The relative reduction in shoulder dystocia 

(3.5%) would be 39% (RR 0.61 [95% CI 0.46, 0.83]) with an NNT of 75 [95% CI 51, 174]. 

Thus, one preterm birth, macrosomic neonate >4000 g, or shoulder dystocia may be 

prevented for every 32, 35, 75 representative women, respectively, in our population of over 

3000 who had an improved glycaemic profile. Observed and predicted risks of low 

birthweight <2500 g, and NICU admission >24 h did not differ on the relative (RR) or 

absolute (RD) scales.

To address potential confounding introduced by inclusion of 102 multiple pregnancies, we 

excluded them and performed a sensitivity analysis of the 3115 women with singleton 

pregnancies. Among outcomes significant in the full analysis, the prevalence of outcomes 

and magnitude of the effects of a one SD decrease across all glucose levels was similar to 

those estimated in the original cohort. No non-significant differences became significant 

after exclusion of multiples.

Also in a sensitivity analysis, we identified 2724/3217 women (84.7%) in the original cohort 

who had, at most, a single elevated glucose value from the OGTT and a normal fasting 

glucose. The magnitude of the effects of a one SD decrease across all glucose levels was 

very similar to those estimated in the original cohort. Among outcomes significant in the full 

analysis, the RD for caesarean delivery (−5.0 per 100), preterm birth (−4.1 per 100), 

macrosomia >4000 g (−3.9 per 100), shoulder dystocia (−1.5 per 100), were slightly larger 

than those estimated in the full sample, but well within the CI. The RD for preeclampsia 

(−2.2 per 100) and NICU admission (−0.4 per 100) were smaller but also well within the 

original CI. No non-significant differences became significant after exclusion of multiples.

Comment

We found that, among women with mild glucose intolerance and their neonates, a 

measureable improvement in the cohort’s glucose tolerance at time of routine GDM testing 

would be associated with a clinically meaningful decrease in preeclampsia, caesarean 

delivery, preterm birth, macrosomia, and shoulder dystocia. As close to half of women and 

neonates experienced at least one of our measured outcomes, these findings have important 

public health implications. Existing data describes adverse events and treatment effects for 

individuals with mild glucose intolerance. Our analysis builds on those data but approaches 

the morbidity of mild glucose intolerance as a substantial public health challenge.

Strengths of our study include a large, unselected sample size, racial/ethnic diversity, and 

consistent GDM screening and diagnostic criteria over 14 years. Our reported numbers 

needed to treat offer a clinical context in which to interpret the impact of population-level 

health improvements. A relatively small number of women would need to be healthier to 

avoid one caesarean delivery, macrosomic infant >4000 g, or shoulder dystocia (28, 35, 75, 

respectively), and these values are in line with those estimated in the recent decision analysis 

evaluating mild GDM treatment.12 While significant differences were also noted for 
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birthweight >4500 g, the risk for this outcome is overall small with a much larger NNT of 

119. A larger sample size may better delineate the potential to decrease this clinically 

important outcome.

Study findings should be interpreted in the context of some limitations. Women in our 

cohort may have been diagnosed with GDM using more inclusive thresholds for the 50-g, 1-

h oral glucose load or Carpenter-Coustan criteria for the 3-h OGTT. While we cannot 

overcome that limitation of a retrospective analysis, our sensitivity analysis of a lower risk 

subset showed the same magnitude of RD between the subset and its modelled cohort. 

Height and pre-pregnancy weight to calculate body mass index were not available and are an 

important factor in early pregnancy health and later outcomes.13,14 It is reasonable, 

however, to assume that mild glucose intolerance is positively correlated with maternal body 

mass index and would not negate our findings focused on absolute and relative adverse 

pregnancy risks. In fact, targeting maternal overweight and obesity may be a promising 

strategy towards improving glycaemic profile.

