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Objective

To use dietary self-reported data in a United States Midwest pregnancy cohort to
characterize patterns of food consumption in pregnancy.

Methods

Using a Midwest US pregnancy cohort, a self-reported food questionnaire completed in
pregnancy characterized food consumed within the last week. The 89 different foods in
14 categories were analyzed, as well as the percentage of each food that was consumed
that was organic. Using a latent class analysis, individuals were assigned to classes based
on healthy and organic food reported. Sociodemographic characteristics were compared

between the classes.

Results

The 359 participants completing surveys were placed into 3 classes: I (healthy diet,
higher organic, 23.4%)), II (healthy diet, lower organic, 42.6%), and III (less healthy diet,
34.0%). Individuals in each class demonstrated significant differences in multiple
demographic and socioeconomic characteristics including race, age, marital status,
educational attainment, income, smoking, and alcohol consumption.

Conclusion

A latent class analysis of self-reported dietary consumption yielded 3 classes that can be
utilized in analyses of herbicide concentrations and adverse pregnancy outcomes. They
may also serve as a screening aid in helping providers with dietary recommendations or
interventions to optimize pregnancy outcomes.

INTRODUCTION

Exposure to herbicides during pregnancy has been linked
to various adverse health outcomes in both the mother and
the developing fetus (Rull, Ritz, and Shaw 2006; Parvez,
Gerona, Proctor, et al., n.d.). Glyphosate is the active in-
gredient in many commonly used commercial and agricul-
ture herbicides (Brantsaeter, Torjusen, Meltzer, et al. 2016).
Significant animal and human research has suggested that
herbicides cross the placenta and may increase the risk of
certain diseases later in life, such as cancer and neurodevel-
opmental disorders (Baudry, Assmann, Touvier, et al. 2018;
Carmichael et al. 2007; Rieg, Cattani, Naspolini, et al. 2022;
Bradman et al. 2003; Bossi et al. 2013).

According to the Environmental Protection Agency, use
of herbicides like glyphosate, has been significantly in-
creasing in the United States (Benbrook 2016). Herbicides
are widely applied to and absorbed by fruits, vegetables and

wheat crops. As such, food intake is one potential route of
human exposure (Ospina et al. 2022; Hood et al. 2022). Un-
derstanding how dietary consumption patterns correlates
to biomonitoring herbicide concentration data is important
as strategies are developed to reduce exposure (Connolly et
al. 2017; Wei, Pan, Zhang, et al. 2024). However, there are
few published data in pregnant cohorts regarding dietary
consumption patterns and herbicides.

The objective of this analysis was to use dietary self-re-
ported data in a United States Midwest pregnancy cohort
to characterize patterns of food consumption in pregnancy.
The hypothesis was that pregnant individuals would have
dietary intakes that could be categorized into unhealthy
and healthier eating patterns and additionally that the
amount of organic food consumption could be incorpo-
rated. The ability to objectively classify individuals based
on their self-reported dietary patterns could then be used
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to understand the contribution of diet to measured herbi-
cide concentrations obtained during biomonitoring.

METHODS

This study is an initial analysis of dietary intake patterns
collected as part of the Heartland Study (HS). The HS is a
multi-center observational pregnancy cohort which focuses
on investigating the impact of herbicide exposure on ad-
verse pregnancy outcomes. The HS is an ongoing study with
planned recruitment of 2,000 pregnant individuals who are
at least 18 years old and who are less than 21 weeks ges-
tation. The full description of the HS is reported elsewhere
(Freisthler et al. 2023). This analysis was planned as an ex-
ploration of how to best characterize the dietary intake pat-
terns of an pregnancy group of HS participants.

Once 500 of the anticipated 2,000 participants were re-
cruited, a planned analysis of the performance of the food
frequency questionnaire was undertaken. The food fre-
quency questionnaire was developed for this study to assist
with capturing granularity of the types of food consumed
and the percentage of the food that was organic. It was de-
veloped specifically for the HS since existing validated tools
were not found that suited the overall HS aims (Freisthler et
al. 2023). The full food frequency questionnaire is included
in the Supplementary Appendix.

The study data were derived from two participant self-
reported surveys following enrollment: a pregnancy pre-
conception survey and the food frequency questionnaire.
The pregnancy preconception survey, administered once af-
ter enrollment, collected socio-demographic factors. Fac-
tors included in this study included age, self-reported race
and ethnicity, marital status, annual family income, finan-
cial assistance, geographical area of residence, number of
individuals in the household, level of education completed,
and tobacco and alcohol use.

The food questionnaire, which was administered during
each trimester, asked about consumption of fourteen main
food categories, including tree fruits, vegetables, berries,
melons, beans, dairy products, etc. (Supplemental Appen-
dix). Food categories were further divided into a total of
89 specific foods. Food frequencies included 1 or less, 2-4,
5-7, 8-10, 11-13, or 14 and more servings per week. Addi-
tionally, respondents were asked to indicate the percentage
of each consumed food which was organic, categorized as
0-10%, 11-32%, 33-66%, 67-90%, or 90-100%. Participants
who did not answer the questionnaires completely were ex-
cluded from this analysis. We used responses from the ear-
liest food questionnaire completed.

Descriptive characteristics of the cohort were summa-
rized with rates and means and standard deviations. A la-
tent class analysis (LCA) approach was employed to analyze
the cohort and responses related to the 89 foods from the
fourteen food domains (Muthen and Muthen 2000; Mc-
Culloch et al. 2002; Morland and Filomena 2007). To de-
termine the best number of classes for the LCA, we used
the Bayesian Information Criterion (BIC) as the primary fit
statistic (Drton and Plummer, n.d.; Neath and Cavanaugh
2012). This statistical method enabled the identification of

distinct groups within the cohort based on their higher or
lower consumption of foods including specific fruits, veg-
etables, grains, juices, sauces, and dairy foods, as well as
the percentage of organic foods. For the purpose of this
analysis, organic consumption levels below 10% were cat-
egorized as low, while consumption levels above 10% were
considered “significant”. The sociodemographic differences
were then compared between the groups. Statistical com-
parisons were performed using Chi-square tests for cate-
gorical variables and general linear models for continuous
variables. All statistical analyses were performed using
SAS, version 9.4 (SAS Institute, Cary, NC).

