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Abstract

Background—Elevated levels of cardiometabolic markers are characteristic of normal 

pregnancy; however, insulin resistance and increased glucose, triglyceride, and cholesterol levels 

can adversely influence maternal and child health. Diet is a modifiable behavior that could have 

significant impact on maternal cardiometabolic levels during pregnancy. We investigated the 

association between dietary patterns and cardiometabolic markers (glucose, insulin, insulin 

resistance (HOMA-IR), triglycerides, and cholesterol) during pregnancy.

Methods—Data from the Pregnancy, Infection, and Nutrition prospective cohort study 

(2000-2005) was used (n=513). Diet was assessed using a food frequency questionnaire. Dietary 

patterns were derived using latent class analysis (LCA) and the Dietary Approaches to Stop 

Hypertension (DASH) diet. Linear regression was used to examine the dietary patterns-

cardiometabolic markers association during pregnancy.

Results—Three dietary patterns evolved from the LCA characterized by high intakes of: 1) 

hamburgers, hot dogs, bacon, French fries, fried chicken, white bread, and soft drinks; 2) some 

vegetables, fruit juice, refined grains, mixed dishes, processed meat, and empty calorie foods; and 

3) fruits, vegetables, whole grains, low fat dairy, breakfast bars, and water. After adjustment for 

potential confounders including pre-pregnancy body mass index, a diet consistent with Latent 

Class 3 was negatively associated with maternal insulin (μU/mL: β=−0.12; 95% CI: −0.23, −0.01) 
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and HOMA-IR (β=−0.13; 95% CI: −0.25, −0.00). Additionally, DASH scores within Tertile 3 

(higher dietary quality) were also negatively associated with maternal triglycerides (mg/dL).

Conclusions—The study findings suggest an association between maternal dietary patterns and 

several cardiometabolic markers during pregnancy.

During a typical pregnancy, several metabolic adaptations occur to sustain pregnancy and 

promote fetal growth and development.1-2 Higher levels of several cardiometabolic markers 

are characteristic of a normal pregnancy; however, several studies have shown that insulin 

resistance, as well as, increased glucose, triglyceride, and cholesterol levels are associated 

with adverse maternal and child outcomes,3-7 creating a need for studies that identify factors 

during pregnancy that have favorable effects on cardiometabolic markers.

Maternal diet during pregnancy is one potential modifiable behavior that could significantly 

impact cardiometabolic levels. Unfortunately, studying diet is not straightforward as people 

do not eat foods and nutrients in isolation. Instead, foods and nutrients are eaten in 

combination, which likely have interactive and synergestic effects.8 To address this, dietary 

patterns are commonly used as measures of overall diet quality. Dietary patterns are 

primarily defined using score-based and data-driven approaches.8 Score-based methods are 

based on dietary recommendations or substantive knowledge of specific diseases and scores 

are assigned at the individual-level to reflect adherence. Data-driven methods use statistical 

approaches to derive major dietary patterns in a population independent of their relationship 

to a disease.

The influence of dietary patterns on cardiometabolic markers has been described in studies 

of healthy non-pregnant individuals using both score-based and data-driven methods.9-11 

However, less is understood during pregnancy when changes in metabolic profiles are 

typical. Studies in pregnant women have mainly included small sample sizes, racially 

homogenous study populations, and pregnant women with gestational diabetes.12-15 One 

previous study found a negative correlation between the Mediterranean-style diet and fasting 

glucose during pregnancy.15 Unfortunately, other important cardiometabolic markers were 

not examined. In this study, we sought to investigate cardiometabolic markers during 

pregnancy as they relate to maternal dietary patterns using both a score-based and data-

driven approach.

METHODS

Study design and population

We used data from the third cohort of the Pregnancy, Infection, and Nutrition study, which 

recruited women from private and public prenatal clinics at the University of North Carolina 

Hospitals to participate in a prospective study investigating risk factors of preterm birth.16 

Pregnant women ≤20 weeks’ gestation, 16 years of age and older, carrying singleton 

gestation, with telephone accessibility, and planning to continue care at the same clinic were 

recruited to participate from January 1, 2001 to June 30, 2005 and followed to delivery. 

Women provided written informed consent at recruitment and all procedures were reviewed 

and approved by the UNC Institutional Review Board.
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A total of 1,875 pregnant women (2,006 pregnancies) were enrolled, of which 1,352 women 

(1,442 pregnancies) had complete dietary information. Because it was possible for a woman 

to have multiple pregnancies during the study, we randomly selected one pregnancy per 

woman from those with complete dietary information to be included in this analysis. A new 

study protocol was later funded that included fasting blood draws. Of those eligible, 967 

women agreed to participate and provide fasting blood samples. Seven hundred twenty-one 

women had blood samples at each of the two research visits. Thirty-seven women had only 

one blood sample drawn, while 209 women, despite being eligible for and consenting to the 

blood draw protocols, had no blood samples drawn. We included women who had biomarker 

data for all cardiometabolic markers of interest (fasting glucose, insulin, total cholesterol, 

and triglycerides; n=569). We compared maternal characteristics to determine whether 

women with data for all cardiometabolic markers (n=569) differed from women excluded 

(n=783). Women with complete biomarker data had a slightly lower mean ± SD pre-

pregnancy body mass index (BMI; 25.3 ± 6.5 kg/m2) than women excluded (26.2 ± 7.3 

kg/m2; P<0.01). No other significant differences were found. We further excluded women 

with pre-existing diabetes (n=12), chronic hypertension (n=34), or both conditions (n=10) 

because it is possible that these women received preconception dietary advice for their 

conditions, which could have influenced their dietary habits during pregnancy, resulting in 

513 women in this analysis.

Assessment of primary outcomes

Fasting blood samples were collected at 26-29 weeks gestation. Glucose (mg/dL) and insulin 

(μU/mL) were both assayed by LINCO Research, Inc. using a standard hexokinase method 

and double antibody/PEG technique. Using nuclear magnetic resonance technique (NMP 

LipoProfile®), cholesterol (mg/dL) and triglycerides (mg/dL) were assayed by LipoScience, 

Inc. We estimated insulin resistance from glucose and insulin using the homeostasis model 

for assessment of insulin resistance (HOMA-IR).17-18

Assessment of primary exposures

Information on diet was collected at 26-29 weeks gestation using a self-administered, semi-

quantitative, 119-item Block food frequency questionnaire (FFQ) to assess dietary intake 

over the previous three months. The FFQ was validated in the PIN study by comparing 

nutrient results with three 24-hour dietary recalls collected on random nonconsecutive days 

from 99 women. Details of the validation are provided elsewhere.19 To calculate daily 

energy intake (kcals) and grams per day, we used Dietsys+Plus version 5.6 with an updated 

food composition table based on nutrient values from the NHANES III and USDA 1998 

nutrient databases.