For this analysis, we assumed that each glucose test result would change by a similar 

proportion. We recognise that the individual components of screening and diagnostic testing 

may not change uniformly. However, because these values are typically highly correlated, it 

is reasonable to expect an improvement in early or pre-pregnancy health to be reflected in 

each value to some degree. Our models did take into account the joint, independent effects 

of these measures on adverse perinatal outcomes. We acknowledge that there is not yet an 

identified intervention known to achieve this improved health status. Existing research has 

focused on individual health, essential to support the biologic plausibility of our findings.

Our findings are in line with recent prospective trials by Landon et al. and Crowther et al. 

that demonstrated improved perinatal outcomes among women treated for mild glucose 

intolerance (two elevated glucose measures) compared with women randomised to standard 

prenatal care.3,4 Our data extend these findings and show that a measureable improvement 

in glycaemic profile at a population level can also improve perinatal outcomes. The 

association between glucose tolerance and adverse perinatal outcomes was evident even 

among women in our sensitivity analysis who would be considered ‘false positives’ given 

their normal fasting glucose values and a maximum of one elevated result on the OGTT. 

The proportion of the population who stand to benefit from improved health is substantial.

Our population of women with mild glucose intolerance, not offered the same intensive 

treatment as women with GDM in standard practice, may be a group who could benefit from 

preventive strategies to achieve this quantifiable improvement in health status by the time of 

GDM screening. Concern exists over whether limited health care resources should be 

directed to these presumably lower risk women. Recent cost assessment and decision 

analysis work suggest GDM prevention instead of treatment, and treatment of mild GDM, 

may be cost-effective.15 For women with mild glucose intolerance, preventing associated 

pregnancy outcomes may cost less than traditional GDM treatment and impact an even 

greater proportion of the population.
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Thus far, small trials for prevention of GDM, including exercise or nutritional interventions, 

have not been consistently cost-effective.16 Clinical benefits for maternal glucose profile or 

neonatal birthweight have also been inconsistent.16–21 We speculate that the primary 

challenge to effective intervention studies has been a lack of goal-oriented outcomes. 

Further, perhaps the goal-oriented outcomes should extend beyond the ‘sick individual’, as 

contrasted by Rose to the ‘sick population’.8

In this analysis, we have shown that a substantial proportion of the population of women 

with mild glucose intolerance have poor maternal or neonatal outcomes associated with 

hyperglycaemia. Following the example set by Rose, we have not only shifted from a 

treatment to a prevention approach, we also have specifically targeted the impact of a 

‘population strategy’ that demonstrates even this cohort of women who are now considered 

‘false positives’ and given a clean bill of health may benefit from intervention.8 It is not 

enough to counsel an obese woman to avoid excess weight gain at her first prenatal visit. 

More effective counselling with goal-oriented strategies could define exactly how much 

weight gain would change an obese woman’s – or even better, a group of women’s –

trajectory towards glucose intolerance. Harnessing the strengths of individual and group 

behaviour research may improve our ability to evaluate perhaps less cost- and resource-

intensive preventive efforts. Moving forward, this should be a public health priority for the 

substantial numbers of women with mild glucose intolerance who will not meet GDM 

criteria by any diagnostic criteria but have much to gain from modest improvements in their 

health status.
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Figure 1. 
Study cohort composition.
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Table 1

Baseline characteristics of pregnant women in study cohort (n = 3217)

Maternal characteristics and laboratory values Na % Mean (SD)

Maternal age at delivery, years 29.5 (5.8)

Maternal age ≥35 years at delivery 583 18.5

Multiparae 1944 60

Race/ethnicity

 Caucasian 1242 38.6

 African-American 363 11.3

 Hispanic 1393 43.3

 Asian 174 5.4

 Unreported/other 45 1.4

Chronic hypertension 149 4.6

History of caesarean delivery 533 17.0

History of gestational diabetes 44 1.4

History of preeclampsia 104 3.2

Multiple gestation 102 3.2

50-g 1-h oral glucose load, mmol/L 8.7 (0.9)

100-g 3-h oral glucose tolerance test, mmol/L

 Fasting 4.5 (0.6)

 1 h 8.6 (1.6)

 2 h 7.2 (1.4)

 3 h 5.8 (1.4)

a
Numbers may not sum to 100% as a result of rounding.

SD, standard deviation.
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