CHALMERS

UNIVERSITY OF TECHNOLOGY

Higher Alkylresorcinol Concentrations, a Consequence of Whole-Grain
Intake, are Inversely Associated with Gestational Diabetes Mellitus in

Downloaded from: https://research.chalmers.se, 2026-01-23 20:44 UTC

Citation for the original published paper (version of record):

Tryggvadottir, E., Halldorsson, T., Landberg, R. et al (2021). Higher Alkylresorcinol Concentrations,

a Consequence of Whole-Grain Intake, are Inversely
Associated with Gestational Diabetes Mellitus in Iceland. Journal of Nutrition, 151(5): 1159-1166.

http://dx.doi.org/10.1093/jn/nxaa449

N.B. When citing this work, cite the original published paper.

research.chalmers.se offers the possibility of retrieving research publications produced at Chalmers University of Technology. It
covers all kind of research output: articles, dissertations, conference papers, reports etc. since 2004. research.chalmers.se is
administrated and maintained by Chalmers Library

(article starts on next page)




The Journal of Nutrition r\

Nutrition and Disease SN
EST. 1928

Higher Alkylresorcinol Concentrations, a
Consequence of Whole-Grain Intake, are
Inversely Associated with Gestational
Diabetes Mellitus in Iceland

Ellen A Tryggvadottir,! Thorhallur I Halldorsson,'? Rikard Landberg,? Laufey Hrolfsdottir,'* Bryndis
E Birgisdottir,! Ola K Magnusdottir,' Ingibjorg T Hreidarsdottir,” Hildur Hardardottir,” and
Ingibjorg Gunnarsdottir!

'Unit for Nutrition Research, Landspitali University Hospital and Faculty of Food Science and Nutrition, University of Iceland, Reykjavik,
Iceland; 2Centre for Fetal Programming, Department of Epidemiology Research, Statens Serum Institut, Copenhagen, Denmark; > Division
of Food and Nutrition Science, Department of Biology and Biological Engineering, Chalmers University of Technology, Gothenburg,
Sweden; “Institution of Health Science Research, University of Akureyri and Akureyri Hospital, Akureyri, Iceland; SDepartment of
Obstetrics and Gynecology, Landspitali University Hospital, Reykjavik, Iceland; ®Faculty of Medicine, University of Iceland Reykjavik,
Reykjavik, Iceland; and ”Livio Reykjavik, Reproductive Center in Reykjavik, Reykjavik, Iceland

ABSTRACT

Background: A diet rich in whole grains may provide benefits for pregnant women due to whole grains’ high nutritional
value and dietary fiber content.

Objectives: To study the associations of whole-grain consumption, as well as the plasma alkylresorcinol concentration,
a whole-grain consumption biomarker, in early pregnancy with gestational diabetes mellitus (GDM) diagnoses.
Methods: Subjects were women from the prospective study Pregnant Women in Iceland Il (PREWICE II; n = 853)
who attended their ultrasound appointment in gestational weeks 11-14 during the period from October 2017 to March
2018. During that visit, whole-grain consumption was estimated using a diet screening questionnaire, and blood samples
were collected for analysis of plasma alkylresorcinols (ARs). Information on GDM diagnoses was later extracted from
medical records. Multivariate log-binomial regression was used to evaluate the association of dietary whole-grain and
AR concentrations with GDM.

Results: In total, 14.9% of the women adhered to the national food-based dietary guidelines (n = 127), which
recommend 2 portions of whole grains daily. GDM was diagnosed in 127 women (14.9%). The frequency of whole-
grain consumption was lower in women who were later diagnosed with GDM compared to the women without GDM
(median, 5 times/week vs. 6 times/week, respectively; P = 0.02). This difference was reflected in the lower median
concentration of total AR in women diagnosed with GDM (163 nmol/L vs. 209 nmol/L, respectively; P < 0.01). The
quartile with the highest concentrations of AR had a RR of 0.50 (95% ClI: 0.27-0.90) of being diagnosed with GDM, in
comparison to the lowest quartile. There was a significant dose response in the GDM risk with higher AR levels.
Conclusions: \We found that a higher consumption of whole grains, reflected both by reported consumption
according to the FFQ and AR biomarkers, was associated with a decreased risk of receiving a GDM diagnosis. J Nutr
2021;151:1159-1166.