RESULTS

Of the first 500 participants recruited, 476 participants
(95.2%) completed at least one food questionnaire survey.
Our analysis was based on the 359 of those (75.4%) who re-
ported consuming at least one of the foods at one or more
trimesters.

The characteristics of the cohort are provided in Table 1.
The average maternal age was 29.9 (¥5.0) years. Addition-
ally, the majority of participants in our cohort were Cau-
casian, were married, had completed a college education,
and resided in suburban areas.

The overall responses regarding food groups consumed
is in Table 2. Most participants reported consuming up to
four servings of apples, oranges, and bananas per week,
with very few consuming more than seven servings of tree
fruits. Nearly two-thirds or more of the cohort who con-
sumed tree fruits reported that 10% or less of the fruits they
consumed were organic (Table 3). In general, for most food
groups, consumption of organic foods was low in about
60-80% of individuals self-reporting (Table 3).

The best fitting LCA model revealed three distinct
classes based on both the types of food and the percentage
of organic foods consumed. To determine the number of
classes for the LCA model, models were fit with two to
five classes and goodness-of-fit criteria were used to select
the final model. A three-class LCA model had the lowest
(best) BIC (Supplementary Table). This resulted in three
distinct classes defined by both food type and percentage
of organic foods consumed. [Figure 2, Table 4] Class I rep-
resented a group who consumed a high amount of tree
fruits, vegetables, berries, and other foods, with a high per-
centage of organic intake (n = 84, 23.4% of participants).
This class was defined as the “healthy diet, higher organic”
group. Class II (n=153, 42.6%) comprised those who con-
sumed a high amount of the same types of healthy foods,
but with a low percentage of organic intake. This class was
defined to be the “healthy diet, lower organic” group. Class
III (n=122, 34.0%) consisted of participants who consumed
a low amount of tree fruits, vegetables, berries, and other
types of foods including healthy foods, with a low percent-
age of organic intake. This class was defined to be the “less
healthy diet” group.

Socio-demographic characteristics differed between the
3 classes derived from LCA (Table 4). Participants who self-
identified as African American or Other were more likely
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Table 1. Distribution of Selected Demographics (n=356)

N (%) or Mean (SD)
Maternal self-reported Race-Ethnicity group
African American 74 (20.6%)
Caucasian 212(59.1%)
Hispanic 48 (13.4%)
Other 25(7.0%)
Mean (SD), Maternal Age 29.9(5.0)
Married 236 (66.3%)
Not Married 120(33.7%)
Education
< High School graduation 17 (4.7%)
High school graduate or some college 135 (37.6%)
Completed college or advanced degree 207 (57.7%)
Financial Assistance, Yes 60(17.1%)
No 291(82.9%)
Income quartile
Q1 (<36k) 77 (23.2%)
Q2 (36k to <87k) 83(25.3%)
Q3 (87k to <140k) 84 (25.6%)
Q4 (140k+) 85 (25.9%)
Geographic Area of primary residence
Rural, mostly farmland 23(6.8%)
Rural, little farmland 20 (5.9%)
Suburban 166 (49.1%)
Urban 129 (38.2%)
Smoking
Current or within 3 months of Pregnancy 33(9.5%)
Former 32(9.2%)
Never 282 (81.3%)
Drink Alcohol
Current or within 3 months of Pregnancy 209 (60.2%)
Former 71(20.5%)
Never 67 (19.3%)

SD= standard deviation, Q= quartile

Table 2. Food Frequency Questionnaire responses by Domain (n=356)

Food Domain Did Consume Did Not Consume
Tree Fruit 354 (98.6%) 5(1.4%)
Fruit Berries 327 (91.1%) 32(8.9%)
Fruit Melons 330(91.9%) 29 (8.1%)
Vegetable, Leafy 342 (95.3%) 17 (4.7%)
Vegetable, Fruiting 324 (90.3%) 35(9.8%)
Vegetable, Peas and Root 317 (88.3%) 42 (11.7%)
Beans 194 (54.0%) 165 (46.0%)
Whole Grains 335(93.3%) 24 (6.7%)
Nuts and Oils 245 (68.3%) 114 (31.8%)
Dried/Dehydrated Fruits 71(19.8%) 288 (80.2%)
Juices 251(69.9%) 108 (30.1%)
Sauces and Soups 181 (50.4%) 178 (49.6%)
Frozen Products 83(23.1%) 276 (76.9%)
Animal Products 334 (93.0%) 25 (7.0%)

Numbers are n (%) who responded they consumed foods in each group

than those identifying as Caucasian or Hispanic to be in p=0.003). There were significant differences in sociodemo-
Class III (50.0%, 44.0%, 27.8%, 31.3% respectively, graphic characteristics between the three latent classes of
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Table 3. Distribution of Food Frequency (per week) and Use of Organic Food Option During Pregnancy

