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Abstract

Background/Objective—Diet represents a key strategy for the prevention of obesity and type 2
diabetes among women with a history of gestational diabetes mellitus (GDM), although effective
dietary patterns to prevent weight gain in the long-term are largely unknown. We sought to
evaluate whether improvement in overall diet quality is associated with less long-term weight gain
among high risk women with prior GDM.

Subjects/Methods—Women with a history of GDM (N=3 397) were followed from 1991 to
2011, or until diagnosis of type 2 diabetes or other chronic disease. Usual diet was assessed via
food frequency questionnaire every 4 years from which we calculated the Alternative Healthy
Eating Index (aHEI-2010), Alternate Mediterranean Diet (AMED), and Dietary Approaches to
Stop Hypertension (DASH) dietary pattern scores. Weight, lifestyle, and health-related outcomes
were self-reported every 2 years. We estimated the change in dietary score with change in body
weight using linear regression models adjusting for age, baseline body-mass index, baseline and
simultaneous change in physical activity and smoking status, and other risk factors.

Results—Women were followed up to 20 years, gaining an average 1.9 kg (SD=7.0) per 4-year
period. Women in the highest quintile (Q5) of diet change (most improvement in quality) gained
significantly less weight per 4-year period than the lowest quintile (Q1; decrease in quality),
independent of other risk factors (4-year weight change, aHEI-2010: Q5=1.30 kg vs. Q1=3.27 kg;
AMED: Q5=0.94 kg vs. Q1=2.56 kg, DASH: Q5=0.64 kg vs. Q1=2.75 kg). Significant effect
modification by BMI (p-interactions <0.001) indicated a greater magnitude of weight change
among women with a higher baseline BMI for all three patterns.

Conclusions—Increased diet quality was associated with less weight gain, independent of other
lifestyle factors. Postpartum recommendations on diet quality may provide one strategy to prevent
long-term weight gain in this high risk group.
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INTRODUCTION

Gestational diabetes mellitus (GDM) is the onset or identification of impaired glucose
tolerance in pregnancy, with prevalence estimates among US women ranging from 1% to
14% of pregnancies.() Women with a history of GDM are at an exceptionally high risk of
developing obesity-related chronic diseases later in life, such as type 2 diabetes and
hypertension, compared to parous women without prior GDM. (2 3) Body weight and weight
gain have been identified as major risk factors for the progression from GDM to the
development of these chronic diseases postpartum.(4-6)

The identification of readily adoptable lifestyle factors associated with long-term weight
maintenance is essential to develop effective clinical recommendations for women with
recent GDM to prevent long-term weight gain. Evidenced-based data in this regards among
the high risk women, however, are sparse. Many guideline recommendations for overall
health and maintaining a healthy body weight have recently shifted to adopting the
perspective of healthy eating patterns, rather than focusing solely on individual

nutrients.(7- 8 The role of healthful dietary patterns in the prevention of long-term weight
gain has not been prospectively evaluated among women with a history of GDM. Therefore,
we sought to assess the relationship between change in adherence to three healthful dietary
patterns, the 2010 Alternative Healthy Eating Index (aHEI-2010), the Alternate
Mediterranean Diet (AMED), and the Dietary Approaches to Stop Hypertension (DASH),
and long-term change in weight, to determine whether improved diet quality may provide
one strategy for the prevention of weight gain among a high risk group of women with a
history of GDM, prior to development of type 2 diabetes.

SUBJECTS AND METHODS
Study Population

The study population is composed of women with a history of GDM in the Nurses' Health
Study I (NHS 11), as part of the ongoing Diabetes & Women's Health Study(®, which aims
to identify determinants of progression from GDM to type 2 diabetes. The NHS Il is a
longitudinal prospective cohort which began in 1989 with the enrollment of 116 430 female
nurses, aged 24-44 at baseline. Questionnaires are distributed every two years to update
information on a variety of lifestyle and health-related characteristics, with follow-up for
each cycle greater than 90%. This study has been approved by the institutional review board
of the Partners Health Care System (Boston, MA, USA), with participants' consent implied
by the return of the questionnaires.

