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Abstract

Objective: The present study sought to examine the association between dietary
Ca intake and risk of gestational diabetes mellitus (GDM).

Design: We assessed periconceptional (i.e. before conception and early
pregnancy) Ca intake and consumption of foods rich in Ca using an FFQ among
3414 participants in a prospective cohort study. Diagnoses of GDM were
abstracted from medical records. We used multivariable generalized linear
regression models to derive estimates of relative risk (RR) for GDM and 95%
confidence intervals.

Setting: A prospective cohort of women in Seattle and Tacoma, WA, USA.
Subjects: Women (1 3414).

Results: A total of 169 GDM incident cases were identified in the cohort (4-96%).
Higher dietary Ca intake was inversely, although not statistically significantly,
associated with GDM risk. After adjusting for confounders, the RR (95% CD
for GDM according to successive increasing quartile of Ca intake was 1-00, 0-63
(041, 0-98), 0-66 (0-39, 1-11) and 0-57 (0-27, 1-21), respectively, with the lowest
quartile as the reference (Pyeng=0-131). Compared with women in the first
quartile for Ca intake, women in the higher three quartiles (>795 v. <795 mg/d)
had a 42% (RR=0-58; 95% CI 0-38, 0-90; P=0-015) lower GDM risk. GDM risk
was inversely associated with low-fat dairy (Pyenq=0-032) and whole grains
(Pyena=0-019) consumption.

Conclusions: These findings suggest that higher levels of periconceptional Ca
intake, particularly intake of Ca-rich low-fat dairy products and whole grains, are
associated with lower GDM risk.
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Ca, the most abundant mineral in the human body, per-
forms a number of basic functions including maintaining
bone mass, cell signalling, blood clotting, muscle con-
traction and insulin secretion, among others'”. During
pregnancy, Ca absorption increases to meet fetal bone
mineralization requirements®. The RDA of Ca for preg-
nant women is 1000 mg/d, with a tolerable upper intake
level of 2500 mg/d®. National dietary surveys in the USA
have reported that reproductive-age women do not meet
RDA recommendations. Of note, the median Ca intake of
African-American and Caucasian women is 467 and
642 mg/d, respectively™. Dairy products and foods such
as milk, yoghurt and cheese provide the majority of Ca
(70%) in the general US diet'®. Other foods such as some
leafy green vegetables, legumes, whole grains and fish
provide Ca, but generally in lower amounts per serving

than do dairy products®. An extensive body of evidence
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shows that supplemental Ca intake during pregnancy is
associated with lower risk of pre-eclampsia” and preterm
birth” as well as reduced risk of long-term maternal
® However, few
epidemiological studies have focused on Ca intake from
dietary sources and the risk of gestational diabetes mellitus
(GDM). Findings from some studies conducted among
non-pregnant women>!?, although not all’’, have
suggested that Ca intake is associated with reduced risk
of incident type 2 diabetes. Given mounting available
epidemiological evidence from studies of non-pregnant
women supporting associations between Ca intake and
reduced risk of type 2 diabetes'”, we hypothesized
that higher periconceptional dietary Ca intake may be
associated with a reduced risk of GDM. We also hypo-
thesized that consumption of low-fat dairy products, an
important source of dietary Ca, may be associated with

morbidities such as excessive bone loss
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reduced GDM risk. We investigated these hypotheses
among a well-characterized prospective cohort of
pregnant women.

Methods

Study population

The Omega Study is a prospective cohort study designed
to examine the dietary risk factors of adverse pregnancy
outcomes. Participants were women attending prenatal
care clinics affiliated with the Swedish Medical Center and
Tacoma General Hospital in Seattle and Tacoma, WA,
USAY#13_Eligible women were those who began prenatal
care before 20 weeks’ gestation, spoke and read English,
were aged >18 years, and planned to deliver at either of
the two hospitals. During early pregnancy, participants
were asked to complete an interviewer-administered
questionnaire. Participants also completed a 121-item
semi-quantitative FFQ(M). Pregnancy outcome informa-
tion was abstracted from medical records. All procedures
and study protocols were approved by the institutional
review boards of the study hospitals. All participants
provided written informed consent.

Analytical population

The analytical study population was derived from partici-
pants enrolled in the Omega Study between 1996 and
2008. During this period, 5825 eligible women were
approached and 4602 (approximately 79%) agreed to
participate. Women found to have physician-diagnosed
pre-gestational diabetes (i.e. type 1, type 2 diabetes)
and previous history of GDM (n 48), those with multi-fetal
pregnancies (n 136), those with pregnancies lasting
<20 weeks gestation (n 45) and those with iron-
deficiency anaemia (1 156) were excluded. Also exclu-
ded were women who did not complete the FFQ (7 566),
those who reported extreme levels of daily total energy
intake (<2092k]J/d (<500kcal/d; n 27) or 14644k]/d
(>3500kcal/d; n 52)) and women who moved out of the
study area (72 158). A cohort of 3414 women remained for
analysis.

