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Abstract: Women with pre-gestational diabetes have a high rate of large for gestational age (LGA)
babies compared to women without diabetes. In particular, there is a high rate of asymmetric LGA
defined as ponderal index (PI) > 90th percentile for gestational age. We examined the association
of birth weight and PI, with body mass index (BMI) and obesity status in adulthood, in a cohort
of offspring of women with pre-gestational diabetes. The women participated in the Diabetes in
Pregnancy (DiP) study at the University of Cincinnati from 1978 to 1995. The offspring of these women
are the cohort participating in an observational study being conducted at Cincinnati Children’s
Hospital Medical Center. Once located, the offspring were invited to come in for a one-day clinic visit
to assess anthropometrics, and their metabolic, renal and cardiovascular status. Linear and logistic
regression was used to assess the association between birth weight and PI with current BMI. We report
on 107 offspring. A statistically significant association was found between offspring current BMI with
birth PI (β= 1.89, 95% CI 0.40–3.38), and between offspring current obesity status and birth asymmetric
LGA (aOR = 2.44, 95% CI 1.01–5.82). This is consistent with in utero “metabolic programming”.

Keywords: birthweight; ponderal index; asymmetric large for gestational age; offspring;
pre-gestational diabetes; body mass index

1. Introduction

For those with pre-gestational diabetes, the associated exacerbations and fluctuations of glucose
in utero have been shown to be independently associated with infant birthweight [1]. The resulting
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effect is that the developing fetus gains excess weight and becomes large for gestational age (LGA)
by delivery, where LGA is defined as greater than the 90th percentile for gestational age at delivery,
race and sex according to specified standards. Despite the exponential improvements in diabetes
control in recent decades, the rate of LGA babies born to women with pre-gestational diabetes has not
decreased [2,3]. This apparent paradox may be due to the increased insulin taken to aid glycemic control
in the mother, which then crosses the placenta and acts as a growth factor for the fetus [4]. In addition,
the maternal glucose crossing the placenta also acts as a growth factor by stimulating the production
of fetal insulin via the fetal pancreas, which is active as early as 20 weeks’ gestation [5,6]. We and
others have demonstrated that this “fat” baby is also subject to increased risk for other morbidities at
delivery, such as hypoglycemia, hyperbilirubinemia and acidosis [7,8], where this “fat” baby is defined
as asymmetrically LGA, i.e., LGA for weight but not LGA for length, or LGA for ponderal index (PI)
(100× birthweight (g)/birth length (cm)3).

Barker showed in his seminal work in England that babies small at birth were at increased risk for
heart disease in adulthood as well as having a higher rate of obesity than the general population [9,10].
This propensity for obesity in adulthood has also been shown in babies of high birthweight [11].
We sought to examine this phenomenon in the young adult offspring of women with pre-gestational
diabetes who were at excess risk of being LGA for weight at birth, but were also at excess risk of
being asymmetrically LGA, as defined above [7,12]. Leveraging data from an ongoing observational
study, we examined preliminary outcome data describing the obesity status from our first 107 study
participants who were young adult offspring of women who participated in the Diabetes in Pregnancy
(DiP) study between 1978 and 1995. All of these women had pre-gestational, type 1 or type 2 diabetes.
Detailed pregnancy information is available for these women from the DiP study [13]. For the current
analysis, the mothers of all offspring had type 1 diabetes mellitus.

We hypothesized that those babies born with a higher birthweight, or LGA status for birthweight,
in particular those with a higher PI or asymmetrical LGA, defined as a PI > 90th percentile for their
gestational age, would be overweight or obese as a young adult. The “Level and timing of diabetic
hyperglycemia in utero: Transgenerational Effect on Adult Morbidity (TEAM) Study” was approved
by the Cincinnati Children’s Hospital Medical Center (CCHMC) Institutional Review Board (IRB).
The IRB at the University of Cincinnati approved the original DiP study. Informed patient consent was
obtained prior to the enrollment of each participant.