Participants were included in this analysis if they reported at least one GDM pregnancy on
the baseline questionnaire or incident GDM during follow-up through 2001. Self-report of a
physician's diagnosis of GDM has been validated against medical records in a subgroup of
NHS I participants, with 94% of cases confirmed.(9 We excluded women reporting a
multiple birth pregnancy, cancer, a cardiovascular disease event (stroke or myocardial
infarction), or type 2 diabetes prior to GDM. Additionally, those missing information on
body weight, having an invalid food frequency questionnaire (>70 items left blank, or total
energy intake <500 or >3 500 kcal/day), or pregnant while completing the biennial
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questionnaire did not contribute to the adjacent 4-year intervals, since valid estimates of diet
and/or weight change could not be computed. Women with subsequent pregnancies
remained in the cohort, regardless of whether they had recurrent GDM. Women were
censored during follow-up if they reported a multiple birth pregnancy, cancer, cardiovascular
disease, type 2 diabetes, or death. Follow-up after type 2 diabetes and other chronic diseases
was excluded avoid confounding by clinical advice, diabetes-related therapies, and other
interventions leading to weight loss. Follow-up continued through return of the 2011
questionnaire.

Assessment of Adherence to Dietary Patterns

Participants complete a validated semi-quantitative food frequency questionnaire (FFQ) in
1991 and every 4 years thereafter.(!1) The FFQ captures usual intake of several food items
over the past year and has been extensively validated. We computed adherence scores for
three common healthful dietary patterns; the 2010 Alternative Healthy Eating Index
(aHEI-2010), the Alternate Mediterranean Diet (AMED), and the Dietary Approaches to
Stop Hypertension (DASH). Participants' adherence score for each pattern is computed as
the sum of points across the patterns' dietary components, with a higher score indicating
greater adherence, ranging from 2.5-87.5 points for aHEI-2010, 0-8 for AMED, and 8-39
for DASH. Details for the patterns' scoring methods have been published in detail
elsewhere.(12.13)

Outcome and Covariate Assessment

Body weight was reported on each biennial questionnaire. A previous validation study
observed that self-reported weight was highly correlated with technician-measured weight
among a subset of Boston-area cohort participants (r=0.97).(4)

Additional lifestyle, reproductive, and health-related characteristics were captured at
baseline and updated every 2 years, including pregnancies, menopausal status, and smoking
status. Validated total physical activity was ascertained at baseline and approximately every
4 years by report of how frequently participants engaged in common recreational activities,
which was converted into total metabolic equivalent tasks (MET-hours) per week.(15)

Statistical Methods

Change in pattern adherence scores and change in weight were computed as the difference
for each 4-year period, from 1991 through 2011. The first 4-year period began with the first
FFQ after the report of a GDM pregnancy. Covariate information was also calculated for
each 4-year change, where appropriate. Missing covariate data was carried forward for the
continuous variables and a missing indicator category was used for categorical variables,
when necessary (<5% of data).

The relationship between change in dietary pattern adherence and change in body weight
over repeated 4-year periods was evaluated with generalized estimating equations,
specifying an unstructured working correlation structure to account for within-person
repeated outcome measures. We analyzed change in dietary pattern adherence scores as a
continuous measure for a 1 standard deviation (SD) increase and in quintiles, with the third

Int J Obes (Lond). Author manuscript; available in PMC 2017 February 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Tobias et al. Page 5

quintile serving as the reference group. The p-values for linear trends across quintiles were
estimated by modeling the median value of each category as a continuous variable.
Multivariable models adjusted for age, the dietary pattern adherence score at the beginning
of the 4-year period, baseline body-mass index (BMI) in kg/m?, baseline and change in total
physical activity (MET-/hours per week), change in cigarette smoking status (stayed a never
smoker, stayed a former smoker, new smoker, re-started smoking, quitter, stayed a current
smoker), baseline (1, 2, 3, 24) and change in parity (humber of pregnancies lasting =6
months), menopausal status at end of the interval (premenopausal, postmenopausal, unsure),
race/ethnicity (white, black, Asian, other), family history of diabetes (yes/no), and 4-year
time period (1991-1995, 1995-1999, 1999-2003, 2003-2007, 2007-2011). Models for the
DASH diet additionally adjusted for baseline and change in alcohol (grams per day), since it
is not a component of the pattern. Total energy intake was considered a potential causal
intermediate between change in diet and change in weight and was not included in the main
multivariable model; however, we included baseline and 4-year change in a sensitivity
analysis.