Food Frequency

Organic Food Option Percent

North American Proceedings in Gynecology & Obstetrics

Food Type None | 1orLess | 2-4 5-7 8-10 11-13 14+ 0-10% 11-32% 33-66% 67-90% 90-100%
Tree Fruit
Apple 63 (18%) 115 144 33(9%) 2 (1%) 2 (0%) 0 185 37 15 (5%) 14 (5%) 40 (14%)
(32%) (40%) (0%) (64%) (13%)
Orange 133 (37%) 72 (20%) 114 33(9%) 4(1%) 3(1%) 0 151 21(9%) 17 (8%) 14 (6%) 20 (9%)
(32%) (0%) (68%)
Peach 264 (74%) 52(14%) 36 (10%) 7 (2%) 0 (0%) 0 (0%) 0 70(76%) 10 2 (2%) 3(3%) 7 (8%)
(0%) (11%)
Pear 299 (83%) 33(9%) 22 (6%) 4(1%) 0 (0%) 1(0%) 0 41 (69%) 4(7%) 2 (3%) 2 (3%) 10 (17%)
(0%)
Plum 324 (90%) 17 (5%) 10 (3%) 8 (2%) 0(0%) 0 (0%) 0 23(70%) 2 (6%) 4(12%) 1(3%) 3(9%)
(0%)
Grapefruit 327 (91%) 21(6%) 9 (3%) 2 (1%) 0 (0%) 0 (0%) 0 21(72%) 2 (7%) 3(10%) 2 (7%) 1(3%)
(0%)
Nectarine 326 (91%) 22 (6%) 11(3%) 0 (0%) 0 (0%) 0 (0%) 0 28 (85%) 1(3%) 1(3%) 1(3%) 2 (6%)
(0%)
Mango 265 (74%) 58 (16%) 29 (8%) 3(1%) 4(1%) 0 (0%) 0 63 (68%) 9 (10%) 8 (9%) 4 (4%) 8 (9%)
(0%)
Kiwi 303 (84%) 25(7%) 28 (8%) 3(1%) 1(0%) 0 (0%) 0 40 (74%) 8(18%) 1(2%) 0 (0%) 5(9%)
(0%)
Papaya 342 (95%) 12 (3%) 5(1%) 0(0%) 0 (0%) 0(0%) 0 13 (76%) 2(12%) 0 (0%) 0(0%) 2(12%)
(0%)
Banana 69 (19%) 71(20%) 153 60 5(1%) 1(0%) 0 180 21(7%) 29 13 (5%) 42 (15%)
(43%) (17%) (0%) (63%) (10%)
Fruit Berries
Strawberry 85 (24%) 86 (24%) 144 32(9%) 5(1%) 3(1%) 4 173 24 (9%) 26 11 (4%) 37 (14%)
(40%) (1%) (64%) (10%)
Blueberry 175 (49%) 87 (24%) 79 (22%) 12 (3%) 4(1%) 1(0%) 1 122 11 (6%) 16 (9%) 6 (3%) 29 (16%)
(0%) (66%)
Raspberry 256 (71%) 64 (18%) 33(9%) 5(1%) 1(0%) 0 (0%) 0 67 (66%) 4 (4%) 6 (6%) 4 (4%) 20 (20%)
(0%)
Blackberry 273 (76%) 56 (16%) 26 (7%) 4(1%) 0 (0%) 0 (0%) 0 58 (68%) 3 (4%) 5(6%) 4 (5%) 15(18%)
(0%)
Cherry 309 (86%) 24 (7%) 19 (5%) 4(1%) 2 (1%) 0 (0%) 1 34 (68%) 5(10%) 4 (8%) 2 (4%) 5(10%)
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Food Frequency

Organic Food Option Percent

Food Type None 1orlLess 2-4 5-7 8-10 11-13 14+ 0-10% 11-32% 33-66% 67-90% 90-100%
(0%)
Grape 144 (40%) 74 (21%) 94 (26%) 30 (8%) 8(2%) 4(1%) 5 141 18 (9%) 17 (8%) 9 (4%) 26 (12%)
(1%) (67%)
Cranberry 348 (97%) 9 (3%) 2(1%) 0(0%) 0 (0%) 0(0%) 0] 8(73%) 0(0%) 0(0%) 0(0%) 3(27%)
(0%)
Fruit Melons
Watermelon 235 (65%) 56 (16%) 40 (11%) 19 (5%) 4(1%) 4(1%) 1 84 (69%) 12 9(7%) 6(5%) 10 (8%)
(0%) (10%)
Cantaloupe 283 (79%) 47 (13%) 24 (7%) 5(1%) 0 (0%) 0(0%) 0 57 (77%) 5(7%) 4 (5%) 1(1%) 7 (9%)
(0%)
Pineapple 229 (64%) 69 (19%) 43 (12%) 10 (3%) 5(1%) 1(0%) 2 97 (77%) 6 (5%) 7 (6%) 3(2%) 13 (10%)
(1%)
Veg Leafy
Lettuce 96 (27%) 84 (23%) 140 35 1(0%) 2 (1%) 1 180 19 (7%) 19 (7%) 15 (6%) 21(8%)
(39%) (10%) (0%) (71%)
Spinach 169 (47%) 72(20%) 85 (24%) 21(6%) 4(1%) 4(1%) 4 114 16 (9%) 13(7%) 8 (4%) 37 (20%)
(1%) (61%)
Kale 292 (81%) 36 (10%) 25 (7%) 4(1%) 1(0%) 0(0%) 1 36 (54%) 3 (4%) 2 (3%) 5(7%) 21(31%)
(0%)
Cabbage 264 (74%) 62(17%) 27 (8%) 4(1%) 0 (0%) 1(0%) 1 64 (70%) 5(5%) 6 (7%) 3(3%) 13 (14%)
(0%)
Collard 316 (88%) 21(6%) 16 (4%) 2 (1%) 2 (1%) 2 (1%) 0 24 (57%) 5(12%) 3(7%) 2 (5%) 8(19%)
(0%)
Broccoli 126 (35%) 92 (26%) 116 19 (5%) 2 (1%) 3(1%) 1 161 17 (7%) 15(7%) 7 (3%) 28 (12%)
(32%) (0%) (71%)
Cauliflower 273 (76%) 49 (14%) 30(8%) 6 (2%) 0 (0%) 0(0%) 1 59 (71%) 7 (8%) 5(6%) 4(5%) 8(10%)
(0%)
Asparagus 253 (70%) 67 (19%) 38(11%) 1(0%) 0(0%) 0(0%) 0 81(77%) 8 (8%) 3(3%) 3(3%) 10 (10%)
(0%)
Celery 267 (74%) 54 (15%) 29 (8%) 6(2%) 2 (1%) 1(0%) 0 64 (70%) 5(5%) 6(7%) 7 (8%) 10(11%)
(0%)
Veg Fruiting
Tomato 203 (57%) 52(14%) 71(20%) 25 (7%) 6(2%) 2 (1%) 0 97 (63%) 15 9 (6%) 14 (9%) 18 (12%)
(0%) (10%)
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Food Frequency