2. Methods

The TEAM study population was drawn from a total of 454 offspring of women with pre-gestational
diabetes who participated in the 17 year NICHD-funded DiP. The DiP study examined the effect of
the level of maternal diabetic control on major congenital malformations in offspring. Women were
enrolled prior to 9 completed weeks of gestation and were randomized into either strict glucose control
or customary control. Those enrolled in the study after 9 completed weeks of gestation or declining
randomization were treated as those in the customary control group. For the strict control group, targets
for fasting blood glucose and 90 min post-prandial were: <100 mg/dL and <120 mg/dL, respectively;
and for customary glycemic control: <120 mg/dL and <140 mg/dL, respectively [13,14]. Throughout
the study, pre-prandial and 90 min post-prandial blood glucose concentrations of the participants were
measured at each clinic visit. After 1981, reflectance meters (Ames Dextrometer; Miles Inc., Diagnostics
Division, Elkhart, IN, USA) were implemented in order for the women to self-monitor their glucose
levels four to six times daily. Between 1978 and 1980, glycohemoglobin A1 (HbA1) concentration was
measured by high performance liquid chromatography as the sum of HbA1c and HbA1a+b; normal
range 5–9% [15]. From 1981 until the end of the study, the HbA1 concentration was measured using
anion exchange column chromatography; normal range 5.5–8.5% [16]. The concentration of maternal
HbA1 was measured monthly. Due to the multiple methods and the current use of HbA1c, the maternal
HbA1 concentration was reported as the standard deviation from the mean. Weekly clinic visits were
initiated at randomization for the strict control group and at the beginning of the second trimester
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for the customary control group, preceded by visits every two weeks prior to that point. Clinic visits
included consultation with the nurse educator, a maternal–fetal specialist and endocrinologist; study
measures included weight, blood pressure, complete blood count and urinalysis and glucose levels
were discussed with the diabetes care provider. More details regarding the visits have been published
elsewhere [13]. Gestational age was determined using last menstrual period (LMP), confirmed by
ultrasound. The birthweight of the offspring was measured to the nearest gram using an electronic
scale within one hour of delivery (Toledo Scale, Worthington, OH, USA). Birth length was measured to
the nearest centimeter using a tape placed beneath the infant as the distance between the vertex of
the head and the base of the heel; the infant was placed on a flat surface with legs fully extended for
measurement. Large for gestational age (LGA) was defined as >90th percentile for gestational age and
sex for birthweight [17], and for gestational age for length and ponderal index [18]. Ponderal index (PI)
is defined as 100× birthweight (g)/birth length (cm)3 and is used to assess asymmetry of growth [12].

The TEAM Study aims to enroll 250 offspring of the potential 454 eligible from the DiP Study.
The order of contact for 435 of the offspring was randomized to obtain an unbiased order of recruitment.
A total of 19 of the offspring had participated in a pilot study in 2008 and so were targeted for
inclusion in the current study and included in the first contact sample. As only the mother’s name
and mother and offspring dates of birth were known, multiple methods were employed to enable the
location and recruitment of the offspring. These included the potential contact of both the mother
and the offspring using CCHMC electronic medical records, Accurint LexusNexus (accurint.com),
fastpeoplesearch.com, familytreenow.com and public records. Once potential participants were
identified, letters of introduction were sent, which included an opt-out return sheet and a contact
phone number. After six weeks, phone or email contact was attempted under pre-specified guidelines.
Recruitment began in March 2018 and 107 study subjects had successfully completed visits prior to the
March 2020, COVID-19 shutdown. Study visits resumed in September 2020 and are ongoing.

The TEAM Study visit includes anthropometric measurements, blood pressure, cardiovascular
tests of structure and function, metabolic and renal laboratory measures, oral glucose tolerance test,
questionnaires of health history, physical activity and sleep, 24 h food recall and food frequency, and
dual energy X-ray absorptiometry. For this analysis, we utilized the anthropometric measurements of
weight and height to calculate the body mass index (BMI). Standing height, to the nearest 0.1 centimeter
(cm), was measured by trained clinical research personnel using a calibrated wall-mounted stadiometer
(Holtain Harpenden, Holtain Ltd, Crymych, UK). Body weight was determined using a calibrated
digital adult stand-on scale (Scaletronix 5002, Hill-Rom Inc, Chicago, IL) and recorded to the nearest
0.1 kilogram (kg). Subjects were weighed after voiding, with shoes and outer clothing layers removed.
All measurements were obtained in duplicate, with a third measurement performed if a predefined
discrepancy occurred. BMI was calculated as weight (kg)/height (m)2, and obesity class was defined
as underweight: BMI < 18.5; normal: 18.5 < BMI < 25; overweight: 25 ≤ BMI < 30; obesity Class I:
30 ≤ BMI < 35; obesity Class II: 35 ≤ BMI < 40; obesity Class III: BMI ≥ 40. For analysis purposes,
underweight and normal were collapsed, and obesity Classes II and III were collapsed. Visit data for
the TEAM Study were entered into a REDCap® database, version 10.0.15 (hosted at the University of
Cincinnati and Cincinnati Children’s Hospital Medical Center).