We conducted a stratified analysis by BMI (<25.0 kg/m?=normal weight, 25.0-
29.9=overweight, >30.0=0bese) to assess whether results differed according to starting body
weight. Additionally, we examined the joint association between simultaneous 4-year
changes in diet (tertiles) and total physical activity (decrease of >1.0 MET-hours/week, no
change [-1.0 to 1.0], increase of >1.0) on change in body weight.

In additional sensitivity analyses we excluded outliers for change in pattern scores at the 0.5
and 99.5 percentiles. Additionally, we restricted to never smokers to reduce the potential for
residual confounding by change in smoking status, a predictor of weight change. All
analyses were run on SAS Version 9.3, with alpha<0.05 as the level of significance.

RESULTS

There were 3 397 women eligible for inclusion in our analysis of the 4 631 parous women
who reported a history of GDM in at least 1 pregnancy (Supplemental Figure). Baseline
characteristics are presented in Table 1. At baseline, women were on average 38.6 (SD=5.2)
years of age, with a BMI of 26.6 kg/m? (SD=6.2). Thirty-three percent had a family history
of diabetes and the majority (92%) was Caucasian. Women were followed for a maximum of
20 years, with an average weight gain per 4-year period of 1.9 kg (SD=7.0 kg).

Table 2 gives the main results for the relationship between change in diet quality and change
in weight. Increased adherence to each dietary pattern score was significantly associated
with less weight gain within the same 4-year period, independent of baseline BMI, baseline
and change in physical activity, smoking status, and several other factors; per 1 SD increase,
aHEI-2010: -1.24 kg (95% CI=-1.42, -1.06), AMED: —0.55 kg (95% CI=-0.71, -0.39),
DASH: -0.84 kg (95% CI=-1.02, -0.67). Analyses by quintiles of dietary pattern change
gave similar findings (Figure 1), with women in the fifth quintile (most improvement)
gaining significantly less weight than women with stable or decreased adherence scores (all
p-trends<0.001 for all dietary patterns).
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There was significant effect modification by baseline BMI category (all p-
interactions<0.001). At all BMI levels, an increased adherence to any dietary pattern was
associated with less weight gain; however, the magnitude of weight change was greater with
higher BMI levels, as shown in Figure 2. We did not observe statistically significant
interactions between change in dietary pattern scores and change in physical activity with
weight change (p for interactions: aHEI-2010=0.30, AMED=0.86, DASH=0.92;
Supplemental Table 1), indicating that regardless of level of change in physical activity,
improvement in diet quality was associated with less weight gain. An increase in total
energy intake (kilocalories/day) was associated with a simultaneous weight gain in the
multivariable models. Including baseline and simultaneous 4-year change in total energy
intake in the multivariable model moderately strengthened the relationships between AMED
and DASH patterns weight change (-0.77 kg, 95% CI=-0.94, —-0.60; -1.12 kg, 95% CIl=
-1.31, —0.93, per 1 SD, respectively), and minimally impacted aHEI-2010 (-1.19 kg, 95%
ClI=-1.37, —-1.01 per 1 SD). Conclusions were unchanged with the exclusion of outliers at
the extreme ends of diet change, and when restricted to never smokers, supporting the
robustness of these results.

DISCUSSION

Change in diet quality was significantly and independently associated with long-term weight
change among women with a history of GDM. Average 4-year weight gain in our study
population was approximately 1.9 kg. Compared with women who decreased their diet
quality in a 4-year period, those with improved diet quality gained approximately 2-3 kg
less, independent of simultaneous changes in physical activity, smoking status, parity, and
other potential risk factors for weight gain.

This is the first study to assess the long-term relationship between changes in diet quality
and weight among women with a history of GDM in the observational setting. Previous
randomized trials have evaluated the impact of lifestyle interventions among women with a
history of GDM, for the prevention of post-partum progression to type 2 diabetes and/or
weight loss; however, most include multi-component interventions (e.g., diet plus physical
activity, breastfeeding, behavioral), and few report follow-up beyond 6-12 months post-
partum.(16-20) A weight loss trial among women with prior GDM evaluated the effects of a
diet-only intervention versus a non-intervention control group, reporting no differences in
BMI after a median 51 months of follow-up.(?1) One possible explanation for a lack of
benefit may be that the authors cite that improvement in diet quality over follow-up was
similar between the two groups. Numerous dietary intervention weight loss RCTs have been
conducted in the general population or other high risk subgroups, and overall healthy dietary
patterns such as the Mediterranean diet have been effective for modest weight loss,
compared with no intervention or low-fat diet.(22-24) The effectiveness of interventions for
prevention of gradual long-term weight gain may differ from those intended for substantial
weight loss in the short-term; thus, randomized trials among women with a history of GDM,
specifically for long-term weight gain prevention, are warranted.

