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Dietary patterns and hypertensive disorders of pregnancy 

Abstract 

Despite the high frequency and burden of Hypertensive disorders of pregnancy 

(HDPs), little is known, about how adherence to diet patterns before pregnancy or 

during pregnancy relate to the risk of HDPs. Most of the research has focused on 

individual nutrients with inconclusive results. Moreover, the association between dietary 

patterns and risk of HDPs is scarce. In chapter I, we evaluated the association between 

adherence to dietary patterns aimed to prevent cardiovascular (CVD) in the general 

population with the risk of developing HDPs, specifically, Preeclampsia (PE) and 

gestational hypertension (GHTN) among participants of the Nurses’ Health Study-II. 

Women with higher adherence to the Dietary Approaches to Stop Hypertension (DASH) 

had 40% lower risk of preeclampsia compared to women with the lowest adherence. 

Moreover, higher adherence to the American Heart Association (AHA) diet 

recommendations from the 2020 Impact Goals had a marginal inverse association with 

risk of PE vs women with the lowest adherence. These associations were mainly 

explained by a higher intake of fruits and fruit juices, and lower intake of processed 

meats. Gestational hypertension was not associated with neither the AHA diet patterns 

nor the DASH diet.  

In chapter 2, we examined the association between adherence to AHA and 

DASH diet patterns from 2nd trimester of pregnancy with the risk of PE and GHTN 

among participants of the Danish National Birth Cohort. Adherence to the AHA and 
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DASH diet patterns were not associated to the risk of PE or GHTN among Danish 

women. However, lower sodium intake during pregnancy was related to lower risk of 

PE. For every increase of 817 mg/day of sodium intake was related to a 24% increase 

of HDPs. In addition, higher sodium intake was independently associated to PE and 

GHTN. 

Women with pregnancies complicated by HDPs are at higher risk of developing 

CVD outcomes later-in life. Although numerous studies have evaluated the relation 

between diet and subsequent risk of CVD, the role of dietary patterns and hypertension 

(HTN) remains unclear, particularly among Mexican women. In chapter 3, we evaluated 

the association between adherence to AHA and DASH diet patterns and the risk of 

incident chronic HTN comparing women with and without history of HDPs. We used 

data from the Mexican Teachers’ Cohort and we found that higher adherence to both 

DASH and AHA diet patterns was not beneficial among women with history of HDPs; 

however, higher adherence to AHA and DASH diet patterns resulted in 13% lower risk 

of HTN in the overall population and among women without history of HDPs. 
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Introduction 

Hypertensive disorders of pregnancy (HDPs) are diagnosed in about 10% of all 

pregnancies worldwide(1). Preeclampsia/eclampsia (PE) and gestational hypertension 

(GHTN) are the two most common HDP phenotypes. Although women with HDP 

generally achieve favorable outcomes, these can result in serious consequences to fetal 

and maternal health. Every year, PE is responsible for half a million fetal demises 

worldwide(2). In addition, preterm delivery, abruptio placentae, intrauterine growth 

restriction, and stillbirth are serious obstetrical complications associated to HDP(3,4). 

According to the National Inpatient Sample, PE increased from 5.3% in 1993 to 9.1% in 

2014, resulting in 400,000 additional hospitalization days and $731 million in healthcare 

expenditures when contrasted with normotensive pregnancies(5). Additionally, women 

with history of HDPs have a higher risk of developing diabetes mellitus type 2 (T2DM) 

and cardiovascular disease (CVD) later-in life(6,7). 

Despite the high frequency and burden of HDP, there is no curative treatment for 

PE other than delivery and most known risk factors are either not modifiable (e.g. 

previous pregnancy with PE, age, parity, new paternity, prolonged birth intervals, and 

genetic predisposition) or cannot be modified once a pregnancy is established (e.g. 

obesity, chronic underlying diseases). Most of the research on the relation between diet 

and risk of PE or other HDPs has focused on specific nutrients. Calcium and vitamin 

D(8–10) supplementation during pregnancy reduces the risk of HDPs among women 

with deficient intake, but not among women with adequate intake of calcium and vitamin 

D. However, multiple meta-analysis from randomized clinical trials have reported 
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inconclusive or null relations between supplementation during pregnancy with risk of 

HDPs and fish-oil(11), antioxidants (Vitamin C and E)(12), or a diet with sodium 

restriction(13).  

Simultaneously, nutritional epidemiology and public health nutrition have slowly 

shifted from a nutrient-centric approach to a dietary pattern based approach in recent 

years(14). For example, the latest edition of the Dietary Guidelines for Americans 

(2015-2020)(15) emphasizes the adoption of healthy diet patterns instead of promoting 

targets for specific nutrient intakes. Similarly, the American Heart Association (AHA) has 

shifted its dietary recommendations to a diet-pattern based approaches as reflected in 

2020 Goals(16) and their endorsement, within this framework, of patterns such as the 

Dietary Approaches To Stop Hypertension (DASH)(17). However, the role of diet 

patterns and the risk of HDPs is unclear. Most of the studies have evaluated the relation 

between adherence to empirically-derived dietary patterns and risk of PE(18–22) and 

only a few observational studies(23,24) have assessed dietary patterns that are based 

on dietary recommendations for the prevention of HDPs. Therefore, at the present 

moment it is not entirely clear whether diet patterns in general and diet patterns 

specifically designed for the prevention of CVD in the general population such as AHA 

and DASH relate to the risk of HDPs or the progression from HDPs to chronic 

hypertension after pregnancy. In order to address these gaps in the literature, in chapter 

I we evaluated pre-pregnancy adherence to diet patterns aimed at reducing 

hypertension in the general population, like the AHA and DASH diet and the risk of 

HDPs. Moreover, in chapter 2 we evaluated adherence during pregnancy with the risk 

of HDPs among Danish women. In chapter 3, we assessed if higher adherence to AHA 
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and DASH diet was related to the risk of HTN among participants of the Mexican 

Teachers’ Cohort, contrasting women by prior history of HDPs. 
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Abstract 

Objective: To evaluate the association of pre-pregnancy adherence to the American 

Heart Association (AHA) diet recommendations and the Dietary Approaches to Stop 

Hypertension (DASH) dietary pattern with risk of preeclampsia (PE) and gestational 

hypertension (GHTN). 

Methods: We followed 17,114 pregnancies accrued between 1991 and 2009 among 

11,660 women enrolled in the Nurses’ Health Study II (NHS-II). Pre-pregnancy diet was 

measured in 1991 and updated every four years with a validated food frequency 

questionnaire. Pregnancy outcomes were self-reported. We derived the DASH scores 

based on the intake of 8 food groups (fruits and fruit juices, vegetables, whole-grain, red 

and processed meats, nuts and legumes, sugar sweetened beverages (SSBs), low-fat 

dairy, and sodium). The AHA primary score was derived from 5 components (fruits and 

vegetables, whole grain, fish, SSBs and sodium) and the AHA secondary score had 3 

additional components (processed meat, nuts and legumes, and saturated fat). We 

estimated the RR and 95% CIs of PE with log-binomial regression employing 

generalized estimating equations to account for repeated observations and adjusting for 

potential confounders. 

Results: HDPs were reported in 1,066 (6.2%) of the 17,114 pregnancies, of which 502 

(2.9%) were PE cases and 564 (3.3%) were GHTN cases. Greater adherence to the 

DASH score pattern was inversely related to the risk of PE. The RRs (95%CIs) of PE for 

women in increasing quintiles of adherence to DASH were 1.00 (ref), 0.86 (0.67, 1.10), 

0.71 (0.54, 0.93), 0.79 (0.60, 1.04), and 0.60 (0.44, 0.81) (p-trend<0.001). A similar 
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pattern was observed for the AHA recommendations but the relation failed to reach 

statistical significance (p-trend=0.07). When individual components of the 

recommendations were examined, intakes of fruit and fruit juices (RR [95%CI] = 0.93 

[0.86-0.99]) were consistently related to the risk of PE and intake of processed meats 

was also consistently related to higher risk of GHTN (RR [95%CI] = 1.34 [1.04-1.72]). 

Neither pattern was related to the risk of GHTN. 

Conclusion: Pre-pregnancy adherence to the DASH dietary pattern may decrease the 

risk of PE. 

 

Keywords: Preeclampsia, gestational hypertension, dietary patterns, DASH, 

hypertensive disorders of pregnancy
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Introduction  

Hypertensive disorders of pregnancy (HDPs) occur in 6-8% of all pregnancies(1), 

of which  preeclampsia (PE) and gestational hypertension (GHTN) are the predominant 

phenotypes. According to the National Inpatient Sample, PE increased from 5.3% in 

1993 to 9.1% in 2014, resulting in 400,000 additional hospitalization days and $731 

million in healthcare expenditures when contrasted with normotensive pregnancies(2). 

Additionally, women with pregnancies affected by HDPs are at increased risk of 

subsequently developing cardiovascular (CVD) disease and type 2 diabetes(3,4).  

The role of diet in the prevention of HDPs remains unclear. Most of the research 

has focused on individual nutrients with inconclusive results for most nutrients(5–9), 

with the exception of the protective effect of calcium supplementation in populations 

with low calcium intake(10).  Concurrently, public health and clinical advice on nutrition 

has shifted from a nutrient-centric approach to a dietary pattern-based approach(11). 

For example, the most recent Dietary Guidelines for Americans (2015-2020)(12), 

emphasize the adoption of healthy diet patterns over the promotion of meeting intake 

targets for specific nutrients. Diet recommendations specifically designed for the 

prevention of CVD in the general population, like those of the American Heart 

Association (AHA)(13), and the Dietary Approaches to Stop Hypertension (DASH)(14), 

also primarily target food rather than nutrient intakes. Presently, it is not clear whether 

greater adherence to diet patterns designed to decrease the risk of CVD and manage 

blood pressure in the general population may also have a role in the prevention of 

HDPs. To address this question, we evaluated the association between pre-pregnancy 

adherence to the AHA and DASH dietary patterns and risk of PE among participants 



  

12 

 

 

from the Nurses’ Health Study II (NHS-II). We hypothesized that greater adherence to 

these diet recommendations would be related to lower risk of PE and GHTN. 

Materials and methods 

Study population 

We used data from the Nurses’ Health Study II (NHS-II), an ongoing prospective 

cohort of 116,429 female nurses’ aged 24-44 years at baseline, in 1989. All participants 

reported demographic characteristics, lifestyle factors, anthropometric measures, and 

medical history at baseline and updated these data every 2 years thereafter. Participants 

were asked to report their usual diet using a validated food frequency questionnaire (FFQ) 

in 1991 and every 4 years thereafter. Additionally, 67,840 women provided detailed 

information on their obstetric history in the 2009 follow-up questionnaire. For our primary 

analysis we included all singleton pregnancies ≥20 weeks’ gestational age from 14,149 

women, reported between 1992 and 2009, among women who completed diet 

assessments during follow-up (Supplemental figure 1.1). From the 20,745 reported 

pregnancies between 1992 and 2009 we excluded multi-fetal gestations (n = 543), 

pregnancies lasting < 20 weeks (n = 8,162), pregnancies whose outcome was not 

reported (n = 155), and those with implausible gestational age (n = 168). We further 

excluded pregnancies with missing year of pregnancy (n = 78), pregnancies from women 

with incomplete diet information (n = 2,372), and pregnancies from women with pre-

existing chronic diseases (n = 1,180), including hypertension, CVD disease, and cancer. 

Our final study population included 17,114 pregnancies from 11,660 women. The study 
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was approved by the IRBs of the Harvard School of Public Health and Brigham and 

Women’s Hospital and consent was implied when women completed the questionnaires.  

Dietary assessment and dietary pattern scores  

Pre-pregnancy diet was measured with an extensively validated food frequency 

questionnaire (FFQ)(15,16) that included a list of 131 food items. Women reported their 

usual intake of foods and beverages in the past year.  Nutrient intake was estimated as 

the product between each food item and their nutrient content obtained from a nutrient 

composition database based on that from the USDA(17) and supplemented with 

information from food and supplement manufacturers. To capture diet before 

pregnancy, all pregnancies were assigned to the FFQ immediately preceding them; the 

1991 FFQ was assigned to pregnancies ending in 1992-1995, the 1995 FFQ to 

pregnancies in 1996-1999, and so forth. We derived two continuous adherence scores 

for each FFQ (1991, 1995, 1999, 2003, and 2007): the AHA (primary and secondary 

scores) and the DASH score (Table 1).  Briefly, the AHA score was defined using a 

priori cut-off points for target intakes based on the dietary recommendations from the 

AHA 2020 Goals(13). We assigned 10 points when the intake of encouraged 

foods/nutrients (whole grain, fish, fruits and vegetables) was equal to or greater than the 

optimal target intake, or when intake was equal to or lower than the optimal target intake 

for discouraged foods/nutrients (sugar sweetened beverages (SBBs) and sodium). 

Intermediate intakes were scored linearly between 0 and 10. The AHA primary score 

consists of 5 items: fruits and vegetables, whole-grains, fish, SSBs, and sodium; The 

AHA secondary score has 8 items: items from the primary score plus nuts and legumes, 

processed meat, and saturated fat. The DASH score(18) allocates 1–5 points for each 
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component based on quintiles of intake within the study population. Women received 5 

points if they were in the highest quintile of vegetable, low-fat dairy, whole grains, fruits 

(including fruit juices), and nuts and legumes (excluding soy) intakes. Scoring was 

reversed for red and processed meats, SSBs, and sodium, where women received 

more points for less consumption. 