Organic Food Option Percent

Food Type None lorlLess 2-4 5-7 8-10 11-13 14+ 0-10% 11-32% 33-66% 67-90% 90-100%
Tomato, Bite Size 212 (59%) 61(17%) 66 (18%) 16 (4%) 3(1%) 0(0%) 1 100 10 (7%) 6 (4%) 6 (4%) 25(17%)
(0%) (68%)
Avocado 175 (49%) 72(20%) 85 (24%) 24 (7%) 3(1%) 0 (0%) 0 120 12 (7%) 13 (7%) 10 (5%) 27 (15%)
(0%) (66%)
Cucumber 176 (49%) 88 (25%) 72 (20%) 19 (5%) 3(1%) 0 (0%) 1 122 13 (7%) 12 (7%) 11 (6%) 22 (12%)
(0%) (68%)
Corn 196 (55%) 93(26%) 56 (16%) 9 (3%) 4(1%) 1(0%) 0 120 8 (5%) 9 (6%) 12 (7%) 13 (8%)
(0%) (74%)
Bell Pepper 173 (48%) 78 (22%) 76 (21%) 23 (6%) 5(1%) 1(0%) 3 132 15 (8%) 11 (6%) 6 (3%) 19 (10%)
(1%) (72%)
Hot Pepper 312 (87%) 20 (6%) 15 (4%) 7 (2%) 3(1%) 1(0%) 1 26 (58%) 4(9%) 5(11%) 2 (4%) 8(18%)
(0%)
Eggplant 333(93%) 18 (5%) 5(1%) 2 (1%) 1(0%) 0 (0%) 0 20 (80%) 3(12%) 0 (0%) 1(4%) 1(4%)
(0%)
Squash, Summer 296 (82%) 42 (12%) 17 (5%) 4(1%) 0 (0%) 0(0%) 1 43 (70%) 4(7%) 3(5%) 2 (3%) 9(15%)
(0%)
Squash, Winter 341 (95%) 14 (4%) 4 (1%) 0(0%) 0 (0%) 0(0%) 0 15 (83%) 2(11%) 0(0%) 0(0%) 1(6%)
(0%)
Veg, Peas & Root
Green Beans 218 (61%) 67 (19%) 64 (18%) 8 (2%) 2 (1%) 0 (0%) 0 98 (71%) 10 (7%) 12 (9%) 4 (3%) 14 (10%)
(0%)
Snap Peas 332(92%) 17 (5%) 7 (2%) 3(1%) 0 (0%) 0 (0%) 0 21(78%) 2 (7%) 1(4%) 0 (0%) 3(11%)
(0%)
Sweet Peas 317 (88%) 20 (6%) 14 (4%) 6 (2%) 1(0%) 1(0%) 0 29 (69%) 3(7%) 5(12%) 0 (0%) 5(12%)
(0%)
Carrots 152 (42%) 84 (23%) 97 (27%) 18 (5%) 7 (2%) 1(0%) 0 135 15(7%) 14 (7%) 9 (4%) 31(15%)
(0%) (66%)
Potatoes 102 (28%) 86 (24%) 118 45 7 (2%) 0 (0%) 1 195 9 (4%) 25 3(1%) 21(8%)
(33%) (13%) (0%) (77%) (10%)
Sweet Potatoes 255(71%) 69 (19%) 29 (8%) 4(1%) 0 (0%) 1(0%) 2 74 (73%) 10 6 (6%) 1(1%) 11(11%)
(1%) (10%)
Beans
Black Beans 216 (60%) 88 (25%) 51(14%) 3(1%) 1(0%) 0(0%) 0 97 (68%) 10 (7%) 10 (7%) 6 (4%) 19 (13%)
(0%)
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Food Frequency