Data collection

From structured questionnaire and medical records, we
obtained information on covariates including maternal
age, educational attainment, height, pre-pregnancy
weight, reproductive and medical histories, and medical
histories of first-degree family members. We also collected
information on maternal smoking during pregnancy.
Self-reported pre-pregnancy weight and height were used
to calculate pre-pregnancy BMI (= [weight (kg)l/[height
(m)]®). Participants completed a self-administered, vali-
dated and semi-quantitative FFQ'® at a mean gestational
age of 15 weeks to assess periconceptional (i.e. 3 months
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before conception and up to 3 months post conception)
diet. The Women’s Health Initiative FFQ allows for
assessment of intake, portion size and food additives.
Participants were provided clear instructions including
photographs of portion sizes. This FFQ has documented
reliability of accurately recording intake over an extended
period of observation”. Ca intake from all dietary
sources was estimated using food composition tables from
the University of Minnesota Nutrition Coordinating Center
nutrient database (Minneapolis, MN, USA). We also iden-
tified the major sources of dietary Ca in our population
originating from high-fat and low-fat dairy products, whole
grains, and fish with high Ca content. We calculated whole
grains and dairy consumption by adding the daily number
of servings of individual items. Total dairy products
included whole milk, 2% milk, skimmed milk, milk or
cream in coffee or tea, yoghurt, frozen yoghurt, butter on
bread or rolls, and cheeses or cheese spread. Low-fat dairy
products included reduced-fat milk (<2 % fat), reduced-fat
yoghurt and reduced-fat frozen yoghurt, and high-fat dairy
included all other dairy items. Yoghurt and frozen yoghurt
were assumed to be high-fat if women indicated that they
rarely used low-fat products. Whole grains included
wholegrain bread, brown rice, wheat germ, bran, oat bran,
hot breakfast cereal, wholegrain cold cereal and other
whole grains. Fish considered high in Ca content accord-
ing to the US Department of Agriculture were sardines,
albacore tuna, rainbow trout, regular canned tuna and
shrimp®. We considered the following as fatty fish:
anchovies, herring (pickled or regular), kipper snacks,
salmon (canned, fresh or smoked), sardines, albacore
tuna, swordfish, rainbow trout, smelt and mackerel, in
accordance with the US Department of Agriculture@.

Maternal medical records were reviewed to collect
detailed clinical information. As part of routine antenatal
follow-up of all women at participating clinics, a 50-g, 1-h
oral glucose challenge test was administered between
24 and 28 weeks’ gestation to screen for GDM. Women
who failed the screening test (glucose>7-8 mmol/l
(=140 mg/dl)) completed a diagnostic 100-g, 3-h oral
glucose tolerance test within 2 weeks of the screening test.
According to American Diabetes Association 2004 guide-
lines, women were diagnosed with GDM if two or more
100-g, 3-h oral glucose tolerance test levels exceeded the
following criteria: fasting>5-3mmol/l (=95 mg/dD); 1-h
> 10-0 mmol/l (>180 mg/dD; 2-h >8-6 mmol/l (>155mg/dD);
3-h>7-8 mmol/l (>140 mg/dD™>.

Statistical analysis

We classified each woman according to quartiles of
maternal daily dietary Ca intake. We examined general
characteristics of the study population using means for
continuous variables and percentages for categorical
variables. ANOVA or the y* test was used to evaluate
differences in sociodemographic, reproductive, medical
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and dietary characteristics according to quartiles of dietary
Ca intake. We calculated Pearson’s correlation coefficients
to assess the relationship of Ca intake with a number
of foods known to be major dietary sources of Ca. To
estimate relative risks (RR) and 95 % confidence intervals
for GDM, we fitted generalized linear models with a log-
link function, Poisson family (a ‘log Poisson’ regression
model) and robust standard errors. This model allows
estimation of RR for prospective studies with binary
outcome data’®. To assess confounding, we entered
covariates into each model one at a time and compared
adjusted and unadjusted RR. Final models included
covariates that altered unadjusted RR by at least 10%
and those that were identified a priori as potential con-
founders such as maternal age, race/ethnicity, physical
activity, family history of diabetes, red meat intake and
sugar-sweetened beverages. Directed acyclic graphs were
used to inform our analytical approach to adjusting for
confounding.