Keywords: alkylresorcinol, biomarkers, pregnancy, whole grains, diet, gestational diabetes

Introduction a normal part of a pregnancy that plays a role in supplying
adequate nutrients to the fetus, it can progress to GDM in
many cases (3). This usually occurs between weeks 20 and 24 of
gestation, when the growing placenta produces higher levels of
hormones and the insulin resistance of the mother increases. The
result can be an increased flow of glucose across the placenta,
followed by a spike of insulin production in the fetus’ beta
cells. The resulting hyperinsulinemia in the fetus may lead to

Gestational diabetes mellitus (GDM), a state of hyperglycemia
due to insulin resistance (1), is among the most common
complications diagnosed in pregnancy. It is associated with
several adverse outcomes for both mother and offspring (2—4).
The rates of GDM diagnoses differ among studies and have been
demonstrated to vary depending on populations and diagnostic
criteria (3, 6). Even though some level of insulin resistance is
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excessive growth of fat and protein stores in late gestation.
Therefore, children of mothers with GDM are more likely to be
born large for their gestational age (over the 90th percentile for
their gestational age) or macrosomic (>4000 g) (7, 8), which
increases the risk of further complications, such as shoulder
dystocia or caesarean section (7, 9, 10). Moreover, both the child
and the mother are at greater risk of developing type 2 diabetes
and cardiometabolic disorders later in life (1, 2, 9, 10).

Consumption of whole grains is recommended during preg-
nancy, as they provide more nutrients, fiber, and phytochemicals
than refined grains. Consumption of whole grains also leads to a
lower glycemic response than habitual consumption engenders,
which might reduce the risk of developing GDM (11); this
pattern is further supported by studies that demonstrate that
high whole-grain consumption is a central component of
healthy dietary patterns, which have been associated with GDM
prevention (12-14).

Obtaining reliable information on diet can be challenging
due to the fact that subjective methods, such as food records,
FFQs, or dietary recalls, are known to be prone to relatively
large measurement errors (15), while objective methods, which
incorporate analyses of blood or urine, are sometimes limited
due to cost and other factors, such as proper sample storage
(16). Additionally, estimating the correct portion size and type
of whole-grain consumption can prove to be a challenge due to
variance in food composition data and self-reporting errors (17,
18). Metabolomic studies, which identify biomarkers associated
with different food items (19, 20), are therefore valuable.
Alkylresorcinols (ARs) are an example of such biomarkers
for whole-grain consumption: they are phenolic compounds
that are found mostly in the bran of wheat and rye among
commonly consumed foods and are usually named based
on their chain length and saturation (21). ARs measured in
plasma samples have been demonstrated as a valid method by
which to reflect whole-grain wheat and rye consumption, with
sufficient validity and reproducibility to render the data useful
for epidemiological investigations (22, 23). The aim of this
study was to examine the associations between the frequency of
whole-grain consumption, as well as plasma AR concentrations
in early pregnancy, and the risk of developing GDM.

Methods

Subjects

All women who attended first trimester screenings, at 11-14 weeks of
gestation, at the Prenatal Diagnostic Unit at The National University
Hospital, Reykjavik, Iceland, during a 6-month period between October
2017 and March 2018 were invited to participate in the study
(Supplemental Figure 1). During the study period, 1684 women were
scheduled for first trimester screenings with ultrasounds and biomarker
measurements at Landspitali, which corresponded to approximately
77% of the pregnant population in Iceland. Of these 1684 women,
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244 women (15%) were excluded from the study because they did not
speak Icelandic, and therefore could not fill out the questionnaire. Other
exclusion factors included not being within the 11-14-week pregnancy
range, missing the scheduled appointment time, or miscarriage, which
in total excluded an additional 90 women. This left 1350 women
eligible to participate in the study. Of these, 128 women declined
due to personal time constraints, and 207 declined without further
explanation. Therefore, 75% of eligible women (7 = 1015) agreed to
participate in the study. Blood samples for plasma AR concentrations
were provided by 954 of the 1015 participating women. We were only
able to gather information regarding GDM diagnoses for the women
who gave birth at Landspitali University hospital, or 84% of study
participants (7 = 853). When comparing characteristics between the
162 women with unavailable GDM data to our final cohort of 853
women (Supplemental Table 1), we found no significant differences
between the groups except in BMI, which was higher for the women
with unavailable GDM data. However, information on BMI was only
available for 52 of the 162 women with unavailable GDM data.