We examined dietary patterns using a score-based and a data-driven approach. The Dietary 

Approaches to Stop Hypertension (DASH) diet was the score-based method used. 20 It was 

previously shown to positively influence metabolic profiles in pregnant women.12-13 The 

DASH scoring method was based on a previously developed approach, where participants 

received points based on their quintile of intake for 8 food components.21 In brief, intake of 

fruits, vegetables, nuts and legumes, low fat dairy, and whole grains were assigned one point 

for each successive quintile ranking (e.g. lowest quintile = 1 point, highest quintile = 5 
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points). Sodium, red and processed meat, and sweetened beverage intakes were reverse 

scored, giving the lowest quintile of intake five points and the highest quintile one point. 

DASH scores were computed by summing the 8 DASH component scores and could range 

from 8 (not adherent) to 40 (adherent). We divided DASH scores into tertiles for all analyses 

where the highest tertile represented healthier diet quality.

Latent class analysis (LCA) was used to derive data-driven dietary patterns. The 

methodology for LCA is described in full detail elswhere.22-23 The number of FFQ food 

items was reduced from 119 to 105 due to the exclusion of rarely consumed food items (< 

10%) and combining low-fat milks (skim, 1%, and 2%) into one group because of small cell 

counts. Because many of the food items had skewed distributions due to high prevalence of 

non-consumers, we used categories of intake. Food items with a high prevalence of 

consumption (non-consumption <10%; n=17 items) were dichotomized at the median. Food 

items with a low prevalence of consumption (non-consumption >70%; n=8) were 

dichotomized as consumed vs. non-consumed. The remaining food items (n=80) were 

categorized into three levels: non-consumers, below the median among consumers, and 

above the median among consumers. We fit energy-adjusted LCA models with 2 to 4 classes 

and used Lo-Mendell-Rubin likelihood ratio test (LRT) to determine the number of classes. 

Women were classified into mutually exclusive classes according to their highest predicted 

probability of class membership.24

Covariates

At enrollment, women reported their age, race, marital status, parity, household income, 

education level, pre-pregnancy weight, smoking status, and physical activity via telephone 

interviews. Physical activity over the past seven days was recorded at 17-22 weeks’ 

gestation. The frequency and duration of all moderate and vigorous occupational, 

recreational, household, child and adult care, and transportation activities were assessed. 

Perceived intensity was assessed using the Borg scale.25 Total metabolic equivalent (MET) 

hours per week were calculated. Pre-pregnancy BMI was calculated based on self-reported 

pre-pregnancy weight (kilograms) and height (meters squared), which was measured at the 

first clinic visit. Missing or implausible pre-pregnancy weights were imputed using weight at 

first prenatal care visit for 3.7% of the study population. Self-reported weight was highly 

correlated with measured weight in pregnant women in previous research (r=0.98).26 BMI 

classifications followed the 2009 Institute of Medicine recommendations: underweight 

<18.5 kg/m2; normal weight 18.5-24.9 kg/m2; overweight 25.0-29.9 kg/m2; and obese ≥30.0 

kg/m2.

Statistical analysis

To avoid excluding women with missing covariate information from the analysis, we used 

data from our three months postpartum survey for missing federal poverty level (n=12) and 

smoking status (n=9). We used multiple imputation methods to estimate values of other 

missing covariate data for maternal race (n=1), prenatal smoking (n=18), and federal poverty 

level (n=20). All covariates and outcomes discussed previously were included in the 

multiple imputation models.27 We used 10 iterations to produce 10 imputed datasets for 

regression analyses and parameter estimates were summarized.27
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We summarized maternal demographic, behavioral, dietary, and cardiometabolic 

characteristics by dietary patterns using percentages for categorical variables and means and 

standard deviations (SDs) for continuous variables. All cardiometabolic markers with non-

normal distributions were transformed using natural logarithms. Statistical significance was 

evaluated using χ2 and Analysis of Variance (ANOVA) tests for categorical and continuous 

variables, respectively (P<0.05).

The relationship between maternal dietary patterns and cardiometabolic markers during 

pregnancy was assessed in a series of linear regression models: (1) examining the 

associations of dietary patterns alone; (2) adjusted for maternal age, race, poverty level, 

parity, smoking status, physical activity, and energy intake; and (3) further adjusted for 

continuous pre-pregnancy BMI. Confounding was determined using directed acyclic 

graphs.28 Other covariates (maternal education and marital status) were tested as potential 

confounders, but were not included because they did not meaningfully influence our 

estimates (change-in-estimate <10%).29 We also tested for interaction between maternal pre-

pregnancy BMI and dietary patterns using Wald tests (P<0.15). To determine the influence 

of implausible energy intake, we performed sensitivity analyses excluding women with daily 

kcals above and below ±1st, ±2.5th, and ±5th percentiles. Statistical analyses were performed 

using SAS version 9.3 (SAS Institute, Inc. Cary, NC) and Mplus Version 7.3 to fit the latent 

class models.

RESULTS

The LCA identified three latent classes. Class 1 was characterized by high intake of 

hamburgers, hot dogs, French fries, fried chicken, white bread, bacon, and soft drinks 

(n=150). Class 2 was characterized by high intake of some vegetables, refined grains, mixed 

dishes, meat, poultry, processed meat, salty snacks, sweets, some fast foods, and fruit juice 

(n=163). Class 3 included high intake of fruits, vegetables, whole grains, low fat dairy, 

breakfast bars, and water (n=200).

DASH scores ranged from 12 to 37 with a mean of 24.2 ± 5.1. There were 36.2% of women 

with DASH scores within Tertile 1 (score range: 12-22), 35.5% within Tertile 2 (score range: 

23-27), and 28.3% within Tertile 3 (score range: 28-37). Maternal demographic and 

behavioral characteristics by DASH score tertile and latent class are given in Table 1. On 

average, women in DASH Tertile 3 and Latent Class 3 were older, more likely to be non-

Black and married, had a lower prevalence of pre-pregnancy obesity and smoking during 

pregnancy, and more likely to have higher household income (>350% federal poverty level) 

and more than a college education (≥ Grade 17).

By design, women with DASH scores in the highest tertile had higher consumption of 

healthy food items (i.e. fruits, vegetables, whole grains, etc.) and lower consumption of 

unhealthy foods (i.e. red meat, sweetened beverages, etc.) compared to women with scores 

in the lower tertiles (Table 2). Women grouped into Latent Class 3 had higher mean intake 

of vegetables, whole grains, and low fat dairy, and lower intake of red meat and sweetened 

beverages than women in the other classes. Saturated fat intake was also lower for women 

categorized into DASH Tertile 3 and Latent Class 3.

Martin et al. Page 5

Paediatr Perinat Epidemiol. Author manuscript; available in PMC 2017 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Results from linear regression analyses are provided in Table 3. DASH Tertile 1 and Latent 

Class 1 were denoted as the reference categories for DASH and LCA models, respectively. 

