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Abstract

Background: Body mass index (BMI, in kg/m?) is positively associated with plasma glucose in late pregnancy and with risk of
adverse obstetric outcomes. Much of the existing research uses single-clinic measures of plasma glucose, which may not
accurately reflect circulating glucose under free-living conditions. Furthermore, little is known about circulating glucose
concentrations of African American women, who tend to have poorer diet quality and a greater risk of obstetric complications.
Objective: The objective of the study was to test the hypothesis that the positive association of BMI in early pregnancy with
third-trimester circulating glucose concentrations measured under free-living conditions among African American women would
be at least partially attributable to lower B-cell insulin secretion relative to insulin sensitivity [i.e., lower disposition index (DI)].
Methods: Using a prospective, observational design, 40 pregnant African American women (mean = SD age: 23.1 = 4.0;
mean = SD BMI: 28.4 + 7.5) wore continuous glucose monitors and accelerometers for 3 d at 32-35 wk of gestation and
concurrently maintained a food diary to report their self-selected meals. The DI was derived from a 75-g oral glucose tolerance test.
Linear regression modeling was used to calculate the association of BMI with the 24-h glucose (GLUC,41) and 2-h (GLUC,pp)
postprandial glucose areas under the curve and with the percentage of time the glucose concentrations were >120 mg/dL.
Results: The positive associations between BMI and GLUC,4;, (standardized g = 0.36, P = 0.03) and the percentage of
time glucose concentrations were >120 mg/dL (standardized B = 0.40, P = 0.02) were independent of total carbohydrate
intake and physical activity and were attenuated when DI was added to the model. The positive association of BMI with
GLUC,,pp was attenuated when DI was added to the model, and DI itself was independently associated with GLUC,pp
after self-selected breakfast and dinner (standardized B = —0.33 and —0.42, respectively; P = 0.01).

Conclusions: The association of BMI with high circulating glucose in free-living pregnant African American women is at

least partially attributable to lower B-cell responsiveness. J Nutr 2016;146:994-1000.
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Introduction

Overweight and obesity are prevalent among women of child-
bearing age. African American women are particularly burdened,
with 80% being overweight or obese before conception,
compared with 55% of non-Hispanic White women (1).
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Prepregnancy obesity is associated with a number of adverse
outcomes during pregnancy, including greater risk of hyperten-
sion or gestational diabetes (2). Even in the absence of diabetes,
women who are overweight or obese tend to have higher glucose
concentrations during pregnancy (3). Over the long term,
gestational diabetes and relatively high glucose concentrations
during pregnancy are predictive of future metabolic health
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problems such as the metabolic syndrome, cardiovascular
disease, and type 2 diabetes (4-7).

Several studies have used continuous glucose monitors
(CGMs)'0 to examine glucose profiles of free-living nondiabetic
pregnant women. In a study of nondiabetic normal-weight
compared with obese pregnant women, Yogev et al. (8) found no
group difference in fasting and mean 24-h glucose concentra-
tions, but postprandial glucose was higher in the obese group.
Harmon and colleagues (9) also found higher postprandial and
24-h glucose concentrations in late pregnancy among women
who were obese than among those who were lean despite a
controlled diet. To our knowledge, no previous study has used
CGMs to examine the circulating glucose profile of low-income
African American women during pregnancy under free-living
conditions. It would be of interest to do so, however, because
low-income women have a poorer diet quality during pregnancy
(10), and even among low-income groups, African American
women have a greater risk of adverse pregnancy outcomes (11).
Furthermore, previous studies have not examined whether
physical activity during pregnancy is associated with glucose
concentrations measured under free-living conditions or
whether carbohydrate intake during individual self-selected
meals is associated with postprandial glucose in late pregnancy.