Hypertensive disorders of pregnancy ascertainment 

The primary outcome of this study is preeclampsia (PE) which was defined 

based on self-report of preeclampsia/toxemia in a pregnancy lasting > 20 weeks. We 

considered gestational hypertension (hypertension during pregnancy without 

proteinuria), based on self-report, as a secondary outcome. Pregnancies in which both 

PE and GHTN were reported were classified as PE-affected pregnancies. We identified 

cases from the 2009 follow-up questionnaire, which captured details of all lifetime 

pregnancies including duration of pregnancy and diagnosis of gestational diabetes 

(GDM), mastitis, type of delivery and birth weight. Recall of maternally reported events 

during pregnancy is considered valid when compared to medical records(19). 

Furthermore, in a validation study where we compared self-reports of PE against 

medical records of 598 women in  NHS-II, we found that self-reported PE had a positive 

predictive value (PPV) of 89% in this population(20).  

Assessment of covariates  

Race/ethnicity, height, smoking status, parity, dietary supplement use, history of 

infertility, and US region of residence were assessed at baseline and updated every two 

years thereafter. For time-varying covariates the most recent data preceding each 
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pregnancy were used. Maternal age at birth age was estimated as the difference 

between the year of pregnancy and the year of birth. Marital status was reported in 

1989, 1993, and 1997. Baseline height and body weight were used to calculate pre-

pregnancy body mass index (BMI kg/m2). Self-reported weight is highly correlated with 

measured weight in this cohort (r = 0.97)(21). Total physical activity was ascertained in 

1991, 1997 and 2001 using a previously validated questionnaire(22), from which 

metabolic equivalent task hours (MET-hours) per week were calculated. 

Statistical analysis  

Baseline characteristics were derived from the first pregnancy contributed to the 

study. We compared differences in baseline characteristics by pre-pregnancy 

adherence to AHA primary and DASH score by using a chi-square test for categorical 

variables and Kruskal-Wallis test for continuous variables. We computed the Spearman 

correlation between the two patterns to assess the similarity of exposures. We 

estimated the relative risk (RR) and 95% confidence intervals (95%CI) of PE, and 

GHTN using log-binomial regression models with generalized estimating equations 

using an exchangeable working correlation structure(23) to account for the correlation in 

outcomes between pregnancies of the same woman. In the few instances when log-

binomial models did not converge we used log-Poisson models instead(24).  

To examine the relationship between pre-pregnancy dietary pattern adherence 

with the risk of PE, women were divided in quintiles according to DASH and AHA 2020 

dietary pattern scores. Tests for linear trend were conducted by using the median 
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values of intake in each quintile as a continuous variable(25). We also estimated 

the risk of HDP, GHTN, and PE in relation to intake of each individual components of 

the diet scores modelling intake as a continuous variable representing a 1 serving/day 

increase in intake for all food groups, 5% increase in saturated fat intake, and the 

difference between the 90th and 10th percentile of sodium intake in the study population 

(820 mg/d). To assess for non-linearity in the relation of each of the recommendations 

with HDPs, PE and GHTN, we fitted models where intake was modeled as a restricted 

cubic spline and compared the cubic spline model against a model with intake was 

modeled as a linear term using a likelihood ratio test. The presence of confounding was 

evaluated using prior knowledge aided by directed acyclic graphs(26). The final 

multivariable models included terms for pre-pregnancy BMI, smoking status, physical 

activity, history of infertility, marital status, race, parity, multivitamin use and history of 

gestational diabetes. 

Finally, we conducted a series of subgroup and sensitivity analyses to examine 

the robustness of our results. Specifically, we conducted analyses where the non-case 

group was restricted to pregnancies without hypertension (i.e., we excluded women with 

GHTN from the non-cases of PE), and to women with no prior history of PE. In addition, 

to account for the potential of increased misclassification of exposure with greater time 

between diet assessment and outcome assessment, we restricted analyses to 

pregnancies that occurred within 1 year of the diet assessment (i.e. 1992, 1996, 2000, 

and 2004) (Supplemental table 3). Effect modification by maternal age (<35 years vs. 

≥35 years), parity (nulliparous vs. parous), smoking status (current smoker vs. non-

smoker [past smokers+never smokers), and pre-pregnancy BMI (<25 vs. ≥25) was 
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evaluated by using cross-product terms between these variables and the linear terms 

for 10-point increase in dietary pattern scores. All tests of statistical significance were 

two-sided with a significance level of 0.05. All data were analyzed with SAS 9.1 

software (SAS Institute Inc.). 

Results 

We included in the analysis 11,660 women who contributed 17,114 pregnancies 

during follow-up. There were 502 reported cases of PE (2.9%) and 564 cases of GHTN 

(3.3%) for 1,066 cases of HDPs (6.2%) during follow-up. On average, women who were 

in the highest quintile of each of the two dietary patterns were more likely to be parous, 

more physically active, reported higher frequency of multivitamin use, and were less 

likely to be current smokers (Table 1.2). The AHA and DASH scores (Table 1.1) were 

highly correlated to each other (Spearman r=0.77 for DASH vs. AHA primary and r=0.83 

for DASH vs. AHA secondary).  

Greater adherence to the DASH score was inversely related to the risk of PE. 

Women in the highest quintile of adherence to DASH had a 40% (95% CI: 18%, 56%) 

lower risk of PE than women in the lowest quintile of adherence. A similar pattern was 

observed with adherence to the AHA primary score but this relation was weaker (Table 

1.3).  Neither the DASH nor the AHA primary scores were related to the risk of GHTN 

(Supplemental table 1.1). We then examined the relation of individual components of 

the AHA secondary score and the DASH score with risks of PE, GHTN, and HDPs. 

When we modeled intake as a continuous linear term, greater intake of SSBs, 

processed meats, sodium, fish, and lower intake of fruit and fruit juice were 
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TABLE 1.1 Dietary components of the American Heart Association (AHA) 2020 Strategic Impact Goals and the Dietary 

Approaches to Stop Hypertension (DASH) dietary pattern scores. 

AHA primary score Optimal Target Intake1 Points Scoring Range 

1. Fruits and Vegetables ≥ 4.5 cups/d 10 0 to ≥ 4.5 cups/d  

2. Whole grain ≥ 3 servings/d 10 0 to ≥ 3 oz.-equivalents/d 

3. Fish and shellfish ≥ 2 100-g servings/wk 10 0 to ≥ 1 oz./d

4. SSBs ≤ 450 kcal/ wk  10 ≤ 5.14 oz. to > 16 fl. oz./d  

5. Sodium, mg/d ≤1,500 mg/d 10 ≤ 1,500 mg to > 4,500mg/d 

AHA secondary  score 

6. Nuts, seeds, legumes ≥ 4 servings/week 10 0 to ≥ 4 servings/wk 

7. Processed meat ≤ 2 50-g servings/week 10 ≤ 0.5 oz. to > 1.7646 oz./d

8. Saturated fat, %E ≤ 7 % of total energy intake 10 ≤7 to > 15% E 

DASH score Median from highest quintile of intake From Q1 to Q5 

1. Fruits and juices ≥ 5.0 servings/d 5 0 to ≥ 5 servings/d 

2. Vegetables ≥ 2.6 servings/d 5 0 to ≥ 3 servings/d 

3. Nuts and Legumes ≥ 0.4 servings/d 5 0 to ≥ 0.4 servings/d  

4. Whole Grain ≥ 5 servings/d 5 0 to ≥ 5 servings/d 

5. Low-fat dairy ≥ 5 servings/d 5 ≤ 0.2  to ≥ 5 servings/d 

Median from lowest quintile of intake From Q5 to Q1 

6. Red/ Processed meats ≤ 0.3  servings/d  5 0 to ≥ 2.1 servings/d 

7. SSBs ≤ 0.10 servings/d 5 0 to > 3 servings/d 
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TABLE 1.1 (continued) 

8. Sodium ≤ 2,600 mg/d 5 ≤ 2,600 mg/d to > 3,729 
mg/d 

SSBs, sugar-sweetened beverages;%E, percentage of total calories; SD, standard deviation;Q1, lowest quintile of 

adherence; Q5, highest quintile of adherence d. day; wk, week; kcal, kilocalories; 

1Optimal intake (i.e., at or greater than the target intake for encouraged foods/nutrients; or at or less than the target 

intake for discouraged foods/nutrients) was assigned a score of 10. For encouraged dietary factors, individuals with zero 

intake received the lowest score (0). For discouraged dietary factors, the lowest score (0) was assigned to a higher 

consumption level approximately equivalent to the 80-90th percentile of intake among US adults. 
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TABLE 1.2 Pre-pregnancy characteristics according to adherence to dietary recommendations from the American Heart 

Association (AHA) 2020 Goals and the Dietary Approaches to Stop Hypertension (DASH) diet. Nurses’ Health Study II 1991-

2009, N =11,660 women. 

AHA primary score DASH score 

Quintiles of adherence Overall Q1 Q5 Q1 Q5 

Mean, (SD) - 19.5 (3.3) 39.7 (2.5) 17.2 (1.9) 31.0(1.9) 

Number of Women 11,660 2,404 2,375 2,232 2,336 

Age, y 34.6 (3.9) 34.0 (3.9) 35.4 (4.0)* 34.2 (4.9) 35.1 (3.8)* 

White, (%) 94 93 94 92 95* 

BMI, kg/m2 23.6 (4.4) 23.9 (4.8) 23.3 (4.1)* 24.1 (4.9) 23.1 (4.0)* 

Physical activity, MET-hr/wk 32.4 (99.1) 28.8 (109.5) 41.2 (101.0)* 29.4 (113.2) 37.2 (79.7)* 

Never smoker (%) 72 72 70 67 73* 

Married, (%) 80 80 80 77 82* 

Parity, (%) 

   Nulliparous 35 36 37 38 34* 

   Parous 62 61 59* 58 62* 

Infertility diagnosis, (%) 7 8 7 7 7 

History of PE, (%) 5 4 4 5 4 

History of hyperlipidemia, (%) 12 14 10* 7 7 

Multivitamin use, (%) 55 48 61* 43 63* 

Total energy intake, kcal/d 1,828.0 (534.0) 1,660.3 (548.5) 2,070.2 (493.2)* 1,585.0 (497.2) 2,097.2 (500.0)* 

   Carbohydrate, %E 51.1 (8.3) 50.7 (9.1) 52.9 (7.4)* 47.6 (8.8) 55.4 (7.3)* 

   Protein, %E 19.2 (3.2) 17.8 (3.2) 20.0 (3.0)* 18.7 (3.4) 19.1 (3.1)* 
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TABLE 1.2 (continued) 

   Total Fat, %E 30.7 (5.4) 32.3 (5.6) 28.3 (4.9)* 34.0 (5.3) 27.2 (4.7)* 

   Alcohol, g/d 3.0 (5.3) 2.4 (5.4) 3.6 (5.6)* 2.8 (5.9) 3.1 (5.1)* 

   Caffeine, g/d 188.5 (186.2) 192.5 (193.4) 178.7 (173.5)* 217.4 (202.5) 155.4 (163.6)* 

   Sodium, mg/d 2,123.2 (342.9) 2,155.4 (403.8) 2,041.5 (291.4)* 2,171.2 (394.6) 2,053.8 (294.6)* 

   Calcium, mg/d 947.8 (313.6) 877.8 (337.7) 974.9 (277.4)* 769.6 (267.8) 1,075.8 (282.6)* 

AHA, American Heart Association diet recommendations; DASH, Dietary Approaches to Stop Hypertension; Q1, lowest quintile 

of adherence; Q5, highest quintile of adherence; METS-hr/wk., metabolic equivalents per hour per week; %E, nutrient densities. 

Values are presented as mean (SD) or percentages (%). *P value < 0.05 for differences across quintiles from Kruskal-Wallis test 

for continuous variables and Chi-square tests for categorical variables. 
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TABLE 1.3 Association of adherence to the AHA recommendations and DASH score with the risk of preeclampsia. The Nurses’ 

Health Study II (1991-2009). N= 11,660 women, 17,114 pregnancies. 