A shift in energy balance is a plausible mechanism by which change in diet quality is
associated with change in weight. Improved diet quality, measured in our study as an
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increase in adherence scores to three dietary patterns, can be achieved through a reduction in
foods and nutrients associated with weight gain, an increase in foods and nutrients
associated with weight loss, or some combination of the two. For example, eliminating
sugar-sweetened beverages, known contributors of weight-gain(2>-27), would be expected to
lead to less long-term weight gain. Alternatively, increasing foods high in fiber and other
satiating constituents, such as fruits, vegetables, nuts, and whole grains, has been associated
with less long-term weight gain among US adults, likely through a decrease in the intake of
other foods; thus lowering overall energy intake even in the absence of intentional caloric
restriction.(26: 28-31) Other potential intermediates of diet quality independent of its effect on
caloric intake with weight change are possible, including inflammation, changes to gut
microbiota, or other unknown mechanisms.

There are advantages to evaluating dietary patterns to address the relationship between diet
quality and weight change. The aHEI-2010, AMED, and DASH dietary patterns emphasize
some similar components, encouraging healthful foods such and fruits, vegetables, nuts and
legumes, and lean sources of meat, while red meat and sugar sweetened beverages are
discouraged. Nutrients and foods may have an undetectable or subtle impact on total energy
intake and subsequent weight change when analyzed individually;(®) however, analyzing
overall eating habits provides a comprehensive assessment of numerous dietary components,
and accounts for any known or unknown complex interactions between them. Furthermore,
healthful dietary patterns are adaptable to clinical advice and public health
recommendations, and may be more easily incorporated into a healthy lifestyle pattern over
the long-term. Other strengths of this study include the repeated measures of diet and weight
over 20 years of follow-up, allowing us to analyze long-term patterns of change. We did not
observe a relationship between baseline dietary pattern scores with subsequent 4-year weight
change (data not shown), indicating that current dietary habits may be most relevant to
gradual changes in weight.(26)

Limitations to this analysis include the reliance on self-reported body weight to compute
weight change; however a previous validation showed high correlation of 0.97 between self-
reported and technician-measured weight among a subset of Boston-area cohort
participants.(14) Error in self-reported diet, if random, would lead to an underestimate of the
associations. Second, our analysis carefully controlled for simultaneous change in other
lifestyle factors, such as physical activity and smoking status; however, residual confounding
from the self-report of these variables or confounding by other unmeasured factors may
remain. Third, our participants were US nurses and the majority were Caucasian, which may
limit the generalizability of our findings; nonetheless, the relative homogeneity of our
population's socio-economic and educational background decreases the impact of
confounding by these factors. A recent analysis conducted among women participating the
US National Health and Nutrition Examination Survey observed a mean aHEI-2010 score of
39.9 from 1999-2000 based on the 24-hour diet recall method®2), which is not drastically
lower than the mean score among our NHS Il population with prior GDM from the 1999
FFQ (47.0).
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Our study suggests improved diet quality may lead to less long-term weight gain among
women with a history of GDM prior to progression to type 2 diabetes, particularly those
who are overweight or obese. The identification of healthful dietary patterns for the
prevention of weight gain is essential for the population as a whole; however, given their
demonstrated propensity for metabolic dysfunction, women with prior GDM represent a
subgroup at high risk of obesity-related conditions. These findings suggests that all three
healthful dietary patterns may prevent postpartum and long-term weight gain, providing
clinicians and patients with a variety of options to improve dietary quality, including higher
intakes of fruits and vegetables, lean meats, whole grains, nuts, legumes, and low intakes of
red and processed meats, sugar-sweetened beverages, and refined carbohydrates.
Randomized trials of dietary interventions may further validate these findings. Postpartum
clinical visits for women with GDM often include recommendations to reduce their risk of
progression to type 2 diabetes and to prevent weight gain. Findings from the present study
suggest that improved diet quality, independent of other lifestyle factors, may mitigate the
majority of midlife weight gain in this high risk population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

ACKNOWLEDGEMENTS

Sources of Financial Support: This work was supported by the National Institutes of Health [HL60712, UM1
CA176726, DK58845, HSN275201000020C, P30 DK46200, 1K01DK103720] and the American Diabetes
Association [7-12-MN-34]. Drs. Zhang and Bao are supported by the Intramural Research Program of the Eunice
Kennedy Shriver National Institute of Child Health & Human Development, National Institutes of Health.

