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Abstract

It is crucial to identify people at risk for type 2 diabetes mellitus (T2DM) and gestational diabetes mellitus (GDM) to implement preventive
interventions in order to address these pandemics. A simple score exclusively based on dietary components, the Dietary-Based Diabetes-
Risk Score (DDS) showed a strong inverse association with incident T2DM. The objective was to assess the association between DDS and
the risk of GDM in a cohort of Spanish university graduates. The ‘Seguimiento Universidad de Navarra’ project is a prospective and dynamic
cohort which included data of 3455 women who notified pregnancies between 1999 and 2012. The diagnosis of GDM is self-reported and further
confirmed by physicians. A validated 136-item semi-quantitative FFQ was used to assess pre-gestational dietary habits. The development of the
DDS was aimed to quantify the association between the adherence to this a priori dietary score and T2DM incidence. The score exclusively
included dietary components (nine food groups with reported inverse associations with T2DM incidence and three food groups which reported
direct associations with T2DM). Three categories of adherence to the DDS were assessed: low (11-24), intermediate (25-39) and high (40-60).
The upper category showed an independent inverse association with the risk of incident GDM compared with the lowest category; multivariate-
adjusted OR=0-48 (95 % CI 0-24, 0-99; Pfor linear trend: 0-01). Several sensitivity analyses supported the robustness of these results. These results
reinforce the importance of pre-gestational dietary habits for reducing GDM and provide a brief tool to practically assess the relevant dietary
habits in the clinical practice.

Key words: Diabetes dietary score: Gestational diabetes risk: Cohort: Diabetes prevention

Pregnancy produces insulin resistance in women mainly due to
the placental secretion of diabetogenic hormones such as
growth hormone and placental lactogen®. The objective of this
metabolic change during pregnancy is to ensure the supply of
glucose and nutrients to the fetus. Gestational diabetes mellitus
(GDM) develops when the pancreatic function of the pregnant
woman is not able to overcome this insulin resistance®, leading
a hyperglycemic state in pregnant women.

Although the prevalence of GDM has historically been about
6-7 %, actual data from the most important international scien-
tific organisations considerably differ™, with estimates of the

global prevalence of GDM from 1 to 50 % (American Diabetes
Association 2-19 %; Carpenter and Coustan 3-6-38 %; National
Diabetes Data Group 1:4-50 %; and WHO 2-24-5 %)®,
These different data are, in large part, the consequence of a
non-universally standardised method for the screening and diag-
nosis of GDM®. However, there is enough evidence that GDM
prevalence is increasing worldwide®. The most important
reasons for this growing prevalence are the increasing maternal
age and rates of obesity among women of reproductive age, and
the higher proportion of the world population following a
Western-type diet and lifestyles™>.

Abbreviation GDM, Gestational diabetes mellitus; T2DM, Type 2 diabetes mellitus, DDS, Dietary-Based Diabetes-Risk Score; FFQ, Food frequency questionnaire;

SSB, Sugar-sweetened beverages; MET, Metabolic equivalent task.

* Corresponding author: Maira Bes-Rastrollo, email mbes@unav.es
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This is in line with the increasing prevalence of type 2 diabe-
tes (I2DM). The estimates are that, by 2040, there will be 227
million more people worldwide with T2DM than in 2015, and
many of these new diagnosis will be among young adults, thus
also in women of reproductive age. Moreover, the main causes
of the pandemic of T2DM are also those described above
for GDM©.

There is strong evidence showing that diet modifications are
able to decrease the incidence of T2DM and that the effects of
these dietary changes are likely to persist in the long term.
In contrast, there are few articles studying lifestyle and dietary
habits using scores in the risk of GDMY%Y To the best of
our knowledge, there is scarce evidence in the literature that
dietary interventions can reduce the risk of GDM">. A recent
systematic review of clinical trials and observational studies
shows the need of better designed prospective and intervention
studies, providing high-quality data in order to disseminate the
best available interventions for the prevention of GDM in
women of reproductive age™.

Therefore, it is crucial to identify people at risk for T2DM and
GDM to implement preventive interventions in order to stop
these pandemics. A simple score exclusively based on dietary
components, the Dietary-Based Diabetes-Risk Score (DDS)
was developed using previously reported associations in the lit-
erature® and when applied to the SUN cohort showed a strong
inverse association with incident T2DM®. Hence, the objective
of the present analyses was to evaluate this DDS with the risk of
GDM in the SUN project.