AHA primary  score Relative Risk of Preeclampsia, (95%CI) 

Quintiles of adherence  Q1 Q2 Q3 Q4 Q5 p-trend

Number of pregnancies 3,504 3,509 2,948 3,694 3,459 

Number of cases (502) 126 101 85 99 91 

Median score, (IQR) points 21 (18,22) 26 (25,27) 30 (29,31) 34 (33,35) 39 (38,41) 

Age + Energy 1.00 ref. 0.81 (0.63,1.05) 0.83 (0.63,1.09) 0.79 (0.60,1.02) 0.81 (0.61,1.06) 0.10 

Multivariable 1.00 ref. 0.85 (0.66,1.11) 0.85 (0.65,1.11) 0.80 (0.61,1.04) 0.78 (0.59,1.04) 0.07 

DASH score  

Quintiles of adherence Q1 Q2 Q3 Q4 Q5 p-trend

Number of pregnancies 3,239 3,409 3,520 3,499 3,477 

Number of cases (502) 128 110 92 99 73 

Median score, (IQR) points 18 (16, 19) 21 (21,22) 24 (23,25) 27 (26,28) 30 (29,32) 
Age + Energy 1.00 ref. 0.83 (0.65,1.07) 0.69 (0.53,0.90) 0.76 (0.58,0.99) 0.58 (0.43,0.78) <0.001 

Multivariable 1.00 ref. 0.86 (0.67,1.10) 0.71 (0.54,0.93) 0.79 (0.60,1.04) 0.60 (0.44,0.81) 0.001 

RR (95%CI), Relative Risk and 95% confidence interval; AHA, American Heart Association diet recommendations; DASH, Dietary 

Approaches to Stop Hypertension; Q1, lowest quintile of intake (reference); Q5, highest quintiles of intake.  
0.59
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related to a higher risk of PE (Figure 1.1). When we modeled individual components as 

quintiles of intake, women in the highest quintile of intake of processed meats had 

higher risk of GHTN whereas women in the highest quintile of fruit and fruits juices 

intake was inversely related to risk of PE (Figure 1.2). Women with the highest 

processed meat intake (median 0.93 servings/day) had a 31% (95% CI: 0%, 73%) (p-

trend = 0.03) higher risk of GHTN than women with the lowest intake. Conversely, 

women with the highest fruit and fruit juice intake (median [IQR] 3.8 [3.4, 4.7] 

servings/day) had a 42% (95% CI: 21%, 58%) lower risk of PE than with the lowest 

intake (median [IQR] 0.6 [0.4, 0.7] servings/day) (p-trend = < 0.001). For sodium and 

fish, increasing quintiles of intake were not related to any HDPs phenotype (data not 

shown). Last, when we modeled intake as a restricted cubic spline, only intakes of fruit 

and fruit juices were related to PE and processed meat intake to GHTN (Supplemental 

Figure 1.2). In these analyses, we also found that the associations of fruit intake and of 

fruit juice intake with risk of PE were similar to each other and that the relation with 

processed meats appeared to be driven by GHTN (Supplemental Figure 1.3).  

We conducted a series of sensitivity analyses to assess the robustness of our 

findings. The associations of the AHA primary and DASH scores with the risk of PE 

remained unchanged when the comparison group excluded pregnancies with GHTN, 

when excluding women with a history of PE, and when restricting analyses to each 

woman’s first in-study pregnancy (Supplemental Table 1.2). Moreover, among 

pregnancies that occurred within 1-year of diet assessment, the inverse association 

between AHA primary score and PE was stronger than it was in the entire study 



   

24 

 

population and it reached conventional levels of statistical significance (Supplemental 

table 3).  

A.) AHA secondary score  

       

FIGURE 1.1. Association of pre-pregnancy intakes of sugar sweetened beverages and fruit and fruit 

juices with Preeclampsia and Gestational hypertension. The Nurses’ Health Study II (1991 – 2009). N= 

11,660 women, 17,114 pregnancies.  

*Unit increase: sodium intake 817 mg/day, saturated fat 5%, which represent the increase from the 10th to 

the 90th percentile of sodium intake. The remaining items 1 serving/day.  
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FIGURE 1.1 (continued) 

Intakes of: FV, fruits and vegetables; Wgrain, whole grain e; SSBs, sugar-sweetened beverage; Nutleg, 

nut and legumes; Pmeat, processed meat; SFA, saturated fatty acids (%total calories); Na+, sodium 

(energy-adjusted); Ffjuices, fruit and fruit juice; Veg, vegetables; Lfdairy, low-fat dairy; Rpmeats, red and 

processed meat. 

B.) DASH diet score 
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A.) SSBs 

Median (IQR), servings/day 0.00 (0.00) 0.07 (0.07) 0.14 (0.14, 0.21) 0.43 (0.42, 0.57) 1.28 (1.00, 2.50) 

B.) FRUIT AND FRUIT JUICES 

Median (IQR), servings/day 0.56 (0.42, 0.71) 1.20 (1.05, 1.34) 1.77 (1.63, 1.92) 2.48 (2.27, 2.70) 3.80 (3.35, 4.71) 

FIGURE 1.2. Association of pre-pregnancy intakes of sugar sweetened beverages and fruit and fruit juices with of hypertensive disorders 

of pregnancy. The Nurses’ Health Study II (1991 – 2009). N= 11,660 women, 17,114 pregnancies. 
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FIGURE 1.2. (Continued) 

RR (95%CI), relative risk and 95% confidence interval; SSBs, sugar-sweetened beverages; PE, preeclampsia; GHTN, gestational hypertension; 

HDP, hypertensive disorders of pregnancy; Q1, lowest quintile of intake (reference); Q5, highest quintile of intake. 
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FIGURE 1.2. (Continued) 

Median (IQR), mg/day 1703 (1581,1780) 1942 (1894,1987) 2105 (2066,2151) 2270 (2224,2322) 2521 (2334,2663) 

E.) FISH 

Median (IQR), servings/day 0.05 (0.00, 0.05) 0.11 (0.10, 0.13) 0.18 (0.16, 0.19) 0.27 (0.24, 0.31) 0.47 (0.39, 0.61) 
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Finally, we assessed whether the relation of adherence to AHA primary and 

DASH dietary patterns with PE differed according to baseline characteristics 

(Supplemental table 1.4).  Increased adherence to the DASH score was more strongly 

related to PE among lean women than among overweight or obese women (p for 

interaction = 0.04). No significant differences in the relation between adherence to 

dietary patterns and risk of PE were observed between parous or nulliparous women, 

non-smokers or smokers, woman <35 years compared with woman ≥35 years. 

We conducted a series of sensitivity analyses to assess the robustness of our 

findings. The associations of the AHA primary and DASH scores with the risk of PE 

remained unchanged when the comparison group excluded pregnancies with GHTN, 

when excluding women with a history of PE, and when restricting analyses to each 

woman’s first in-study pregnancy (Supplemental Table 1.2). Moreover, among 

pregnancies that occurred within 1-year of diet assessment, the inverse association 

between AHA primary score and PE was stronger than it was in the entire study 

population and it reached conventional levels of statistical significance (Supplemental 

table 1.3).   

Finally, we assessed whether the relation of adherence to AHA primary and 

DASH dietary patterns with PE differed according to baseline characteristics 

(Supplemental table 1.4).  Increased adherence to the DASH score was more strongly 

related to PE among lean women than among overweight or obese women (p for 

interaction = 0.04). No significant differences in the relation between adherence to 

dietary patterns and risk of PE were observed between parous or nulliparous women, 
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non-smokers or smokers, woman <35 years compared with woman ≥35 years. 

Discussion 

In this large cohort study, greater adherence to the DASH score before 

pregnancy was associated with lower risk of PE. Adherence to the AHA 2020 diet 

recommendations was also inversely related to PE, but this association was weaker. 

Neither pattern was related to the risk of GHTN. Sensitivity analyses showed stronger 

associations of these patterns with PE when the time between diet assessment and 

pregnancy was shorter. When individual components of the recommendations were 

separately evaluated, only lower intake of processed meat intake was consistently 

related in different modeling approaches to GHTN and higher intake of fruits and fruit 

juices were also consistently related to lower risk of PE. These findings suggest that 

dietary recommendations aimed at improving blood pressure management and 

decreasing risk of heart disease in the general population may also have a role in the 

prevention of HDPs.   

The associations observed with the DASH score and risk of PE are biologically 

plausible. PE develops when aberrant trophoblast differentiation and invasion of the 

placenta triggers maternal endothelial dysfunction, oxidative stress and systemic 

inflammation(27).  Because remodeling of the spiral arteries in the decidua begins in 

early pregnancy,(28) an association between diet before pregnancy with the risk of PE 

is a reasonable window of exposure. In fact, we found that pregnancies in the year 

following the FFQ were significantly associated to both the AHA primary score and the 

DASH score. The presence of oxidative stress and inflammation has been well 
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documented in PE,(29) thus a diet rich in fruits and vegetables that combines the effects 

of antioxidants, fiber, and Vitamin C might may counteract free radicals that reduce 

systemic oxidative stress(30).Empirically derived diet patterns that are abundant in fruits 

and vegetables have also been implicated with improvement of endothelial dysfunction 

and inflammation(31). Finally, the substitution of harmful foods from the diet with 

encouraged foods might confer a secondary indirect protective associations among 

women with higher adherence.  

Few studies have evaluated the relation of diet patterns, before and during 

pregnancy, with HDPs. Six cohort studies(32–37) have evaluated the relation between 

adherence to data-derived dietary patterns and risk of PE and one post-hoc analysis 

from a randomized trial of lifestyle interventions during pregnancy to limit gestational 

weight gain among Norwegian women(38). Four of these studies found an inverse 

association between higher adherence during pregnancy to dietary patterns rich in fruits 

and vegetables or described as Mediterranean-like and risk of HDP(32,33,36,38). 

Similarly, one study(35) reported that lower adherence during pregnancy to a 

Mediterranean-like diet as well as higher adherence during pregnancy to a less healthy 

diet pattern characterized by greater intake of meat and potatoes and lower intake of 

fruits and fish were associated to higher blood pressure. A study among women 

recruited during pregnancy in the Boston area found no relation between adherence 

during the first trimester to the DASH score with PE, although adherence during the 

second trimester was associated with lower risk of PE(37). A later report from the same 

cohort found no relation between adherence to the alternative Healthy Index score 

modified for pregnancy (aHEI-P) and HDPs or third trimester blood pressure(34). 
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Overall, while studies evaluating the relation between adherence to specific dietary 

recommendations or a-priori defined diet patterns with HDPs is lean, the overall 

literature including studies based on data-derived dietary patterns suggest that 

adherence to dietary patterns consistent with recommendations for the prevention of 

CVD in the general population may also play an important role in the prevention of 

HDPs.  

We also found that of the individual components of DASH and AHA scores, only 

intakes of processed meat and fruits and fruit juices were related to PE. Three previous 

cohort studies(39–41) and 5 case-control studies(42–46) have evaluated the relation of 

fruit intake with the risk of PE. Most of these studies reported no 

association(41,43,44,46) between fruit intake and PE whereas the remaining 

studies(40,42,45) were consistent with our results. Also in agreement with our findings, 

two previous cohort studies among Norwegian pregnant women evaluated the 

association of SSBs and risk of PE from 2nd trimester diet. Women who consumed 

125mL/day (approximately 1 serving/day) or more of SSBs had a 27% higher risk of PE 

than women who did not consume SSBs(40).  Also, women with sucrose intake >25% 

of total energy intake (68% from SSBs) had higher the odds of PE (adjusted OR [95% 

CI] 3.6 [95%CI: 1.3, 9.8) than women whose sucrose intake was ≤8.5% of energy(41).  

When comparing the literature to our findings it is worth considering three 

important issues. First, only two studies evaluated diet before pregnancy with risk of 

HDPs(36,38). This is important not only because the windows of exposure do not 

overlap with that in our study but also because, as mentioned above, PE probably 

arises very early in pregnancy during the early stages of placentation. Therefore, 
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studies evaluating diet during pregnancy could miss a critical etiologically relevant 

window of exposure even if there is a true association between greater adherence to 

healthy diets and risk of PE, and if diets change substantially from pre-pregnancy to 

pregnancy. Second, while PCA-based diet patterns are internally valid, the 

generalizability of findings to other populations depends on the extent to which 

overlapping patterns and distributions of intake exist across populations. Third, only one 

previous study, which had only 59 cases of PE(34,37), has evaluated diet patterns 

based on clinical or dietary guidelines and risk of PE. Clearly, additional studies of the 

relation between adherence to diet patterns based on clinical recommendations or 

public health recommendation and not derived from the intake of the study population 

before and early in pregnancy with risk of HDPs are needed to clarify how diet may 

impact HPDs beyond the contribution of specific nutrients.  

It is important to consider our findings in the light of the limitations of the study. 

First, misclassification of dietary intake is likely because diet information was updated 

every 4 years. However, given the prospective nature of our study, this type of 

misclassification was likely non-differential with respect to the outcome, attenuating the 

magnitude of the diet-PE associations toward the null. This is supported by the 

observation that our results were stronger - and statistically significant for adherence to 

the AHA recommendation - when we restricted the analysis to pregnancies within one 

year of diet assessment. Second, as is the case in any observational study, despite our 

ability to adjust for a variety of well-known risk factors, we cannot exclude the possibility 

of residual confounding. However, we observed only small differences in effect 

estimates between the age and energy adjusted models and the multivariate-adjusted 
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models, suggesting that residual confounding is not be considerable. Despite these 

limitations, our study had many strengths, including a large sample size of women with 

dietary intake before pregnancy and nearly complete follow-up over the 18 year-study 

period; availability of data on multiple potential confounders; and the use of previously 

validated tools for diet assessment. Moreover, pegging dietary patterns to external 

recommendations with specific intake targets increases the generalizability of our 

results and allows for the possibility of direct comparison with future studies even if 

dietary habits differ substantially across populations.   