In models adjusted for maternal age, race, poverty level, parity, smoking status, physical 

activity, and energy intake (Model 2), DASH Tertile 3 scores were negatively associated 

with insulin, insulin resistance, and triglycerides. A diet consistent with Latent Class 3 was 

positively associated with glucose, insulin, and insulin resistance. After further adjustment 

for pre-pregnancy BMI (Model 3), the negative associations of insulin, insulin resistance, 

and triglycerides with DASH Tertile 3 and the negative associations of insulin and insulin 

resistance with Latent Class 3 were slightly attenuated. We did not find evidence of 

interaction between maternal prepregnancy BMI. Associations were similar after excluding 

women with daily energy intakes ±1st percentile (770 and 5010 kcals), ±2.5th percentile (995 

and 4337 kcals), and ±5th percentile (1106 and 3668 kcals).

COMMENTS

Our results suggest that adherence to a healthier dietary pattern during pregnancy is 

associated with lower cardiometabolic markers during pregnancy. Specifically, we found that 

higher DASH scores were associated with lower maternal insulin, HOMA-IR, and 

triglycerides. Similarly, a dietary pattern characterized by high consumption of fruits, 

vegetables, whole grains, low fat dairy, breakfast bars, and water was associated with lower 

maternal glucose, insulin, and HOMA-IR. Associations were slightly attenuated upon 

further adjustment for pre-pregnancy BMI; however, several significant associations 

remained.

Studies of maternal dietary patterns and cardiometabolic markers during pregnancy are 

sparse. We are aware of only four previously published studies.12-15 Our findings of an 

association between healthier dietary patterns and cardiometabolic levels during pregnancy 

were generally consistent with results from a small RCT of women with gestational 

diabetes.12 Women with diagnosed gestational diabetes randomized to the DASH diet at 

24-28 weeks of gestation, as opposed to a control diet (40-55% energy as carbohydrates, 

10-20% as proteins, 25-20% as fats), observed significant decreases in fasting insulin and 

HOMA-IR after the four-week study period.

We observed a negative association between higher DASH scores and fasting glucose; 

however, after additional adjustment for pre-pregnancy BMI the association no longer 

remained. Similarly, Asemi et al found no association between the DASH diet and fasting 

glucose in the RCT.13 Karamanos et al. found a significant negative correlation between the 

Mediterranean-style diet and fasting glucose in women without gestational diabetes; 

however, the correlation was not adjusted for several important confounding factors.15 

Unlike previous RCTs, we did not find an association between dietary patterns and total 

cholesterol.13,14

Although the mechanisms explaining associations between maternal dietary patterns and 

insulin, HOMA-IR, and triglyceride levels are unclear, the results are biologically plausible. 

The healthier dietary patterns (DASH Tertile 3 and Latent Class 3) have higher intakes of 

fruits, vegetables, and whole grains, which are rich sources of antioxidants, phytochemicals, 
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Vitamin C, and dietary fiber, and may contribute to the protective associations seen in this 

study. In a previous study, Vitamin C was inversely associated with the risk of gestational 

diabetes.30 Women in DASH Tertile 3 and Latent Class 3 also had lower consumption of red 

and processed meats. High intakes of red and processed meats increased the risk of insulin 

resistance and gestational diabetes in previous studies likely due to high concentrations of 

saturated fat, heme iron, and nitrosamines in the diet.31 Women with healthier dietary 

patterns are also likely to gain less weight during pregnancy, which is a risk factor for insulin 

resistance during pregnancy;32-33 however, we did not account for gestational weight gain in 

our adjusted models because it is on the causal pathway between diet quality and 

cardiometabolic markers.

Dietary patterns are commonly used as measures of overall diet quality. Unlike single food 

and nutrient studies, dietary patterns have the advantage of capturing the combinations of 

foods eaten together, which are more applicable to clinical and public health settings. 

Although score-based and data-driven methods describe the overall diet, the methodology of 

each results in different characterizations. Score-based methods, like the DASH diet, are 

based on dietary guidelines and substantive knowledge. This method is useful in quantifying 

the overall healthiness of the diet in a population.8 Data-driven methods, like LCA, 

describes the populations eating behaviors.8 A disadvantage of data-driven methods is the 

difficulty in making comparisons across research studies, as the dietary patterns derived are 

often specific to the study population.34-35 As such, we used descriptions of the foods 

consumed in each pattern instead of naming the identified patterns. By identifying the foods, 

we were able to identify similar dietary patterns from the two approaches and relationships 

with cardiometabolic markers, which speaks to the robustness of the associations between 

dietary patterns and the outcomes examined.

Although we were able to adjust for several potential confounding factors, we cannot 

dismiss the possible influence of unmeasured confounding. Two potential confounders that 

we did not have information on were preconception dietary patterns and hormonal status 

during pregnancy. Dietary intake was assessed using a single FFQ administered at 26-29 

weeks gestation to represent intake in the previous three months. Based on results from 

previous research dietary patterns change minimally, if any, during pregnancy from the 

preconception period.36 Hormonal status during pregnancy plays an important role in 

fluctuations of lipids and glucose during pregnancy.37-39 Maternal BMI may alter circulating 

concentrations of metabolic hormones during pregnancy, which, in turn, influence nutrient 

transport capacity.39 To address this limitation, we included pre-pregnancy BMI in the fully 

adjusted regression models to account for possible variations in the maternal diet-

cardiometabolic markers association that may be explained by preconception diet and 

hormonal status. We also recognize the potential for residual confounding, as DASH scores 

in the bottom tertile were related to lower education and income levels, as well as higher 

proportions of pre-pregnancy obesity and smoking during pregnancy, while DASH scores in 

the top tertile were related to higher education and income levels and lower proportions of 

pre-pregnancy obesity and smoking during pregnancy. Lastly, women included in our study 

received prenatal care at a single University-based hospital system and resulted in a sample 

with high income and education, which may limit the generalizability of our study results.
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Despite the limitations, our results suggest a relationship between maternal dietary patterns 

and cardiometabolic markers during pregnancy. Although our effect sizes were small, we did 

observe an inverse association between diet quality and maternal insulin, HOMA-IR, and 

triglyceride levels, which are important factors for maternal and offspring health. Our study 

used two approaches to characterize diet quality and the underlying food components were 

similar—fruits, vegetables, whole grains, low fat dairy, which is consistent with the US 

Dietary Guidelines for Americans. The findings of our study have important implications, as 

healthy diet is an established predictor of better health. Future studies with larger sample 

sizes in a more diverse population are needed to confirm our findings.

ACKNOWLEDGEMENTS

CL Martin, D Sotres-Alvarez, WR Robinson, JL Daniels, EM Perrin, AM Stuebe, and AM Siega-Riz have no 
conflicts of interest. This study was funded in part by NIH grants HD-28684, HD-28684A, HD-37584, HD-39373 
(AM Siega-Riz). This research was also supported in part by NIH grant DK-096840 (CL Martin), Research Center 
R24 HD-050924 (AM Siega-Riz), and NIH Training Grant T32 HD-052468-04 (CL Martin).