Organic Food Option Percent

Food Type None 1orlLess 2-4 5-7 8-10 11-13 14+ 0-10% 11-32% 33-66% 67-90% 90-100%
Garbanzo Beans 311(87%) 29 (8%) 17 (5%) 0(0%) 2 (1%) 0(0%) 0 31(64%) 1(2%) 6(13%) 2 (4%) 8(17%)
(0%)
Kidney Beans 296 (82%) 43 (12%) 16 (4%) 1(0%) 3(1%) 0 (0%) 0 43 (68%) 5(8%) 4 (6%) 2 (3%) 9(14%)
(0%)
Pinto Beans 280 (78%) 52(14%) 19 (5%) 4(1%) 3(1%) 0 (0%) 1 57 (73%) 5(6%) 3 (4%) 4 (5%) 9(12%)
(0%)
Whole Grains
Whole Wheat Bread 121 (34%) 29 (8%) 107 72 24 6(2%) 0 164 15 (6%) 18 (8%) 13 (6%) 22 (9%)
(30%) (20%) (7%) (0%) (71%)
Whole Grain Cereals 230 (64%) 24(7%) 73(20%) 27 (8%) 3(1%) 2 (1%) 0 96 (75%) 8 (6%) 12 (9%) 7 (5%) 5 (4%)
(0%)
Oatmeal 196 (55%) 56 (16%) 78 (22%) 24 (7%) 4(1%) 1(0%) 0 108 10 (6%) 11 (7%) 10 (6%) 22 (14%)
(0%) (67%)
Granola Bar 221(62%) 32(9%) 61(17%) 37 6 (2%) 1(0%) 1 95 (69%) 11 (8%) 14 5 (4%) 12 (9%)
(10%) (0%) (10%)
Pasta Whole Grain 282 (78%) 25(7%) 41(11%) 9 (3%) 1(0%) 0(0%) 1 51(68%) 6 (8%) 7 (9%) 5(7%) 6 (8%)
(0%)
Rice 132 (37%) 73(20%) 112 30(8%) 7 (2%) 0(0%) 5 173 15 (7%) 14 (6%) 7 (3%) 15(7%)
(31%) (1%) (77%)
Corn-Based Snacks 209 (58%) 38(11%) 88 (25%) 20 (6%) 2 (1%) 1(0%) 1 114 11 (7%) 12 (8%) 1(1%) 10 (7%)
(0%) (77%)
Barley 359 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
(100%) (0%)
Soy Products 322 (90%) 16 (4%) 14 (4%) 6 (2%) 1(0%) 0(0%) 0 21(57%) 3(8%) 3(8%) 3(8%) 7 (19%)
(0%)
Nuts and Oils
Almonds 271 (75%) 39(11%) 37 (10%) 11(3%) 1(0%) 0(0%) 0 54 (65%) 4 (5%) 8 (10%) 7 (8%) 10 (12%)
(0%)
Almond Butter 332(92%) 10 (3%) 14 (4%) 1(0%) 2 (1%) 0 (0%) 0 8 (30%) 4(15%) 1(4%) 4(15%) 10 (37%)
(0%)
Peanut Butter 138 (38%) 51(14%) 109 38 16 6 (2%) 1 164 4 (2%) 14 (6%) 12 (6%) 23(11%)
(30%) (11%) (4%) (0%) (76%)
Dried/dehydrated Fruits
Raisin 324 (90%) 23 (6%) 12 (3%) 0(0%) 0 (0%) 0(0%) 0 29 (85%) 1(3%) 2 (6%) 1(3%) 1(3%)
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Food Frequency

Organic Food Option Percent

Food Type None 1orLess 2-4 5-7 8-10 11-13 14+ 0-10% 11-32% 33-66% 67-90% 90-100%

(0%)

Apple 351 (98%) 4(1%) 3(1%) 1(0%) 0(0%) 0(0%) 0 7 (88%) 0(0%) 0(0%) 1(13%) 0(%)
(0%)

Plum 354 (99%) 2 (1%) 3(1%) 0(0%) 0(0%) 0(0%) 0 5(100%) 0(0%) 0(0%) 0(0%) 0(0%)
(0%)

Mango 344 (96%) 7 (2%) 6 (2%) 2 (1%) 0 (0%) 0(0%) 0 10(71%) 1(7%) 1(7%) 0(0%) 2 (14%)
(0%)

Cranberry 333 (93%) 15 (4%) 8(2%) 3(1%) 0(0%) 0(0%) 0 21(84%) 1(4%) 0(0%) 1(4%) 2(8%)
(0%)

Apricots 354 (99%) 4(1%) 1(0%) 0(0%) 0(0%) 0(0%) 0 3(75%) 1(14%) 0(0%) 0(0%) 1(25%)
(0%)

Dates 342 (95%) 8 (2%) 6(2%) 2 (1%) 1(0%) 0(0%) 0 7 (41%) 0 (0%) 2(12%) 1(6%) 7 (41%)
(0%)

Juices

Apple 233 (65%) 47 (13%) 45 (13%) 22 (6%) 5(1%) 4(1%) 3 75(61%) 9 (7%) 18 7 (6%) 14 (11%)
(1%) (15%)

Orange 187 (52%) 47 (13%) 86 (24%) 24 (7%) 8(2%) 4(1%) 3 108 17 13 (8%) 6 (4%) 24 (14%)
(1%) (64%) (10%)

Cranberry 318 (89%) 10 (3%) 19 (5%) 8(2%) 2 (1%) 0(0%) 2 22 (55%) 9(23%) 5(13%) 0 (0%) 4(10%)
(1%)

Grapefruit 353 (98%) 2 (1%) 1(0%) 2 (1%) 1(0%) 0 (0%) 0 2(33%) 1(17%) 2(33%) 0 (0%) 1(17%)
(0%)

Lemonade 255 (71%) 36 (10%) 49 (14%) 15 (4%) 3(1%) 0(0%) 1 73(72%) 8(8%) 6(6%) 6(6%) 8(8%)
(0%)

Pineapple 75 323 (90%) 15 (4%) 12 (3%) 4(1%) 3(1%) 1(0%) 1 23(64%) 4(11%) 2(6%) 1(3%) 6(17%)
(0%)

Grape 329 (92%) 13 (4%) 12 (3%) 4(1%) 1(0%) 0(0%) 0 20(67%) 3(10%) 2 (7%) 2 (7%) 3(10%)
(0%)

Mixed 292 (81%) 20 (6%) 33(9%) 10 (3%) 3(1%) 0 (0%) 1 45 (68%) 5(8%) 5(8%) 6(9%) 5(8%)
(1%)

Sauces and Soups

Apple Sauce/Puree 279 (78%) 35(10%) 32(9%) 12 (3%) 0(0%) 0(0%) 1 60 (77%) 4 (5%) 4 (5%) 1(1%) 9(12%)
(0%)
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Food Frequency