Methods
Study population

The SUN project began in 1999 and it is an ongoing, prospective
and dynamic cohort. It was designed to investigate associations
between lifestyle and dietary habits with many health outcomes.
All the participants of this cohort are Spanish university
graduates, being this as the inclusion criteria. In brief, a mailed
questionnaire was sent to invite participants regarding dietary
habits, lifestyles and health conditions. At baseline, once the
participants accept to participate in the SUN project, they receive
a detailed questionnaire by mail. The voluntary response to this
baseline mailed questionnaire was considered as informed
consent to participate in the study. After the initial assessment,
data are updated with successive follow-up questionnaires
(every 2 years). The study protocol was conducted accordingly
with the Declaration of Helsinki and the Institutional Review
Board of the University of Navarra approved the study. The
design and methods of the SUN project have been previously
described17,

For these analyses, we have used the most actual database
available in December 2015, finishing the follow-up of the cur-
rent study at this date. Of 13 777 women in the database in
December 2015, we excluded 544 women who responded the
baseline questionnaire after March 2013 in order to guarantee
that analysed participants have been in the cohort enough time
as to be able to respond at least the first follow-up questionnaire
(2 years for the first follow-up questionnaire and 9 additional

13777 women (data base up to 1%

December 2015)
i, > 544 not eligible

‘ 13233 women ‘
|

> 1155 lost to follow-up
‘l' (91% retention rate)
‘ 12078 women ‘
i 8531 not pregnant
‘ 3555 pregnant women ‘
| 3| 70 with implausible levels
¢ of total energy intake

‘ 3485 pregnant women ‘

14 with previous
‘l' gestational diabetes

I S

‘ 3471 pregnant women ‘

16 with type 2 diabetes

\ 4

v
3455 pregnant women included in the analyses
(173 of them first diagnosed of gestational diabetes)

Fig. 1. Flow chart depicting the selection process among participants of the
SUN project to be included in the present analysis.

months to account for delays). We also excluded 1155 women
who were lost during the follow-up. We also excluded from
the analyses those women not reporting any pregnancy
(n 8531), those out the predefined levels (< percentile 1% or
> percentile 99™) of total energy intake (2 70) and those with
a diagnosis of diabetes before the inception of the cohort
(n 30). The final available population included 3455 women
who reported at least one pregnancy during follow-up (Fig. 1).

Dietary habits assessment

A 136 food items semi-quantitative FFQ assessed the dietary hab-
its of the participants at the baseline questionnaire and after 10
years of follow-up. The FFQ asked for dietary intakes during the
last year, and the frequency of consumption was: never, 1-3
times per month, once per week, 2—4 times per week, 5-6 times
per week, once daily, 2-3 times daily, 4-6 times daily and 6 or
more times daily. This FFQ has been repeatedly validated and
described in detail!®'?. The validity and reproducibility of this
FFQ have been reported elsewhere®’2V,

The dietary data of the questionnaires were entered to the
database using optical reading machines and codifying open
responses by nutritionists and dietitians of the SUN project.

A trained nutritionist and dietitian updated nutrient data bank
with the latest available nutritional information included in
Spanish food composition tables to take into account the
dynamic feature of the cohort??2%.

Nutrient scores (nutrient derivations from the questionnaires
using food composition tables) were computed with a computer
software designed for this objective (12t
StataCorp).

In 2015, Dominguez et al. developed the DDS in the SUN
project®. This score is exclusively composed of dietary compo-
nents which were obtained from published reports of previous
cohorts showing their significant and consistent association with