The overall goal of this study was to explore associations
among BMI (in kg/m?), insulin sensitivity, B-cell response, and
mean 24-h and postprandial glucose concentrations, as well as
the duration of time with glucose >120 mg/dL, under free-living
conditions in late pregnancy among low-income African Amer-
ican women. We hypothesized that women with a higher BMI
in early pregnancy would have higher 24-h glucose AUC
(GLUC,41,) and would spend more time with glucose >120
mg/dL in the third trimester of pregnancy, independent of their
total carbohydrate intake and physical activity. We also hypoth-
esized that these associations would be at least partially attribut-
able to lower B-cell insulin secretion relative to insulin sensitivity.
Furthermore, we also hypothesized that BMI and/or the B-cell
response would be associated with 2-h postprandial glucose
AUC (GLUC,,pp) after self-selected, free-living meals, indepen-
dent of the carbohydrate content of the meal.

Methods

Participants. African American women were recruited into this study
during the third trimester of pregnancy from among those planning to
deliver at a large urban university hospital. Mothers were eligible if they
were aged =16 y at recruitment, had initiated prenatal care before 19 wk
of gestation, and were experiencing a healthy singleton pregnancy.
Women were excluded if they had type 1, 2, or gestational diabetes;
had previously delivered a preterm (i.e., <37.0 wk) or low-birth-weight
(i.e., <2500 g) infant; or had any medical condition during pregnancy
believed to interfere with normal fetal growth.

Procedure. Participants enrolled in the study at 32.0-34.6 wk of
gestation. A CGM was placed on the abdomen on day 0, and women
were provided with a glucometer for CGM calibration, an accelerometer
to measure physical activity, and a food diary to record all of their intake
during the free-living period (days 1 and 2). Women were instructed to
go about their usual daily activities and to eat and drink as they normally
would, with the exception of an overnight fast before returning to the

0 Abbreviations used: CGM, continuous glucose monitoring; DI, disposition
index; GLUC,,pp, 2-h postprandial glucose area under the curve; GLUCy4p,, 24-h
glucose area under the curve; IFGD, interstitial fluid glucose derived; OGTT,
oral-glucose-tolerance test; PhiTOT, glucose-stimulated B-cell insulin secretion;
WBISI, whole-body insulin sensitivity index.

clinic on day 3, when an oral-glucose-tolerance test (OGTT) was
conducted. Maternal weight in early pregnancy was retrieved from medical
records, and height (cm) and weight (kg) were measured on the day of CGM
placement. Socioeconomic status was assessed with the Hollingshead survey
(12), which combines education and occupation of the participant and her
husband, if applicable, and family history of type 2 diabetes was determined
by a survey designed specifically for this study. The Institutional Review
Board for Human Use at the University of Alabama at Birmingham
approved all study procedures. Informed consent was obtained from
all participants, and consent was also obtained from a parent or guardian
of women who were aged <19.0 y at enrollment (z = 5).

Dietary intake. Participants were provided with a food diary and asked to
complete it with as much detail as they could before the subsequent visit.
Trained research assistants reviewed the food diary with each participant to
clarify meal or snack content, portion sizes, and any other detail that was
missing or inadequate. Data from the food diary were subsequently entered
into ASA24 (13), and dietary outcomes of interest, including overall total
(24-h) and per meal intake, were extracted, along with kcal from protein,
carbohydrate, and fat. Overall diet quality was calculated by using the
Diet Quality Index for Pregnancy (10). In brief, this index is based on
how closely the diet adheres to recommended daily intake of grains, fruit,
vegetables, fat, iron, calcium, folate, and the meal/snack pattern.

Physical activity. Women wore Actigraph 3TX+ (ActiLife) accelerom-
eters on an elastic band around the waist and above the right hip, during
all waking hours, except when bathing or swimming. Data were
uploaded and analyzed by using ActiLife 6.0 software (ActiLife). Epochs
were 60 s in length. If an hour had 0 counts, it was considered nonwear
time, and days with <8 h of wear time were discarded. Estimates of
physical activity energy expenditure and time spent at each intensity of
activity were derived by using the Freedson Combination approach as
described in the ActiLife software. This approach uses the Freedson et al.
(14) energy expenditure equations and cutoffs for sedentary, light,
lifestyle, moderate, and vigorous activity when accelerometer counts
are >1951/min, but because these equations are not valid for lower
accelerometer counts, the Williams Work-Energy equation (15), devel-
oped by the manufacturer, is used for counts =1951/min.