The study was approved by the National Bioethics Committee
(VSN-17-057-S1) and the Medical Directorate of Landspitali University
Hospital (LSH 5-17). Written consent was obtained from the
participants.

Dietary intake and background

Subjects answered a short questionnaire in an electronic format on their
dietary intake (FFQ), maternal age, education, smoking habits, parity,
nausea in pregnancy, pre-pregnancy weight, and height.

The questionnaire was pilot tested in a group of 25 pregnant
women and compared with a 4-day weighed food record prior to its
use in Pregnant Women in Iceland T (PREWICE [; 2015-2016), with
acceptable correlations (Spearman’s correlation > +0.3) for most food
groups/items (24). A dose-dependent association has previously been
described in the present cohort between consumption of dairy (a main
source of dietary iodine in Iceland) and urine iodine concentration (25).

The FFQ assessed dietary habits through inquiring about the
frequency of consumption of 40 different food items and beverages,
as well as dietary supplement intake. The instructions were to record
dietary consumption reflecting the past 3 months (approximately from
the beginning of pregnancy). Women selected between 10 potential
frequency responses, ranging from “less than once a month” to “more
than 5 times a day.” The development of the FFQ has previously
been described in detail (24-26). The frequency responses for whole-
grain breads (labeled with the Nordic keyhole or similar labels, which
are most commonly whole wheat), rye breads, and other whole-grain
products (such as pasta, oatmeal, barley, and whole-grain products
other than bread) were used to categorize women to compare rates of
whole-grain consumption.

Information on GDM diagnoses, based on The International
Association of the Diabetes and Pregnancy Study Groups (IADPSG)
(27), was gathered from medical records. As it was not always obvious
in the records if the diagnoses were GDM A1 (controlled with diet) or
GDM A2 (medication needed), all diagnoses were combined (yes/no).
We also gathered information on height and measured weight at the
first and last maternal care visits, in addition to other visits. The
weight information was used to calculate total weight gain during
pregnancy. The number of weeks between visits was calculated based
on visitation dates, since the amount of time that passed between the
first and last maternal visits varied between women. Total weight gain
was subsequently divided by the number of weeks passed to acquire
information on the rate of weight gain per week. The pre-pregnancy
BMI (kg/m?) was calculated based upon self-reported pre-pregnancy
weight and height. A BMI <18.5 kg/m? was defined as underweight,
a BMI of 18.5-24.9 kg/m? was defined as normal weight, a BMI of 25—
29.9 kg/m? was defined as overweight, and a BMI >30.0 kg/m? was
defined as obese.

Measurement of plasma alkylresorcinols
The voluntary ultrasound assessment provided at Landspitali University
Hospital in weeks 11-14 involved blood samples for genetic testing.
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TABLE 1 Characteristics of the women in Pregnant Women in Iceland Il that did or did not have gestational diabetes mellitus

All Non-GDM GDM

Characteristics n=853 n=7126 n=127 P
Age, y 303+£49 299+48 324+55 <0.01
Pre-pregnancy BMI,” kg/m? 258+57 254454 284+68 <0.01
Total weight gain,® kg 123455 128 +52 96 +6.1 <0.01
Weight gain,* kg/week 049+02 050£02 039+£02 <0.01
Parity,® %

0 44 45 41

1 36 35 40

>2 20 20 19 0.60
Education,® %

Elementary school 1" " 13

Technical/high school 30 29 31

University education 35 36 28

Higher academic 24 24 28 0.36
Marital status,” %

Married 24 23 26

Living together Al 72 69

Single 5 5 5 0.77
Smoking,® %

Before pregnancy 14 14 17 0.39

During pregnancy 5 4 6 0.55

Family history of diabetes, yes,? % 7 6 14 <0.01

Data are presented as means + SDs or ratios. Abbreviation: GDM, gestational diabetes mellitus.
"Differences between non-GDM and GDM using a t-test for equality of means and a Pearson'’s chi-squared test and the Mann-Whitney U test for 2 independent samples.