version software of
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the risk of T2DM®. The original aim by Dominguez et al. was to
quantify the association between adherence to the DDS and
T2DM incidence. To create the DDS, they considered the con-
sumption of nine food groups with an inverse association with
T2DM incidence (vegetables, fruit, fibre, whole cereals, nuts,
coffee, PUFA, low-fat dairy products and moderate alcohol con-
sumption) and three food groups with a direct association with
the incidence of T2DM (red meat, processed meat and sugar-
sweetened beverages (SSB)@20 As the current analysis
included women only (Dominguez L] and colleges T2DM analy-
ses included both men and women), we adjusted the consump-
tion of each food for total energy intake using the residual
method only for women®”, to minimise the information bias
as a consequence of used FFQ to assess dietary habits that results
in misclassification of dietary exposure that is likely to be non-
differential. Then, the energy-adjusted estimates for each food
groups (residuals) were ranked in quintiles. For the T2DM
risk-protective food groups, it was established a value from
1 to 5 accordingly to the consumption quintiles. In contrast,
the ranking was reversed for the quintile consumption values
of the three food groups which increased risk of T2DM (from
5 to 1 accordingly to the quintiles of consumption). Alcohol
was valued in a different way, assigning five points for women
who had moderate consumption (5-25 g/d) and zero points for
others. Finally, assigned values of the twelve food groups con-
sumption (nine protective and three increasing the risk) were
summed in order to obtain the score; thereby, the final DDS
could range from 11 to 60 points, the lowest and the highest
adherence, respectively. Afterwards, three categories of adher-
ence to the DDS were established: low (11-24), intermediate
(25-39) and high (40-60). The establishment of these three
categories was done by Dominguez et al. instead of doing quan-
tiles in order to facilitate future similar comparative studies like
this one and because these categories were more representative
per se. Besides, it follows current epidemiological recommenda-
tions about how to categorise continuous variables®®,

Assessment of GDM

The procedure for adjudication of GDM cases in the SUN project
has been reported elsewhere®®. In summary, women reporting
at least one pregnancy and a new self-reported diagnosis of
GDM in any follow-up questionnaire (sent every 2 years) were
considered possible incident cases of GDM. At that point, an
additional questionnaire was sent to those women requesting
their medical reports. Furthermore, this additional questionnaire
also inquired about previous glycaemic disorders, the diagnosis
test results and the indicated treatment. With all these informa-
tion, medical doctors of the SUN project confirmed or not each
GDM diagnosis according to the responses to the questionnaires
and the medical records mailed by the patients. In the present
analyses, we only used confirmed GDM cases (20 % were not
confirmed from the initial potential cases only based on self-
reports).

As indicated above, there is not a universal gold standard
diagnosis procedure for GDM and different protocols are used
in clinical habitual practice worldwide®?. In Spain, the most
common GDM diagnosis procedure is the one that follows a

two-step approach during the 24-28 weeks of gestation; the first
step is a 50-g oral glucose challenge with a threshold of 140 mg/
dl (7,8 mmol/D). Those who screen positive undergo a diagnostic
3-h 100-g oral glucose tolerance test with the cut-offs established
in the Third Workshop-Conference on Gestational Diabetes
Mellitus©132). fasting plasma glucose 105 mg/dl (5,8 mmol/D),
1-h value 190 mg/dl (10,6 mmol/D), 2-h value 165 mg/dl
(9,2 mmol/D) and 3-h value 145 mg/dl (8,1 mmol/D). These
criteria were applied to the population of the SUN project.

Non-dietary covariates

Information on socio-demographic variables, anthropometric
measurements (weight was measured before pregnancy), life-
style habits (physical activity, smoking status) and other clinical
covariates (parity, family history of diabetes, CVD, hyperten-
sion, chronic medication) was collected at baseline (before
pregnancy). Self-reported anthropometric
(weight and BMI) have shown sufficient validity in a subsample
of the SUN project®™®. Physical activity was measured before
pregnancy with objective measurements in metabolic equiva-
lent tasks (METs) per week using a previously validated ques-
tionnaire which has demonstrated an adequate correlation
(Spearman coefficient of 0-51 (P=0-002)) in a subsample of
this cohort®?,