Organic Food Option Percent

Food Type None 1orlLess 2-4 5-7 8-10 11-13 14+ 0-10% 11-32% 33-66% 67-90% 90-100%
Pear Puree 359 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 0 (0%) 0 (0%) 0 (0%) 0(0%) 0(0%)
(100%) (0%)
Tomato Sauce 270(75%) 44 (12%) 38(11%) 5(1%) 2(1%) 0(0%) 0 66 (76%) 4(5%) 3(3%) 1(1%) 13(15%)
(0%)
Tomato Canned, 281(78%) 34 (9%) 40 (11%) 2 (1%) 0 (0%) 1(0%) 1 58 (75%) 1(1%) 5(6%) 3(4%) 10 (13%)
Whole (0%)
Tomato Soup 305 (85%) 42 (12%) 9 (3%) 0 (0%) 0 (0%) 1(0%) 0 40 (75%) 2 (4%) 3(6%) 1(2%) 7 (13%)
(0%)
Frozen Products
Cherries 350 (97%) 4(1%) 5(1%) 0 (0%) 0 (0%) 0 (0%) 0 4 (44%) 1(11%) 0 (0%) 0(0%) 4 (44%)
(0%)
Green Beans 303 (84%) 31(9%) 22 (6%) 3(1%) 0 (0%) 0 (0%) 0 45 (82%) 4(7%) 0 (0%) 3(5%) 3(5%)
(0%)
Spinach 330(92%) 16 (4%) 10 (3%) 0 (0%) 3(1%) 0 (0%) 0 18 (62%) 2 (7%) 2 (7%) 3(10%) 4(14%)
(0%)
Animal Products
Milk 103 (29%) 43 (12%) 102 72 26 10 3 172 13(5%) 20 (8%) 10 (4%) 37 (15%)
(28%) (20%) (7%) (3%) (1%) (68%)
Cheese 76 (21%) 31(9%) 108 97 32 10 5 203 28 23 (8%) 13(5%) 14 (5%)
(30%) (27%) (9%) (3%) (1%) (72%) (10%)
Yogurt 143 (40%) 45 (13%) 106 53 8 (2%) 2 (1%) 2 135 16 (8%) 10 (5%) 14 (7%) 38 (18%)
(30%) (15%) (1%) (63%)
Ice Cream 133 (37%) 107 90 (25%) 23 (6%) 4 (1%) 0(0%) 2 191 9 (4%) 12 (5%) 5(2%) 6 (3%)
(30%) (1%) (86%) ?
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First 500 Heartland Study
Participants

Excluded (n=24)

Didn‘t complete a food
questionnaire (n=24)

Completed at least one food
survey (n=476)

Excluded (n=117)

Didn’t consume all food sub-
categories at one or mare

trimesters (n=117)

Consumed all food sub-
categories at one or more
trimesters (n=359)

Excluded (n=3)

Missing demographic data
(n=3)

Included in latent class
analysis (n=356)

Figure 1. CONSORT flow diagram of Heartland Study
participants for analysis

dietary intake in maternal age, marital status, education,
income quartile, smoking, and alcohol consumption (Table
4). In general, healthier diets (Classes I and II combined
versus Class III) were associated with self-reported Cau-
casian and Hispanic groups, older age, being married, hav-
ing higher education, having a higher self-reported income
quartile, and never smoking. Interestingly, 75.1% of indi-
viduals reporting current or recent alcohol consumption
(within three months of pregnancy) were in Classes I and
II, compared to 56.3% of former consumers and 55.3% of
never consumers. Geography of participant residence did
not differ significantly across classes. Socio-demographic
variables differed most noticeably between Classes II and
III. There were also some socio-demographic trends for
those participants in Class I. Those in higher income quar-
tiles seemed to less often be classified in Class I, while
never smokers and those never consuming alcohol tended
to be classified in Class I more frequently than those re-
porting differently about smoking and alcohol.

DISCUSSION

In this Midwest US pregnancy cohort, self-reported dietary
consumption was categorized as healthy in the majority of
respondents, with 23.4% additionally being classified into
a higher organic food consumption class. This is similar to
a recent survey which reported that approximately 31% of
US individuals regularly purchase organic food (U.S. Envi-

ronmental Protection Agency 2015). In general, LCA was
able to group the respondents into three distinct classes
based on their self-reported dietary consumption. We fur-
ther characterized the differences in sociodemographic
characteristics between the classes. This approach to classi-
fication, using information from self-reported dietary con-
sumption, may be useful in future analyses related to her-
bicide exposure and its contribution to adverse pregnancy
outcomes.

Food that has been grown or produced without the use
of synthetic fertilizers, pesticides, or genetically modified
organisms (GMOs) is labelled as “organic”. Organic farming
practices prioritize the use of natural resources, such as
compost and crop rotation, to maintain soil health and pro-
tect the environment (McCulloch et al. 2002). These foods
are often perceived as being healthier, safer, and more sus-
tainable than conventionally grown foods. The dollars
spent on organic food has risen in recent years (Statista Re-
search Department 2024). Organic food consumption pat-
terns in pregnancy have gained significant attention in re-
cent years (American College of Obstetricians and
Gynecologists 2022). Pregnant individuals are often advised
to pay close attention to their diet as it plays a significant
role in both maternal and fetal health conditions and preg-
nancy outcomes (Rull, Ritz, and Shaw 2006; Arbuckle, Lin,
and Mery 2001; Gerona, Reiter, Zakharevich, et al. 2022).

During pregnancy, the nutritional needs of the mother
and developing fetus are altered. Eating a well-balanced
diet that includes a variety of fruits, vegetables, whole
grains, lean proteins, and healthy fats is essential for both
maternal and fetal health. Organic foods might be able
to offer additional benefits by providing higher levels of
nutrients such as antioxidants, vitamins, and minerals
(Baranski, Srednicka-Tober, Volakakis, et al. 2014). Addi-
tionally, consuming organic foods may help reduce expo-
sure to harmful chemicals and pesticides that have been
linked to adverse health outcomes, including birth defects,
developmental delays, and cancer (Curl et al. 2019; Liu,
Curl, Brantsaeter, et al. 2023; Torjusen, Brantsaeter, Hau-
gen, et al. 2014; Hyland, Spivak, Sheppard, et al. 2023).