2Information on pre-pregnancy BMI is missing for 10 women.

SInformation on weight gain is missing for 45 women. Total weight gain is the difference between the measured weights at the first and last maternal care visits.
“Weekly weight gain is the total weight gain divided by number of weeks between first and last maternal care visit.

5Information on parity is missing for 6 women.

|nformation on education is missing for 5 women.

7Information on marital status is missing for 21 women.
8|nformation on smoking is missing for 6 women.

9Information on family history of diabetes is missing for 128 women.

At this assessment, an extra tube of blood was drawn from women
consenting to participate in the present study. Blood samples were
processed within 1 hour after collection to separate plasma from red
blood cells and the buffy coat through centrifugation for 10 min. Plasma
was aliquoted into cryotubes and stored in a freezer at —80°C until
shipped for an AR analysis of homologues C17:0, C19:0, C21:0, C23:0,
and C25:0 at the Department of Biology and Biological Engineering,
Chalmers University of Technology, Gothenburg-Sweden. Plasma AR
concentrations were measured by using normal-phase LC-MS/MS, as
described elsewhere (28), with some modifications for instrumentation.
Briefly, 100 L of plasma was loaded on HybridSPEPlus phospholipid
removal 96-well plates (Sigma-Aldrich) and recovered with acetone.
After evaporating and resuspending the eluted samples in heptane-
ethanol (95:5 volume/volume), extracts were transferred to chromato-
graphic vials and analyzed by LC-MS/MS (QTRAP 6500+, AB SCIEX).
Analytes were separated using a 50 x 2.1-mm amino column with
1.8-mm particles (Blue Orchid, Knauer) using a gradient program
with solvents A and B, which were, respectively, heptane and ethanol
(99.7%). The LC column was kept at 30°C. Ionization was conducted
using atmospheric pressure chemical ionization in positive mode.
Optimal conditions for the multiple reaction monitoring mode were set
for individual AR homologues. The method has been validated against
GC-MS, and results were found to be comparable (28). Quality control
samples were included in each batch to assess intra- and interbatch
variations, which were <15% for all homologues.

Statistical analysis

Data are presented as means and SDs for normally distributed variables
or medians and 10th-90th percentiles for skewed distributions. A
t-test for equality of means was used to compare the normally
distributed variables and a Pearson’s chi-squared test was used to

compare rates of dichotomous variables. The Mann-Whitney U test for
2 independent samples was used to compare differences for skewed
variables. Multivariate log-binomial regression [as implemented in
“proc genmod” in SAS (SAS Institute)] was used to evaluate the relative
risk of GDM across quartiles of dietary whole-grain consumption
and plasma AR concentrations. A P for trend was evaluated using
the median value in each quartile and modeling the whole grain and
plasma AR variables as continuous in the regression model. Results
from the regression model were presented as both crude (univariate)
and multivariate adjusted data. The covariates included in our adjusted
models were age, pre-pregnancy BMI kg/m?, parity (0, 1, and >2),
maternal smoking during pregnancy, family history of diabetes, reported
intake of beans, nuts and seeds, fruit juice and coffee. In cases
when missing values for covariates were low (<5%), missing values
were imputed using the median or the most probable value, which
was the case for pre-pregnancy BMI. For family history of diabetes
(missing = 15%), missing values were accounted for using a missing
category for a covariate adjustment. The covariates included in the
adjusted models were selected a priori based on their potential influence
on GDM diagnoses. Both IBM Statistical Package for Social Sciences
(SPSS) for Windows, version 24.0, and SAS, version 9.2, were used to
analyze the data. The level of significance was accepted as P < 0.05.