REFERENCES

1. Herrera E. Metabolic adaptations in pregnancy and their implications for the availability of 
substrates to the fetus. European Journal of Clinical Nutrition. 2002; 54:S47–S51. [PubMed: 
10805038] 

2. Herrera EA, Amusquivar E. Lipid metabolism in the fetus and the newborn. Diabetes Metabolism 
Research and Reviews. 2000; 16:202–210. [PubMed: 10867720] 

3. Brunner S, Schmid D, Huttinger K, Much D, Heimberg E, Sedlmeier EM, et al. Maternal insulin 
resistance, triglycerides and cord blood insulin in relation to post-natal weight trajectories and body 
composition in the offspring up to 2 years. Diabetics Medicine. 2013; 30:1500–1507.

4. HAPO Study Cooperative Research Group. Hyperglycemia and adverse pregnancy outcomes. New 
England Journal of Medicine. 2008; 358:1991–2002. [PubMed: 18463375] 

5. HAPO Study Cooperative Research Group. Hyperglycemia and Adverse Pregnancy Outcome 
(HAPO) Study: associations with neonatal anthropometrics. Diabetes. 2009; 58:453–459. [PubMed: 
19011170] 

6. Deierlein AL, Siega-Riz AM, Chantala K, Herring AH. The association between maternal glucose 
concentration and child BMI at age 3 years. Diabetes Care. 2011; 34:480–484. [PubMed: 
21216858] 

7. Kitajima M, Oka S, Yasuhi I, Fukuda M, Rii Y, Ishimaru T. Maternal serum triglyceride at 24--32 
weeks' gestation and newborn weight in nondiabetic women with positive diabetic screens. 
Obstetrics and Gynecology. 2001; 97:776–780. [PubMed: 11339933] 

8. Hu FB. Dietary pattern analysis: a new direction in nutritional epidemiology. Current Opinion 
Lipidology. 2002; 13:3–9.

9. Estruch R, Martinez-Gonzalez MA, Corella D, Salas-Salvado J, Ruiz-Gutierrez V, Covas MI, et al. 
Effects of a Mediterranean-style diet on cardiovascular risk factors: a randomized trial. Annals of 
Internal Medicine. 2006; 145:1–11. [PubMed: 16818923] 

10. Rumawas ME, Meigs JB, Dwyer JT, McKeown NM, Jacques PF. Mediterranean-style dietary 
pattern, reduced risk of metabolic syndrome traits, and incidence in the Framingham Offspring 
Cohort. American Journal of Clinical Nutrition. 2009; 90:1608–1614. [PubMed: 19828705] 

11. Esmaillzadeh A, Kimiagar M, Mehrabi Y, Azadbakht L, Hu FB, Willett WC. Dietary patterns, 
insulin resistance, and prevalence of the metabolic syndrome in women. American Journal of 
Clinical Nutrition. 2007; 85:910–918. [PubMed: 17344515] 

12. Asemi Z, Samimi M, Tabassi Z, Sabihi SS, Esmaillzadeh A. A randomized controlled clinical trial 
investigating the effect of DASH diet on insulin resistance, inflammation, and oxidative stress in 
gestational diabetes. Nutrition. 2013; 29:619–624. [PubMed: 23466048] 

Martin et al. Page 8

Paediatr Perinat Epidemiol. Author manuscript; available in PMC 2017 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



13. Asemi Z, Tabassi Z, Samimi M, Fahiminejad T, Esmaillzadeh A. Favourable effects of the Dietary 
Approaches to Stop Hypertension diet on glucose tolerance and lipid profiles in gestational 
diabetes: a randomised clinical trial. British Journal of Nutrition. 2013; 109:2024–2030. [PubMed: 
23148885] 

14. Khoury J, Henriksen T, Christophersen B, Tonstad S. Effect of a cholesterol-lowering diet on 
maternal, cord, and neonatal lipids, and pregnancy outcome: a randomized clinical trial. American 
Journal of Obstetrics and Gynecology. 2005; 193:1292–1301. [PubMed: 16202717] 

15. Karamanos B, Thanopoulou A, Anastasiou E, Assaad-Khalil S, Albache N, Bachaoui M, et al. 
Relation of the Mediterranean diet with the incidence of gestational diabetes. European Journal of 
Clinical Nutrition. 2014; 68:8–13. [PubMed: 24084515] 

16. Mehta UJ, Siega-Riz AM, Herring AH. Effect of body image on pregnancy weight gain. Maternal 
and Child Health Journal. 2011; 15:324–332. [PubMed: 20204481] 

17. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC. Homeostasis model 
assessment: insulin resistance and beta-cell function from fasting plasma glucose and insulin 
concentrations in man. Diabetologia. 1985; 28:412–419. [PubMed: 3899825] 

18. Capasso I, Esposito E, Pentimalli F, Montella M, Crispo A, Maurea N, et al. Homeostasis model 
assessment to detect insulin resistance and identify patients at high risk of breast cancer 
development: National Cancer Institute of Naples experience. Journal of Experimental and Clinical 
Cancer Research. 2013; 32:14. [PubMed: 23497533] 

19. Saldana TM, Siega-Riz AM, Adair LS. Effect of macronutrient intake on the development of 
glucose intolerance during pregnancy. American Journal of Clinical Nutrition. 2004; 79:479–486. 
[PubMed: 14985225] 

20. Appel LJ, Moore TJ, Obarzanek E, Vollmer WM, Svetkey LP, Sacks FM, et al. A clinical trial of 
the effects of dietary patterns on blood pressure. DASH Collaborative Research Group. New 
England Journal of Medicine. 1997; 336:1117–1124. [PubMed: 9099655] 

21. Fung TT, Chiuve SE, McCullough ML, Rexrode KM, Logroscino G, Hu FB. Adherence to a 
DASH-style diet and risk of coronary heart disease and stroke in women. Archives of Internal 
Medicine. 2008; 168:713–720. [PubMed: 18413553] 

22. Padmadas SS, Dias JG, Willekens FJ. Disentangling women's responses on complex dietary intake 
patterns from an Indian cross-sectional survey: a latent class analysis. Public Health Nutrition. 
2006; 9:204–211. [PubMed: 16571174] 

23. Sotres-Alvarez D, Herring AH, Siega-Riz AM. Latent class analysis is useful to classify pregnant 
women into dietary patterns. Journal of Nutrition. 2010; 140:2253–2259. [PubMed: 20962151] 

24. Lo Y, Mendell NR, Rubin DB. Testing the number of components in a normal mixture. Biometrika. 
2001; 88:767–778.

25. Borg G, Linderholm H. Perceived exertion and pulse rate during graded exercise in various age 
groups. Acta Med Scand. 1974; 472:194–206.