Organic food consumption patterns during pregnancy
vary by geographic location, cultural background, and so-
cioeconomic status (Morland and Filomena 2007; Wang et
al. 2020). In developed regions, such as the US and Europe,
organic foods are more widely available and affordable than
in developing countries. Studies have shown that socioeco-
nomic status can play a significant role in organic food and
nutritious food consumption patterns (Deshmukh-Taskar
et al. 2007; Eikenberry and Smith 2004; Konttinen et al.
2013). Pregnant individuals from lower-income households
may not have access to organic foods or may not be able to
afford them. Our study demonstrated this as well, in which
many participants with lower status on several socioeco-
nomic factors were prevalent in Class III based on their self-
reported dietary intake. This type of food insecurity, inabil -
ity to access healthy foods, may contribute to pregnancy
healthcare disparities (Kumar et al. 2011; UNICEF 2023).

Organic food consumption during pregnancy is a com-
plex issue, and the studies examining it show some in-
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Food Item Organic Use
Class | [} i I 1] mn
N 84 153 122 84 153 122
apple 0.05
orange
peach
pear
plum

031 029 020

grapefruit
nectarine
mange
kiwi
papaya
bananas
strawberry
blueberry
raspberry
blackberry
cherry
grape
cranberry

042 031
030 022
0.43 042

watermelon
cantaloupe
pineapple
lettuce
spinach 0.33
kale 032 020 -

038 025 020
0.17

cabbage
collard
broccoli
cauliflower

047
033 024 017
0.40 038
0.38 030

asparagus
celery
tomatol
tomato2
avocado
cucumber
corn
bell_pepper
hot_pepper
eggplant
squash_s
squash_2
green_bean
snap_peas
sweet_peas
carrots
potatoes

032

sweet_potatoes 036 018

Continued... Food Item Organic Use
Class I ] m I Il m
N 84 153 122 84 153 122
beans_black m._ 0.52 0.16 M_. I 0.07
beans_garbanzo 019 020 0.18
beans_kidney 027 020 021

beans_pinto 037 024 0.23

bread_wheat

cereal_wheat

oatmeal

granola_bar

pasta_wh_grain
rice

corn_snack

barley

soy

almonds
almond_butter
peanut_butter
raisin

dried_apple
dried_plum
dried_mango
dried_cranberry
dried_apricots
dried_dates
juice_apple
juice_orange
juice_cranberry
juice_grapefruit
juice_lemonade
juice_pineapple
juice_grape
juice_mixed
sauce_soup_apple
sauce_soup_pear
sauce_soup_tom_sc
sauce_soup_tom_cn
sauce_soup_tom_sp
cherries
green_beans
frozen_spinach
milk

cheese

yogurt

ice_cream

Figure 2. Heat map of latent class membership and food prevalence

Food item and organic percentage use for each food category. The color spectrum ranges from dark green to yellow, orange and dark red. Dark green represents a high prevalence of

the use of each food item or organic use. Dark red represents the lowest consumption.

consistencies. While some studies have shown that organic
food consumption during pregnancy is associated with bet-
ter nutritional status, others have shown no significant dif-
ferences (Vigar et al., n.d.). However, there have been mul-
tiple studies that showed that glyphosate exposure may
lead to adverse pregnancy outcomes, such as preterm-birth,

smaller newborns, and congenital anomalies (Rull, Ritz,
and Shaw 2006; Parvez, Gerona, Proctor, et al., n.d.;
Brantsaeter, Torjusen, Meltzer, et al. 2016; Rieg, Cattani,
Naspolini, et al. 2022; Gerona, Reiter, Zakharevich, et al.
2022).
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Table 4. Demographic characteristics of participants in the three Latent Classes

A latent class analysis of dietary intake in a midwestern United States pregnancy cohort

LCA Class Class| Class I Class 1l p-value
N (row %) Healthy Diet & Higher Healthy Diet & Lower Less Healthy
Organic Organic Diet
84(23.4%) 153 (42.6%) 122 (34.0%)
Maternal Race 0.003
African American 18 (24.3%) 19 (25.7%) 37 (50.0%)
Caucasian 45 (21.2%) 108 (50.9%) 59(27.8%)
Hispanic 15(31.3%) 18 (37.5%) 15(31.3%)
Other 6(24.0%) 8(32.0%) 11 (44.0%)
Maternal age, mean (SD) 30.0(5.3) 30.7 (4.5) 28.9(5.2) 0.01
Married 52(22.0%) 126 (53.4%) 58(24.6%) <0.0001
Not Married 29 (24.2%) 27 (22.5%) 64 (53.3%)
Education 0.0005
< High School 4(23.5%) 5(29.4%) 8 (47.1%)
H.S. < College 31(23.0%) 42 (31.1%) 62 (45.9%)
College + 49 (23.7%) 106 (51.2%) 52(25.1%)
Financial Assistance, Yes 15 (25.0%) 18 (30.0%) 27 (45.0%) 0.06
No 65(22.3%) 133 (45.7%) 93(32.0%)
Income <0.0001
Q1 (<36k) 20 (26.3%) 15(19.7%) 41 (54.0%)
Q2 (36k-<87k) 21(25.3%) 37 (44.6%) 25(30.1%)
Q3 (87k-<140k) 16(19.1%) 49 (58.3%) 19 (22.6%)
Q4 (140k+) 18 (21.2%) 44 (51.8%) 23(27.1%)
Geographic Area Live 0.36
Rural, mostly farmland 5(21.7%) 15 (65.2%) 3(13.0%)
Rural, little farmland 3(15.0%) 10 (50.0%) 7 (35.0%)
Suburban 40 (24.1%) 73(44.0%) 53(31.9%)
Urban 30(23.3%) 54 (41.1%) 46 (35.7%)
Smoke 0.03
Current or w/3m 4(12.1%) 11(33.3%) 18 (54.5%)
Pregnancy
Former 5(15.6%) 18 (56.3%) 9(28.1%)
Never 73(25.9%) 123 (43.6%) 86 (30.5%)
Drink Alcohol 0.0005
Current or w/3m 49 (23.4%) 108 (51.7%) 52(24.9%)
Pregnancy
Former 13(18.3%) 27 (38.0%) 31(43.7%)
Never 20 (29.9%) 17 (25.4%) 30 (44.8%)

w/3m = within three months.