Continuous glucose monitoring. An indwelling glucose sensor and
recorder (iPro; Medtronic MiniMed, Inc.) was placed on the abdomen of
each woman on the self-reported nonsleeping side. The sensor measures
glucose concentrations in the interstitial fluid, which, along with measures
of blood glucose from a glucometer (Ultra OneTouch; Lifescan, Inc.), are
used to estimate circulating glucose. Participants were instructed to
perform a finger stick =3 times/d to measure their blood glucose,
selecting premeal times when blood glucose was most likely to be stable.
Participants performed at least one finger stick in the presence of the
research nurse to be sure they could conduct the procedure correctly.
Data were uploaded by using the provided software (Solutions
Software version 2.2; Medtronic MiniMed, Inc.), exported in tabulated
form, and then visually inspected and manually cleaned following
a previously published protocol (16). Data from day 0, days during
which <2 calibrations were conducted, and days for which <90% of data
remained after cleaning were discarded and not replaced. A random
selection of 8 CGM files was inspected and cleaned by a second
investigator. These files had excellent agreement regarding the number of
epochs remaining after cleaning (7 = 0.999) and the total sum of glucose
concentrations in each cleaned file (» = 0.998). Given the overall
consistency between the independent investigators, the final CGM files
used in the analyses were those inspected and cleaned by the primary
investigator. After cleaning, 34 participants had CGM data from 2 free-
living days, and the remaining 6 participants had data from 1 free-living
day. Descriptive statistics did not differ for women who had 1 compared
with 2 free-living days, and so all files were included in the analyses.
Individual free-living meals were identified following a previously
described protocol (16). In brief, the mealtimes reported on the food
diaries were used to guide investigators to the approximate mealtimes in
the CGM data file. The beginning of the meal was then considered a
sustained glucose increase of =4 mg/dL at the approximate time a meal
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was reported on the food diary. It is likely that only meals containing
carbohydrate were detected by the CGM, because those with fat and
protein only were unlikely to evoke a change in glucose. Only discrete
meals were included, operationally defined as those for which no other
intake was reported or detected on the CGM output during the 2 h after
meal initiation.

OGTT. Women returned to the clinic on day 3 after a 12-h overnight fast.
An intravenous catheter was placed to obtain blood samples during the
75-g OGTT. Blood draws were obtained at —10 and —5 min (averaged
to provide fasting concentrations) and at 10, 20, 30, 60, 90, and 120
min relative to glucose consumption. Serum samples were separated
and stored at —85°C until assayed for glucose, insulin, and C-peptide
concentrations.

Serum assays. Assays were conducted by the Core laboratory of the
University of Alabama at Birmingham Nutrition Obesity Research
Center and Diabetes Research Center. Glucose concentrations were
measured with the SIRRUS analyzer (Stanbio Laboratory). This analysis
had a mean intra-assay CV of 1.28% and an interassay CV of 2.56%.
Insulin and C-peptide were assayed by using the TOSOH AIA-600 II
automated analyzer (TOSOH Bioscience, Inc.). The intra- and interassay
CVs were 4.42% and 1.49% for insulin and 1.67% and 2.59% for
C-peptide, respectively.