In multivariable analyses, we evaluated linear trends in
GDM risk by treating Ca intake as a continuous variable
after assigning a score to each quartile. We explored the
possibility of a non-linear relationship between Ca intake
and GDM risk by fitting a multivariable logistic regression
model that implemented the generalized additive model-
ling method'”. We completed a series of stratified
analyses to determine whether observed associations
between Ca intake and GDM risk were evident and/or
modified by other GDM risk factors (e.g. advanced
maternal age, pre-pregnancy overweight status, physical
inactivity during pregnancy, family history of diabetes, low
daily vitamin C, vitamin D, total fibre, Mg and whole grains
intakes, as well as high cholesterol, haem Fe and red meat
intakes). All analyses were performed using the statistical
software package Stata 12.0. All reported P values are
two-sided and deemed significant at @ =0-05.

Results

Overall, the median daily intake of Ca was 1112mg for
women in the study cohort. On the basis of the Institute of
Medicine guideline®, only 58-4% of the cohort met the
daily recommendation for Ca intake (1000 mg/d). Char-
acteristics of the study population according to maternal
dietary Ca intake are shown in Table 1. Women with
higher Ca intake tended to be white, more highly educated
and physically active during pregnancy. Women with a
higher Ca intake were less likely to have a family history of
diabetes. Higher Ca intake was associated with higher
intakes of dairy products (including low-fat milk and
low-fat yoghurt), Mg, vitamin C, vitamin D, fruits and
vegetables, carbohydrate and total protein. Alcohol
and cholesterol intake were inversely associated with Ca
intake (Table 1). Pearson’s correlation coefficients with
daily dietary Ca intake were 0-81 for low-fat dairy
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(P<0-0001), 0-31 for high-fat dairy (Z<0-0001), 0-23 for
whole grains (P<0-0001) and 0-10 for fish with high Ca
content (P < 0-0001).

A total of 169 incident GDM cases were identified in the
cohort (4-96%; Table 1). Higher dietary Ca intake was
inversely, although not statistically significantly, associated
with GDM risk (Table 2). After adjusting for total energy,
maternal age, race/ethnicity, educational attainment,
cigarette smoking status, pre-pregnancy BMI, prenatal
vitamin use, physical activity, family history of diabetes
and dietary covariates, including vitamin D and Mg, the RR
of GDM was 0-63 (95% CI 0-41, 0-98), 0-66 (95% CI 0-39,
1-11) and 0-57 (95% CI 0-27, 1-21) for quartiles 2, 3 and 4
of daily Ca intake, respectively, when compared with
quartile 1, the lowest quartile (Pyeng=0-131). Additional
adjustment for intakes of total carbohydrate, total protein
and saturated fat resulted in no appreciable change in
estimates (<10% changes in regression coefficients).
When we combined women in the upper three quartiles
(=795mg/d) of Ca intake and compared them with
women in the lowest quartile (<795 mg/d), women con-
suming >795 mg of Ca daily experienced a 42 % reduction
in GDM risk as compared with the reference group
(RR=0-58; 95% CI 0-38, 0-90; P=0-015). As shown in the
bottom panel of Table 2, we classified participants
according to whether their daily Ca intake met the RDA of
>1000mg/d (no wv. yes). Women who consumed
>1000mg/d, as compared with those who did not, had a
29% reduced risk of GDM (adjusted RR=0-71; 95% CI
0-47, 1-09; P=0-116), although this association was not
statistically significant. We explored the possibility of a
non-linear relationship between Ca intake and GDM risk
using regression procedures based on a generalized
additive model. As shown in Fig. 1, the risk of GDM
related to lower daily Ca intake levels was pronounced for
daily Ca intake below 1200mg/d. The risk of GDM
appeared to level off for Ca intake of >1000 mg/d. Given
the shape of the relationship of GDM risk with daily Ca
intake, and that the risk appeared to be concentrated
among women with intake values <1200 mg/d, we con-
ducted a post hoc analysis after restricting our analysis to
women with intake of <200 mg Ca/d (12 1944). From these
analyses, we found that a 200mg increase in daily Ca
intake among women with low intake (<1200 mg/d) was
associated with a 22 % reduction in risk of GDM (adjusted
RR=0-78; 95% CI 0-61, 0-99; P=0-042). Additionally, we
restricted our analysis to those women who were taking
dietary Ca below the RDA (<1000 mg/d) and we found a
24% reduction in GDM risk associated with a 200 mg
increase in daily dietary calcium intake (7 1420; adjusted
RR=0-76; 95% CI 0-56, 1-04; P=0-09).