In conclusion, we found that greater pre-pregnancy adherence to the DASH 

score, and to a lesser extent to the AHA diet recommendations, was associated with 

lower risk of PE. These relations appeared to be driven by lower intake of SSBs and 

higher fruit/fruit juice consumption. These findings suggest that dietary 

recommendations aimed at preventing heart disease and managing blood pressure in 

the general population may have a role in the prevention on HDPs. Given the paucity of 

data on the relation between diet patterns and HDPs, it is imperative that further studies 

address the methodological issues from the majority of the existing literature. 
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SUPPLEMENTAL TABLE 1.1 Association of adherence to the AHA and DASH scores with the risk of gestational 
hypertension. The Nurses’ Health Study II (1991-2009). N= 11,660 women, 17,114 pregnancies.  

AHA1 primary score Relative Risk of Gestational Hypertension (95%CI) 

Quintiles of adherence Q1 Q2  Q3  Q4  Q5  p-trend

N cases (564) 121 115 103 117 108 

N pregnancies 3,504 3,509 2,948 3,694 3,459 

Median score, (IQR)  21 (18, 22) 26 (25, 27) 30 (29, 31) 34 (33, 35) 39 (38, 41) 

Age + Energy 1.00 0.94 (0.73,1.21) 0.99 (0.76,1.28) 0.89 (0.69,1.15) 0.85 (0.65,1.11) 0.22 

Multivariable 1.00 0.98 (0.77,1.26) 1.03 (0.79,1.33) 0.97 (0.76,1.26) 0.94 (0.72,1.24) 0.70 

Comparison group 
Normotensive1 1.00 0.98 (0.76,1.26) 1.03 (0.80,1.34) 0.97 (0.75,1.25) 0.94 (0.72,1.23) 0.68 

DASH2 score 

Quintiles of adherence Q1 Q2  Q3  Q4  Q5  p-trend

N cases (564) 99 138 123 97 107 

N pregnancies 3,239 3,409 3,520 3,499) 3,447 

Median score, (IQR)  18 (16, 19) 21 (21, 22) 24 (23, 25) 27 (26, 28) 30 (29, 32) 

Age + Energy 1.00 1.31 (1.02,1.69) 1.12 (0.86,1.46) 0.87 (0.66,1.16) 0.96 (0.72,1.27) 0.21 

Multivariable 1.00 1.42 (1.11,1.83) 1.23 (0.95,1.60) 1.03 (0.77,1.37) 1.22 (0.91,1.63) 0.68 

Comparison group 
Normotensive1 1.00 1.43 (1.11,1.84) 1.22 (0.94,1.59) 1.02 (0.77,1.36) 1.21 (0.90,1.61) 0.69 

AHA, American Heart Association diet recommendations; DASH, Dietary Approaches to Stop Hypertension; Q1, lowest 
quintile of intake; Q5, highest quintiles of intake. 
1Excluded 502 cases of preeclampsia (n=16,612) 
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SUPPLEMENTAL TABLE 1.2 Association of adherence to the AHA and DASH scores with the risk of preeclampsia across 
subgroups of women. The Nurses’ Health Study II (1991-2009). N= 11,660 women, 17,114 pregnancies. 

Quintiles of Adherence 
Q1 Ref. Q2 Q3 Q4 Q5 P-trend

All participants (n=17,114) 

     AHA primary 1.00 0.85(0.66,1.11) 0.85(0.65,1.11) 0.80(0.61,1.04) 0.78(0.59,1.04) 0.07 

     DASH 1.00 0.86(0.67,1.10) 0.71(0.54,0.93) 0.79(0.60,1.04) 0.60(0.44,0.81) 0.001 

Compared to normotensive 
(n=16,550)1

     AHA primary 1.00 0.86(0.67,1.11) 0.86(0.67,1.13) 0.81(0.62,1.05) 0.78(0.59,1.04) 0.07 

     DASH 1.00 0.85(0.64,1.12) 0.72(0.54,0.97) 0.88(0.45,0.88) 0.63(0.45,0.88) 0.02 

First eligible pregnancy 
(n=11,660)

     AHA primary 1.00 0.88(0.66,1.15) 0.83(0.61,1.13) 0.86(0.63,1.17) 0.86(0.63,1.17) 0.27 

     DASH  1.00 0.84(0.64,1.11) 0.72(0.54,0.97) 0.87(0.65,1.17) 0.63(0.45,0.88) 0.02 

No history of PE (n=16,455)2 

     AHA primary 1.00 0.91(0.69,1.19) 0.87(0.65,1.16) 0.75(0.56,1.01) 0.81(0.60,1.09) 0.08 

     DASH 1.00 0.85(0.65,1.11) 0.71(0.53,0.94) 0.78(0.58,1.04) 0.59(0.43,0.82) 0.002 

Pregnancies the year following 
FFQ (n=5,714) 

     AHA primary 1.00 0.88(0.57,1.36) 0.83(0.51,1.33) 0.68(0.43,1.08) 0.56(0.33,0.95) 0.02 

     DASH 1.00 0.82(0.54,1.25) 0.53(0.32,0.86) 0.71(0.45,1.13) 0.38(0.22,0.68) 0.001 

AHA, American Heart Association diet recommendations from the 2020 Goals; DASH, Dietary Approaches to Stop Hypertension; 
Ref, Reference quintile of score adherence; FFQ, food frequency questionnaire;  
1Excluded n = 564 cases of GHTN 
2Excluded n = 659 women that reported PE at baseline (1989) 
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SUPPLEMENTAL TABLE 1.3 Association of adherence to the AHA and DASH scores within 
strata of risk factors for PE. The Nurses’ Health Study II (1991-2009). N= 11,660 women, 17,114 
pregnancies. 

Adjusted1 RR (95%CI) comparing increase from the 
10th to 90th percentile* 

N AHA primary score DASH score 

All participants 17,114 0.82 (0.64, 1.04) 0.67 (0.52, 0.85) 

Age 

     < 35 yrs 7,921 0.90 (0.64, 1.28) 0.71 (0.50, 1.01) 

     ≥ 35 yrs  9,193 0.77 (0.55, 1.09) 0.63 (0.45, 0.89) 

P for interaction 0.50 0.55 

Parity 

     Nulliparous 4,517 0.93 (0.66, 1.30) 0.78 (0.56, 1.08) 

     Parous  7,194 0.67 (0.46, 0.98) 0.52 (0.36, 0.75) 

P for interaction 0.10 0.15 

BMI 

     < 25 kg/m2 12,315 0.89 (0.75, 1.05) 0.65 (0.51, 0.84) 

     ≥  25 kg/m2  4,799 0.95 (0.76, 1.18) 0.92 (0.65, 1.29) 

P interaction  0.18 0.04 

Smoking status 

     Non-smokers 15,956 0.85 (0.65, 1.10) 0.58 (0.27, 1.25) 

     Smokers 1,123 0.75 (0.35, 1.61) 0.64 (0.33, 1.21) 

P interaction 0.88 0.26 

RR (95%CI), relative risk and 95% confidence intervals; AHA, American Heart Association diet 
recommendations from the 2020 Goals; DASH, Dietary Approaches to Stop Hypertension; 

*For AHA 18.67 point increase and for DASH 12 point increase which represent the difference
between the 90th and 10th percentile of score adherence.
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SUPPLEMENTAL FIGURE 1.1. Study population eligibility flowchart Nurses’ Health Study-II. 

MI, Myocardial infarction.

190,597 pregnancies from 76,840 women 

20, 745 eligible pregnancies 

17, 114 pregnancies from 11,660 women 

20, 667 pregnancies 

19, 487 pregnancies 

29,773 pregnancies 

543 twins/triplets 

155 Unknown pregnancy outcome 

168 Implausible gestational age 

Chronic disease before pregnancy: 
 832 hypertension 
 79 type 2 diabetes mellitus 
 81 cardiovascular disease (MI, stroke, angina) 
 188 cancer  

2,373 unknown or unfeasible total energy intake 

78 unknown year of pregnancy 
unknown

160,824 before diet survey in 1991 

< 20 weeks gestational age: 
 6,397 spontaneous abortions 

 1,428 induced abortions 

 337 tubal/ectopic 

29,230 pregnancies 

21,068 pregnancies 
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Sodium       Fish 

Preeclampsia (p linearity = 0.24)   Preeclampsia (p linearity = 0.10) 

     

Processed meat 

GHTN (p linearity =0.04)    HDPs (p linearity = 0.36)  

    

SUPPLEMENTAL FIGURE 1.2. Association of sodium, fish, and processed meats with the risk of 

preeclampsia and gestational hypertension. The Nurses’ Health Study (1991 – 2009). N = 11,660 women, 

17,114 pregnancies. Reference value represents the median from the lowest quintile (Q1) of intake = 0.10 

for processed meats servings/days, 0.05 for fish servings/days, and 1,500 mg/day for sodium intake.  

PE, preeclampsia; GHTN, gestational hypertension; HDPs, hypertensive disorders of pregnancy
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SUPPLEMENTAL FIGURE 1.2. (continued) 

Sugar-sweetened beverages 

Preeclampsia (p linearity =0.09) 

DISTRIBUTION OF INTAKE IN OUR STUDY POPULATION, (servings/day) 

SUPPLEMENTAL FIGURE 1.2. Association of sodium, fish, and processed meats with the risk of 

preeclampsia and gestational hypertension.



A.) FRUIT AND FRUIT JUICES B.) ONLY FRUIT2 

      (p linearity = 0.02)  (p linearity = 0.02) 

C.) ONLY FRUIT JUICE 

(p linearity = 0.01) 

DISTRIBUTION OF INTAKE IN OUR STUDY POPULATION, (servings/day) 
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TABLE 1.3 Association of adherence to the AHA recommendations and DASH score with the risk of 
preeclampsia.
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Abstract 

Objective. The role of diet on hypertensive disorders of pregnancy (HDPs) remains 

unclear. We thus examined the association between adherence to the American Heart 

Association’s 2020 dietary recommendations (AHA) and the Dietary Approaches to Stop 

Hypertension (DASH) diet with the risk of preeclampsia (PE) and gestational 

hypertension (GHTN) among pregnant women. 

Methods. We followed 66,651 singleton pregnancies from 62,310 women participating 

in the Danish National Birth Cohort. Diet was assessed around gestation week 25 with a 

semi-quantitative food frequency questionnaire (FFQ). Adherence scores to AHA and 

DASH were calculated and divided into quintiles. GHTN and PE cases were identified 

through linkage with the Danish National Patient Registry. We estimated relative risks 

(RR) and 95% confidence intervals (95% CI) of PE and GHTN according to increasing 

quintiles of adherence to the AHA and DASH scores using log-Poisson regression 

models with generalized estimating equations to account for repeated pregnancies per 

woman while adjusting for potential confounders. 

Results. We identified 1,809 cases of HDPs of which 1,310 were cases of PE and 499 

were cases of GHTN. Adherence to AHA or DASH scores was not related to the risk of 

GHTN or PE. However, when each of the dietary components of the AHA and DASH 

scores were separately evaluated, sodium intake was positively related to risk of all 

HDPs phenotypes. Specifically, compared to women with lowest sodium intake (median 

2,602 mg/day [range 2,435, 2,710]), women in the highest quintile of sodium intake 

(median 3,729 mg/day [range: 3,611, 3,922]) had 20% (95%CI: 2, 43%) higher risk of 
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developing PE (p for linear trend=0.02) and 55% (95%CI: 17,106%) higher risk of GHTN 

(p-trend=0.003). In addition, intake of whole grains was positively related to the risk of 

GHTN but not to PE. None of the other components of the AHA or DASH scoreary 

patterns were related to PE or GHTN.  

Conclusions. Reducing sodium intake during pregnancy may prevent the occurrence 

of HDPs. In this population, other dietary recommendations for blood pressure control or 

the prevention of cardiovascular disease in the general population, such as the AHA or 

DASH score, do not seem to offer protection against HDPs. 
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Introduction  

Hypertensive disorders of pregnancy (HDPs), including preeclampsia (PE) and 

gestational hypertension (GHTN), are responsible for 10 to 15% of maternal deaths 

worldwide(1). In addition, women with a history of HDPs are at increased risk of type 2 

diabetes mellitus(2–4) (T2DM) and cardiovascular disease (CVD) later in life(5). Diet 

has a major role in the prevention and management of hypertension and CVD in 

adults(6). The role of diet during pregnancy and risk of HDPs is less clear and health 

care providers that counsel pregnant women rarely give specific dietary 

recommendations to promote better pregnancy outcomes. Pregnant women also report 

receiving inadequate nutrition information from health care professionals during 

pregnancy(7). 

Calcium supplementation plays an important role in the prevention of PE,8 

particularly among women with deficient intakes.9 However, the findings have been 

largely inconclusive in populations without nutritional deficiencies when supplementation 

with antioxidants (Vitamin E and C)(10), fish-oil(11),  or sodium restriction(12) were 

investigated by randomized trials. Furthermore, little is known about the relation of 

dietary patterns and the risk of HDPs(13–16). As a result, no specific dietary 

recommendations for the prevention of HDPs exist, nor is it known to what extent 

dietary recommendations for the general population may also benefit pregnant women. 