Insulin sensitivity and secretion. Glucose and insulin concentrations
throughout the OGTT were used to derive whole-body insulin sensitivity
by using the Matsuda index [whole-body insulin sensitivity index
(WBISI) (17)]. Estimation of insulin secretion requires the measurement
of C-peptide concentrations to isolate insulin secretion from insulin
clearance (18-20). Mathematical modeling of C-peptide and glucose
concentrations was used to derive an estimate of B-cell response to
glucose across the entire test [glucose-stimulated -cell insulin secretion
(PhiTOT) (21)]. Given that insulin secretion should be interpreted
relative to insulin sensitivity, we calculated the disposition index (DI),
also known as the ability of B-cells to adequately respond to a decrease in
WRBISI with an increase in secretion, as the product of WBISI and
PhiTOT. The DI will remain constant if a person is able to secrete
sufficient insulin to compensate for reduced insulin sensitivity but will
decrease if a person’s insulin secretion is inadequate (22).

Statistical analysis. The primary outcomes for this study were 24-h
interstitial fluid glucose-derived (IFGD) circulating GLUC,4y,, percent-
age of time spent with glucose >120 mg/dL, and GLUC,,pp, as collected
by CGM. After CGM data were cleaned, summary statistics were
derived following a previously published protocol (16). Fasting glucose
was calculated as the mean of 6 consecutive glucose recordings beginning
at 0600 on day 3, and GLUC,4;, and GLUC,,pp were calculated by using
the trapezoid method. “Day” was defined as the period between 0630
and 2329 on days 1-2, and “night” was between 2330 and 0629 on days
0-1 and days 1-2. These days were selected to avoid the overnight fast
that was required before day 3. The CV in IFGD circulating glucose
concentrations across the free-living period was used as an index of
variability in glucose. Premeal concentration was calculated as the mean of
3 IFGD circulating glucose concentrations immediately before the meal.
Due to non-normality of the data, insulin sensitivity and total insulin
secretion were log-transformed before analysis. Simple Pearson corre-
lations were used to examine associations among parameters describing
the glucose profile measured under free-living conditions, as well as
maternal BMI, diet, physical activity, and insulin sensitivity and
secretion. Multiple linear regression modeling was then used to examine
whether the associations of BMI with GLUC,4;, and the percentage of
time glucose concentrations were >120 mg/dL were independent of
carbohydrate content of the diet and time spent physically active and
whether these associations were at least partially explained by DI. Linear
regression modeling was also used to examine whether BMI was
associated with GLUC,,pp after self-selected free-living meals, indepen-
dent of the carbohydrate content of the meal, and whether this
association was at least partially explained by DI. In models where DI
was significantly associated with the dependent variable, a follow-up
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model was calculated with WBISI and PhiTOT replacing DI, in an
attempt to explain the mechanism by which DI was associated with the
dependent variable. A median split for DI was then used to group women
into high and low DI groups, and the between-group differences in
GLUC,,,pp were analyzed with ANCOVA, adjusted for BMI and
carbohydrate intake. All analyses were performed by using SPSS version
18 (SPSS, Inc.), and « was set at 0.05 for statistical significance.

Results

Forty-six pregnant African American women were enrolled in the
study. Preliminary analyses showed that the 3 women with the
highest BMIs (i.e., >49) in early pregnancy were multivariate outliers
in terms of the association between BMI and GLUC,q4;, glucose
concentrations (as indicated by a Cook’s distance that was >4/n)
(23). Given that weight status is known to be a strong correlate of
circulating glucose concentrations during pregnancy, data from
these women were removed from the subsequent analyses. In
addition, no blood draws were obtained from 1 participant during
the OGTT, and 1 participant was an outlier for WBISI and 1 for DI.
Final analyses, therefore, were conducted for 40 women.