measurements

Statistical analysis

Only the information collected from the baseline FFQ (before
pregnancy) was used to create the DDS. Proportions for cat-
egorical variables and means with standard deviations (SDs)
for continuous variables were calculated according to previously
described categories of DDS adherence based on previously
established cut-off values. In contrast to T2DM, the diagnosis
of GDM depends on the fact of being pregnant, and therefore
it does not depend on time. Therefore, for the present analysis,
we used non-conditional regression models estimating the OR
with their 95 % CI, taking women with the lowest adherence
to the DDS (11-24 score points) as the reference category.
After a crude analysis, we fitted a model adjusted for age and
a multivariate-adjusted model. The multivariate model was
adjusted for major non-dietary risk factors of GDM: age (years),
BMI (Kg/m2), presence of family history of diabetes (yes or no),
smoking status (never/current/former), physical activity (METs
h/week), parity(nulliparous / 1-2 pregnancies / >3 pregnan-
cies), multiple pregnancy (yes or no), hours of television watch-
ing (h/d), hours sitting down per day, CVD (yes or no) and
hypertension prevalence (yes or no). We did not adjust our
multivariate model for other dietary variables, such as total
energy intake, because it may be in the causal mechanism link-
ing the DDS with GDM. In fact, a higher value in the DDS score
implied a lower total energy intake. The P-trend was calculated
using likelihood ratio tests comparing the model without DDS
and a model with a new variable with the median for each
DDS category as a continuous one.

To account for dietary changes during follow-up, dietary data
were updated after 10 years of follow-up for those participants
with available information. To conduct repeated measures, gen-
eralised estimating equations models using binomial distribution
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and logit as the link function with an unstructured correlation
matrix were used to assess the relationship between updated
DDS (after 10 years of follow-up for those with available infor-
mation) and the development of GDM. We adjusted for the same
variables of the logistic models.

To assess the robustness of our results, we conducted several
sensitivity analyses under different scenarios: (1) including only
primiparous women, (2) excluding obese participants, (3)
excluding women with multiple pregnancies, (4) excluding
women with hypertension and/or CVD at baseline, (5) addition-
ally adjusting for snacking between meals, and following a spe-
cial diet, (6) changing cut-off values for total energy intake limits,
(7) excluding women older than 40 years. We also conducted
additional analyses classifying participants according to their
quartiles of adherence to the DDS, considering those in the first
quartile as the reference category. Similarly, we assessed the
results for each additional point, and four-point, of adherence
to the SSD.

The analyses were performed with the 121 version software
of StataCorp. All tests were two-sided and statistical significance
was set at cut-off of P<0-05.

Results
Baseline participants’ characteristics

The range of values for the DDS in the 3455 ever-pregnant
women included in our analyses was from 15 to 55 points.
According to previously established categories of DDS adher-
ence (low (11-24), intermediate (25-39) and high (40-60)),
dietary and non-dietary characteristics of the analysed pregnant
women are shown in Table 1. The intermediate category was the
one with the highest number of participants (72 2531 (73-3 %)).
Women with higher adherence to the DDS were on average
older, more likely to be nulliparous and to have family history
of diabetes, more physically active and exhibited with less fre-
quency the habit of snacking between meals, while those with
a higher total energy intake and higher consumption of fast food
were more likely to belong to the lowest category of the DDS. As
expected, the consumption of the nine nutritional factors
assumed to be inversely associated with T2DM (except for the
intake of PUFA) increased accordingly across increasing catego-
ries of the DDS. Conversely, the consumption of the three food
groups assumed to be detrimental decreased across increasing
categories of the DDS (Table 1).

The most notable differences across DDS adherence catego-
ries were for the consumption of vegetables, fruits, low-fat dairy
products, whole bread and nuts. Moreover, pregnant women in
the highest category of adherence to DDS had greater intakes of
carbohydrates, vitamins C and D, folate, heme iron from heme
sources and fibre, whereas their intakes of total fat and total
energy were lower.

Longitudinal results

Among the 3455 ever-pregnant women, 173 first diagnoses of
GDM were identified during 35 647 person-years of follow-up
(mean follow-up: 10-4 years, range: 2—-14 years), corresponding

to an incidence of 5-01 % between ever-pregnant women of the 305
SUN project. GDM incidences for the low, intermediate and high 306
categories of adherence to the DDS were 5-3, 5-5 and 3-2 %, 307
respectively (Table 2). 308