Results

The characteristics were summarized for all the participants
(Table 1). The mean age of all participants was 30 years,
and 44% were nulliparous. In total, 59% had a university-
level or higher academic education, and 14% smoked before
pregnancy. The rate of GDM was 14.9% (n = 127), and
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TABLE 2 \Whole-grain and other carbohydrate-rich food consumption and plasma alkylresorcinol concentrations

Plasma AR nmol/L All Non-GDM GDM P
n=2853 n=1726 n=127

Alkylrecorcinols total 198 (59-795) 209 (62-804) 163 (44-577) <0.01
C17 8(2-42) 9 (2-45) 5(1-27) <0.01
C19 49 (15-196) 52 (15-205) 38(10-128) <0.01
C21 85 (22-345) 90 (24-347) 67 (17-302) <0.01
€23 33(9-141) 34(10-145) 26 (7-105) 0.01
C25 18 (5-91) 19(5-100) 15 (4-67) 0.03
FFQ, frequency per week? n=_834 n=713 n=121

Whole grains® 5.8(1.2-15.1) 6.1(1.2-15.1) 5.1(0.7-19.4) 0.02
Cakes, sweets, ice cream, and cookies 3.5(1.0-7.5) 35(1.0-8.0) 3.3(0.8-7.5) 0.1
French fries and chips 0.5(0.3-2.5) 0.5(0.3-2.5) 0.5(0.1-2.5) 0.53
White bread 25(0.1-7.0) 25(0.1-7.0) 25(0.1-7.0) 0.62
Soft drinks* 2.0(0.2-75) 1.5(0.2-7.1) 26(0.2-12.8) 0.18
Fruit juice 1.0(0.1-7.0) 1.0(0.1-7.0) 0.5(0.1-7.0) 0.03
Beans, nuts, and seeds 0.5(0.1-5.0) 0.5(0.1-5.0) 0.5(0.1-2.5) 0.03
Vegetables and fruits 14 (5.0-39.0) 14.1(5.0-39.0) 14.0(3.5-39.0) 0.52
Fish, lean and fatty 1.3(0.4-3.0) 1.3(0.4-3.0) 1.1(0.2-3.4) 0.52
Processed meat 0.5(0.1-2.5) 0.5(0.1-2.5) 0.5(0.1-1.9) 0.16
Dairy® 10.5(1.5-25.1) 10.5(1.6-24.7) 10.7 (140-27.4) 0.99
Coffee 0.3(0.1-14.0) 0.5(0.1-14.0) 0.1(0.1-7.0) 0.03

Data are from weeks 11-14 of pregnancy in women in Pregnant WWomen in Iceland Il that did or did not have GDM. Data are presented as medians and percentiles (10th-90th).

Abbreviations: AR, alkylresorcinol; GDM, gestational diabetes mellitus.

'Differences between non-GDM and GDM data were calculated using the Mann-Whitney U test for 2 independent samples.

2FFQ information on intake is missing for 19 participants.

3Including whole-grain bread such as whole-wheat and rye bread, whole-grain pasta, oatmeal, barley, and other whole-grain products.

4With sugar or sweetener.
5Not including cheese.

the women in the GDM group were more likely to be older
and have a higher pre-pregnancy BMI. Women diagnosed with
GDM were more likely to be overweight or obese (74.8%)
compared to non-GDM women (43.0%). Information on pre-
pregnancy BMI was missing for 10 (7.9%) women with GDM.
The data on plasma AR concentrations are presented along
with the frequencies of consumption reported for whole-grain
products and several different food sources (Table 2). The AR
concentrations for all homologs were significantly lower among
women who had developed GDM, compared with those who
had not.

The proportion of pregnant women who reached the food-
based dietary guideline (FBDG) of consuming whole grain twice
a day was 14.9% (14.9% of non-GDM women and 15.0% of
GDM women). The frequency of whole-grain consumption in
weeks 11-14 of pregnancy was lower among women who were
diagnosed with GDM later in pregnancy than among non-GDM
women. The difference was mainly due to a lower consumption
of whole-grain breads among the GDM women (median 1.5
times/week vs. 2.6 times/week among non-GDM women).