We next assessed GDM risk in relation to maternal
intake of Ca-rich foods (i.e. low-fat dairy products, whole
grains, fish with high Ca). As shown in Table 3, higher
consumption of low-fat dairy products was associated with
a lower risk of GDM. Adjusted RR for GDM were 1-00,
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Table 1 Participants’ characteristics according to quartiles of dietary calcium intake, Seattle and Tacoma, WA, USA; Omega Study
Dietary Ca intake (mg/d)
Quartile 1 Quartile 2 Quartile 3 Quartile 4
Cohort (<795) (795-1111) (1112-1526) (>1527)

Characteristic (n 3414) (n 852) (n 855) (n 853) (n 854) Prrend
Median Ca intake (mg/d) 1112 612 953 1292 1857

Maternal age (years) 32-8 32.7 32-8 330 329 0-209
Pre-pregnancy BMI (kg/m?) 235 238 234 231 235 0-085
Gestational age at delivery (weeks) 389 38-9 38-8 39:2 38-8 0-877
Non-Hispanic white (%) 86-8 76-3 884 899 924 <0-001
Post high-school education (%)* 97.0 95-8 96-3 975 98-6 <0-001
Married (%) 92.5 90-7 93-0 937 925 0-137
Nulliparous (%) 624 63-2 599 63-0 63-5 0-586
Smoked during pregnancy (%)* 54 54 62 52 4.7 0-355
Prenatal vitamin use (%) 979 97.2 98-0 97-5 987 0-065
Physically inactive during pregnancy (%)* 10-8 126 114 8-4 10-8 0-082
History of hypertension (%) 41 4.7 39 22 55 0-791
Family history of hypertension (%) 48-9 509 489 482 47-8 0-168
Family history of diabetes (%) 13-5 159 13.7 12.9 11.7 0-012
Incidence of GDM (%) 4.96 68 4.0 4.5 4.6 0-036
Total energy intake (kJ/d) 7209 5017 6640 7791 9397 <0-001
Total energy intake (kcal/d) 1723 1199 1587 1862 2246 <0-001
% Energy from carbohydrate 532 52.5 531 533 539 <0-001
% Energy from protein 173 165 17-0 17-4 184 <0-001
% Energy from fat 314 32.7 319 31.2 297 <0-001
% Energy from saturated fat 111 11.0 113 113 11.0 0-808
% Energy from polyunsaturated fat 6-5 71 6-6 64 5.9 <0-001
% Energy from monounsaturated fat 111 11-8 11.3 11.0 104 <0-001
% Energy from n-3 fatty acids 0-76 0-84 078 0-74 0-68 <0-001
Cholesterol (mg/d)t 269 293 280 273 251 <0-001
Alcohol (g/d)t 0-87 1-41 1-01 0-92 0-55 <0-001
Total fibre (g/d)t 211 209 21.7 214 207 <0-001
Total Fe (mg/d)t 16-2 14-6 15.5 16-0 174 <0-001
Haem Fe (mg/d)t 0-98 1.22 1-08 0-99 0-81 <0-001
Mg (mg/d)t 337 295 318 336 366 <0-001
Vitamin C (mg/d)t 137 114 128 133 153 <0-001
Vitamin D (mg/d)t 672 313 4.37 617 9-87 <0-001
Red meats (servings/d) 0-41 0-34 0-40 0-44 0-48 <0-001
Processed meats (servings/d) 0-22 018 0-22 0-24 0-26 <0-001
Fruit and vegetables (servings/d) 4-31 3-18 4.3 4.56 5.37 <0-001
Coffee and tea (servings/d) 0-63 0-47 0-66 073 0-67 <0-001
Sugar-sweetened beverages (servings/d) 0-14 0-14 0-14 014 013 0-594
Low-fat dairy foods (servings/d) 2.07 0-78 1-44 219 385 <0-001
High-fat dairy foods (servings/d) 0-91 0-54 0-83 1.06 1.23 <0-001
Low-fat/skimmed milk (servings/d) 1.53 0-54 0-96 1.59 3.05 <0-001
Low-fat yoghurt (servings/d) 019 0-10 018 0-21 0-28 <0-001
Whole grains (servings/d) 042 0-26 0-38 048 0-55 <0-001
Fatty fish (servings/week)*,t 070 0-56 0-68 077 077 <0-001
Fish with high Ca content (servings/week)§ 1-11 0-89 1.07 1.23 1.24 <0-001

GDM, gestational diabetes mellitus.

Data presented are medians, means or percentages. P values derived from ANOVA or x test.
*Variables with missing data. For education, n 3316; for smoking status, n 3305; for physical activity, n 3202; for fatty fish intake, n 3326.

tTEnergy-adjusted (8368 kJ/d (2000 kcal/d)).

tFatty fish: anchovies, herring (pickled or regular), kipper snacks, salmon (canned, fresh or smoked), sardines, albacore tuna, swordfish, rainbow trout, smelt

and mackerel.

§Fish with high Ca content: shrimp, regular canned tuna, salmon, sardines, albacore tuna and rainbow trout.

0-89, 0-66 and 0-57 across successive quartiles of low-fat
dairy intake, with the first quartile serving as the reference
group (Pyena=0-032). A statistically significant inverse
relationship between whole grains consumption and GDM
risk was also observed (Pyeng=0-019). Adjusted RR of
GDM were 1-00 (reference), 0-87, 0-71 and 0-61 for suc-
cessive increasing quartiles of whole grains intake.