In fact, the American College of Obstetricians and Gynecologists (ACOG) discourage 

sodium restriction during pregnancy for the prevention of PE(17) based on null results 

from salt restriction in clinical trials. For these reasons, we evaluated whether greater 
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adherence during pregnancy to two dietary patterns aimed at preventing CVD in the 

general population – the American Heart Association 2020 dietary goals (AHA)(18) and 

the Dietary Approaches to Stop Hypertension (DASH)(19)– is related to HDPs among 

Danish pregnant women.  

Materials and methods 

Study population 

The Danish National Birth Cohort (DNBC) is a pregnancy cohort aimed at 

evaluating how multiple exposures including diet during women’s pregnancies impact 

pregnancy outcomes and the health of their offspring. Details on the structure and 

design of the DNBC have been described elsewhere. (20,21) Briefly, all women 

presenting for their first pre-natal visit in Denmark (gestation week 6-12) between 

January 1996 and October 2002 were invited to participate in the study. In total, 

101,033 pregnancies from 91,827 women were included in the study. All participants 

gave written informed consent and completed 4 telephone interviews at 12 and 30 

weeks of pregnancy and at 6 and 18 months’ post-partum. Participants were also 

mailed a semi-quantitative food frequency questionnaire (FFQ) at gestational week 25. 

Approximately, 77% of the women returned a completed FFQ within one week of 

mailing. The Danish Committee of Ethics and the Danish Data Protection Agency 

approved the DNBC. 

For this study, we included women with singleton pregnancies (2,917 multi-fetal 

pregnancies excluded), without history of PE or GHTN (56 pregnancies excluded), who 

completed the FFQ (30,859 pregnancies excluded). Among women who eventually 
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received a diagnosis of PE or GHTN, we also excluded women who completed their diet 

assessment after receiving a HDPs diagnosis (458 pregnancies excluded).  Of the 

67,013 remaining pregnancies we excluded 363 women with implausible dietary intake 

(< 4,200 kJ/day or >25,000 kJ/day) and one woman with unknown maternal age at birth 

leaving 66,651 pregnancies from 62,310 women available for analysis (Supplemental 

Figure 1.1).  

Dietary assessment and dietary pattern scores  

The FFQ included questions on ~360 food items and dietary supplements. 

Women were asked to report how often they consumed each of the listed foods and 

beverages during the past four weeks, to reflect diet around gestation week 20. 

Questions included 7 to 11 response categories for frequency of intake, which ranged 

from never to 8 or more times per day. Nutrient intakes were estimated by summing the 

nutrient contribution of each food item in the questionnaire, taking into consideration the 

brand and type of fats used for cooking or added to food. Nutrient contents of each food 

and standard portion size were obtained from the Danish Food Tables(20). Intakes of 

multiple foods and nutrients assessed with the FFQ have been validated against 7- day 

weighed food diaries and blood biomarkers of intake. (22,23) 

We constructed two dietary pattern scores: 1) The AHA score based on the 

recommendations from the 2020 Goals(18), and 2) the DASH score(19) (Supplemental 

Table 1). For AHA, intake of each component was assigned as a continuous score 

based on methods previously described(24) with pre-determined cut-off points that 

assigns 10 points when each component was at or greater than the target level for 
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encouraged foods (fruits and vegetables, whole grains, fish, nuts and legumes) or at or 

less than the target level for discouraged foods/nutrients (sodium, sugar-sweetened 

beverages [SSBs],processed meat, and saturated fat). The intermediate intake was 

scored linearly between 0 and 10. The DASH score encourages intake of fruits, 

vegetables, low-fat dairy products, whole grains, poultry, fish, nuts; and discourages 

intake of saturated fat, red meat, and SSBs. The DASH score allocates 1–5 points for 

each food group based on quintiles of intake within the study population for intakes of all 

components. Scoring is reversed for red and processed meats, SSBs, and sodium, 

receiving more points for less consumption. For both scores, nutrient components were 

energy adjusted with the residual method for sodium (mg/day) and nutrient densities for 

SFA (%total energy/day). The remaining food groups represent servings/day.  

Hypertensive disorders of pregnancy ascertainment  

PE and GHTN diagnosis was obtained via linkage to the Danish National Patient 

Registry (NPR) where outcomes are defined following ICD-10 codes(25) (For PE: 

DO140, DO141, DO142, DO149, DO150, DO151, DO152, and DO159; for GHTN: 

DO130, DO131,DO133, DO134, DO135, DO139). In a validation study among DNBC 

participants comparing registry diagnosis to medical record reviews, PE diagnosis had a 

specificity of 99% and a sensitivity of 69%(26). GHTN diagnosis was limited to those 

registered in the NPR, thus the totality of GHTN cases were of the more severe 

phenotype.  
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Assessment of covariates  

Women reported age at birth, pre-pregnancy body mass index (BMI), height, 

education, socio-economic status, cohabitation status, homeownership, education, and 

supplement use in the first telephone interview. Information on aspirin use during 

pregnancy, smoking status, and fish oil supplement use was obtained from the second 

telephone interview. Other relevant health information, including infertility diagnosis and 

treatment, and history of pregnancy outcomes, were obtained from the NPR. 

Statistical analysis  

Differences in baseline characteristics across quintiles of AHA and DASH 

adherence scores were compared by a Kruskal-Wallis test for continuous variables and 

a chi-square for categorical variables. To account for within-woman correlations across 

pregnancies, we estimated the relative risk (RR) and 95% confidence intervals (95%CI) 

of HDPs, overall and separately for PE and GHTN, using generalized estimating 

equation (GEE)(27) and log-Poisson models(28) with an exchangeable working 

correlation structure. Tests for linear trend were conducted by using the median values 

of intake in each quintile(29). To adjust for confounding, we used directed acyclic 

graphs considering their prior biological association to nutrient intake or whether they 

were known predictors of preeclampsia in this population(30). The adjusted models 

included total energy intake (kJ/d), age (<30, 30-34 and ≥35 years), pre-pregnancy BMI 

(<18.5, 18.5-24.9, 25-29.9, ≥30 kg/m2), parity (nulliparous, 1, 2 and +3), smoking (non-

smoker, smokers: occasional, daily <15 cigarettes/day, and daily +15 cigarettes/day), 

concomitant gestational diabetes (yes, no), height (< 165, 165-168, 169-172,  ≥ 173cm 
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and unknown), Denmark regions (Copenhagen, others), education (High School, Other) 

and intakes of Vitamin C and Vitamin E (mg/day)(31). Finally, to estimate the proportion 

contributed by each food group to a specific nutrient, we fitted stepwise linear 

regression models to estimate R2 values from the FFQ(32). 

We first evaluated the risk of PE according to increasing adherence to the AHA 

and DASH scores by comparing women in a specific quintile of adherence relative to 

the risk in the lowest quintile of adherence score. We also considered each of the 

components of the overall recommendation and estimated the RR (95%CI) of PE and 

GHTN in increasing quintiles of intake, while adjusting for the remaining components of 

the overall recommendations. To check the adequacy of the model we examined the 

possibility of a non-linear relation between sodium intake and HDPs non-parametrically 

with restricted cubic splines(33). To assess non-linearity, we used the likelihood ratio 

test comparing the model with only the linear term to the model with the linear and the 

cubic spline terms. 

In sensitivity analyses, we excluded all women with a diagnosis of GHTN from 

the study population when PE is the main outcome of interest, and viceversa, making 

normotensive women the only comparison group. Last, to assess effect modification, we 

used cross-product terms of the AHA, DASH, and sodium intake with age (< 30 years or 

≥ 30 years), pre-pregnancy BMI (< 25 kg/m2 or ≥ 25 kg/m2), parity (nulliparous or 

parous), and smoking during pregnancy (yes/no). To assess the differences between 

individual AHA score components contrasting the risk of PE vs. GHTN, we used 

pairwise tests for heterogeneity by including pregnancies that were cases in a 

generalized linear regression model that employed GEE. All statistical analyses for this 
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paper were generated by SAS software, Version 9.4 released in 2013 (Copyright SAS 

Institute Inc. Cary, NC, and USA). 

Results 

We documented 1,310 cases of PE (2.0%) and 499 (0.7%) cases of GHTN, for a 

total of 1,809 cases of HDPs (2.7%) among the 66,651 eligible pregnancies. The mean 

± SD age at pregnancy was 30±4 years, pre-pregnancy BMI was 24±4 kg/m2, and 

height was 169±6 cm. Women with greater adherence to the AHA recommendations 

and DASH score were more likely to have higher education, be non-smokers, and were 

less likely to drink alcohol during pregnancy. Nutritional characteristics according to 

adherence scores followed the expected pattern based on the intent of the 

recommendations (Table 2.1). The AHA primary score (5 food items) had a moderate 

positive correlation with the DASH score (Spearman r=0.65) which was even stronger 

for the AHA secondary score (8 food items) (Spearman r=0.76). 

Greater adherence to the AHA recommendations or DASH score during the 2nd 

trimester of pregnancy was not associated with risk of PE (Table 2.2) or GHTN 

(Supplemental table 2.1). Results were unchanged when PE and GHTN were compared 

exclusively to normotensive pregnancies.  

We then evaluated each component of the recommendation independently while 

considering the intake of the remaining AHA and DASH components. In these analyses, 

sodium intake was positively associated to HDPs overall (Figure 2.1) and to PE and 

GHTN separately (Supplemental Figure 2). When modelled continuously as a cubic 

spline, sodium intake also had a positive dose-response relation with all HDPs (p for  
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TABLE 2.1 Baseline characteristics according to recommendations from the American Heart 

Association (AHA) 2020 Goals and Dietary Approaches to Stop Hypertension (DASH) diet among 

66,651 2nd trimester singleton pregnancies from 62,310 Danish women. The Danish National Birth 

Cohort (1996-2002). 

 AHA primary score  DASH score 

 Q1 Q5 Q1 Q5 

Median Score, (IQR) 23 (20, 25) 41 (40,43) 19 (17,20) 29 (28,31) 

Number of pregnancies 13,942 14,056 14,685 14,589 

Number of women 13,213 13,183 13,824 13,799 

Maternal age at birth, y* 29 (4) 31 (4)* 30 (4) 31 (4)* 

Pre-pregnancy BMI, kg/m2 24 (5) 23 (4)* 24 (6) 23 (4)* 

Height, cm 168 (6) 169 (6)* 168 (6) 169 (6)* 

High SES, (%) 5 13* 6 12* 

High School graduate, (%) 31 48* 33 47* 

No partner or spouse, (%) 3 1* 2 2* 

Never smoker, (%) 66 82* 68 81* 

Infertility treatment, (%)  5 6* 5 6* 

Total energy, kJ/d 9365 (2727) 10612 (2436) 9192 (2531) 10994 (2695)* 

     PROT, % of energy 15 (3) 15 (2)* 15 (2) 15 (2)* 
     CARBS, % of energy 54 (6) 55 (6)* 52 (6) 56 (6)* 
     Total Fat, % of energy 31 (6) 29 (6)* 32 (6) 28 (6)* 

     Saturated Fat, % of energy 13 (3) 12 (3)* 14 (3) 12 (3)* 

Alcohol during pregnancy, (%) 50 38* 46 41* 

Water, glass/d 3 (2) 5 (2)* 4(2) 5 (2) 

Vitamin C, mg/d 108 (77) 173 (91)* 93 (52) 190 (102) 

Vitamin E, mg/d 7 (3) 9 (3)* 7 (3) 9 (3) 

Calcium, mg/d 1303 (548) 1519 (524)* 1170 (475) 1677 (556) 

Sodium, mg/day 3154 (511) 3074 (395)* 3324 (480) 2997 (403) 

AHA, Q, quintiles; IQR, interquintile range; BMI, body mass index; OW/OB, overweight/obese 

defined as BMI > 25 kg/m2; SES, socio-economic status; SFA, saturated fatty acids; PROT, 

protein; CARBS, carbohydrates; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty 

acids; TFA, trans fatty acids. Values are presented as mean (SD) or percentages (%). *P value < 

0.05 for differences across quintiles from Kruskal-Wallis test for continuous variables and Chi-

square tests for categorical variables. 
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TABLE 2.2 Association of 2nd trimester adherence to the American Heart Association 2020 (AHA) dietary 

recommendations and the Dietary Approaches to Stop Hypertension (DASH) diet with risk of preeclampsia among 

66,651 pregnancies from 62,310 pregnant Danish women. 