Most women in this cohort were single (95%) and had
graduated high school (88%). Just over one-fourth (25%)
reported being employed part-time or full-time at enrollment into
the study. Four of the women (10%) reported that their mothers
or a sibling had been diagnosed with type 2 diabetes, and none
reported that their fathers were diabetic, although it should be
noted that 4 did not know their fathers’ health status. Parity
ranged from O to 4, and just under half were nulliparous (45%).
Other characteristics of the mothers are shown in Table 1. Thirty-
five percent of the sample met the 2009 Institute of Medicine
recommendations for gestational weight gain, whereas 25%
failed to meet and 40% exceeded recommendations. Mean
reported energy intake ranged from 1250 to 5230 kcal/d, and
the mean diet quality score was 45 of 80, which is slightly lower

TABLE 1 Characteristics of this sample of pregnant African
American women, measured at gestational weeks 32.0-34.6"

Characteristic Value

23.1 + 4.0 (17.0-33.1)
284 + 75 (17.4-433)
33.9 = 0.7 (32.0-34.6)
31.8 = 6.5 (21.3-43.9)
122 £ 7.1 (=23 1027.3)
110 = 17 (83-150)
2740 = 829 (1250-5230)
38.2 = 5.8 (28.1-51.9)
48.1 = 8.1 (25.4-62.2)
14.5 £ 32 (9.3-25.5)
451 = 11.2 (24.5-66.7)
356 * 322 (56-1800)
281 = 114 (87-623)
86.5 = 12.7 (61.7-124)
1430 = 169 (1140-1840)
5.6 * 7.0 (0-26.6)
426 = 15.8(0.4-98.1)
14.6 = 15.8 (0-60.1)
16.4 £ 5.4 (6.2-28.7)

Age, y

BMI in early pregnancy, kg/m?
Gestational age on day of test, wk
BMI on day of test, kg/m?
Gestational weight gain, kg

1-h OGTT glucose,? mg/dL

Energy intake, kcal/d

Fat, % energy

Carbohydrate, % energy

Protein, % energy

Diet quality index score

Total physical activity, kcal/d

Time spent active during accelerometer use, min/d
Fasting glucose, mg/dL

GLUC,4n, g/L X 24 h

Time of glucose <70 mg/dL, %
Time of glucose >100 mg/dL, %
Time of glucose >120 mg/dL, %
24-h CV, %

" Data are means *+ SDs (minimum-maximum); n = 40, unless noted. GDM, gestational
diabetes mellitus; GLUC,4p, 24-h glucose area under the curve; OGTT, oral-glucose-
tolerance test.

2 From the 50-g glucola test to screen for GDM; data retrieved from medical records.



than that previously reported in a more diverse population (10).
Women spent ~4 h/d in light or lifestyle-related activity, as
defined by activity thresholds described previously (14). Fasting
glucose ranged from 62 to 124 mg/dL, and the mean = SD 24-h
IFGD circulating glucose was 99.4 = 11.7 mg/dL. Further dietary
and IFGD circulating glucose are provided in the Supplemental
Table 1. A total of 157 discrete meals (57 breakfasts among 37
women, 50 lunches among 34 women, and 50 dinners among 35
women) were identified in the records of women with complete
data. The mean = SD reported carbohydrate intake at breakfast,
lunch, and dinner was 72.1 = 34.2,96.8 * 66.1,and 87.2 = 59.5 g,
respectively, with 39.5 = 22.8,73.9 = 148, and 37.5 + 37.3 g of
total sugar and 6.4 = 5.2, 8.8 = 9.4, and 5.7 = 5.2 g of added
sugar, respectively.

Simple Pearson correlations of the associations among
parameters describing the IFGD circulating glucose profile
measured under free-living conditions and BMI, diet, physical
activity, and insulin sensitivity and secretion are shown in
Supplemental Table 2. BMI was positively associated with
GLUC,4y, (r = 0.39, P = 0.01) and with the percentage of time
glucose concentrations were >120 mg/dL (r = 0.43, P < 0.01),
and it was inversely associated with WBISI (» = —0.52, P < 0.01)
and DI (r = -0.38, P = 0.02). Total carbohydrate intake was not
associated with IFGD circulating glucose concentrations, but
total fat consumption tended to be positively associated with the
fasting glucose concentration (r = 0.30, P = 0.06). Parity was also
positively associated with fasting glucose (r = 0.34, P = 0.04).
Physical activity was positively associated with IFGD circulating
glucose variability (r = 0.36, P = 0.02), but visual inspection of
this association revealed that it was carried by data from 2
women who were outliers with high physical activity, and when
the Spearman rank-order correlation was calculated, the asso-
ciation was lost (r = 0.26, P = 0.11).