REFERENCES

1.

DeSisto CL, Kim SY, Sharma AJ. Prevalence estimates of gestational diabetes mellitus in the United
States, Pregnancy Risk Assessment Monitoring System (PRAMS), 2007-2010. Preventing chronic
disease. 2014; 11:E104. PubMed PMID: 24945238. Pubmed Central PMCID: 4068111. [PubMed:
24945238]

. Tobias DK, Hu FB, Forman JP, Chavarro J, Zhang C. Increased risk of hypertension after gestational

diabetes mellitus: findings from a large prospective cohort study. Diabetes care. Jul; 2011 34(7):
1582-4. PubMed PMID: 21593289. Pubmed Central PMCID: 3120181. [PubMed: 21593289]

. Bellamy L, Casas JP, Hingorani AD, Williams D. Type 2 diabetes mellitus after gestational diabetes:

a systematic review and meta-analysis. Lancet. May 23; 2009 373(9677):1773-9. PubMed PMID:
19465232. [PubMed: 19465232]

. Liu H, Zhang C, Zhang S, Wang L, Leng J, Liu D, et al. Prepregnancy body mass index and weight

change on postpartum diabetes risk among gestational diabetes women. Obesity. Jun; 2014 22(6):
1560-7. PubMed PMID: 24616432. [PubMed: 24616432]

. Kwak SH, Choi SH, Jung HS, Cho YM, Lim S, Cho NH, et al. Clinical and genetic risk factors for

type 2 diabetes at early or late post partum after gestational diabetes mellitus. The Journal of clinical
endocrinology and metabolism. Apr; 2013 98(4):E744-52. PubMed PMID: 23471980. [PubMed:
23471980]

. Bao W, Yeung E, Tobias DK, Hu FB, Vaag AA, Chavarro JE, et al. Long-term risk of type 2

diabetes mellitus in relation to BMI and weight change among women with a history of gestational
diabetes mellitus: a prospective cohort study. Diabetologia. Jun; 2015 58(6):1212-9. PubMed
PMID: 25796371. [PubMed: 25796371]

Int J Obes (Lond). Author manuscript; available in PMC 2017 February 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Tobias et al.

10

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Page 9

. Kromhout D, Spaaij CJ, de Goede J, Weggemans RM. The 2015 Dutch food-based dietary

guidelines. European journal of clinical nutrition. Apr 6.2016 PubMed PMID: 27049034.

. DeSalvo KB, Olson R, Casavale KO. Dietary Guidelines for Americans. Jama. Feb 2; 2016 315(5):

457-8. PubMed PMID: 26746707. [PubMed: 26746707]

. Zhang C, Hu FB, Olsen SF, Vaag A, Gore-Langton R, Chavarro JE, et al. Rationale, design, and

method of the Diabetes & Women's Health study--a study of long-term health implications of
glucose intolerance in pregnancy and their determinants. Acta obstetricia et gynecologica
Scandinavica. Nov; 2014 93(11):1123-30. PubMed PMID: 24828694. Pubmed Central PMCID:
4205761. [PubMed: 24828694]

. Solomon CG, Willett WC, Rich-Edwards J, Hunter DJ, Stampfer MJ, Colditz GA, et al. Variability
in diagnostic evaluation and criteria for gestational diabetes. Diabetes care. Jan; 1996 19(1):12-6.
PubMed PMID: 8720526. [PubMed: 8720526]

Willett, WC. Nutritional Epidemiology. Third Edition ed. Oxford University Press; 2012.