Relative Risk (95% CI) of Preeclampsia 

Quintiles of 
Adherence 

1 2 3 4 5 p-trend

AHA primary 
score

Median, (range) 23 (4, 26) 29 (27, 30) 33 (31, 34) 36 (35, 38) 41(39, 49) - 

N cases 310 246 281 232 241 - 

N pregnancies 13,942 11,671 13,941 13,041 14,056 - 

Age and energy 1.00 (ref) 0.96 (0.81,1.13) 0.92 (0.78,1.08) 0.81 (0.69,0.97)* 0.79 (0.66,0.93) 0.002 

 Adjusted3 1.00 (ref) 1.02 (0.86,1.20) 1.00 (0.85,1.17) 0.90 (0.76,1.07) 0.89 (0.75,1.06) 0.17 

DASH score

Median, (range) 19(9,20) 22(21,22) 24(23,25) 26(26,27) 29(28,39) - 

N cases 309 202 349 180 270 - 

N pregnancies 14,685 10,033 17,331 10,013 14,589 - 

 Age and energy 1.00 (ref) 0.99 (0.83,1.18) 1.02 (0.87,1.19) 0.92 (0.76,1.11) 0.95 (0.79,1.14) 0.19 

 Adjusted3 1.00 (ref) 0.99 (0.83,1.19) 1.02 (0.87,1.20) 0.93 (0.77,1.12) 0.96 (0.80,1.15) 0.57 

RR, relative risk; 95%CI, 95% confidence interval; PE, preeclampsia; GHTN, gestational hypertension; ref, reference. 
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FIGURE 2.1 Association of 2nd trimester adherence to individual components of the AHA dietary 

recommendations and DASH diet with risk of HDPs among pregnant Danish AHA, American Heart 

Association; DASH, Dietary Approaches to Stop Hypertension; HDPs, hypertensive disorders of 

pregnancy; Na+, sodium; SSBs, sugar-sweetened beverages, Pmeat, processed meats; SFA, saturated 

fatty acids, Nutleg, nuts and legumes; Lwfdairy, low-fat dairy; RPmeats, red and processed meats; 

Wgrain, whole-grain; FFJ, fruits and fruit juices.  

Unit increase: 1,130 mg for sodium, 5% total calories for saturated fat and 1 serving/day for the remaining 

components.
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linearity <0.001 for HDPs, 0.03 for PE, and 0.004 for GHTN) (Figure 2.2). The 

associations remained unchanged when we compared separate models adjusting for 

the AHA score (excluding sodium points), individual score components (intake of fish, 

SSBs, processed meat, whole grain, fruits and vegetables, nuts and legumes, and 

saturated fat), and whole grain only (Supplemental Figure 4). Moreover, GHTN was 

positively associated to increasing categories of intake of whole grains and a borderline 

inverse relation with intake of nuts and legumes that did not reach statistical 

significance. Women in the highest quintile of whole grain intake (median [IQR] 9.21 

servings/day [8.20, 10.29]) had 1.96 (95%CI: 1.44, 2.68) times the risk of GHTN 

compared to women in the lowest quintile of intake (1.0 serving/day [0.6, 1.46]), p for 

linear trend = <.0001), which was not related to pregnancies that developed PE p for 

heterogeneity=0.002 between PE and GHTN estimated by GEE models excluding non-

cases (Supplemental Figure 2.3). No other component had a significant association with 

either PE or GHTN.   

Last, we examined whether participant characteristics modified the relation 

between adherence to AHA or DASH with the risk of PE. Greater adherence to DASH 

was related to lower risk of PE among women over 30 years of age and among women 

with a BMI under 25kg/m2, but not otherwise. There was no evidence of significant 

heterogeneity for other participant characteristics (Table 2.3). 

Discussion 

We examined women’s second trimester adherence to the AHA and the DASH 

dietary patterns in relation with risk of HDPs among participants of the DNBC. Although 
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we found no association between increased adherence to these diet patterns and risks 

of HDPs, GHTN, or PE, we found that lower sodium intake – a component of both AHA 

and DASH – was related to a lower risk of HDPs. Our findings suggest that while 

general recommendations for the management and prevention of heart disease in the 

general population may not translate directly to the prevention of HDPs among Danish 

pregnant women, sodium reduction, a cornerstone of these recommendations, may 

have a role in preventing HDPs. 

The positive association of sodium with the risk of HDPs we observed is 

consistent with findings from a few observational studies and animal models. In a study 

among women diagnosed with PE a positive association was found between third 

trimester 24-hr urinary sodium excretion and systolic and diastolic blood pressure(34). 

Moreover, women with low sodium excretion had a lower frequency of severe PE and, 

less kidney damage, compared to those with high sodium excretion. Another study 

found that drinking water with sodium levels of 517 mg/L increased the odds of PE and 

GHTN in Bangladesh(35). Another study used aldosterone knockout mice fed a high 

salt diet which resulted in reduced litter numbers and higher rates of intrauterine growth 

restriction (36), which are associated with placental hypoperfusion typically seen in PE, 

with the limitation that PE is a disease unique to humans and is roughly replicated in 

animal models.  
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HDPs Preeclampsia Gestational Hypertension 
n = 1,809 n = 1,310  n = 499 

FIGURE 2.2 Association between sodium intake with different phenotypes of hypertensive disorders of pregnancy (HDPs) among 66,651 

pregnancies from 62,310 Danish women. 

A. p < 0.001; B. p = 0.03; C. p = 0.004.

Sodium intake, mg/day 
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TABLE 2.3 Association between the adherence to AHA and DASH dietary patterns, and 

sodium intake from 2nd trimester of pregnancy across potential risk factors for Preeclampsia 

among 66,651 pregnancies from 62,310 women. 

Adjusted RR (95% CI) IQR increase1 

N cases AHA primary score DASH score Sodium 

All participants 1,310 0.92 (0.85, 1.00) 0.93 (0.81, 1.06) 1.16 (1.03, 1.32) 

Age 

   Age < 30 725 0.84 (0.07, 1.01) 0.84 (0.70,1.01) 1.21 (1.02, 1.44) 

   Age ≥ 30 585 1.03 (0.85, 1.26) 1.04 (0.86, 1.27) 1.11 (0.92, 1.34) 

P for interaction 0.11 0.09 0.50 

Parity 

  Nulliparous 966 0.91 (0.83, 1.00) 0.94 (0.80, 1.11) 1.15 (0.99, 1.33) 

  Parous 344 0.96 (0.82, 1.12) 0.88 (0.68, 1.14) 1.22 (0.95, 1.57) 

P for interaction 0.51 0.64 0.68 

BMI 

   BMI <25 kg/m2 753 0.89 (0.80, 0.99) 0.82 (0.68, 0.97) 1.29 (1.09, 1.54) 

   BMI ≥ 25 kg/m2 557 0.97 (0.86, 1.09) 1.10 (0.90, 1.35) 1.03 (0.85, 1.25) 

P for interaction 0.29 0.29 0.21 

Smoking status 

   Non-smoker 1030 0.90 (0.82, 0.99) 0.93 (0.79, 1.08) 1.20 (1.04, 1.39) 

   Smoker 280 1.00 (0.85, 1.18) 0.94 (0.71, 1.24) 1.05 (0.80, 1.38) 

P for interaction 0.25 0.94 0.38 

N, number; RR, Relative Risk; 95%CI, 95% confidence interval. 

Adjusted included: total energy intake, age, pre-pregnancy BMI, parity, smoking, concurrent 

gestational diabetes, height, Denmark demographic regions, education, Vitamin C and 

Vitamin E intake

1IQR increase was 10 points/day for AHA and DASH scores and 1,130 mg/day which 

represents the difference between the 90th percentile and the 10th percentile of intake. 



68 

Conversely, a handful of rodent models and human observational studies have 

proposed that sodium supplementation during pregnancy may reduce the development 

of PE while others have found null or mixed results(37). It is worth noting that the 

majority of these studies were outdated and lacked randomization or any type of 

blinding. Furthermore, a recent meta-analysis that included two RCTs with a 603 

pregnant women found that salt restriction did not prevent HDPs (pooled RR of 1.11 

(95% CI 0.46, 2.66)(12), thus ACOG does not consider salt restriction in their diet 

recommendations for the prevention of PE based on the evidence of these studies.  

Although, sodium intake in early stages of pregnancy is pivotal for physiologic 

extracellular volume expansion which regulates maternal blood pressure and 

uteroplacental circulation(38,39), it is not entirely clear whether dietary salt has a causal 

association with risk of HDPs. It is also unknown if placental sodium metabolism is 

responsible for the lower volume expansion coupled with higher urinary sodium 

excretion observed in PE(40).  Clearly, further research into the role of sodium intake 

during pregnancy on HDPs is warranted.  

We found associations with two other score components that were not consistent 

across different HDPs and modeling strategies. Specifically, intake of whole grains was 

related to higher risk of GHTN but not of PE and intake of SSBs was marginally 

associated to risk of PE when modeled as a continuous variable but not when modeled 

in categories of intake, which may suggest that GHTN may have other diet risk factors 

than those in PE. The association between whole grain intake and higher risk of GHTN 

in this population is likely due to residual confounding. Whole grains, and in particular 

rye bread, were a major source of the estimated sodium intake in this population at the 
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time of the diet assessment (1996-2002). From the 360 food items listed in the FFQ, 12 

foods contributed 62% of the total sodium intake, starting with rye bread (with butter and 

with other food topping) which had the highest contribution to sodium intake (R2 = 0.18). 

In addition, rye bread contributed 89% of the total whole-grain intake in this population 

of Danish pregnant women. These facts, along with known difficulties in estimating 

sodium intake using FFQs, make this study highly susceptible to residual confounding. 

The findings for SSB intake and higher risk of PE are in agreement with results from 

previous studies.  A cohort study among Norwegian women found that 2nd trimester 

fructose intake constituting >25% of total energy intake, mostly in the form of SSBs 

(68%), was associated with an increased odds of developing PE (adjusted OR [95% CI] 

3.6 [95%CI: 1.3, 9.8)(41).   

 Our study has several limitations inherent in observational data such as 

confounding and measurement error. First, diet was assessed around gestational week 

25 and participants were asked to report on their intake during the last 4 weeks, thus 

timing of the questionnaire may not adequately capture the relevant exposure window 

for preeclampsia, which may be at the time of placental formation. However, excluding 

diagnoses of preeclampsia prior to completion of the FFQ as well as excluding women 

with prior preeclampsia diagnosis and adjusting in the multivariable model for parity and 

pre-pregnancy BMI, allowed us to limit the chance of reverse causation. It is also not 

possible to know to what extent our findings may be generalizable to non-European 

women. It has been extensively recognized that sodium intake measured by a FFQ 

underestimates sodium intake and therefore we might be limited to estimate absolute 

sodium intake values, particularly since sodium-specific validation was not done for the 
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FFQ used in DNBC. During 2009, approximately 86% of adults in Denmark exceeded 

the Nordic Keyhole sodium label requirements of 0.8 g/100 g meals which roughly 

represents 6.6 g/d of sodium intake for women(42). These results may be comparable 

to the median intake estimated in our study of 3.2 g/day, since we expected that sodium 

intake was underestimated with the FFQ. In addition, a study that evaluated the change 

in the sodium content of Danish lunch meals between 2004 and 2014 found that sodium 

levels, were reduced by 0.5 g/meal(43).  Since DNBC enrollment took place in the late 

90’s and early 2000’s, before this decline in sodium content was observed, we would 

expect even higher sodium intake among our participants compared to present day 

estimates. Strengths of our study include the prospective design, the use of a previously 

validated FFQ, the high specificity of preeclampsia assessment through linkage with a 

National Disease Registry, and the large sample size that gave us sufficient cases 

necessary for the estimation of relative risks with significant statistical power and to 

examine different effects by disease severity. 

In summary, we found that lower sodium intake during pregnancy is related to a 

lower risk of HDPs. Other specific dietary recommendations, such as adherence to the 

AHA and DASH, did not seem to provide benefits anticipated based on studies in the 

general population. Prior to considering changes to recommendations regarding sodium 

intake during pregnancy, additional studies are needed to confirm or refute our findings. 
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SUPPLEMENTAL TABLE 2.1 Dietary components of the American Heart Association 2020 (AHA) Strategic Impact Goals 

and the Dietary Approaches to Stop Hypertension (DASH) scores. 

Diet Scores 

AHA primary score Optimal Target Intake1 Points Scoring Range 

1. Fruits and Vegetables2 ≥ 4.5 cups/d 10 0 to ≥ 4.5 cups/d  

2. Whole grain ≥ 3 servings/d 10 0 to ≥ 3 oz-equivalents/d 

3. Fish and shellfish ≥ 2 100-g servings/wk 10 0 to ≥ 1 oz./d

4. SSBs ≤ 450 kcal/ wk  10 ≤ 5.14 oz. to > 16 fl oz./d  

5. Sodium, mg/d ≤1,500 mg/d 10 ≤ 1,500 mg to > 4,500mg/d 

Maximum score 50 

AHA secondary  score 

6. Nuts, seeds, legumes ≥ 4 servings/wk 10 0 to ≥ 4 servings/wk 

7. Processed meat ≤ 2 50-g servings/wk   10 ≤ 0.5 oz to > 1.7646 oz./d

8. Saturated fat, %E ≤ 7 % of total energy intake (kcal) 10 ≤7 to > 15% energy 

Maximum score 80 

DASH score Median from highest quintile of 
intake3  From Q1(lowest) to Q5(highest) 

1. Fruits and juices ≥ 5.0 servings/d 5 0 to ≥ 5 servings/d 

2. Vegetables ≥ 2.6 servings/d 5 0 to ≥ 2.6 servings/d 

3. Nuts and Legumes ≥ 0.4 servings/d 5 0 to ≥ 0.4 servings/d  

4. Whole Grain ≥ 9.2 servings/d 5 0 to ≥ 9.2 servings/d 

5. Low-fat dairy ≥ 5 servings/d  5 < 0.2  to ≥ 5 servings/d 

Median from lowest quintile of intake3 From Q5(highest) to Q1(lowest) 

6. Red/Processed meats ≤ 0.3  servings/d  5 ≤ 0.3   to > 2.1 servings/d 
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SUPPLEMENTAL TABLE 2.1 (continued) 

7. SSBs ≤ 0.10 servings/d 5 ≤ 0.10 to > 3 servings/d 

8. Sodium ≤ 2,600 mg/d  5 ≤ 2,600 mg/d to > 3,729 mg/d 

Maximum score 40 

1Optimal intake (i.e., at or greater than the target intake for encouraged foods/nutrients; or at or less than the target intake for 

discouraged foods/nutrients) was assigned a score of 10. For encouraged dietary factors, individuals with zero intake 

received the lowest score (0). For discouraged dietary factors, the lowest score (0) was assigned to a higher consumption 

level approximately equivalent to the 80-90th percentile of intake among US adults. 