The association of early pregnancy BMI with GLUC;4y,
persisted after adjusting for maternal age, total carbohydrate
intake, and time spent physically active (partial » = 0.35, P =
0.03; Table 2), although the overall model did not obtain
statistical significance. When DI was added to the model (model 2),
neither it nor BMI was associated with GLUC,4;,. The associ-
ation of BMI with the percentage of time glucose concentra-
tions were >120 mg/dL remained after adjusting for age,
carbohydrate intake, and time spent physically active (partial
r =0.39, P = 0.02; Table 2), and when DI was added to the

model (model 2), the association of BMI with the percentage
of time glucose concentrations were >120 mg/dL weakened,
and DI was independently associated with the percentage of
time glucose concentrations were >120 mg/dL (partial » =
—0.34, P =0.04). In a follow-up model (adjusted R* = 0.24, P =
0.02; not shown), WBISI and PhiTOT were entered into the
model instead of DI, and only PhiTOT was a significant
predictor of the percentage of time glucose concentrations
were >120 mg/dL (WBISI: partial r = —0.27, P = 0.12; PhiTOT:
partial r = —0.39, P = 0.02). With respect to fasting glucose, total
fat consumption (partial = 0.38, P = 0.02) and parity (partial
r = 0.35, P = 0.04) remained significantly and positively
associated with fasting glucose after adjusting for BMI and
total energy intake (not shown).

In models predicting GLUC,,pp, BMI was positively associ-
ated with glucose after breakfast (partial » = 0.37, P = 0.01) and
lunch (partial » = 0.31, P = 0.03), independent of carbohydrate
intake at those meals (Table 3). When DI was added to the
models, the association of BMI with GLUC,pp weakened, and
DI was inversely and independently associated with GLUC,;,pp
at breakfast (partial » = —0.34, P = 0.01) and dinner (partial » =
—0.39, P = 0.01). It should also be noted that for the breakfast
model that included DI, carbohydrate consumed during the meal
was also positively associated with GLUC,,pp (partial r = 0.31,
P = 0.02; not shown). This association was not found for other
meals. In follow-up models, WBISI and PhiTOT were entered
into the breakfast and dinner models instead of DI (not shown),
and each was found to be independently associated with
GLUCGC;;,pp (WBISI: breakfast partial = —0.32, P = 0.02; dinner
partial 7 = —0.36, P = 0.01; PhiTOT: breakfast partial » = —0.40,
P < 0.01; dinner partial » = —0.37, P = 0.01; not shown). The
addition of total steps or total accelerometer counts measured
during the 2 h after breakfast did not change the outcome of the
breakfast model, and these activity variables were not them-
selves independently associated with GLUC,,pp (not shown).
Postprandial glucose concentrations are shown in Figure 1,
dichotomized by individuals with high compared with low DI
(median = 302). The results of the between-groups analysis
were consistent with that shown by the continuous analysis in
that women in the low DI group had higher GLUC,,pp after
breakfast (F = 4.44, P = 0.04) and dinner (F = 5.46, P = 0.02),
after adjusting for BMI and carbohydrate intake at the
respective meal.