Tobias DK, Zhang C, Chavarro J, Bowers K, Rich-Edwards J, Rosner B, et al. Prepregnancy
adherence to dietary patterns and lower risk of gestational diabetes mellitus. The American journal
of clinical nutrition. Aug; 2012 96(2):289-95. PubMed PMID: 22760563. Pubmed Central
PMCID: 3396443. [PubMed: 22760563]

Chiuve SE, Fung TT, Rimm EB, Hu FB, McCullough ML, Wang M, et al. Alternative dietary
indices both strongly predict risk of chronic disease. The Journal of nutrition. Jun; 2012 142(6):
1009-18. PubMed PMID: 22513989. Pubmed Central PMCID: 3738221. [PubMed: 22513989]

Rimm EB, Stampfer MJ, Colditz GA, Chute CG, Litin LB, Willett WC. Validity of self-reported
waist and hip circumferences in men and women. Epidemiology. Nov; 1990 1(6):466—73. PubMed
PMID: 2090285. [PubMed: 2090285]

Wolf AM, Hunter DJ, Colditz GA, Manson JE, Stampfer MJ, Corsano KA, et al. Reproducibility
and validity of a self-administered physical activity questionnaire. International journal of
epidemiology. Oct; 1994 23(5):991-9. PubMed PMID: 7860180. [PubMed: 7860180]

Hu G, Tian H, Zhang F, Liu H, Zhang C, Zhang S, et al. Tianjin Gestational Diabetes Mellitus
Prevention Program: study design, methods, and 1-year interim report on the feasibility of lifestyle
intervention program. Diabetes research and clinical practice. Dec; 2012 98(3):508-17. PubMed
PMID: 23010556. [PubMed: 23010556]

Ferrara A, Hedderson MM, Albright CL, Ehrlich SF, Quesenberry CP Jr, Peng T, etal. A
pregnancy and postpartum lifestyle intervention in women with gestational diabetes mellitus
reduces diabetes risk factors: a feasibility randomized control trial. Diabetes care. Jul; 2011 34(7):
1519-25. PubMed PMID: 21540430. Pubmed Central PMCID: 3120183. [PubMed: 21540430]

Ratner RE, Christophi CA, Metzger BE, Dabelea D, Bennett PH, Pi-Sunyer X, et al. Prevention of
diabetes in women with a history of gestational diabetes: effects of metformin and lifestyle
interventions. The Journal of clinical endocrinology and metabolism. Dec; 2008 93(12):4774-9.
PubMed PMID: 18826999. Pubmed Central PMCID: 2626441. [PubMed: 18826999]

Reinhardt JA, van der Ploeg HP, Grzegrzulka R, Timperley JG. Implementing lifestyle change
through phone-based motivational interviewing in rural-based women with previous gestational
diabetes mellitus. Health promotion journal of Australia : official journal of Australian Association
of Health Promotion Professionals. Apr; 2012 23(1):5-9. PubMed PMID: 22730940. [PubMed:
22730940]

Shyam S, Arshad F, Abdul Ghani R, Wahab NA, Safii NS, Nisak MY, et al. Low glycaemic index
diets improve glucose tolerance and body weight in women with previous history of gestational
diabetes: a six months randomized trial. Nutrition journal. 2013; 12:68. PubMed PMID: 23705645.
Pubmed Central PMCID: 3671161. [PubMed: 23705645]

Wein P, Beischer N, Harris C, Permezel M. A trial of simple versus intensified dietary modification
for prevention of progression to diabetes mellitus in women with impaired glucose tolerance. The
Australian & New Zealand journal of obstetrics & gynaecology. May; 1999 39(2):162-6. PubMed
PMID: 10755770. [PubMed: 10755770]

Mancini JG, Filion KB, Atallah R, Eisenberg MJ. Systematic Review of the Mediterranean Diet for
Long-Term Weight Loss. The American journal of medicine. Apr; 2016 129(4):407-15. e4.
PubMed PMID: 26721635. [PubMed: 26721635]

Int J Obes (Lond). Author manuscript; available in PMC 2017 February 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Tobias et al.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Page 10

Estruch R, Martinez-Gonzalez MA, Corella D, Salas-Salvado J, Fito M, Chiva-Blanch G, et al.
Effect of a high-fat Mediterranean diet on bodyweight and waist circumference: a prespecified
secondary outcomes analysis of the PREDIMED randomised controlled trial. The lancet Diabetes
& endocrinology. Jun 6.2016 PubMed PMID: 27283479.