Statistical Analysis

Data were managed and analyzed using SAS®, version 9.4 (SAS Institute, Cary, NC, USA). Initially,
the frequencies and distributions of variables were examined, to look for outliers and potential errant
values. Association between the outcome variables, independent variables of interest and potential
covariates were assessed using chi-square, analysis of variance or correlation as appropriate.

The outcomes of interest were BMI as a continuous variable, and obesity class as measured at the
TEAM Study visit. The independent variables of interest were birthweight as a continuous variable,
and LGA for birthweight as defined by birthweight for gestation >90th percentile, and PI at birth,
LGA for asymmetry as defined by ponderal index > 90th percentile. Association between the BMI
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of the offspring at the TEAM Study visit and the independent variables of interest were examined
using linear regression, while ordinal logistic regression was used for examining the obesity class
(normal, overweight, obese I and obese II/III) as the outcome. Further analysis examining obesity
classes II/III versus not obese II/III was performed using logistic regression. Maternal covariates
considered in the analyses were: maternal age at LMP for the pregnancy, maternal age at diagnosis
of diabetes, number of years since diagnosis of diabetes at LMP, presence of microvascular disease
(retinopathy or nephropathy), parity, gravida, weight and BMI at LMP, weight gain over pregnancy,
diabetes control (mean HbA1), development of preeclampsia during pregnancy and gestational age at
delivery. Covariates were considered for inclusion in the initial model if bi-variately associated with
the outcome or independent variable of interest at p < 0.20. All other associations were considered
statistically significant at p < 0.05. We are missing five birthweights and 13 birth lengths on the neonates,
and we are currently in the process of requesting records to obtain these values. For the available data,
we conducted additional sensitivity analysis by imputing the missing data using multiple imputation
methods [19]. Briefly, we obtained estimates of regression coefficients by creating 20 imputed data sets
with imputations drawn from an underlying distribution of the observed data to estimate the multiple
values that reflect the uncertainty around the true value of the missing variables. This was conducted
using the SAS procedure PROC MIAnalyze.

3. Results

Outcome data from 107 follow-up visits were available for analysis. At follow-up, the offspring
were mean age the 32.0 years (standard deviation (sd): 4.42 years), 48% were female and 13% were
black. They had a mean BMI of 32.1 kg/m2 (sd: 8.49 kg/m2), distributed as 21% normal weight, 24%
overweight, 28% obesity class I and 27% obesity class II or III. At birth the offspring had a mean weight
of 3345 g (sd: 771 g), PI 2.96 g/cm3 (sd: 1.08 g/cm3), and 27% were asymmetric LGA and 49% LGA
for weight. At LMP the mothers were on average 26.1 years (sd: 4.60 years) and had been diagnosed
with diabetes at 13.8 years of age (sd: 6.44 years). Their weight at LMP was 63.0 kg (sd: 11.8 kg),
with associated BMI 23.5 kg/m2 (sd: 3.72 kg/m2), distributed as 74% normal or underweight, 21%
overweight and 4% obesity class I. Weight gain over pregnancy was on average 15.0 kg (sd: 5.40 kg).
Selected maternal and offspring characteristics by offspring obesity status are shown in Table 1 and by
birthweight LGA and ponderal index LGA in Table 2.

Table 1. Maternal and offspring characteristics and their association with later offspring obesity class
22–40 years after delivery.

Obesity Status Normal Overweight Obese 1 Obese 2+ p-Value

BMI <25 kg/m2 25 to <30 kg/m2 30 to <35 kg/m2
≥35 kg/m2

N 22 26 30 29

Maternal Characteristics

Age at LMP (y) 28.7 (4.02) 25.8 (3.31) 25.1 (4.57) 25.4 (5.43) 0.03

Age at Dx diabetes (y) 14.9 (5.30) 11.8 (6.33) 15.2 (7.08) 13.4 (6.66) 0.21

Years since Dx diabetes (y) 13.8 (6.40) 14.0 (7.02) 9.9 (6.23) 12.0 (5.92) 0.07

Microvascular disease 7 (31.8%) 6 (25.0%) 3 (10.0%) 9 32.1%) 0.17

Primaparous (parity = 0) 9 (40.9%) 11 (45.8%) 18 (60.0%) 16 (57.1%) 0.47

Primagravida (gravida = 1) 8 (36.4%) 9 (37.5%) 14 (46.7%) 10 (35.7%) 0.81

Weight at LMP (kg) 60.8 (7.2) 59.0 (12.8) 62.8 (11.1) 68.6 (13.0) 0.02

BMI at LMP (kg/m2) 22.6 (2.29) 22.6 (4.00) 22.9 (3.25) 25.2 (4.43) 0.03

Obesity class at LMP
<25 kg/m2

25–<30 kg/m2

30–<35 kg/m2

19 (90.5%)
2 (9.5%)