We observed no evidence of an inverse association of
GDM risk with increasing intake of fish with high Ca
content (Pyeng=0-724). Finally, we assessed the extent to
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which, if at all, GDM risk in relation to Ca intake differed
according to a number of maternal characteristics. As
summarized in the online supplementary material, Sup-
plemental Table 1, observed associations of GDM risk in
relation to Ca intake did not differ according to advanced
maternal age, pre-pregnancy overweight status, physical
inactivity during pregnancy or family history of diabetes.
Associations also did not differ according to dietary factors
known to be associated GDM including low daily vitamin
C, vitamin D, total fibre, Mg and whole grains intakes; as
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Table 2 Relative risks (RR) and 95 % confidence intervals of gestational diabetes mellitus (GDM) according to quartiles of calcium intake,

Seattle and Tacoma, WA, USA; Omega Study

No GDM Energy-adjusted Adjusted* Adjustedt
Dietary Ca (mg/d) Median Incidence % RR 95% Cl RR 95% ClI RR 95% Cl
Quartile 1 (<795) 612 58 6-8 1-00 Referent 1.00 Referent 1.00 Referent
Quartile 2 (795-1111) 953 34 4.0 0-55 0-35, 0-86 0-66 0-43, 1-02 0-63 0-41, 0-98
Quartile 3 (1112-1526) 1292 38 4.5 0-59 0-37, 0:95 073 0-44, 1-20 0-66 0-39, 1-11
Quartile 4 (>1527) 1857 39 4.6 0-57 0-31, 1.04 0-74 0-40, 1-36 0-57 0-27, 1-21
Prrend 0-089 0-387 0-131
Quartile 1 (<795) 612 58 6-8 1.00 Referent 1.00 Referent 1.00 Referent
Quartile 2—4 (>795) 1292 111 4.3 0-57 0-38, 0-85 0-65 0-43, 0-99 0-58 0-38, 0-:90
P 0-006 0-045 0-015
Less than RDA (<1000 mg/d) 737 82 5.8 1.00 Referent 1.00 Referent 1.00 Referent
Meet RDA (>1000 mg/d) 1441 87 4.4 0-71 0-49, 1-04 0-82 0-55, 1.22 0-71 0-47, 1-09
P 0-079 0-322 0-116

*Adjusted for daily energy intake, maternal age, race/ethnicity, educational attainment, cigarette smoking status, pre-pregnancy BMI, prenatal vitamin use,

physical activity, family history of diabetes, alcohol, coffee, sugar-sweetened beverages, red and processed meats, fatty fish and total fibre intakes.
tAdjusted for all above with additional adjustments for dietary Mg and vitamin D intakes.
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Fig. 1 Relationship between maternal dietary calcium intake in
early pregnancy and risk of gestational diabetes mellitus
(GDM) (solid line), with 95% confidence interval (shaded
area), Seattle and Tacoma, WA, USA; Omega Study. The
vertical bars along the dietary calcium intake axis indicate the
distribution of study participants

well as high cholesterol, haem Fe and red meat intakes.
Lastly, we completed sensentivity analyses restricted to
3145 of the 3414 participants with complete data for all
covariates (i.e. 92:1% of the study cohort). Estimated RR
from these analyses were not materially different from
those reported here (data not shown).

Discussion

In the present large cohort of middle-aged women, we
found that higher levels of maternal periconceptional
dietary Ca intake, particularly intakes of Ca-rich low-fat
dairy products and whole grains, are associated with lower
GDM risk. Since previous studies focused on dairy foods
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instead of Ca intake and GDM risk"®'”, the role of Ca
cannot be singled out in those studies. To the best of our
knowledge, the present study is the first to examine the
risk of GDM in relation to maternal dietary Ca intake
during the periconceptional period. Our findings are lar-
gely consistent with existing literature reporting associa-
tions of Ca intake with lower risk of incident type 2
diabetes in non-pregnant women2%*",

The biological mechanisms underlying associations of
diabetes risk and dietary Ca might involve regulation of
intracellular Ca affecting both insulin sensitivity and insulin
release**® as well as appetite regulation and related fat
intake®?. Of note, our results showed lower intakes of
total fat and cholesterol with increased Ca intake. Whether
dietary Ca intake might modify GDM risk through direct
(insulin release) or indirect effects (lower fat intake)
should be addressed in future studies. On the other hand,
among women with low Ca intake (<1200mg/d), our
results showed a 22% reduction in GDM risk with an
increase of 200 mg/d in dietary Ca intake. Several food
sources might provide approximately 200mg of Ca. For
example, 200 ml of skimmed milk, 50 g of natural yogurt,
60g of Mozzarella cheese, 200mg of rice pudding, a
broccoli rabe or four oranges added to the diet can pro-
vide 200 mg of Ca®®”. Larger studies are needed to more
formally and precisely assess GDM risk in relation to
overall dietary Ca intake and specific Ca-rich food sources.