The frequency of consumption of fruit juice, as well as coffee.
was significantly lower among women who had developed
GDM, while consumption of beans, nuts, and seeds was skewed
towards a higher consumption frequency among the non-GDM
women, though the medians were the same.

The associations between the frequencies of both whole-
grain consumption and AR concentrations with GDM, respec-
tively, were assessed in a multivariate model, adjusting for age,
pre-pregnancy BMI kg/m?, parity, education, smoking during
pregnancy, family history of diabetes, reported intake of beans,
nuts and seeds, fruit juice and coffee. Results are presented
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for unadjusted and adjusted models (Table 3). The median
for the frequency of whole-grain consumption was 7.8 times
per week in the highest quartile of AR concentrations and
3.6 times per week in the lowest quartile. The RR of being
diagnosed with GDM was 0.50 (95% CIL: 0.27-0.90) lower
among individuals in the highest quartile compared with those
in the lowest quartile of plasma ARs (P-trend = 0.01).

For whole-grain consumption, similar risk estimates were
observed for both quartiles 3 and 4, where the 2 quartiles
with the highest frequency of whole-grain consumption were
significantly associated with a lower risk of being diagnosed
with GDM compared with the lowest quartile [RR = 0.47
(95% CI: 0.26-0.83) and RR = 0.48 (95% CI: 0.27-0.86)
respectively], and a test for dose response was significant (P-
trend > 0.01).

Associations between quartiles of individual plasma alkyl-
resorcinol homologs and GDM were additionally explored
(Supplemental Table 2). We also attempted to stratify the
GDM associations of quartiles of plasma alkylresorcinols and
FFQ reported weekly intake of whole grains with both age
(Supplemental Table 3) and BMI (Supplemental Table 4).We
further analyzed our model with the BMI from the first
maternal visit (clinically measured) as an adjustment factor
instead of the pre-pregnancy BMI (self-reported), and the
results remained unchanged (data not shown). We additionally
explored associations of weight gain to GDM diagnoses (Sup-
plemental Table 5), finding no significant associations between
weight gain in pregnancy and GDM diagnoses. In addition,
the rates of GDM diagnoses were similar for women who
had blood drawn the morning and afternoon (Supplemental
Table 6).



TABLE 3 Associations of quartiles of plasma alkylresorcinols and FFQ reported weekly consumption of whole grains with

gestational diabetes mellitus

Crude Adjusted'

Total plasma AR quartile,” (median, nmol/L), Cases, n(%)/total n RR (95% Cl) RR (95% CI)

n =853
AR, Quartile 1 (66) 40(19.0)/210 1.00 1.00
AR, Quartile 2 (140) 36(17.0)/212 0.87(0.53, 1.43) 1.00(0.59, 1.70)
AR, Quartile 3 (279) 30(13.8)/217 0.68(0.41,1.14) 0.71(0.41,1.23)
AR, Quartile 4 (706) 21(9.8)/214 0.46 (0.26, 0.82) 0.50(0.27,0.90)
P-trend 0.006 0.01
FFQ weekly whole grain consumption,® Cases, n(%)/total n RR (95% Cl) RR (95% Cl)

(median, times/week), n = 834
FFQ, Quartile 1(1.2) 40(19.9)/201 1.00 1.00
FFQ, Quartile 2 (3.8) 31(14.5)/214 0.68(0.41,1.14) 0.71(0.41,1.22)
FFQ, Quartile 3 (7.6) 25(12.3)/204 0.56(0.33,0.97) 0.47 (0.26, 0.83)
FFQ, Quartile 4 (14.5) 25(11.6)/215 0.53(0.31,0.91) 0.48(0.27,0.86)
P-trend 0.03 0.01

Abbreviation: GDM, gestational diabetes mellitus.

"Adjusted for age, pre-pregnancy BMI kg/m?, parity, smoking during pregnancy, family history of diabetes, and reported intakes of beans, nuts and seeds, fruit juice, and coffee.
2The medians of FFQ weekly whole-grain consumption for each AR quartile are: Q1 = 3.6, Q2 = 5.3, Q3 = 6.5, and Q4 = 78.