0

18 (81.8%)
3 (13.6%)
1 (4.6%)

22 (73.3%)
7 (23.2%)
1 (3.3%)

15 (57.7%)
9 (34.6%)
2 (7.7%)

0.26
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Table 1. Cont.

Obesity Status Normal Overweight Obese 1 Obese 2+ p-Value

BMI <25 kg/m2 25 to <30 kg/m2 30 to <35 kg/m2
≥35 kg/m2

N 22 26 30 29

Maternal Characteristics

Mean HbA1 over
pregnancy (sd) 1.96 (1.44) 1.74 (1.78) 2.10 (1.34) 1.96 (1.84) 0.88

Preeclampsia 3 (14.3%) 2 (8.7%) 4 (14.3%) 4 (15.4%) 0.91

Gestation at delivery
(weeks) 35.6 (3.82) 37.1 (2.07) 37.3 (2.20) 37.4 (1.72) 0.06

Pregnancy weight gain (kg) 12.2 (5.37) 14.6 (3.43) 15.7 (6.54) 16.8 (4.65) 0.02

Offspring Characteristics

Birthweight (g) 3231 (1059) 3283 (702) 3466 (639) 3353 (727) 0.72

Birthweight >90th
percentile 10 (47.6%) 10 (43.5%) 17 (56.7%) 13 (46.4%) 0.78

Birth length (cm) 48.3 (5.99) 48.3 (3.54) 49.9 (3.17) 48.1 (4.46) 0.92

Birth length >90th
percentile 5 (29.4%) 3 (13.6%) 5 (17.9%) 2 (7.4%) 0.27

Ponderal index g/cm3 2.74 (0.59) 2.85 (0.22) 2.91 (0.29) 3.22 (1.93) 0.47

Ponderal index >90th
percentile 2 (11.8%) 5 (22.7%) 7 (25.0%) 11 (40.7%) 0.18

Age at follow-up visit (y) 31.2 (4.22) 31.9 (5.05) 32.8 (4.36) 31.7 (4.10 0.58

Sex (female) 14 (63.6%) 10 (38.5%) 14 (46.7%) 13 (44.8%) 0.36

Race (black) 1 (4.6%) 3 (11.5%) 5 (16.7%) 5 (17.2%) 0.52

Ever smoked 15 (68.2%) 15 (57.7%) 24 (80.0) 18 (62.1%) 0.30

Smoked in past 30 days 7 (31.8%) 3 (11.5%) 6 (20.0%) 5 (17.2%) 0.35

Data presented as the mean (standard deviation or n (percentage), BMI is body mass index, LMP is the last menstrual
period, glycohemoglobin A1 (HbA1) is expressed as number of standard deviations (sd) from the mean.

Table 2. Maternal and offspring characteristics and their association with offspring large for gestational
age (LGA) status at birth.

Obesity Status Birth Weight p-Value Ponderal Index p-Value

BMI LGA Not LGA LGA Not LGA

N 50 52 25 69

Maternal Characteristics

Age at LMP (y) 25.5 (4.70) 26.6 (4.54) 0.24 25.4 (5.33) 26.2 (4.24) 0.47

Age at Dx diabetes (y) 14.9 (7.06) 13.0 (5.86) 0.14 12.7 (7.58) 14.2 (6.27) 0.32

Years since Dx diabetes (y) 10.6 (6.40) 13.6 (6.54) 0.02 12.8 (6.86) 12.0 (6.34) 0.62

Microvascular disease 6 (10.0%) 19 (36.5%) 0.002 9 (36.0%) 14 (20.3%) 0.12

Primaparous (parity = 0) 24 (46.0%) 29 (55.8%) 0.43 16 (64.0%) 32 (46.4%) 0.13

Primagravida
(gravida = 1) 20 (40.0%) 20 (38.5%) 0.87 12 (48.0%) 23 (33.3%) 0.19

Weight at LMP (kg) 65.3 (13.7) 60.9 (9.36) 0.06 67.3 (15.1) 61.6 (10.7) 0.09

BMI at LMP (kg/m2) 23.8 (4.12) 22.9 (3.24) 0.22 24.6 (4.57) 23.1 (3.41) 0.09
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Table 2. Cont.