TABLE 2 Linear regression models predicting GLUC,4, and percentage of time glucose
concentrations were >120 mg/dL, at 32.0-34.6 wk of gestation among pregnant African

American women (n = 40)"

Adjusted R? Unstandardized B Standardized B P value
GLUC,4n, g/L X 24h
Model 1 0.12 0.07
BMI, kg/m? 804 0.36 0.03
Model 2 0.14 0.07
BMI, kg/m? 604 027 0.13
DI —25.1 -021 0.20
Time of glucose >120 mg/dL, %
Model 1 0.14 0.05
BMI, kg/m? 084 040 0.02
Model 2 022 0.02
BMI, kg/m? 0.54 0.26 0.12
DI —0.04 -033 0.04

" Models adjusted for age, mean daily carbohydrate intake, and mean time spent physically active each day. DI, disposition

index; GLUC,4p, 24-h glucose area under the curve.
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TABLE 3 Linear regression models showing associations of BMI and DI with GLUC,,pp at discrete
breakfast, lunch, and dinner meals, for pregnant African American women at 32.0-34.6 wk of

gestation’
Adjusted R? Unstandardized 8 Standardized B P value
Breakfast GLUChpp, g/L X 2 h
Model 1 0.16 <001
BMI, kg/m? 115 0.36 0.01
Model 2 024 <001
BMI, kg/m? 74.4 023 0.07
DI —531 -033 0.01
Lunch GLUCyppp g/L X 2 h
Model 1 0.11 0.03
BMI, kg/m? 9838 0.31 0.03
Model 2 0.10 0.05
BMI, kg/m? 86.0 027 0.07
DI -1.90 —-0.11 0.47
Dinner GLUCopp g/L X 2 h
Model 1 <001 035
BMI, kg/m? 56.3 0.20 017
Model 2 0.14 0.02
BMI, kg/m? 968 0.03 0.82
DI ~576 —042 0.01

" Models adjusted for carbohydrate intake at breakfast, lunch, or dinner, as appropriate. Data used in the analyses were from 57
breakfast meals among 37 women, 50 lunch meals among 34 women, and 50 dinner meals among 35 women. DI, disposition index;

GLUC,pp, 2-h postprandial glucose area under the curve.

Discussion

The overall objective of this study was to examine associations
among early pregnancy BMI, lifestyle factors, B-cell function,
and IFGD circulating glucose concentrations measured under free-
living conditions during the third trimester of pregnancy. These
analyses were conducted in a cohort of low-income African
American women, which is a demographic group with a relatively
greater risk of adverse obstetric outcomes. Results of this study
extend previous findings by showing that the effect of BMI on
GLUGC,41,, GLUGC,,pp and percentage of time glucose concentra-
tions were >120 mg/dL was at least partially attributable to a
reduced DI, and DI was inversely associated with GLUC,y,pp after
breakfast and dinner. These findings suggest that B-cell function
influences mean IFGD circulating glucose measured under free-
living conditions in African American women in the third
trimester of pregnancy, even in the absence of diabetes.
Summary statistics characterizing the glucose profile in this
cohort of African American women, when measured under
free-living conditions, were very similar to those previously
published in a cohort of predominantly Caucasian women (9).
Also consistent with the previous literature was the pattern for
a positive association between maternal BMI in early preg-
nancy and GLUC,4;, and percentage of time glucose concen-
trations were >120 mg/dL (8, 9). In this study, we added the
finding, which, to our knowledge, is novel, that BMI was
positively associated with GLUC,ypp after the self-selected
breakfast and lunch meals, independent of the carbohydrate
content of those meals. In general, the associations of BMI with
IFGD circulating glucose concentrations diminished when the
DI was added to the models, suggesting that the effect of BMI
on circulating glucose may be at least partially attributable to a
lower B-cell response among women with a higher BMI. These
findings are consistent with previous research among normo-
glycemic women showing that there is less of an increase
in insulin response to glucose among obese than among
normal-weight women with advancing gestational age (24).
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Although the mechanisms underlying the association between
adiposity and B-cell response have not been elucidated, it is
possible that persistently higher circulating glucose and/or free
FA concentrations in obese women may have suppressed insulin
secretion (25, 26) or that higher leptin concentrations sup-
pressed insulin secretion (27). More research is needed to
explain the association of adiposity and B-cell response, partic-
ularly during pregnancy.