Dairy products are the main source of Ca in the general
US diet® and in our study setting. Higher intake of low-fat
dairy was significantly associated with lower GDM risk.
Our findings are in line with some studies®>*®, but not
all®”, reporting risk of type 2 diabetes with intake of low-
fat dairy among non-pregnant adults. The evidence
regarding GDM risk and low-fat dairy intake remains
inconclusive in part because available studies are focused
largely on total dairy (high-fat and low-fat) or dietary
patterns that include dairy products. For instance, Bao and
co-workers reported no statistically significant associations
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sweetened beverages, red and processed meats, fatty fish, total fibre intakes, dietary Mg and vitamin D intakes.

tEighty-eight participants (three GDM cases and eighty-five non-cases) with missing information regarding Ca-rich fish intake were excluded from this analysis.
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between pre-pregnancy intake of total dairy products
(high-fat and low-fat diary) and GDM risk in the Nurses’
Health Study I'®. Pre-pregnancy low-fat dairy and fruit
intake pattern was not significantly associated with
reduced risk of GDM in Australian women?’. Our results
showed no associations with total dairy intake; however,
we noted statistically significant inverse associations of
GDM risk with maternal habitual consumption of low-fat
dairy and these associations were independent of other
GDM risk factors.

Among non-pregnant adults, weight loss and lean tissue
maintenance have been associated with higher dairy
intake® and might help to explain, at least in part, the
inverse association between dairy intake and type 2 dia-
betes risk. However, the physiological and molecular
mechanisms underlying the impact of dairy constituents
on adiposity in pregnant women are incompletely
understood and need further investigation.

In addition to low-fat dairy products, whole grains intake
was inversely related with GDM risk. To the best of our
knowledge, the present study is the first showing an inverse
association between whole grains intake and GDM risk.
Radesky and co-workers reported no significant association
between whole grains intake in early pregnancy and GDM
risk®”. On the other hand, the DASH (Dietary Approchaes
to Stop Hypertension) diet, rich in whole grains and low-fat
dairy, had beneficial effects on glucose tolerance and lipid
profiles compared with the control diet in GDM patients”.
Similarly, adherence to the Mediterranean diet, also rich in
grains and grain products, has been associated with lower
GDM risk""”. In addition to Ca, other constituents of
whole grains including dietary fibres, resistant starch, oli-
gosaccharides, vitamins, antioxidants, trace minerals and
phyto-oestrogens may contribute to beneficial effects on
glucose metabolism®?.

Previous meta-analyses have pointed out the role of Mg
as a confounder of the dietary Ca-type 2 diabetes asso-
ciation®. The association between Ca intake and dia-
betes risk disappeared (RR =1-04; 95% CI 0-88, 1-24) after
adjustment for Mg intake in the Black Women’s Health
Study™". In the Nurses' Health Study, Mg and vitamin D
were the dietary covariates primarily responsible for the
attenuation of the association between type 2 diabetes and
dietary Ca intake®. Contrary to these findings, adjustment
for Mg strengthened the inverse association between Ca
intake and GDM risk in our study population. We
observed no evidence of an association of GDM risk with
dietary intake of Mg or vitamin D in our study population
(data not shown). Finally, we observed no evidence of
effect modification by smoking status, physical activity or
chronic hypertension status of associations between
maternal dietary Ca intake and GDM risk.

The strengths of our study include its large size, rich
covariate data and use of a previously validated FFQ. The
major limitation of our study is its observational nature;
therefore, residual confounding cannot completely be
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ruled out for unmeasured variables. The role of maternal
consumption of Ca supplements could not be evaluated in
the cohort. Finally, the generalizability of our findings is
limited to largely white, well-educated obstetric populations
of women who register for prenatal care early in pregnancy
and participate in regular annual medical examinations.

Conclusions

The present findings suggest that higher levels of maternal
periconceptional Ca intake, particularly intakes of Ca-rich
low-fat dairy products and whole grains, are associated
with lower GDM risk. If confirmed in other pregnancy
cohorts, public health nutrition educational materials
directed towards reproductive-aged and pregnant women
may further emphasize increased dietary Ca intake from
low-fat dairy and whole grains.