26. Shin D, Chung H, Weatherspoon L, Song WO. Validity of prepregnancy weight status estimated 
from self-reported height and weight. Maternal and Child Health Journal. 2014; 18:1667–1674. 
[PubMed: 24337814] 

27. Rubin DB. Multiple imputation after 18 years. Journal of American Statistical Association. 1996; 
91:473–389.

28. Greenland S, Pearl J, Robins JM. Causal diagrams for epidemiologic research. Epidemiology. 
1999; 10:37–48. [PubMed: 9888278] 

29. Maldonado G, Greenland S. Simulation study of confounder-selection strategies. American Journal 
of Epidemiology. 1993; 138:923–36. [PubMed: 8256780] 

30. Zhang C, Williams MA, Sorensen TK, King IB, Kestin MM, Thompson ML, et al. Maternal 
Plasma Ascorbic Acid (Vitamin C) and Risk of Gestational Diabetes Mellitus. Epidemiology. 
2004; 15:597–604. [PubMed: 15308960] 

31. Zhang C, Schulze MB, Solomon CG, Hu FB. A prospective study of dietary patterns, meat intake 
and the risk of gestational diabetes mellitus. Diabetologia. 2006; 49:2604–2613. [PubMed: 
16957814] 

Martin et al. Page 9

Paediatr Perinat Epidemiol. Author manuscript; available in PMC 2017 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



32. Sommer C, Morkrid K, Jenum AK, Sletner L, Mosdol A, Birkeland KI. Weight gain, total fat gain 
and regional fat gain during pregnancy and the association with gestational diabetes: a population-
based cohort study. International Journal of Obesity. 2014; 38:76–81. [PubMed: 24051503] 

33. Brunner S, Stecher L, Ziebarth S, Nehring I, Rifas-Shiman SL, Sommer C, et al. Excessive 
gestational weight gain prior to glucose screening and the risk of gestational diabetes: a meta-
analysis. Diabetologia. 2015; 58:2229–37. [PubMed: 26141788] 

34. Rifas-Shiman SL, Rich-Edwards JW, Kleinman KP, Oken E, Gillman MW. Dietary quality during 
pregnancy varies by maternal characteristics in Project Viva: a US cohort. Journal of American 
Dietetic Association. 2009; 109:1004–1011.

35. Northstone K, Emmett P, Rogers I. Dietary patterns in pregnancy and associations with socio-
demographic and lifestyle factors. European Journal of Clinical Nutrition. 2008; 62:471–479. 
[PubMed: 17375108] 

36. Crozier SR, Robinson SM, Godfrey KM, Cooper C, Inskip HM. Women's dietary patterns change 
little from before to during pregnancy. Journal of Nutrition. 2009; 139:1956–1963. [PubMed: 
19710161] 

37. Brizzi P, Tonolo G, Esposito F, Puddu L, Dessole S, Maioli M, et al. Lipoprotein metabolism 
during normal pregnancy. American Journal of Obstetrics and Gynecology. 1999; 181:430–434. 
[PubMed: 10454696] 

38. Jansson N, Nilsfelt A, Gellerstedt M, Wennergren M, Rossander-Hulthen L, Powell TL, et al. 
Maternal hormones linking maternal body mass index and dietary intake to birth weight. American 
Journal of Clinical Nutrition. 2008; 87:1743–1749. [PubMed: 18541564] 

39. Knopp RH, Bergelin RO, Wahl PW, Walden CE, Chapman M, Irvine S. Population-based 
lipoprotein lipid reference values for pregnant women compared to nonpregnant women classified 
by sex hormone usage. American Journal of Obstetrics and Gynecology. 1982; 143:626–637. 
[PubMed: 7091235] 

Martin et al. Page 10

Paediatr Perinat Epidemiol. Author manuscript; available in PMC 2017 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Martin et al. Page 11

Ta
b

le
 1

D
is

tr
ib

ut
io

n 
of

 m
at

er
na

l c
ha

ra
ct

er
is

tic
s 

by
 D

A
SH

 s
co

re
 te

rt
ile

 o
r 

la
te

nt
 d

ie
ta

ry
 c

la
ss

, P
re

gn
an

cy
, I

nf
ec

tio
n,

 a
nd

 N
ut

ri
tio

n 
(P

IN
) 

st
ud

y,
 (

n=
51

3)

D
A

SH
a

L
at

en
t 

D
ie

ta
ry

 C
la

ss
b

V
ar

ia
bl

ec
Te

rt
ile

 1
 (

n=
 1

86
)

Te
rt

ile
 2

 (
n=

18
2)

Te
rt

ile
 3

 (
n=

14
5)

C
la

ss
 1

 (
n=

15
0)

C
la

ss
 2

 (
n=

16
3)

C
la

ss
 3

 (
n=

20
0)

N
 (

%
)

N
 (

%
)

N
 (

%
)

N
 (

%
)

N
 (

%
)

N
 (

%
)

A
ge

 (
ye

ar
s)

   
 1

6-
24

70
 (

37
.6

)
35

 (
19

.2
)

11
 (

7.
6)

58
 (

38
.7

)
49

 (
30

.1
)

9 
(4

.5
)

   
 2

5-
29

50
 (

26
.9

)
60

 (
33

.0
)

35
 (

24
.1

)
52

 (
34

.7
)

40
 (

24
.5

)
53

 (
26

.5
)

   
 3

0-
34

44
 (

23
.7

)
61

 (
33

.5
)

72
 (

49
.7

)
27

 (
18

.0
)

53
 (

32
.5

)
97

 (
18

.5
)

   
 3

5-
47

22
 (

11
.8

)
26

 (
14

.3
)

27
 (

18
.6

)
13

 (
8.

7)
21

 (
12

.9
)

41
 (

20
.5

)

R
ac

e

   
 N

on
-B

la
ck

13
5 

(7
2.

6)
15

8 
(8

6.
8)

13
7 

(9
5.

1)
11

1 
(7

4.
0)

12
5 

(7
6.

7)
19

4 
(9

7.
5)

   
 B

la
ck

51
 (

27
.4

)
24

 (
13

.2
)

7 
(4

.9
)

39
 (

26
.0

)
38

 (
23

.3
)

5 
(2

.5
)

M
ar

ita
l s

ta
tu

s

   
 M

ar
ri

ed
11

4 
(6

1.
3)

15
0 

(8
2.

4)
13

3 
(9

1.
7)

91
 (

60
.7

)
11

8 
(7

2.
4)

18
8 

(9
4.