When the association between GDM incidence and categories 309
of pre-gestational DDS adherence was adjusted for potential non- 310
dietary confounders (age, BMI, family history of diabetes, smok- 311
ing status, physical activity, parity, multiple pregnancy, hours of 312
television watching, hours sitting down, CVD and hypertension 313
prevalence), our finding was that the highest category of the 314
DDS showed a lower risk of incident GDM compared with the 315
lowest category (reference); multivariate-adjusted OR 0-48 316
(95 % CI 0-24, 0-99; P for linear trend: 0-01) (Table 2). The crude 317
and the age-adjusted model showed non-significant inverse 318
trends (crude model OR 0-59 (95 % CI 0-29, 1-20; Pfor linear trend: 319
0-08) and age-adjusted OR 0-55 (95 % CI 0-27, 1-12; P for linear 320
trend: 0-04) for the high v. the low (reference) categories of adher- 321
ence to the DDS), although the P for trend for the age-adjusted 322
model was statistically significant. 323

Updated pre-gestational DDS calculated with reported 324
dietary data after 10 years of follow-up did not substantially 325
change the reported association remaining the P for trend 326
statistically significant. 327

We conducted several sensitivity analyses in order to assess 328
the robustness of our results (Table 3). In order to avoid possible 329
confounding bias generated for experiences from previous preg- 330
nancies, we restricted the analysis to primiparous women. 331
Including only primiparous pregnant women, the findings did 332
not change when we compared the highest v. the lowest catego- 333
ries of adherence with the DDS (multivariate-adjusted model OR: 334
0-42; 95% CI 0-19, 0-92; P for linear trend: 0-01). When we 335
excluded obese participants and then compared the extreme cat- 336
egories of adherence to the DDS, the results did not change 337
either (multivariate-adjusted model OR: 0-45; 95% CI 0-22, 338
0-94; P for linear trend: 0-02). Moreover, the results did not 339
change when we excluded women with multiple pregnancies 340
(multivariate-adjusted model OR: 0-48; 95% CI 0-24, 0-99; 341
P for linear trend: 0-01). The results remained in the limit of sig- 342
nificance when we excluded women older than 40 years of age 343
(multivariate-adjusted model OR: 0-47; 95 % CI 0-23, 1-00; P for 344
linear trend: 0-01). Although the point estimates were similar 345
when we changed the exclusion criteria for extreme total energy 346
intake, they lost their statistical significance (Table 3). 347

Those women in the highest quartile of adherence to the DDS 348
presented a 45 % lower odds of developing GDM (OR: 0-55; 95 % 349
CI 0-34, 0-90; P for trend=0-015). Similarly, for each additional 350
point of adherence in the DDS the odds decreased 3 %, and 351
for each four points more of adherence to the DDS, changing 352
from the lowest score to the highest score for each food category, 353
the odds decreased 12 %, being these associations statistically 354
significant in both cases (one-point increment: 0-97 (95% 355
CI 0-94, 0-99), four-point increment: 0-88 (95 % CI 0-80, 0-07)). 356

Discussion 357

The DDS proposed by Dominguez et al. in the SUN project® to 358
quantify the association between a composite dietary index and 359
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Table 1. Characteristics of 3455 pregnant women in the SUN cohort according to categories of the DDS before pregnancy in the SUN Project