Obesity Status Birth Weight p-Value Ponderal Index p-Value

BMI LGA Not LGA LGA Not LGA

N 50 52 25 69

Maternal Characteristics

Obesity Class at LMP
<25 kg/m2

25–<30 kg/m2

30–<35 kg/m2

34 (68.0%)
13 (26.0%)
3 (6.0%)

40 (81.6%)
8 (16.3%)
1 (2.0%)

0.32 16 (64.0%)
7 (28.0%)
2 (8.0%)

52 (78.8%)
12 (18.2%)
2 (3.0%)

0.44

Pregnancy weight gain
(kg) 16.4 (5.53) 13.7 (4.86) 0.01 17.7 (5.28) 14.0 (5.10) 0.003

Mean HbA1 over
pregnancy (sd) 2.03 (1.74) 1.91 (1.47) 0.70 2.35 (2.16) 1.77 (1.31) 0.12

Preeclampsia 2 (4.0% 11 (22.0%) 0.01 4 (16.0%) 8 (11.9%) 0.61

Gestational age at delivery
(weeks) 37.6 (1.62) 36.4 (3.00) 0.02 37.2 (2.17) 36.9 (2.45) 0.60

Offspring Characteristics

Age at follow-up visit (y) 32.4 (4.04) 32.3 (4.32) 0.73 32.9 (3.49) 32.4 (4.29) 0.85

Sex (female) 24 (48.0%) 25 (48.1%) 0.99 11 (44.0%) 32 (46.4%) 0.84

Race (black) 6 (12.0%) 8 (15.4%) 0.62 5 (20.0%) 9 (13.0%) 0.40

Ever smoked 34 (68.0%) 36 (69.2%) 0.89 15 (60.0%) 51 (73.9%) 0.19

Smoked in past 30 days 8 (16.0%) 12 (23.1%) 0.37 4 (16.0%) 15 (21.7%) 0.54

Data presented as the mean (standard deviation or n (percentage), LMP is the last menstrual period, Glycohemoglobin
A1 (HbA1) is expressed as number of standard deviations (sd) from the mean LGA is large for gestational age
(>90th percentile).

The initial models assessing the association between the outcome variables’ offspring BMI and
obesity status, and the independent variables birthweight and LGA for birthweight included the
following covariates: maternal age at LMP, years since diagnosis of diabetes, microvascular disease,
BMI at LMP, weight gain over pregnancy, preeclampsia and gestational age at delivery (for birthweight
only). The initial models assessing PI and asymmetric LGA in the infant as the independent variables
of interest, included: maternal age at LMP, years since diagnosis of diabetes, microvascular disease,
primiparity, BMI at LMP, weight gain over pregnancy, mean HBA1 over pregnancy, and gestational
age at delivery (for PI only) as covariates. The beta coefficients and adjusted odds ratios for the
independent variables birthweight, LGA for birthweight, PI and asymmetric LGA in the final models
are shown in Table 3. The associations of PI with offspring BMI (β = 1.89, 95% CI 0.40–3.38, per unit of
PI) and of LGA for PI with obesity class (aOR 2.44, 95% CI 1.01–5.82) are statistically significant, and
the associations of LGA for PI with both BMI and obesity are trending to significance. BMI at LMP
is an important factor in all the models, and weight gain over pregnancy is important in most of the
models. The covariates presence of microvascular disease and years since diagnosis of diabetes are
also significant in some of the models. Gestational age at delivery was kept in the model, regardless
of the statistical significance, when examining birthweight as the independent variable of interest.
The imputed data analysis produced comparable and consistent results with our main analysis.
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Table 3. Results from regression, ordinal logistic regression and logistic regression showing the
association of the independent variables of interest and the outcome variables.