0)

   
 U

nm
ar

ri
ed

72
 (

38
.7

)
32

 (
17

.6
)

12
 (

8.
3)

59
 (

39
.3

)
45

 (
27

.6
)

12
 (

6.
0)

Fa
m

ily
 in

co
m

e 
(%

 f
ed

er
al

 p
ov

er
ty

 le
ve

l)

   
 <

18
5%

61
 (

43
.3

)
25

 (
14

.5
)

9 
(6

.4
)

45
 (

33
.6

)
39

 (
24

.4
)

11
 (

5.
6)

   
 1

85
-3

50
%

40
 (

22
.5

)
42

 (
24

.4
)

26
 (

18
.4

)
29

 (
21

.6
)

46
 (

28
.8

)
33

 (
42

.0
)

   
 >

35
0%

77
 (

43
.3

)
10

5 
(6

1.
1)

10
6 

(7
5.

2)
60

 (
44

.8
)

75
 (

46
.9

)
15

3 
(5

4.
5)

E
du

ca
tio

n

   
 ≤

G
ra

de
 1

2
61

 (
32

.8
)

30
 (

16
.5

)
7 

(4
.8

)
55

 (
36

.7
)

36
 (

22
.1

)
7 

(3
.5

)

   
 G

ra
de

 1
3 

- 
16

91
 (

48
.9

)
97

 (
53

.2
)

56
 (

38
.6

)
72

 (
48

.0
)

88
 (

54
.0

)
84

 (
42

.0
)

   
 ≥

 G
ra

de
 1

7
34

 (
18

.3
)

55
 (

30
.2

)
82

 (
56

.2
)

23
 (

15
.3

)
39

 (
23

.9
)

10
9 

(5
4.

5)

Pr
e-

pr
eg

na
nc

y 
B

M
I,

 m
ea

n 
±

 S
D

27
.5

 ±
7.

9
25

.3
 ±

 5
.8

22
.8

 ±
 4

.1
27

.6
 ±

 8
.0

26
.7

 ±
 6

.8
22

.7
 ±

 3
.5

Pr
e-

pr
eg

na
nc

y 
B

M
I 

C
at

eg
or

y 
(k

g/
m

2 )

   
 U

nd
er

w
ei

gh
t

6 
(3

.2
)

14
 (

7.
7)

6 
(4

.1
)

10
 (

6.
7)

6 
(3

.7
)

10
 (

5.
0)

   
 N

or
m

al
 w

ei
gh

t
82

 (
44

.1
)

92
 (

50
.6

)
11

5 
(7

9.
3)

60
 (

40
.0

)
76

 (
46

.6
)

15
3 

(7
6.

5)

   
 O

ve
rw

ei
gh

t
48

 (
25

.8
)

41
 (

22
.5

)
15

 (
10

.3
)

35
 (

23
.3

)
40

 (
24

.5
)

29
 (

14
.5

)

   
 O

be
se

50
 (

26
.9

)
35

 (
19

.2
)

9 
(6

.2
)

45
 (

30
.0

)
41

 (
25

.2
)

8 
(4

.0
)

Paediatr Perinat Epidemiol. Author manuscript; available in PMC 2017 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Martin et al. Page 12

D
A

SH
a

L
at

en
t 

D
ie

ta
ry

 C
la

ss
b

V
ar

ia
bl

ec
Te

rt
ile

 1
 (

n=
 1

86
)

Te
rt

ile
 2

 (
n=

18
2)

Te
rt

ile
 3

 (
n=

14
5)

C
la

ss
 1

 (
n=

15
0)

C
la

ss
 2

 (
n=

16
3)

C
la

ss
 3

 (
n=

20
0)

N
 (

%
)

N
 (

%
)

N
 (

%
)

N
 (

%
)

N
 (

%
)

N
 (

%
)

Pa
ri

ty

   
 N

ul
lip

ar
ou

s
80

 (
43

.0
)

83
 (

45
.6

)
98

 (
67

.6
)

63
 (

42
.0

)
72

 (
44

.2
)

12
6 

(6
3.

0)

   
 P

ar
ou

s
10

6 
(5

7.
0)

99
 (

54
.4

)
47

 (
32

.4
)

87
 (

58
.0

)
91

 (
55

.8
)

74
 (

37
.0

)

Sm
ok

in
g 

st
at

us
 d

ur
in

g 
pr

eg
na

nc
y

   
 N

o
14

1 
(8

0.
1)

16
1 

(9
1.

5)
13

7 
(9

7.
2)

11
3 

(8
0.

7)
13

2 
(8

4.
6)

19
4 

(9
8.

5)

   
 Y

es
35

 (
19

.9
)

15
 (

8.
5)

4 
(2

.8
)

27
 (

19
.3

)
24

 (
15

.4
)

3 
(1

.5
)

a D
A

SH
 s

co
re

 r
an

ge
s:

 T
er

til
e 

1 
(1

2-
22

);
 T

er
til

e 
2 

(2
3-

27
);

 T
er

til
e 

3 
(2

8-
37

)

b C
la

ss
 1

: h
ig

h 
co

ns
um

pt
io

n 
of

 h
am

bu
rg

er
s,

 h
ot

 d
og

s,
 F

re
nc

h 
fr

ie
s,

 f
ri

ed
 c

hi
ck

en
, w

hi
te

 b
re

ad
, b

ac
on

, a
nd

 s
of

t d
ri

nk
s.

 C
la

ss
 2

: h
ig

h 
co

ns
um

pt
io

n 
of

 v
eg

et
ab

le
s,

 r
ef

in
ed

 g
ra

in
s,

 m
ix

ed
 d

is
he

s,
 r

ed
 a

nd
 

pr
oc

es
se

d 
m

ea
t, 

po
ul

tr
y,

 s
al

ty
 s

na
ck

s,
 s

w
ee

ts
, s

om
e 

fa
st

 f
oo

ds
, a

nd
 f

ru
it 

ju
ic

e.
 C

la
ss

 3
: h

ig
h 

co
ns

um
pt

io
n 

of
 f

ru
its

, v
eg

et
ab

le
s,

 w
ho

le
 g

ra
in

s,
 lo

w
 f

at
 d

ai
ry

, b
re

ak
fa

st
 b

ar
s,

 a
nd

 w
at

er

c A
ll 

te
st

s 
of

 d
if

fe
re

nc
es

 in
 m

at
er

na
l c

ha
ra

ct
er

is
tic

s 
by

 D
A

SH
 te

rt
ile

 a
nd

 L
at

en
t C

la
ss

es
 w

er
e 

st
at

is
tic

al
ly

 s
ig

ni
fi

ca
nt

 b
as

ed
 o

n 
χ2

 te
st

s 
(p

<
0.