3FFQ data on whole-grain intake are missing for 19 women.

Discussion

In our study, we found that women who reported greater
consumption of whole grains in early pregnancy, reflected in
higher plasma concentrations of AR, had a decreased risk
of developing GDM. Furthermore, we observed a significant
decrease in the GDM risk with higher AR levels, emphasizing
the importance of further investigation into the impact of diet
on the GDM risk.

Several genetic and environmental factors, such as age,
ethnicity, and family history of diabetes (29), are thought to
affect a person’s risk of being diagnosed with GDM, but it
is clear that obesity in pregnancy and suboptimal nutrition
are strong indicators (3). Whole-grain foods contain all parts
of the grain, and therefore provide more nutrients, fiber, and
phytochemicals than refined grains (30). The positive effects
of a whole grain—rich diet include increased satiety, a slower
digestion transit time, increased gut health, and a slower
glycemic response (31). Dietary patterns that contain whole
grains have repeatedly been presented as possible means of
GDM prevention (12-14). Consumption of refined grains,
in contrast, has been linked to a greater risk for metabolic
syndrome and increased adiposity in adults (2, 32), as well as
to an increased risk of GDM (13). The literature regarding
the effects of refined-grain consumption during pregnancy
on offspring is limited; nevertheless, results from an animal
study suggest that refined carbohydrate exposure in utero may
predispose offspring to an obese phenotype (33). This was
supported by a study demonstrating that higher consumption
of refined carbohydrates during GDM pregnancies increased
the offspring’s risk of being overweight or obese at 7 years
old (2). Therefore, increasing whole-grain consumption during
pregnancy is a modifiable factor that could benefit both the
mother and her offspring.

In another recent pregnancy cohort (2013/2014) in Iceland,
only 20% of the women reportedly reached the recommended
minimum of 25 g/day of fiber (34). In our study, only about
15% of the women adhered to the FBDG for whole grains,
which recommends 2 portions daily, while 29% consumed at
least 1 portion of whole grains daily. Use of the same FFQ
as that utilized in a previous PREWICE study found the rate

of women reaching whole-grain consumption at least twice
daily to be 9%. This indicates that whole-grain consumption
might have increased somewhat among pregnant women in
Iceland since 2016 (26). This is a positive change that may stem
from the increased availability of whole-grain breads and other
whole-grain food sources in Iceland. However, this is still a low
rate, especially when considering the vast nutritional and health
benefits that consumption of these foods provides in pregnancy
(18, 35).

It is widely known that using a subjective method, such as
an FFQ, to acquire information on diet can result in errors,
since FFQs are usually meant to gather information regarding
diet over a long period, and answering them relies on both
memory and correct estimates of average intakes. In addition,
people may underreport consumption of foods thought to
be “undesirable,” and portion sizes are difficult to estimate
correctly (36). AR measurements have been presented as a
valid, objective method of measuring whole-grain consumption
(22, 23) and as a means by which to assess consumption in
populations that regularly eat whole grains (37).

The apparent elimination half-life of AR homologues is
about 5 hours (38). However, because the absorption half-life
of AR is about 3-5 hours, the plasma concentration remains
more stable than would be expected when solely considering the
apparent elimination half-life. Under intervention conditions
in which whole grains rich in AR were consumed regularly
during the day, the fasting plasma AR concentration showed
small variation (<30% within and between individuals) (39).
Under free-living conditions, the intra-class correlation of AR,
measured 1 month up to 3 years apart, was in the range 0.4-0.6
(37, 40, 41); this suggests that an AR measurement in a single
plasma sample provides a reasonable estimate of an individual’s
AR concentrations over time, which are related to average
long-term whole-grain consumption. Moreover, several studies
have shown good correlations between estimated whole-grain
wheat and rye consumption and plasma AR concentrations
in controlled whole-grain intervention studies and under free-
living conditions (range = 0.3-0.6) in adults (42), suggesting AR
measurements are valid as concentration biomarkers of whole-
grain wheat and rye consumption in populations with stable
and frequent whole-grain consumption.
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In our study, the participants were not fasting; as such,
the median total plasma AR concentration in our cohort was
fairly high compared to that of a similar study in pregnant
women in Singapore, in which the fasting median was extremely
low (9 nmol/L). This is, to our knowledge, the only other
study that measured AR concentrations in pregnant women,
although it did not investigate an association with GDM (17).
For comparison, when diets are free of whole grains under
controlled circumstances, the fasting median is usually below
60 nmol (43). In studies of nonpregnant participants, the fasting
medians for total AR concentrations have been presented as
20 nmol/L in an elderly US cohort (44), 43 nmol/L in a
Scandinavian cohort (18), and 87.7 nmol/L at baseline in the
WHOLE heart study (a wholegrain intervention study) (45). In
our study, the women were not fasting because that is not a
requirement during the routine checkup in pregnancy through
which we recruited participants for our study.