2100% fruit juice was not capped in the original AHA 2020 Goals and thus not included in the score. 

3The DASH scores were ranked in 5 categories based on the intake of the study population (n=66,651 pregnancies). 

Encouraged foods received 5 points for women that where at or greater than the median intake in the highest quintile of 

intake (Q5) or below the median from the lowest quintile of intake (Q1). Discouraged foods received 5 points when women 

were at or below the median intake from Q1 and 0 points where given when women were higher than Q5. The intermediate 

intake received a linear score from 4 to 1 points.  
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SUPPLEMENTAL TABLE 2.2 Association of 2nd trimester adherence to the American Heart Association 2020 (AHA) dietary 

recommendations and the Dietary Approaches to Stop Hypertension (DASH) diet with risk of gestational hypertension among 

pregnant Danish women (N= 66,651 pregnancies from 62,310 women). 

Adjusted Relative Risk (95%CI) of Gestational hypertension 

Quintiles of Adherence 

AHA primary score1 1 2 3 4 5 P- trend2

Median score, (IQR) 23 (20,25) 29 (28,30) 33 (32,34) 36 (35,37) 41 (40,43) 

N cases  145 92 132 112 137 

N pregnancies 13942 11671 13941 13041 14056 

     Age and energy 1.00 (Ref) 0.86 (0.64,1.14) 0.98 (0.75,1.28) 0.84 (0.63,1.11) 0.99 (0.76,1.29) 0.87 

     Adjusted1  1.00 (Ref) 0.92 (0.69,1.23) 1.08 (0.82,1.41) 0.95 (0.71,1.28) 1.20 (0.90,1.60) 0.26 

DASH score

Median, (IQR) 19 (17,20) 22 (21,22) 24 (23,25) 26 (26,27) 29 (28,31) 

N cases 150 91 154 92 131 

     Age and energy 1.00 (Ref) 0.82 (0.61, 1.10) 0.85 (0.66, 1.09) 0.96 (0.72, 1.28) 0.86 (0.65, 1.12) 0.42 

     Adjusted1 RR  1.00 (Ref) 0.85 (0.63,1.15) 0.92 (0.74,1.19) 1.07 (0.80,1.44) 0.99 (0.74,1.33) 0.80 

All models were generalized linear regression models for repeated pregnancies from the same woman (GEE) Log-Poisson 

distribution and exchangeable correlation structure. 
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SUPPLEMENTAL FIGURE 2.1 The Danish National Birth Cohort participant eligibility flowchart. 

Abbreviations: PE, preeclampsia; GHTN, gestational hypertension; HDPs, hypertensive disorders of 

pregnancy.

66 651 pregnancies from 62 774 women 

101 042 pregnancy outcomes from 91 827 women 

98 386 singleton pregnancies 

67 471 pregnancies 

67 013 pregnancies 

67 527 pregnancies 

30 859 pregnancies without diet 

56 recurrent cases of HDP 

458 diagnosed prior to diet survey 

363 unfeasible or unknown 
calorie intake  

2 656 multiple or twins 

1,809 cases of HDPs 
1,310 PE 

499 GHTN 
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SUPPLEMENTAL FIGURE 2.2 Associations between individual components from the AHA 2020 dietary recommendations with the relative risk of 

preeclampsia and gestational hypertension. 

P for heterogeneity between individual score components and PE vs. GHTN: whole grain = 0.002, sodium = 0.96, fish = 0.86, SSBs = 0.26, fruits 

and vegetables = 0.34, processed meat = 0.99, saturated fat = 0.86, nuts and legumes = 0.09. 

AHA, American Heart Association; Na+, sodium; SSBs, sugar-sweetened beverages, Pmeat, processed meats; SFA, saturated fatty acids, Nutleg, 

nuts and legumes; WG, whole-grain. 
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among Mexican women with and without a history of hypertensive disorders of 
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Abstract 

Objective. History of hypertensive disorders of pregnancy (HDPs) increase a woman´s 

risk of developing chronic hypertension (HTN) in adulthood, but it remains unclear 

whether adherence to heart-healthy diets after pregnancy could ameliorate this risk. We 

evaluated this question among Mexican women with and without a history of HDPs. 

Methods. We followed 61,884 women without HTN participating in the Mexican 

Teachers’ Cohort Study between 2008 and 2012/3, of which 4,798 reported one or 

more pregnancies affected by HDPs. We derived diet adherence scores based on the 

American Heart Association (AHA) 2020 Goals for diet –primary and secondary scores- 

and the Dietary Approaches to Stop Hypertension (DASH). Incident HTN was defined 

based on self-report of diagnosis by a physician. We estimated the relative risk (RR) 

and 95% confidence intervals (95%CI) of HTN by comparing women in the lowest to 

women in the highest quintile of diet adherence scores, using log-Poisson regression 

after adjusting for potential confounders.  

Results. 512 (10.7%) women with a history of HDPs and 3,189 (5.6%) of women 

without a history of HDPs reported a new diagnosis of HTN during follow-up. Women in 

the highest quintile of adherence to the AHA primary and AHA secondary scores had 

mailto:jchavarr@hsph.harvard.edu


85 

13% (95% CI: 4, 22%) and 13% (95%CI: 2, 22%) lower risk of developing HTN, than 

women in the lowest quintile of adherence. Similarly, highest adherence to the DASH 

score had 0.87 (95%CI: 0.78, 0.98) times the risk of developing HTN than women with 

the lowest adherence. These inverse relations did not differ according to history of 

HDPs. When individual components of the dietary recommendations were separately 

evaluated, higher intakes of fish, and nuts and legumes, and lower intake of sodium 

were independently associated to risk of HTN. 

Conclusion. Greater adherence to AHA and DASH score patterns was related to risk a 

lower risk HTN among Mexican women, regardless of their history of HDPs.   

Keywords: chronic hypertension, women’s health, dietary pattern, AHA 2020 goals, 

DASH. 
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Introduction 

History of hypertensive disorders of pregnancy (HDPs) including preeclampsia 

(PE) and gestational hypertension (GHTN), is considered a major risk factor for the 

development of cardiovascular disease (CVD)(1). Overall, both PE and GHTN, yield a 

2-fold increase risk of CVD later-in life(1). However, they do not improve CVD prediction

when added to the American College of Cardiology/American Heart Association 

(ACC/AHA) CVD risk prediction model(2). Current guidelines of management of 

hypertension (HTN) and hyperlipidemia among the general population by ACC/AHA 

emphasize treatment based on individual risk of developing CVD(3). Therefore, 

focusing on lifestyle interventions after a pregnancy complicated by HDP might reduce 

risk of later-in life CVD(4).  

There is extensive literature on the role of a healthy diet in the reduction of blood 

pressure and prevention of CVD in the general population. However, studies evaluating 

the role of diet among women with HDPs history are scarce. The Dietary Approaches to 

Lower Hypertension (DASH) significantly reduces hypertension(5–7). and higher 

adherence to this diet was inversely related to coronary heart disease and stroke in 

women(8). More recently, the Strategic Impact Goals 2020 from the AHA(9) updated 

their dietary target goals consistent with diet patterns from the 2015-2020 Dietary 

Guidelines for Americans(10). Although heart-healthy patterns effectively reduced CVD 

in the adult population, the role of these dietary patterns in the occurrence of HTN 

among women at higher risk to develop CVD, like women with history of HDPs, remains 

unclear. For these reasons, we assessed whether greater adherence to the AHA 2020 

dietary goals (AHA) and the DASH after pregnancy is related to HTN among women 
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from The Mexican Teachers’ Cohort (MTC), and whether this relation differs according 

to a woman’s history of HDPs. 

Materials and methods 

Study population 

The Mexican Teachers’ Cohort (MTC) is a prospective cohort study comprised of 

115,315 female teachers aged 25 years and older, actively employed by the Mexican 

Federal Government. Recruitment of teachers began in the states of Jalisco and 

Veracruz in 2006 and was expanded in 2008 to 12 additional states (11). Participants 

responded to self-administrated questionnaires on demographic and reproductive 

characteristics, diet, lifestyle, and medical conditions at baseline and later completed 

follow-up questionnaires in 2008 and 2011. Additionally, MTC participants 

retrospectively recalled their pregnancy history in the 2008. The pregnancy recall 

questionnaire included chronological summaries of all of their pregnancies with 

information on maternal age at pregnancy, pregnancy outcomes (livebirth, stillbirth, 

spontaneous abortion or ectopic pregnancy), pregnancy complications (gestational 

diabetes, hypertensive disorders of pregnancy) weight gained during each pregnancy, 

breastfeeding duration and supplement intake during pregnancy (folic acid, iron, 

calcium). From the 106,492 women who completed the 2008 baseline questionnaire, 

89,722 completed the 2011 questionnaire. We excluded prevalent cases of HTN in 

2008 (n=13,873) and women whose date of FFQ completion was after the date of HTN 

diagnosis (n=82). Women were further excluded if they reported prevalent CVD (n=116) 

or cancer (n=1,355) in 2008, and those with incomplete or unfeasible total energy intake 
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(n=12,512). Our final study population consisted 61,884 women: 57,046 without a 

history of HDPs and 4,798 with history of HDPs (Supplemental Figure 3.1). The study 

was approved by the Institutional Review Board (Research, Ethics and Biosecurity 

Committees) at the National Institute of Public Health (INSP) and all participants 

provided informed consent. 

Dietary assessment and dietary pattern scores 

Detailed dietary information was collected in 2008 using a previously validated 

semi-quantitative 141-item food frequency questionnaire (FFQ)(12). Each food item was 

selected to reflect a usual dietary behavior in Mexico. Women were asked to specify 

how often, on average, they consumed each food/beverage over the previous year. Ten 

multiple-choice frequencies of consumption were possible, ranging from never to six or 

more times a day. The nutrient and energy intakes were estimated by multiplying the 

nutrient content of specified portion sizes by the frequency of consumption using the 

USDA food-composition database(13) supplemented with a database from the Mexican 

National Survey of Health and Nutrition (ENSANUT 2012)(14). The Dietary Approach to 

Lower Hypertension (DASH) is a dietary pattern that emphasizes on intake of fruits, 

vegetables, and low-fat dairy products, whole grains, poultry, fish, nuts; and reduce the 

intake of fats, red meat, sweets, and sugar-containing beverages(5). Adherence to this 

pattern was quantified by allocating 1–5 points, based on quintiles of intake 

(servings/day) of: fruits and fruit juices, vegetables, nuts, legumes and soy, red and 

processed meats, whole grains, low-fat dairy, sodium, and sugar-sweetened beverages 

(SSBs). Scoring was reversed for red and processed meats, SSBs, and sodium, 
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receiving more points for less consumption(15). The American Heart Association (AHA) 

diet score was consistent with the AHA 2020 Goals(16). Intake of each dietary 

component was assigned a continuous score starting from 0-10 or 10-0 depending on 

whether consumption was encouraged or discouraged, respectively.  The primary score 

sets target intakes for fruits/vegetables, fish and shellfish, sodium, SSBs, and whole 

grains; and secondary score sets additional target intakes for nuts/legumes/seeds, 

processed meat, and saturated fat. Optimal intakes were assigned a score of 10, and 

intermediate intakes were scored linearly between 0 and 10. The sum of the dietary 

components was used to create the AHA primary score (5 dietary targets) ranging from 

0-50 and a secondary score (8 dietary targets) ranging from 0-80(17).

Chronic Hypertension ascertainment 

The primary study outcome is chronic hypertension. Questions regarding 

elevated blood pressure (BP) were self-reported by participants in every follow-up 

questionnaire (2006, 2008, and 2011). We defined chronic HTN as self-report of HTN 

diagnosed by a healthcare provider. In a study conducted via telephone among 101 

teachers, the positive predictive value of self-reported diagnosis of hypertension was 

72%(18). In addition, when we compared self-reported HTN with blood pressure 

measurements in a sub-group of 1,000 women, the PPV was 65%. 

Assessment of covariates and pregnancy history 

Information on age, weight and height, menopausal status, birth control, 

menopausal status, smoking status, physical activity, education, family history of 

myocardial infarction or elevated BP, and parity were collected in the 2008 
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questionnaire. Body mass index (BMI) was derived as weight divided by height squared 

(kg/m2) and weekly physical activity was transformed to metabolic equivalents (METs) 

represented as mL/kg/min. Alcohol intake was estimated by from the FFQ and 

transformed to servings/day. We defined history of HDPs as women that reported to 

have had preeclampsia/eclampsia or gestational hypertension in one or more of their 

pregnancies. History of high-cholesterol were defined based on self-report.  