Tobias DK, Chen M, Manson JE, Ludwig DS, Willett W, Hu FB. Effect of low-fat diet
interventions versus other diet interventions on long-term weight change in adults: a systematic
review and meta-analysis. The lancet Diabetes & endocrinology. Dec; 2015 3(12):968-79.
PubMed PMID: 26527511. Pubmed Central PMCID: 4667723. [PubMed: 26527511]

Malik VS, Pan A, Willett WC, Hu FB. Sugar-sweetened beverages and weight gain in children and
adults: a systematic review and meta-analysis. The American journal of clinical nutrition. Oct;
2013 98(4):1084-102. PubMed PMID: 23966427. Pubmed Central PMCID: 3778861. [PubMed:
23966427]

Mozaffarian D, Hao T, Rimm EB, Willett WC, Hu FB. Changes in diet and lifestyle and long-term
weight gain in women and men. N Engl J Med. Jun; 2011 23(25):364, 2392-404. PubMed PMID:
21696306. Pubmed Central PMCID: 3151731.

Bautista-Castano I, Sanchez-Villegas A, Estruch R, Martinez-Gonzalez MA, Corella D, Salas-
Salvado J, et al. Changes in bread consumption and 4-year changes in adiposity in Spanish
subjects at high cardiovascular risk. The British journal of nutrition. Jul 28; 2013 110(2):337-46.
PubMed PMID: 23199451. [PubMed: 23199451]

Jackson CL, Hu FB. Long-term associations of nut consumption with body weight and obesity.
The American journal of clinical nutrition. Jun 4; 2014 100(Supplement 1):4085-11S. PubMed
PMID: 24898229. Pubmed Central PMCID: 4144111. [PubMed: 24898229]

Aljadani HM, Patterson A, Sibbritt D, Hutchesson MJ, Jensen ME, Collins CE. Diet quality,
measured by fruit and vegetable intake, predicts weight change in young women. Journal of
obesity. 2013; 2013:525161. PubMed PMID: 24062946. Pubmed Central PMCID: 3770048.
[PubMed: 24062946]

Santiago S, Zazpe I, Bes-Rastrollo M, Sanchez-Tainta A, Sayon-Orea C, de la Fuente-Arrillaga C,
et al. Carbohydrate quality, weight change and incident obesity in a Mediterranean cohort: the
SUN Project. European journal of clinical nutrition. Sep 17.2014 PubMed PMID: 25226822.
Babio N, Toledo E, Estruch R, Ros E, Martinez-Gonzalez MA, Castaner O, et al. Mediterranean
diets and metabolic syndrome status in the PREDIMED randomized trial. CMAJ : Canadian
Medical Association journal = journal de I'Association medicale canadienne. Nov 18; 2014
186(17):E649-57. PubMed PMID: 25316904. Pubmed Central PMCID: 4234734.

Wang DD, Leung CW, Li Y, Ding EL, Chiuve SE, Hu FB, et al. Trends in dietary quality among
adults in the United States, 1999 through 2010. JAMA internal medicine. Oct; 2014 174(10):1587—
95. PubMed PMID: 25179639. [PubMed: 25179639]

Int J Obes (Lond). Author manuscript; available in PMC 2017 February 28.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuely Joyiny

Tobias et al.

a. aHEI-2010
4.00
3.50
/ 327
3.00 /
2 250 248 —Q1
S —Q2
S 200 / / 3
8 / / 1.62
£ 150 S —Q4
=3 _ 130
£ 100 // / @
0.50 //
0.00 - : —6.00——
4 years
b. AMED
4.00
3.50
3.00
B} —Qt
o —2
s —a3
2 —a4
> Q5
=
4 years
c. DASH
4.00
3.50
3.00
— 2.75
g 250 / 2.12 —
o : —_—Q2
2 500 4 2.08 Q
g / —Q3
£ 150 47 ——Q4
[=)] p .
& // P Qs
0.50 / s 0.64
0.00
4 years

Figure 1.

Page 11

Figure 1 illustrates the multivariable-adjusted average 4-year weight change (kg) for each
quintile of 4-year change in dietary pattern adherence scores among 3 397 US women with a

history of GDM; panel A) aHEI-2010, B) AMED, and C) DASH dietary patterns. The
median values of quintiles of 4-year change in dietary pattern scores are the following,

aHEI-2010: -9.0, -2.0, 3.0, 8.0, 16.0 points, AMED: -2.0, -1.0, 0.0, 1.0, 2.0 points, and
DASH: -5.0, -2.0, 0.0, 2.0, 5.0 points. Multivariable models are adjusted for age, baseline
dietary pattern score, baseline body-mass index, baseline and change in physical activity
(MET-hours/week), baseline and change in parity, change in smoking status, family history
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of diabetes, menopausal status, and time period; alcohol (grams/day) for DASH only.
aHEI-2010=2010 Alternate Health Eating Index, AMED=Alternative Mediterranean Diet,
DASH=Dietary Approaches to Stop Hypertension.
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Figure 2 presents the multivariable-adjusted mean 4-year weight change (kg) per 1 SD 4-
year increase in dietary pattern adherence scores among 3 397 US women with a history of