Although not an explicit hypothesis of this study, the models
showed that carbohydrate intake at breakfast was also associ-
ated with GLUC,pp, independent of BMI and DI. To our
knowledge, only one previous study of pregnant women has
reported a positive association between carbohydrate consump-
tion during meals and postprandial glucose, but only women
with gestational diabetes were enrolled in that study, and
whether the association was independent of BMI and DI was not
explored (28). Our findings are also consistent with a study of
abdominally obese nonpregnant individuals (29). It is possible
that this association was found only at breakfast because women
may have been more accurate in recording breakfast foods or
because there was less of an influence of previous intake or
activity on the glucose response to breakfast. It is unlikely that
this finding was attributable to consumption of poorer quality
carbohydrate at breakfast than at other meals because total and
added sugar consumption was not higher at breakfast. It will be
of interest in future research to reliably measure carbohydrate
intake to assess the magnitude of its effect on circulating glucose
across meals.

Overall fat intake was positively associated with fasting
glucose concentrations independent of BMI and overall energy
intake. Dietary fat has previously been associated with increased
risk of impaired glucose tolerance and gestational diabetes (30,
31), and we have previously shown that a diet with lower fat
compared with lower carbohydrate was associated with lower
fasting glucose in nonpregnant individuals (32). Fasting glucose
is thought to reflect hepatic glucose production, which increases
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FIGURE 1 Pre- and postprandial glucose concentrations are shown
for the discrete meals reported by this cohort of pregnant African
American women, dichotomized by high compared with low DI.
Values are means = SDs for the meals. Figures reflect data from 57
breakfasts reported by 37 women (A), 50 lunches reported by 34
women (B), and 50 dinners reported by 35 women (C). Linear
regression modeling was used to compare GLUC,,pp after each meal,
after adjusting for BMI and carbohydrate content of the meal. *The
low DI group had greater GLUC,npp than did the high DI group at
breakfast (F = 4.44, P = 0.04) and dinner (F = 5.46, P = 0.02). DI,
disposition index; GLUC,pp, 2-h postpartum area under the curve.

late in pregnancy (33). It is possible that a high-fat diet-induced
increase in circulating FAs contributes to hepatic insulin
resistance and thereby impairs the suppression of glucose

production, raising circulating glucose (34, 35). Together, these
findings suggest that an intervention to reduce dietary fat or
improve fat quality might be beneficial, particularly for women
with impaired fasting glucose.

Strengths of this study include the objective assessment of
IFGD circulating glucose concentrations and physical activity
of low-income African American women measured under free-
living conditions, although we were limited to a 72-h period for
valid CGM sensor use. The short duration of accelerometer use
and/or the relatively sedentary habits of women in this cohort
limited the opportunity to detect an effect of activity on
circulating glucose concentrations. The use of food diaries to
record self-selected meals under free-living conditions is often
considered problematic because of poor compliance and
potentially biased underreporting (36); however, the results
of this study suggest that food diaries were useful to charac-
terize the dietary patterns of this cohort, although it is not
possible to know if the absolute amount of energy consumed
was accurate.

If confirmed in a larger cohort, results of this study suggest
that lower B-cell responsiveness to glucose at least partially
explains the association of BMI with higher IFGD circulating
glucose among pregnant, low-income African American women.
It would be of interest in future research to continue longer
follow-up assessments, particularly among nonpregnant indi-
viduals, to examine whether dietary patterns and physical
activity are predictive of future changes in B-cell response and
glucose tolerance. Furthermore, the association of dietary fat
with higher fasting glucose and of carbohydrate intake during
meals with postprandial glucose concentrations suggests that
there may be dietary targets for intervention that could improve
specific features of the glucose profile and thereby potentially
reduce the risk of impaired fasting glucose or glucose tolerance.
Future research with this cohort will continue to explore
associations of parameters describing maternal IFGD circulating
glucose measured under free-living conditions during pregnancy
with offspring outcomes.
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