DDS
Low (11-24) Intermediate (25-39) High (40-60) P for trend
n (%) 244 (7-1) 2531 (73-3) 680 (19-7)
Age (years) 276 (4-9) 283 (47) 29-4 (4-6) <0-001
Body mass index (kg/m?) 20-9 (2:6) 21.4 (2:6) 21.5 (2:6) 0-008
Family history of diabetes (%) - 10-8 11-8 0-067
Smoking (%) 0-041
Current 26-2 25-0 241
Former 160 174 241
Multiple pregnancy (%) 04 02 02 0-457
Primiparous (%) 79-5 816 835 0-136
Physical activity (METs-h/week) 15.0 (23-8) 18-0 (19-1) 23:3 (20-6) 0-001
TV watching (h/d) 1.8 (1-2) 1.8 (1-3) 1.6 (1-3) 0-092
Sitting down (h/d) 5.6 (2-4) 55 (2:2) 54 (21) 0-404
Prevalence of hypertension (%) 16 1.9 31 0-108
Prevalence of CVD (%) 0.0 0-7 13 0-029
Food groups in the DDS
Vegetables (g/d) 359-8 (190-7) 530-7 (321-7) 779-4 (395-2) <0-001
Fruit (g/d) 203-9 (167-8) 339.0 (324-2) 536-2 (432-9) <0-001
Fibre intake (g/d) 219 (77) 276 (12:0) 379 (14-6) <0-001
Whole bread (g/d) 1-1 (5-0) 12:2 (31-0) 335 (45-6) <0-001
Nuts (g/d) 3-8 (59) 5.4 (9-0) 11 8(17-8) <0-001
Coffee (cups/d) 07 (1:0) 11(1-2) 5(1-3) <0-001
Low-fat dairy products (g/d)? 1329 (218.9) 251.7 (247-4) 372 3 (256-6) <0-001
Alcohol intake (g/d) 1.8 (3-8) 2.9 (4-2) 7 (5:0) <0-001
Red meats (g/d) 132.6 (77-4) 81-0 (44-0) 46 8 (33:6) <0-001
Processed meat products (g/d) 834 (61-4) 51-2 (35-6) 341 (28-1) <0-001
SSB (ml/d) 84-4 (116-9) 48-4 (80-7) 24.2 (47-5) <0-001
Other nutrient intakes
Snacking (%) 55-3 42.7 36-0 <0-001
Special diet (%)° 33 54 122 <0-001
Fast food (g/d) 34.0 (22-8) 252 (21-3) 18-6 (16-0) <0-001
Legumes (g/d) 222 (11-8) 22:2 (17-6) 23-6 (20-1) 0179
Cereals (g/d) 121-8 (84-4) 98-7 (69-3) 105-4 (77-0) <0-001
Olive oil (g/d) 207 (16-5) 19-7 (15-5) 218 (15-4) 0-006
Eggs (g/d) 26-7 (13-7) 234 (16:5) 19-8 (11-5) <0-001
Fish (g/d) 96-2 (95-7) 95-1 (68-6) 115-5 (69-9) <0-001
Whole dairy products (g/d)¢ 3855 (276-3) 217-9 (203-7) 126-3 (139-0) <0-001
Dietary intakes
Total energy (kcal/d) 2960-4 (764-9) 2485.7 (743-8) 2416-7 (255-0) <0-001
Carbohydrate (% of energy) 397 (7-0) 43-0 (7-0) 45.7 (7-4) <0-001
Protein (% of energy) 181 (3-4) 180 (3-1) 182 (3-2) 0-259
Total fat (% of energy) 41.8 (5:9) 382 (6:2) 346 (6-6) <0-001
MUFAs (% of energy) 17-3 (3-1) 16-2 (3-6) 15-1 (3-9) <0-001
PUFAs (% of energy) 55 (1.9) 5.4 (1-6) 5.1 (1-6) 0-001
SFAs (% of energy) 156 (3-3) 132 (2-9) 10-7 (2-7) <0-001
Vitamin C (mg/d) 211.9 (105-3) 288-9 (155:1) 405-6 (179-8) <0-001
Vitamin D (mcg/d) 39 (3-2) 37 (27) 4.6 (31) <0-001
Fe from heme sources (mg/d) 181 (5-4) 174 (5:7) 19-7 (6-4) <0-001
Folate (mcg/d) 338-7 (129:0) 415.6 (173:3) 556-5 (202-6) <0-001

DDS, Diabetes Dietary Score; SSB, sugar-sweetened beverage; MET, metabolic equivalent task.

2 low-fat milk, non-fat milk, skimmed yogurt, fresh cheese (Burgos cheese, goat cheese).

b For example, hypoenergetic, low-Na, hypolipidemic, fibre-rich diets.

¢ Whole milk, sweetened condensed milk, cream, milk shake, whole yogurt, Petit Suisse cheese, curd, cheese cream or cheese wedge, Old cheese (hard and semi-hard cheese

(Swiss/emmental cheese, Manchego cheese, etc.), other cheese, custard, ice cream.

T2DM could be applied as a useful tool for the assessment of the
dietary risk of GDM. This an a priori score composed of several
specific nutritional components with consistent inverse or direct
associations with T2DM@*29_ Since T2DM and GDM share the
majority of risk factors besides having a very similar ethiopatho-
genesis, the rationale of our study was to evaluate the perfor-
mance of this score for the prevention of GDM.