GDM, according to body-mass index at the beginning of the 4-year period (normal

weight=BMI<25.0, overweight=BMI 25.0-29.9, obese=BMI=30.0). 1 SD in change for
aHEI-2010=9.85, AMED=1.79, DASH=4.20. Multivariable models are adjusted for age,
baseline dietary pattern score, baseline body-mass index, baseline and change in physical
activity (MET-hours/week), baseline and change in parity, change in smoking status, family
history of diabetes, menopausal status, and time period; alcohol (grams/day) for DASH only;
aHEI-2010=2010 Alternate Health Eating Index, AMED=Alternative Mediterranean Diet,

DASH=Dietary Approaches to Stop Hypertension.
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Table 1

Baseline characteristics and average 4-year changes among 3,397 US women with a history of GDM

Baseline Mean (SD)

Average 4-Year Change Mean (SD)"’1

Age (years)
Body weight (kg)
BMI (kg/m?)
BMI category (%)
Normal (<25.0)
Overweight (25.0-29.9)
Obese (=30.0)
BMI category change (%)
Decrease BMI category
No category change
Increase BMI category
aHEI-2010
AMED
DASH
Total energy intake (kcal/d)
Alcohol (grams/day)
Physical activity (MET-hrs/wk)
Physical activity change (%)
Decrease (>—1 MET-hrs/wk)

No change (-1 to 1 MET-hrs/wk)

Increase (>1 MET-hrs/wk)
Smoking status (%)
Never
Past
Current
Smoking status change (%)
Began (never to current)
Resumed (former to current)
Quit (current to former)
Parity (pregnancies >6m)
Breastfeeding, total months
Age at first birth
Oral contraceptive use (%)
Never
Past
Current
Family history of diabetes (%)

Caucasian race/ethnicity

38.6 (5.2)
715 (17.6)
26.6 (6.2)

49.1
275
23.3

47.4(11.2)
4.1(1.9)
23.6 (5.0)
1901 (571)
25(5.0)
17.3 (23.7)

66.4
23.1
10.3

2.3(1.0)
16.4 (15.7)
27.4 (4.9)

12.8
80.5
6.7
33.4
92.4

1.9(7.0)
0.7 (2.6)

5.8
78.6
15.6

3.3(9.8)
0.0 (1.8)
-02(4.2)
-31 (518)
0.6 (5.1)
05 (25.7)

40.4
17.7
42.0
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SD=standard deviation, BMI=body-mass index, MET=metabolic equivalent tasks, aHEI-2010=2010 Alternate Health Eating Index,
AMED=Alternative Mediterranean Diet, DASH=Dietary Approaches to Stop Hypertension

a ) . .
average across all five 4-year time periods from 1991 to 2011
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Table 2

Relationships between 4-year increase in dietary pattern adherence scores (per 1 SD) and weight change,
among 3,397 US women with a history of GDM

Weight Change per 1 SDb Increase in Diet Pattern Score

- i i — 0 - -
Age-Adjusted Weight Change — kg (95% CI)  p-value Multivariable-Adjusted Weight Changea— kg (95% p-value
Cl)
aHEI-2010 -1.17 (-1.34, -0.99) <0.001 -1.24 (-1.42, -1.06) <0.001
AMED -0.41 (-0.56, -0.26) <0.001 -0.55 (-0.71, —0.39) <0.001
DASH -0.71 (-0.89, -0.54) <0.001 -0.84 (-1.02, -0.67) <0.001

SD=standard deviation, Cl=confidence interval, aHEI-2010=2010 Alternate Health Eating Index, AMED=Alternative Mediterranean Diet,
DASH=Dietary Approaches to Stop Hypertension

aMuItivariabIe models adjusted for age, baseline dietary pattern score, baseline body-mass index, baseline and change in physical activity (MET-
hrs/week), change in smoking status, baseline parity, change in parity, menopausal status, race/ethnicity, family history of diabetes, and time period;

baseline and change in alcohol (grams/day) for DASH only

bl standard deviation in change for aHEI-2010=9.85, AMED=1.79, DASH=4.20 points
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