Our study also noted disparities in self-reported race and
ethnicity in the healthy food consumption classes. This is
consistent with other studies which have noted the contri-
bution of social determinants of health on healthy eating.
For instance, a study in New York noted the absence of su-
permarkets in areas predominantly inhabited by black com-
munities (Metoyer, Chuang, Lee, et al. 2022). The accessi-
bility of grocery stores or supermarkets selling organic food
to minority racial groups has been a subject of study. Some
studies have indicated that African American and Hispanic
populations face challenges in accessing stores with or-
ganic food, while others have reported the opposite. Ad-
ditionally, some studies have focused more on the conve-
nience of shopping rather than the proximity and distance
of these stores (Kumar et al. 2011; D’Angelo et al. 2011;
Di Noia et al. 2016; Evans, Banks, Jennings, et al. 2015;
Sanchez-Flack et al. 2019; Zenk, Schulz, Hollis-Neely, et al.
2005).

Higher consumption of healthy foods and organic foods
has been linked to older age groups, something also seen
in our study (Simoes-Wust et al. 2017; Skreden et al. 2017).

Higher educational attainment being associated with
healthier dietary consumption in our cohort is also consis-
tent with other studies (Wang et al. 2020; Simoes-Wust et
al. 2017; Skreden et al. 2017; Kamphuis, de Bekker-Grob,
and van Lenthe 2015).

Interestingly, in our analysis, a greater percentage of
participants from suburban and urban areas were in Class
I than were those who lived in rural areas. This may have
been due to a lack of clarity about organic food on the sur-
vey, or that food in more urban areas is clearly marked as
“organic” compared to rural areas. This bears future explo-
ration.

Previous research has shown that the levels of biomark-
ers of pesticides in blood can be influenced by the type
of foods that are consumed. Specifically, studies have ob-
served that levels of urinary herbicides tend to decrease
when individuals consume organic foods, and then increase
again when they consume conventional or non-organic
foods (Bradman, Quiros-Alcala, Castorina, et al. 2015; Lu
et al. 2006). As the HS study continues, we will analyze
the association between the dietary classes and urine herbi-
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cide concentrations. If confirmed, this could represent a po-
tential therapeutic clinical recommendation that could be
tested prospectively to reduce ingested chemicals and ulti-
mately improve pregnancy outcomes.

This study has some limitations. The population was
from a single area in the Midwest US, limiting generaliz-
ability. Additionally, while we were able to separate the co-
hort into three clear classes in this planned preliminary
analysis, the class structure (number of classes; and food
profile of classes) may need to be revised when the full co-
hort is analyzed. Additionally, the food frequency question-
naire utilized in the study was not validated, although it
contains similar questions and response formats found on
validated food questionnaires (Block et al. 1994; NIH Epi-
demiology and Genomics Research Program 2022). As our
study was focused on herbicides, the food questionnaire
did not include specific questions regarding meat consump-
tion, which limited our ability to determine the impact of
vegetarianism and may have led to underestimation of or-
ganic food consumption among individuals who predomi-
nantly consume meat-based diets. Also, the survey did not
calculate calorie intake, macronutrient composition, and
micronutrient content. Although we did not include body
mass index that in the current analysis, we plan to explore
its association with dietary choices, herbicide concentra-
tions, and pregnancy outcomes in the full cohort. For those
completing the survey during the first trimester, we did
not capture the impact of nausea and vomiting of preg-
nancy. Several of these factors will be accounted for when
the full cohort of 2,000 participants is analyzed in conjunc-

tion with the urine herbicide concentrations and pregnancy
outcomes.

In conclusion, a latent class analysis was able to classify
participants in a Midwest US pregnancy cohort into three
classes based on self-reported dietary intake and organic
food consumption. These groupings were highly associated
with sociodemographic characteristics, highlighting the
potential impact of social determinants of health on dietary
choices available to and made by pregnant individuals. This
type of grouping can aid in analyses of pregnancy outcomes
and herbicide biomarker analysis and may yield informa-
tion important to developing interventions to optimize
pregnancy outcomes in the face of herbicide chemical ex-
posures.
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SUPPLEMENTARY MATERIALS

Supplementary Table. LCA fit statistics by number of classes.

2class 3class 4 class 5class

Log-likelihood: -21472.6 -20828.6 -20424.5 -20068.9
G-squared: 38721.02 37432.95 36624.69 35913.63
AlC: 39435.02 38504.95 38054.69 37701.63
BIC: 40821.37 40586.41 40831.26 41173.32
CAIC: 41178.37 4112241 41546.26 42067.32
aBIC: 39688.79 38885.96 38562.93 38337.11
Entropy: 0.99 0.96 0.98 0.98
Percent 27 23 37 11
ineach 73 43 26 15
class 34 17 37
20 11

26

LCA = latent class analysis. G-squared = likelihood ratio chi-square. Fit statistics include AIC = Akaike Information Criterion (AIC); CAIC = Consistent AIC; BIC = Bayesian Informa-

tion Criterion; and aBIC = adjusted BIC. Lower fit statistics indicate better fit of the data using that number of latent classes. A 3-class model was chosen because the BIC (our pri-
mary fit statistic because it prioritizes parsimonious models) and CAIC suggest 3 classes, and although the AIC and aBIC suggest 5 classes, the 3-class model is more parsimonious

than a 5-class model. Lower portion of the table shows the percent of participants in each class based on each number of classes analyzed.
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