Acknowledgements

Acknowledgements: The authors thank the staff of the
Center for Perinatal Studies for their skilful technical
assistance. Financial support: This research was sup-
ported by an award from the National Institutes of Health
(grant number RO1-HD-32562). C.O.-Y. was financially
supported by Secretary of Science, Technology and
Innovation (SECITI-DF, Mexico; grant number BP15-001).
The funders had no role in the design, analysis or writing
of this article. Conflict of interest: No potential conflicts of
interest relevant to this article were reported. Authorship:
C.O.-Y., C.Q. and M.A.W. analysed data and drafted the
manuscript. C.O.-Y.,, MAAW., B.G., C.Q. and D.AFE.
reviewed and edited the manuscript. M.A.W. designed the
study and obtained funding for the study. C.O.-Y., C.Q.
and M.A.W. had full access to all the data in the study and
take responsibility for the integrity of the data, the
accuracy of data analysis and the decision to submit for
publication. Ethics of human subject participation: This
study was conducted according to the guidelines laid
down in the Declaration of Helsinki and all procedures
involving human subjects/patients were approved by the
institutional review boards of the study hospitals. Written
informed consent was obtained from all subjects.

Supplementary material

To view supplementary material for this article, please visit
https://doi.org/10.1017/51368980016002974

References

1. Uusi-Rasi K, Kirkkidinen MU & Lamberg-Allardt CJ (2013)
Calcium intake in health maintenance — a systemic review.
Food Nutr Res 57, 21082.

https://doi.org/10.1017/51368980016002974 Published online by Cambridge University Press

N

10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

C Osorio-Yanez et al.

Hacker AN, Fung EB & King JC (2012) Role of calcium
during pregnancy: maternal and fetal needs. Nutr Rev 70,
397-409.

Institute of Medicine (2010) Dietary Reference Intakes
Sfor Calcium and Vitamin D. Washington, DC: National
Academy Press.

Fulgoni V 3rd, Nicholls J, Reed R et al. (2007) Dairy
consumption and related nutrient intake in African-
American adults and children in the United States: con-
tinuing survey of food intakes by individuals 1994-1996,
1998, and the National Health and Nutrition Examination
Survey 1999-2000. /] Am Diet Assoc 107, 256-264.

Bryant RJ, Cadogan J & Weaver CM (1999) The new dietary
reference intakes for calcium: implications for osteoporosis.
J Am Coll Nutr 18, 5 Suppl., 4065-4128.

US Department of Agriculture, Agricultural Research Service
(2011) USDA National Nutrient Database for Standard
Reference, Release 24. http://www.ars.usda.gov/ba/bhnrc/
ndl (accessed November 2015).

Imdad A & Bhutta ZA (2012) Effects of calcium supple-
mentation during pregnancy on maternal, fetal and birth
outcomes. Paediatr Perinat Epidemiol 26, 138-152.
Ettinger AS, Lamadrid-Figueroa H, Mercado-Garcia A et al.
(2014) Effect of calcium supplementation on bone resorp-
tion in pregnancy and the early postpartum: a randomized
controlled trial in Mexican women. Nutr J 13, 116.

Pittas AG, Dawson-Hughes B, Li T et al. (2006) Vitamin D
and calcium intake in relation to type 2 diabetes in women.
Diabetes Care 29, 650-656.

Colditz GA, Manson JE, Stampfer MJ et al. (1992) Diet
and risk of clinical diabetes in women. Am J Clin Nutr 55,
1018-1023.

Van Dam RM, Hu FB, Rosenberg L et al. (2006) Dietary
calcium and magnesium, major food sources, and risk of
type 2 diabetes in US black women. Diabetes Care 29,
2238-2243.

Equobahrie DA, Williams MA, Qiu C et al. (2005) Early
pregnancy lipid concentrations and the risk of gestational
diabetes mellitus. Diabetes Res Clin Pract 70, 134-142.
Qiu C, Zhang C, Gelaye B et al. (2011) Gestational diabetes
mellitus in relation to maternal dietary heme iron and
nonheme iron intake. Diabetes Care 34, 1564-1569.
Patterson RE, Kristal AR, Tinker LF et al. (1999) Measure-
ment characteristics of the Women’s Health Initiative food
frequency questionnaire. Ann Epidemiol 9, 178-187.
American Diabetes Association (2004) Gestational diabetes
mellitus. Diabetes Care 27, Suppl. 1, S88-S90.

Zou G (2004) A modified Poisson regression approach to
prospective studies with binary data. Am J Epidemiol 159,
702-700.

Hastie TJ & Tibshirani RJ (1990) Generalized Additive
Models, 1st ed. London: Chapman-Hall.

Bao W, Bowers K, Tobias DK et al. (2013) Prepregnancy
dietary protein intake, major dietary protein sources and the
risk of gestational diabetes mellitus: a prospective
cohort study. Diabetes Care 36, 2001-2008.

Schoekaner DA, Soedamah-Muthu SS,; Callaway LK et al.
(2015) Pre-pregnancy dietary patterns and risk of gesta-
tional diabetes mellitus: results from an Australian
population-based prospective cohort study. Diabetologia
58, 2726-2735.

Liu S, Choi HK, Ford E et al. (2006) A prospective study of
dairy intake and the risk of type 2 diabetes in women.
Diabetes Care 29, 1579-1584.