00
1)

Paediatr Perinat Epidemiol. Author manuscript; available in PMC 2017 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Martin et al. Page 13

Ta
b

le
 2

D
is

tr
ib

ut
io

n 
of

 m
at

er
na

l d
ie

ta
ry

 f
ac

to
rs

 a
nd

 c
ar

di
om

et
ab

ol
ic

 m
ar

ke
rs

 (
m

ea
n 

±
 S

D
) 

by
 D

A
SH

 s
co

re
 te

rt
ile

 o
r 

la
te

nt
 d

ie
ta

ry
 c

la
ss

, P
re

gn
an

cy
, I

nf
ec

tio
n,

 a
nd

 

N
ut

ri
tio

n 
(P

IN
) 

st
ud

y,
 (

n=
51

3)

D
A

SH
a

L
at

en
t 

D
ie

ta
ry

 C
la

ss
b

V
ar

ia
bl

ec
Te

rt
ile

 1
 (

n=
 1

86
)

Te
rt

ile
 2

 (
n=

18
2)

Te
rt

ile
 3

 (
n=

14
5)

C
la

ss
 1

 (
n=

15
0)

C
la

ss
 2

 (
n=

16
3)

C
la

ss
 3

 (
n=

20
0)

D
ie

ta
ry

 f
ac

to
rs

D
A

SH
 s

co
re

18
.7

 ±
 2

.7
24

.9
 ±

 1
.4

30
.2

 ±
 1

.9
21

.1
 ±

 4
.4

22
.3

 ±
 4

.2
28

.0
 ±

 3
.6

Fr
ui

ts
 (

sv
g/

d)
4.

0 
±

 3
.3

4.
5 

±
 2

.6
4.

9 
±

 2
.6

3.
7 

±
 3

.0
5.

3 
±

 3
.3

4.
2 

±
 2

.3

V
eg

et
ab

le
s 

(s
vg

/d
)

1.
3 

±
 1

.2
2.

3 
±

 1
.6

3.
2 

±
 2

.2
1.

4 
±

 1
.4

2.
3 

±
 1

.7
2.

6 
±

 2
.0

N
ut

s 
an

d 
le

gu
m

es
 (

sv
g/

d)
0.

2 
±

 0
.3

0.
3 

±
 0

.3
0.

4 
±

 0
.3

0.
2 

±
 0

.2
0.

4 
±

 0
.3

0.
3 

±
 0

.3

W
ho

le
 g

ra
in

s 
(s

vg
 /d

)
0.

4 
±

 0
.6

1.
1 

±
 1

.5
1.

5 
±

 1
.0

0.
7 

±
 1

.7
0.

9 
±

 0
.9

1.
3 

±
 0

.9

L
ow

 f
at

 d
ai

ry
 (

sv
g 

/d
)

1.
2 

±
 1

.7
2.

4 
±

 2
.1

3.
7 

±
 2

.3
1.

5 
±

 2
.0

1.
9 

±
 2

.2
3.

4 
±

 2
.2

R
ed

 m
ea

t (
sv

g 
/d

)
0.

6 
±

 0
.7

0.
4 

±
 0

.3
0.

2 
±

 0
.2

0.
5 

±
 0

.8
0.

6 
±

 0
.3

0.
2 

±
 0

.2

Sw
ee

te
ne

d 
be

ve
ra

ge
s 

(s
vg

 /d
)

3.
8 

±
 3

.1
2.

1 
±

 2
.2

0.
9 

±
 1

.2
3.

3 
±

 3
.6

3.
2 

±
 2

.3
1.

1 
±

 1
.2

So
di

um
 (

m
g/

d)
29

25
 ±

 1
19

3
28

07
 ±

 1
24

6
26

26
 ±

 8
99

22
17

 ±
 1

05
2

35
18

 ±
 1

22
2

25
73

 ±
 8

14

E
ne

rg
y 

in
ta

ke
 (

kc
al

/d
)

22
87

 ±
 9

64
21

26
 ±

 8
59

19
99

 ±
 6

23
18

78
 ±

 9
14

26
92

 ±
 8

69
19

07
 ±

 5
04

Sa
tu

ra
te

d 
fa

t
29

.9
 ±

 1
4.

0
26

.3
 ±

 1
2.

0
22

.7
 ±

 8
.5

23
.9

 ±
 1

3.
4

34
.2

 ±
 1

2.
3

22
.4

 ±
 7

.7

%
 e

ne
rg

y 
fr

om
 c

ar
bo

hy
dr

at
es

54
.3

 ±
 7

.2
54

.2
 ±

 7
.5

56
.2

 ±
 6

.7
55

.4
 ±

 8
.5

53
.9

 ±
 6

.1
55

.1
 ±

 6
.9

%
 e

ne
rg

y 
fr

om
 p

ro
te

in
13

.1
 ±

 2
.3

14
.6

 ±
 2

.5
15

.4
 ±

 2
.4

13
.4

 ±
 2

.7
13

.7
 ±

 2
.0

15
.4

 ±
 2

.5

%
 e

ne
rg

y 
fr

om
 f

at
34

.1
 ±

 5
.7

33
.5

 ±
 6

.1
31

.6
 ±

 5
.6

33
.1

 ±
 6

.9
34

.3
 ±

 4
.9

32
.4

 ±
 5

.6

C
ar

di
om

et
ab

ol
ic

 m
ar

ke
rs

G
lu

co
se

 (
m

g/
dL

)
79

.1
 ±

 7
.7

78
.5

 ±
 7

.4
78

.4
 ±

 7
.4

79
.5

 ±
 8

.4
78

.8
 ±

 7
.7

78
.0

 ±
 6

.6

In
su

lin
 (

m
g/

dL
)d

17
.1

 ±
 1

.7
15

.4
 ±

 1
.6

12
.9

 ±
 1

.6
17

.4
 ±

 1
.7

16
.8

 ±
 1

.6
12

.7
 ±

 1
.6

H
O

M
A

-I
R

d
3.

3 
±

 1
.8

3.
0 

±
 1

.7
2.

5 
±

 1
.7

3.
4 

±
 1

.8
3.

3 
±

 1
.7

2.
4 

±
 1

.6

To
ta

l C
ho

le
st

er
ol

 (
m

g/
dL

)
24

1.
3 

±
 4

6.
6

24
4.

1 
±

 4
3.

5
25

0.
8 

±
 4

9.
8

23
7.

5 
±

 4
6.

3
23

9.
7 

±
 4

6.
5

25
4.

9 
±

 4
5.

2

T
ri

gl
yc

er
id

es
 (

m
g/

dL
)d

15
9.

3 
±

 1
.5

15
8.

6 
±

 1
.5

15
1.

9 
±

 1
.4

15
3.

1 
±

 1
.5

15
9.

7 
±

 1
.5

15
7.

7 
±

 1
.5

a D
A

SH
 s

co
re

 r
an

ge
s:

 T
er

til
e 

1 
(1

2-
22

);
 T

er
til

e 
2 

(2
3-

27
);

 T
er

til
e 

3 
(2

8-
37

)

b C
la

ss
 1

: h
ig

h 
co

ns
um

pt
io

n 
of

 h
am

bu
rg

er
s,

 h
ot

 d
og

s,
 F

re
nc

h 
fr

ie
s,

 f
ri

ed
 c

hi
ck

en
, w

hi
te

 b
re

ad
, b

ac
on

, a
nd

 s
of

t d
ri

nk
s.