The results of these analyses found that a pre-pregnancy high
adherence to the DDS decreases significantly the risk of devel-
oping GDM when a woman became pregnant. Although the

protective association was not as strong to prevent GDM as it
was for T2DM (for T2DM multivariate-adjusted HR 0-32 (95 %
CI 0-14, 0-69) for the high v. the low categories of adherence
to the DDS, and multivariate-adjusted OR 0-48 (95 % CI 0-24,
0-99) for GDM risk), the present results provide quality data to
find the best intervention for the primary prevention of GDM,
although we only found significant association between the high
adherence to the DDS group and the reference group in the
multivariate-adjusted model. Moreover, it can be useful not only
to classify pregnant women with high risk for GDM according to
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Table 2. ORs (95 % Cls) of incident GDM according to baseline categories of the DDS and updated DDS after 10 years for the repeated measures in the SUN
Project

DDS
Low (11-24) Intermediate (25-39) High (40-60) P for trend

n 244 2531 680

Number of incident GDM (%) 13 (5-3) 138 (5:5) 22 (3-3) 0-09
Crude 1 (Ref.) 1.02 (0-57, 1-84) 0-59 (0-29, 1-20) 0-05
Age-adjusted model 1 (Ref.) 0-99 (0-55, 1-79) 0-55 (0-27, 1-12) 0-03
Multivariate-adjusted model? 1 (Ref.) 0-90 (050, 1-62) 0-48 (0-24, 0:99) 0-01
Multivariate-adjusted model? repeated measures® 1 (Ref.) 0-98 (0-52, 1-85) 0-53 (0-24, 1-14) 0.-01

GDM, gestational diabetes mellitus; DDS, Diabetes Dietary Score.

2 Model adjusted for age, BMI, family history of diabetes, smoking status, physical activity, parity, multiple pregnancy, hours of television watching, hours sitting down, CVD and

hypertension prevalence at baseline.
b Updated data at 10 years of follow-up.

Table 3. Sensitivity analysis of adjusted® OR (95 % CI) for incident GDM according to categories of adherence to the DDS

Cases of Incident

Diabetes Dietary Score

GDM n Low (11-24)  Intermediate (25-39) High (40-60) P for trend

Overall aample? 173 3455 1 (Ref.) 0-90 (0-50, 1-62) 0-48 (0-24, 0-99) 0-01
Including only primiparous women 144 2827 1 (Ref.) 0-88 (0-46, 1-67) 0-42 (0-19, 0-92) 0-01
Excluding obese participants 167 3414 1 (Ref.) 0-87 (0-48, 1-57) 0-45 (0-22, 0-94) 0-02
Excluding women with multiple pregnancies 173 3448 1 (Ref.) 0-90 (0-50, 1-62) 0-48 (0-24, 0-99) 0-01
Excluding participants with HT and/or CVD at 169 3358 1 (Ref.) 0-96 (0-52, 1-78) 0-54 (0-26, 1-12) 0-02
baseline.

Overall sample* adjusted for snacking and following 173 3455 1 (Ref.) 0-90 (0-50, 1-63) 0-49 (0-24, 1-00) 0-02
a special diet

Energy limits between >500 and <3500 kcal/d 147 3102 1 (Ref.) 0-87 (0-44, 1-69) 0-49 (0-22, 1-09) 0-09
Energy limits between fifth and 95" percentiles 146 3111 1 (Ref.) 0-95 (0-49, 1-85) 0-61 (0-28, 1-33) 018
Excluding > 40 years old women 171 3394 1 (Ref.) 0-94 (0-51, 1.74) 0-47 (0-23, 1-00) 0-01

The SUN Project 1999-2013.

GDM, gestational diabetes mellitus; DDS, Diabetes Dietary Score; HT, hypertension.

2 Model adjusted for age, BMI, family history of diabetes, smoking status, physical activity, parity, multiple pregnancy, hours of television watching, hours sitting down, CVD and

hypertension prevalence at baseline.

their dietary habits, but also to reinforce education on healthy
dietary and lifestyle habits to women of reproductive age.