Analytic Model Independent Variable of Interest

Birthweight/100
(g)

LGA for
Birthweight

Ponderal
Index/Unit LGA for PI

Offspring BMI kg/m2

Linear regression

β = −0.02 a

(se = 0.01)
(p = 0.13)

β = −0.96 b

(se = 1.66)
(p = 0.56)

β = 1.89 c

(se = 0.76)
(p = 0.01)

β = 3.41 d

(se = 1.95)
(p = 0.08)

Offspring obesity class
Ordinal regression

(normal, overweight,
obesity class I, obesity

class II/III)

aOR = 0.96 a

(95% CI
0.89, 1.03)
(p = 0.24)

aOR = 0.78 b

(95% CI
0.37, 1.63)
(p = 0.50)

aOR = 1.60 b

(95% CI
0.73, 3.50)
(p = 0.24)

aOR = 2.44 d

(95% CI
1.01, 5.82)
(p = 0.045)

Offspring obesity class
II/III versus not obesity

class II/III
Logistic regression

aOR = 1.01 e

(95% CI
0.91, 1.12)
(p = 0.88)

aOR = 0.84 f

(95% CI
0.28, 2.52)
(p = 0.76)

aOR = 2.18 f

(95% CI
0.76, 6.24)
(p = 0.15)

aOR = 2.53 d

(95% CI
0.91, 7.03)
(p = 0.08)

β is the regression coefficient; se is the standard error; aOR is the adjusted odds ratio; 95% CI is the 95% confidence
interval. The covariates remaining in the final models are denoted by the superscript shown below: a—adjusting for
BMI–LMP, weight gain and gestation at delivery; b—adjusting for BMI–LMP and weight gain; c—adjusting for
BMI–LMP, weight gain, years since diagnosis of diabetes and microvascular disease; d—adjusting for BMI–LMP;
e—adjusting for BMI–LMP, microvascular disease and gestation at delivery; f—adjusting for BMI–LMP, weight gain
and microvascular disease.

4. Discussion

We examined the birthweight status in the offspring of women with pre-gestational diabetes
and its association with their body weight status at follow up 22–40 years later, in young adulthood.
We found, however, that rather than birthweight per se, the distribution of fat as estimated by PI
(100 * weight (g)/length (cm)3) had a stronger association with the current weight status, as defined by
BMI, in the offspring. This was after accounting for maternal pre-pregnancy weight and pregnancy
weight gain. This phenomenon was not totally surprising due to some early work by our group during
the initial DiP study looking at the rate of asymmetric macrosomia in the newborns of women with
pre-gestational diabetes and the association with neonatal morbidity [7]. What was surprising was the
lack of association with maternal glycemic control during pregnancy. However, this will be further
addressed when we have a larger sample size and are able to apply our methods of semiparametric
regression and joint modelling using the glucose concentrations from self-glucose monitoring collected
over gestation in these mothers, rather than the HbA1 over pregnancy [20–22].

Consistent with other publications we do find that maternal BMI at the beginning of pregnancy
and maternal weight gain over pregnancy are important covariates to consider for inclusion in the
models [8,23–27]. These factors have been reported as important when assessing both offspring
birthweight and weight later in life. For this analysis, we used overall weight gain, but there is still
controversy regarding the most important period of the maternal weight gain to consider in relation to
birthweight, early, mid or to late pregnancy [14,28,29]. The association of the timing of gestational
weight gain with respect to offspring BMI later in life is slated for future research in our study.

Of potential interest was the significance of microvascular disease of the mother in some of the
models. Although this was purely examined as a covariate, it may be of interest for future study,
examining the severity of maternal diabetes as a moderator of glucose control. This association
with microvascular disease, albeit as a covariate in the model, suggests that microvascular disease
may be associated with a risk for the higher BMI of the offspring in young adulthood. This ties
in with the Barker hypothesis, as women with microvascular disease tend to have smaller babies,
where these smaller babies, by way of over-nutrition, are likely to have a higher BMI in adulthood [9].
Future exploration of the role of microvascular disease in offspring outcome is warranted.
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The limitation of our study is the sample size, despite which we observed biologically and clinically
meaningful findings. The finding that those offspring who have increased BMI previously tended to
have a higher PI and weight for length at delivery, rather than just weight at delivery, is appealing,
although there has been genetic evidence that birthweight rather than PI is a more important/stronger
correlate [30]. It should be noted that we found that not only is the rate of LGA for weight in the
neonate born to a woman with pre-gestational diabetes greater than that for a neonate born to a woman
without, but the rate of LGA for PI is also increased—at a rate of 19% [7]. With continued recruitment
to obtain a larger sample size, we will be able to expand on this research question, including the role of
gestational glycemic control and gestational week(s)-specific weight gain.
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