 C
la

ss
 2

: h
ig

h 
co

ns
um

pt
io

n 
of

 v
eg

et
ab

le
s,

 r
ef

in
ed

 g
ra

in
s,

 m
ix

ed
 d

is
he

s,
 r

ed
 a

nd
 

pr
oc

es
se

d 
m

ea
t, 

po
ul

tr
y,

 s
al

ty
 s

na
ck

s,
 s

w
ee

ts
, s

om
e 

fa
st

 f
oo

ds
, a

nd
 f

ru
it 

ju
ic

e.
 C

la
ss

 3
: h

ig
h 

co
ns

um
pt

io
n 

of
 f

ru
its

, v
eg

et
ab

le
s,

 w
ho

le
 g

ra
in

s,
 lo

w
 f

at
 d

ai
ry

, b
re

ak
fa

st
 b

ar
s,

 a
nd

 w
at

er

Paediatr Perinat Epidemiol. Author manuscript; available in PMC 2017 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Martin et al. Page 14
c W

ith
 th

e 
ex

ce
pt

io
n 

of
 s

od
iu

m
, g

lu
co

se
, t

ot
al

 c
ho

le
st

er
ol

 a
nd

 tr
ig

ly
ce

ri
de

s 
in

 th
e 

D
A

SH
 a

na
ly

si
s,

 a
nd

 e
ne

rg
y 

fr
om

 c
ar

bo
hy

dr
at

es
 (

%
),

 g
lu

co
se

 a
nd

 tr
ig

ly
ce

ri
de

s 
in

 th
e 

la
te

nt
 d

ie
ta

ry
 c

la
ss

 a
na

ly
si

s,
 a

ll 
ot

he
r 

co
m

pa
ri

so
ns

 w
er

e 
st

at
is

tic
al

ly
 d

if
fe

re
nt

 (
P 

<
0.

05
).

d V
al

ue
s 

re
pr

es
en

t g
eo

m
et

ri
c 

m
ea

ns
 o

f 
lo

g-
tr

an
sf

or
m

ed
 o

ut
co

m
es

Paediatr Perinat Epidemiol. Author manuscript; available in PMC 2017 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Martin et al. Page 15

Table 3

Linear regression analysis for fasting cardiometabolic markers according to DASH score tertile or latent 

dietary class, Pregnancy, Infection, and Nutrition (PIN) Study, (n=513)

Model 1
a

Model 2
b

Model 3
c

β (95% CI) β (95% CI) β (95% CI)

Glucose (mg/dL)

DASH score

    Tertile 1 -- -- --

    Tertile 2 −0.56 (−2.10, 0.97) −0.77 (−2.37, 0.83) −0.23 (−1.75, 1.28)

    Tertile 3 −0.72 (−2.36, 0.91) −1.01 (−2.82, 0.81) 0.29 (−1.46, 2.04)

Latent Dietary Class
d

    Class 1 -- -- --

    Class 2 −0.77 (−2.43, 0.90) −1.01 (−2.86, 0.84) −0.63 (−2.39, 1.12)

    Class 3 −1.57 (−3.16, 0.02) −2.33 (−4.17, −0.50) −0.86 (−2.64, 0.92)

Insulin
c

DASH score

    Tertile 1 -- -- --

    Tertile 2 −0.11 (−0.21, −0.00) −0.06 (−0.16, 0.05) −0.01 (−0.10, 0.08)

    Tertile 3 −0.29 (−0.39, −0.18) −0.18 (−0.30, −0.06) −0.07 (−0.18, 0.04)

Latent Dietary Class

    Class 1 -- -- --

    Class 2 −0.03 (−0.14, 0.08) −0.05 (−0.17, 0.07) −0.02 (−0.13, 0.09)

    Class 3 −0.31 (−0.42, −0.21) −0.25 (−0.37, −0.13) −0.12 (−0.23, −0.01)

HOMA-IR
e

DASH score

    Tertile 1 -- -- --

    Tertile 2 −0.11 (−0.23, 0.00) −0.07 (−0.18, 0.05) −0.01 (−0.12, 0.09)

    Tertile 3 −0.29 (−0.41, −0.17) −0.20 (−0.33, −0.06) −0.06 (−0.18, 0.06)

Latent Dietary Class

    Class 1 -- -- --

    Class 2 −0.04 (−0.16, 0.08) −0.06 (−0.20, 0.07) −0.02 (−0.14, 0.10)

    Class 3 −0.33 (−0.45, −0.22) −0.28 (−0.41, −0.14) −0.13 (−0.25, −0.00)

Triglycerides
e

DASH score

    Tertile 1 -- -- --

    Tertile 2 −0.01 (−0.08, 0.07) −0.05 (−0.13, 0.02) −0.04 (−0.12, 0.03)

    Tertile 3 −0.05 (−0.13, 0.03) −0.13 (−0.22, −0.42) −0.11 (−0.19, −0.02)

Latent Dietary Class

    Class 1 -- -- --

    Class 2 0.04 (−0.04, 0.13) 0.04 (−0.05, 0.13) 0.05 (−0.04, 0.14)

    Class 3 0.03 (−0.05, 0.11) −0.04 (−0.13, 0.05) −0.01 (−0.10, 0.08)
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Model 1
a

Model 2
b

Model 3
c

β (95% CI) β (95% CI) β (95% CI)

Cholesterol (mg/dL)

DASH score

    Tertile 1 --- --- ---

    Tertile 2 2.73 (−6.79, 12.25) −4.50 (−14.07, 5.07) −5.93 (−15.45, 3.59)

    Tertile 3 9.48 (−0.63, 19.60) 0.57 (−10.34, 11.49) −2.93 (−13.95, 8.08)

Latent Dietary Class

    Class 1 --- --- ---

    Class 2 2.22 (−7.99, 12.44) −0.05 (−11.15, 11.16) −0.98 (−12.03, 10.07)

    Class 3 17.36 (7.60, 27.11) 9.25 (−1.77, 20.27) 5.58 (−5.63, 16.79)

DASH: Dietary Approaches to Stop Hypertension, LCA: latent class analysis; HOMA-IR: homeostasis model of assessment for insulin resistance

a
Model 1 represents crude association.

b
Model 2: maternal age, race, poverty level, smoking status, physical activity, parity, and energy intake.

c
Model 3: Model 2 plus pre-pregnancy BMI.

d
Class 1: high consumption of hamburgers, hot dogs, French fries, fried chicken, white bread, bacon, and soft drinks. Class 2: high consumption of 

vegetables, refined grains, mixed dishes, red and processed meat, poultry, salty snacks, sweets, some fast foods, and fruit juice. Class 3: high 
consumption of fruits, vegetables, whole grains, low fat dairy, breakfast bars, and water

e
Natural log transformed
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