Nowadays, several T2DM risk scores are available to estimate
the probability of developing T2DM in the future for a specific per-
son®®. Nevertheless, to the best of our knowledge, none of them
have been used to predict the risk of GDM. The Nurses’ Health
Study II cohort conducted in the USA has provided the majority
of the current evidence between dietary habits and GDM risk.
On the one hand, it was shown that pre-pregnant women who
consumed more animal protein and heme iron (red meat), animal
fat and fatty foods (such as high-fat processed meats and fast
food), sugar-sweetened cola, potatoes and sweets had increased
risk of GDM13-4D_Some of these findings have been verified in
other population®>*®, On the other hand, it was published the
association between the higher consumption of some healthy
foods (vegetables, healthy protein sources such as vegetables,
nuts and legumes, whole grain foods) with a decreased incidence
of GDM(113038_ Furthermore, Karamanos et al. found an inverse
association between women who followed a Mediterranean
dietary pattern (which has similarities to the DDS) and GDM inci-
dence™. These findings are of major importance taking into
account the current pandemic of diabetes, which it is probably
caused, atleast in a considerable part, by an unhealthy dietary pat-
tern and lifestyle™®,

The etiopathology of T2DM and GDM is very similar. Both 404
types of diabetes are characterised by a state of insulin resistance 405
which cannot be overcome through a compensatory higher 406

secretion of pancreatic insulin. On the one hand, T2DM mainly -AQ8

develops in people with more body fat that they can cope with 408
over time“?. On the other hand, GDM occurs when the pancre- 409
atic function of the pregnant woman is not able to overcome the 410
sudden insulin resistance produced by the diabetogenic placental 411
hormones™>#7”, This metabolic challenge occurred during preg- 412
nancy may expose a predisposition to glucose intolerance. 413
Furthermore, follow-up and prevention of T2DM is recom- 414
mended for women with GDM“®. These facts, together with other 415
adverse outcomes of GDM, call for efforts to investigate modifi- 416
able risk factors of GDM. Due to a lack of randomised trials for 417
the primary prevention of GDM, prospective cohort studies, such 418
as the SUN project, can make a good approach of the nutritional 419
factors responsible for the current diabetes pandemic. 420

The potential limitations of the present study are: (1) volun- 421
tary completion of the FFQ, which may conduct to some degree 422
of selection bias (it makes more difficult to find associations). 423
Nonetheless, some self-reported variables (weight and BMD 424
have been validated in subsamples of this cohort®®; (2) although 425
a FFQ is probably the best available method to assess dietary 426
habits of large cohorts“™””, followed for a long time, it could be 427
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susceptible to information bias. However, the FFQ used has been
previously validated*-2Y; (3) the associations between the DDS
and T2DM are stronger(9) than in the present study for GDM; (4)
Dietary habits were not assessed during pregnancy. Women are
susceptible to change their dietary pattern after knowing their
pregnant state. Nevertheless, previous studies suggested that such
changes are food-specific and not specifically for their dietary pat-
tern®>?; in addition, when the analyses were updated with
repeated measures at 10 years of follow-up the results were in
the same direction; (5) Probably due to a lack of statistical power,
some of the sensitivity analyses lost their statistical significance,
although their point estimates were similar; (6) Due to the SUN
project participants are all graduates (highly educated), restriction
was applied to minimise confounding bias by education, disease,
presumed access to health care and socioeconomic status. Thus,
the generalisability of our findings should be understood through
common biological mechanisms following biological plausibility
instead of statistical representativeness. Nevertheless, in the strict
sense of external validity, our results can be generalised only to
highly educated women. More studies are required to test the
applicability of our findings to women from other populations.

The strengths of the study include: (1) large sample of per-
sons with high retention rate; (2) prospective and dynamic
design; (3) prolonged follow-up; (4) ability to control lifestyle
and demographic confounders; (5) the use of a repeatedly vali-
dated FFQU9-2D.

Conclusions

In conclusion, a score exclusively based on dietary factors and
designed to assess the risk of T2DM have also showed preven-
tive association with GDM. Our results reinforce the importance
of pre-gestational dietary habits to reduce gestational diabetes
incidence and consequently T2DM in the future. The DDS
may be appropriate for clinical practice because the nutritional
factors included can be gathered in primary care or using self-
administered tools. Moreover, it may well be an educational tool
for self-assessment of diabetes risk.
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