Villegas R, Gao YT, Dai Q et al. (2009) Dietary calcium and
magnesium intakes and the risk of type 2 diabetes: the Shanghai
Women’s Health Study. Am J Clin Nutr 89, 1059-1067.
Zemel MB (1998) Nutritional and endocrine modulation of
intracellular calcium: implications in obesity, insulin resis-
tance and hypertension. Moll Cell Biochem 188, 129-1306.


https://doi.org/10.1017/S1368980016002974
http://www.ars.usda.gov/ba/bhnrc/ndl
http://www.ars.usda.gov/ba/bhnrc/ndl
https://doi.org/10.1017/S1368980016002974

Calcium intake and gestational diabetes

23.

24.

25.

26.

27.

Fujita T & Palmeri GM (2000) Calcium paradox disease: calcium
deficiency prompting secondary hyperparathyroidism and
cellular calcium overload. J Bone Miner Metab 18, 109-125.
Jones KW, Eller LK, Parnell JA et al. (2013) Effect of dairy-
and calcium-rich diet on weight loss and appetite during
energy restriction in overweight and obese adults: a
randomized trial. Eur J Clin Nutr 67, 371-376.
International Osteoporosis Foundation (2016) Calcium
content of common foods. http://www.iofbonehealth.org/
osteoporosis-musculoskeletal-disorders/osteoporosis/preven
tion/calcium/calcium-content-common-foods (accessed
January 2016).

O’Connor LM, Lentjes MA, Luben RN et al. (2014) Dietary
dairy product intake and incident type 2 diabetes: a pro-
spective study using dietary data from a 7-day food dairy.
Diabetologia 57, 909-917.

Chen M, Sun Q, Giovannucci E et al. (2014) Dairy
consumption and risk of type 2 diabetes: 3 cohorts of US
adults and an updated meta-analysis. BMC Med 12, 215.

https://doi.org/10.1017/51368980016002974 Published online by Cambridge University Press

28.

29.

30.

31.

32.

1089

Dougkas A, Reynolds CK, Givens ID et al. (2011) Associa-
tions between dairy consumption and body weight: a
review of the evidence and underlying mechanisms. Nutr
Res Rev 24, 72-95.

Radesky JS, Oken E, Rifas-Shiman SL et al. (2008)
Diet during early pregnancy and development of
gestational diabetes. Paediatr Perinat Epidemiol 22,
47-59.

Asemi Z, Tabassi Z, Samimi M et al. (2013) Favourable
effects of the Dietary Approaches to Stop Hypertension
diet on glucose tolerance and lipid profiles in gestational
diabetes: a randomized clinical trial. Br J Nutr 109,
22024-22030.

Slavin JL, Martini MC, Jacobs DR ]Jr et al. (1999) Plausible
mechanisms for the protectiveness of whole grains. Am J
Clin Nutr 70, 3 Suppl., 4595-463S.

Dong JY & Qin LQ (2012) Dietary calcium intake and risk of
type 2 diabetes: possible confounding by magnesium. Eur J
Clin Nutr 66, 408-410.


http://www.iofbonehealth.org/osteoporosis-musculoskeletal-disorders/osteoporosis/prevention/calcium/calcium-content-common-foods
http://www.iofbonehealth.org/osteoporosis-musculoskeletal-disorders/osteoporosis/prevention/calcium/calcium-content-common-foods
http://www.iofbonehealth.org/osteoporosis-musculoskeletal-disorders/osteoporosis/prevention/calcium/calcium-content-common-foods
https://doi.org/10.1017/S1368980016002974

	Risk of gestational diabetes mellitus in relation to maternal dietary calcium intake
	Methods
	Study population
	Analytical population
	Data collection
	Statistical analysis

	Results
	Table 1Participants&#x2019; characteristics according to quartiles of dietary calcium intake, Seattle and Tacoma, WA, USA; Omega Study
	Discussion
	Table 2Relative risks (RR) and 95�&#x0025; confidence intervals of gestational diabetes mellitus (GDM) according to quartiles of calcium intake, Seattle and Tacoma, WA, USA; Omega Study
	Fig. 1Relationship between maternal dietary calcium intake in early pregnancy and risk of gestational diabetes mellitus (GDM) (solid line), with 95&znbsp;&#x0025; confidence interval (shaded area), Seattle and Tacoma, WA, USA; Omega Study. The vertical ba
	Table 3Relative risks (RR) and 95&znbsp;&#x0025; confidence intervals of gestational diabetes mellitus (GDM) according to quartiles of intake of low-fat dairy, whole grains and fish with high calcium content, Seattle and Tacoma, WA, USA; Omega Study
	Conclusions
	Acknowledgements
	ACKNOWLEDGEMENTS
	References
	References