The few previous studies of nonpregnant participants that
used AR concentrations to investigate the associations between
whole-grain consumption and type 2 diabetes (T2D) have
shown conflicting results. One study found no associations
between total AR concentrations and diabetes risks in a
Scandinavian cohort of men and women, but suggested that
the increased ratio of rye to wheat, measured by the plasma
C17:0/C21:0 homologue ratio, was associated with a lowered
risk of developing T2D (18). A second study, in contrast,
demonstrated results similar to ours, with an inverse association
between a metabolite of AR (DHPPA) and T2D risk, as well as
an association between the AR metabolite and impaired glucose
regulation (46). To the best of our knowledge, ours is the first
study to investigate the association between AR concentrations
and GDM.

In our study, we observed similar results from both the FFQ
reported consumption and the AR concentration, suggesting
that the short FFQ may present reliable results. Additionally,
the AR concentrations mostly represent whole grains in the
form of wheat, rye, and barley, while the FFQ contains
information regarding consumption frequencies of other whole-
grain products as well, such as oatmeal, which may explain
some differences.

In our cohort, 127 women (14.9%) in total were diagnosed
with GDM, which is high in comparison to numbers seen in
most other Nordic countries, such as Sweden (1.4-2.6%) (47,
48), Denmark (2.3-2.9%) (49, 50), and Norway (5.2-7.4%)
(49, 51). However, in Finland, the rates seem higher (10.5-
11.3%) (51, 52), and are closer to the rates seen in Iceland
(11.8-16%) (53, 54). The diagnostic criteria do vary among
the Nordic countries and, according to a recent meta-analysis,
the worldwide GDM prevalence was estimated at 4.4% when
not discerning based upon population, diagnostic criteria, or
recruitment and was 10.6% when only using the IADPSG
criteria (utilized in Iceland) (55).

The strengths of our study include our use of a novel,
objective method to measure whole-grain consumption in
the pregnant female population, in addition to the usual
subjective methods of acquiring information on diet. Our study
also features a large sample size (853 pregnant women), a
high participation rate (75%), and data that were collected
prospectively. Another strength is that we explored associations
of both BMI (data not shown) and weight gain with GDM
(Supplemental Table 5), which are known risk factors for a
GDM diagnosis (56, 57). The limitations may stem from the fact
that even though AR measurements have been demonstrated
as valid for measuring whole-grain consumption (22, 23), AR
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does have a short to medium half-life (58). We realize that
the time of day during which the subjects were assessed, as
well as individual absorption, may affect results; the women
were not fasting when the blood sample was taken. However,
AR measurements have been presented as a reliable method
of gaining information on mean whole-grain consumption in
groups (22, 59), and a person eating whole-grain wheat or rye
regularly is likely to display high levels of AR (21). In addition,
the rates of GDM diagnoses were similar for women who
had blood drawn in the morning and afternoon (Supplemental
Figure 2).

Other limitations are that we did not have information on
physical activity and that AR measurements only represent
whole grains found in wheat and rye, meaning that the results
do not take into account consumption of whole-grain rice and
oats, for example. Despite this, we observed similar results
both for reported consumption of whole grains and for AR
concentrations, suggesting that this limitation did not affect our
results.

In conclusion, a higher reported consumption of whole
grains, also reflected by AR biomarkers, was associated with
a decreased risk of a GDM diagnosis.
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