Statistical analysis 

We used a Kruskal-Wallis test for continuous variables and a chi-square for 

categorical variables when contrasting differences in baseline characteristics across 

quintiles of adherence to the AHA scores (primary and secondary) and the DASH score. 

To assess the relation of post-pregnancy adherence to AHA and DASH scores with the 

risk of developing chronic HTN, we employed log-Poisson linear regression models and 

estimated the relative risk (RR) and 95% confidence intervals (95%CI) of chronic HTN 

by comparing the risk of women in increasing quintiles of adherence to women in the 

lowest quintile of adherence. Tests for linear trend were conducted by using the median 

values of intake in each quintile(19).  

To control for potential confounders, we used previous knowledge on biologically 

relevant variables or descriptive statistics from our study population by the use of 

directed acyclic graphs (DAGs)(20). The multivariable-adjusted models included age 

(years), total energy intake (kcal/d), BMI categories (≤24.9 [ref], 25.0-29.9, ≥30 kg/m2), 

education (none, high-school/technical school, College, University [ref])) menopausal 

status (pre-[ref], postmenopausal, unknown), smoking status (past, current, never [ref], 
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unknown), recreational physical activity (METs-minutes/week), family history of 

myocardial infarction, stroke or HTN (yes, no [ref], unknown), oral contraception use 

(never [ref], ever, unknown), and parity (nulliparous [ref], parous, currently pregnant, 

and unknown). 

In addition to considering the relation between adherence to the overall pattern 

and risk of chronic HTN, we considered each of the individual components of the 

recommendations (sodium, SSBs, low-fat dairy, fruits and vegetables, red and 

processed meats, saturated fat, nuts and legumes, fruits and fruit juices, fish, and 

vegetables) and estimated the RR (95%CI) of HTN in increasing quintiles of intake, 

while adjusting for the remaining components of the overall recommendations. We then 

examined the possibility of a non-linear relation between intakes these foods with the 

risk of HTN using a likelihood ratio test comparing the model with only the linear term to 

the model with the linear and the cubic spline terms in the multivariable-adjusted 

model(21). 

Last, we explored effect modification of the relation of adherence to AHA and 

DASH with risk of HTN by age (40 years or ≥ 40 years), BMI (< 25 kg/m2 or ≥ 25 

kg/m2), history of HDPs (yes, no), menopausal status (pre-menopausal or post-

menopausal), smoking status (current smokers or non-smokers), and high-cholesterol 

at baseline (yes, no) using cross-product terms. All statistical tests were 2-sided and 

analyses were performed using SAS version 9.4 (SAS).  
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Results 

Our final study population included 61,884 Mexican middle-aged women, 

including 4,798 that reported a history of HDPs. We identified 3,701 (6.0%) incident 

cases of HTN, of which 3,189 (5.6%) cases occurred among women without history of 

HDPs and the remaining 512 (10.7%) cases among women a history of HDPs. The 

Spearman correlation between the AHA primary score and the DASH score was r=0.77 

and the AHA secondary vs. the DASH score was r=0.84). Women who were in the 

highest quintiles of the three patterns were slightly older, leaner, more physically, had 

higher education and were less likely to be current smokers (Table 3.1). Additionally, 

women with a history of HDPs were more likely to be classified as overweight or obese 

(BMI≥25kg/m2), be pre-menopausal, and had a higher frequency of family history of 

CVD (Supplemental table 3.1). 

Greater adherence to the AHA and DASH scores was inversely related to the risk 

of HTN (Table 3.2). Women in the highest quintile of adherence to AHA primary and 

secondary scores had 13% (95% CI: 4, 22%) and 13% (95%CI: 2, 22%) lower risk of 

developing HTN than women with lowest adherence. Similarly, highest adherence to the 

DASH score had 0.87 (95%CI: 0.78, 0.98) times the risk of developing HTN than 

women with the lowest adherence, respectively. While the risk of HTN was higher 

among women with a history of HDPs (RR=1.77 [95% CI: 1.61, 1.94]), we found no 

evidence that the relation between adherence to these diet patterns and risk of HTN 

differed according to history of HDPs (Table 3.2). 
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TABLE 3.1 Baseline characteristics across dietary patterns from the American Heart Association (AHA) 2020 Goals and the Dietary 
Approaches to Stop Hypertension (DASH) among 61,884 women. The Mexican Teachers' Cohort (2008-2012). 

Quintiles of adherence to dietary pattern scores 

Overall AHA PRIMARY1  AHA SECONDARY1  DASH 

Mean, (range) - 29 (3, 50) 48 (8, 80) 24 (8, 40) 

Q1 Q5 Q1 Q5 Q1 Q5 

Mean, (range) - 18 (3, 22) 39 (36, 50) 32 (8,38) 63 (58, 80) 16.9 (8.0,19) 31 (29,40) 

Number of women 61,884 11,892 12,929 12,716 12,081 13,215 12,286 

Age at baseline y 41.9 (7.3) 40.8 (7.2) 43.4 (7.3)* 40.1 (7.2) 44.2 (7.1)* 40.5 (7.1) 43.8 (7.2)* 

Overweight/Obese,(%) 57.3 57.4 55.4* 56.9 55.3* 58.1 54.7* 

MET-min/week 34.5 (31.0) 28.7 (27.7) 39.7 (33.4)* 29.8 (28.4) 38.7 (33.2)* 28.9 (27.5) 41.8 (34.8)* 

Master’s or Doctorate,(%) 14.4 11.7 17.8* 13.6 15.6* 13.1 16.8* 

Never smoker, (%) 76.5 75.5 77.2* 73.3 79.6* 73.6 78.7* 

Nulliparous, (%) 15.9 16.1 16.4 16.3 16.5* 15.5 16.6 

History of HDP, (%) 7.8 8.9 6.6* 9.0 6.7* 8.8 6.8* 

History of T2DM, (%) 2.9 2.1 3.8* 1.9 4.0* 2.1 3.7* 

History of High cholesterol,(%) 10.0 8.0 12.4* 7.5 13.7* 7.7 12.6* 

Family history of CVD,(%) 60.4 60.5 12.7 61.8 58.7* 61.0 60.4 

Pre-menopausal,(%) 77.1 81.2  71.2* 83.9  68.3* 82.6 70.4* 

Oral contraception ever,(%) 40.6 41.4 39.2* 43.6 36.5* 43.0 37.7* 

Total energy, kcal/day 1806(619) 1565(591) 1976(584)* 1628(604) 1935(592)* 1526(540) 2163(591)* 

Carbohydrate, % of energy/d 57.1 (7.7) 55.2 (7.7) 58.7 (16.7)* 51.9 (7.1) 62.3 (6.7)* 52.9 (7.5) 61.6 (7.0)* 

Protein, % of energy/d 16.3 (2.7) 16.0 (2.7) 16.7 (2.6)* 16.8 (2.9) 15.7 (2.5)* 16.8 (2.3) 15.7 (2.4)* 

Total Fat, % of energy/d 28.8 (5.4) 30.4 (5.5) 27.4 (5.2)* 32.7 (4.9) 25.1 (4.8)* 31.8 (5.1) 25.9 (5.2)* 

SFA, % of energy/d 9.8 (2.5) 10.6 (2.6) 9.0 (2.3)* 11.7 (2.4) 7.8 (1.8)* 11.0 (2.5) 8.4 (2.2)* 
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TABLE 3.1 (Continued) 

Sodium intake, mg/d2, (SD) 1929(433) 2149(425) 1712(358)* 2225(418) 1588(314)* 2191(426) 1630(335)* 

Q1: lowest quintile of adherence score; Q4: highest quintiles of adherence score; BMI: body mass index; MET: metabolic equivalent; 

CVD: cardiovascular disease; SFA: saturated fatty acid. 

*P value < 0.05 from a chi-square test for categorical variables or a Kruskal-Wallis test for continuous variables for comparison of

baseline participant characteristics across quintiles of intake. 

1Fruits and vegetables, whole grain, fish, sugar sweetened beverages (SSBs), and sodium intake constitute the primary AHA primary 

score, and adding nuts and legumes, processed meat, and saturated fat intake to the AHA primary score, constitutes the AHA 

secondary score. 

2Fruits and fruit juices, whole grain, low-fat dairy, SSBs, red and processed meat, nuts and legumes, sodium intake, and vegetables. 

3Energy-adjusted with residual method. 
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Next, we assessed the associations between individual components of the AHA and 

DASH scores with the risk of HTN (Figure 3.1, Supplemental Figure 3.2). Of all the 

individual components of the AHA and DASH scores, only intakes of sodium, nuts and 

legumes, and fish were related to the risk of HTN (Figure 3.1). Specifically, greater 

intake of sodium was related to a higher risk of HTN and greater intake of fish and nuts 

and legumes had the opposite relation without evidence of non-linearity (Figure 3.2). 

Moreover, we found no evidence that these relations differed according to history of 

HDPs (Supplemental Figure 3.2).  

Last, we conducted a series of sensitivity analysis to assess the robustness of 

our findings. In subgroup analyses, greater adherence to the AHA primary score and 

DASH score score were inversely related to the risk of HTN in women with a BMI<25 

kg/m2 but not among women with BMI≥25 kg/m2 (Supplemental Table 3.2). No 

significant differences in the relation between adherence to these dietary patterns and 

risk of HTN were observed according to parity, smoking status, age, menopausal status, 

or history of dyslipidemia. 

Discussion 

In this prospective cohort study of 61,884 Mexican women we found that greater 

adherence to AHA and DASH score after pregnancy was related to a lower risk of 

developing HTN. When each individual score component was independently evaluated, 

only intakes of sodium, nuts and legumes, and fish were associated to risk of HTN. 

Importantly, while history PE was a risk factor for HTN, we found no evidence that the 

association between adherence to these diets and risk of HTN differed according to 
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history of PE.  Our findings suggest that diet recommendations aimed at the prevention 

and management of CVD in the general population are related to lower risk of HTN 

among women in Mexico, and that these diets may be equally effective for low risk and 

high risk women, including women who have experienced HDPs. 

Although our results are consistent with previous findings between diet and 

healthful patterns to prevent HTN in the general population(1), adherence to diet 

patterns among women with prior history of HDPs for the prevention and management 

of HTN, are mostly unknown(22). A cohort study that assessed the relation of lifestyle 

interventions among women with history of HDP concluded that keeping a healthy 

weight was the best predictor of later-in life CVD, than physical activity, adherence to 

DASH score, and dietary sodium intake(23). After the onset of PE, several metabolic 

changes like endothelial dysfunction, abnormal lipid profiles, systemic inflammation, and 

insulin resistance remain after delivery,(24) leading to elevated CVD risk(25). Thus, it is 

biologically plausible that diets that reduce oxidative stress, like DASH(26) may prevent 

the onset of HTN. We also observed that Mexican women with HDPs have a higher risk 

of HTN, and that among these women, the frequency of overweight and obesity was 

significantly higher compared to the general population. This is similar to studies that 

have assessed BMI as a potential mediator between HTN among women with HDPs 

risk (27,28), including a systematic review of 25 cohort studies(27). Nevertheless, the 

elevated risk of HTN among women with a history of HDPs in our cohort was 

independent of BMI suggesting that other pathways may be at play. Our study has 

several limitations worth noting in light of our findings.
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FIGURE 3.1. Association between individual components from the American Heart Association (AHA) 2020 Goals diet recommendations and the 

Dietary Approaches to Stop Hypertension (DASH) with the risk of chronic hypertension among 61,884 Mexican women. The Mexican Teachers’ 

Cohort (2008-2011).  

*Unit increase: sodium 1,046 mg/day - which represents the increase from the 10th to 90th percentile of sodium intake (energy-adjusted) in the

entire population. Increase of 5% for saturated fat (%total calories) and increases, of 1 serving/day for the remaining items. 

RR (95%CI), relative risk and 95% confidence interval; SSBs, sugar-sweetened beverages. 
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FIGURE 3.1. (Continued) 

1.12

0.99 0.99 0.99
1.02

0.95

1.00 1.011.01

0.97 0.96
0.98 0.96

0.89

0.97
0.99

1.25

1.00
1.03

1.01

1.08

1.01
1.03 1.04

0.70

0.80

0.90

1.00

1.10

1.20

Sodium Vegetables Low-fat dairy Fruits & fruit
juices

Whole grains Nuts &
legumes

Red &
processed

meats

SSBs

Ad
ju

st
ed

 R
R

 (9
5%

 C
I) 

pe
r 1

 u
ni

t i
nc

re
as

e 

DASH 



99 

We were not able to adjust for pre-pregnancy overweight/obesity or lipid profile 

since the MTC did not collect this information before a woman’s pregnancy,(29) 

therefore we cannot rule out the possibility of residual confounding due to adiposity or 

secondary to unmeasured confounding due to the prospective design. For example, 

several observational studies have consistently reported that late CVD morbidity and 

mortality in previously preeclamptic women may be the result of pre-pregnancy CVD 

risk factors(30,31). Evidence from Norwegian population-based studies reported that 

after adjustment for BMI, blood pressure, and lipid profile before pregnancy, most of the 

associations between PE and unfavorable anthropometric and blood measures taken 

after pregnancy were mitigated between 50 and 65%(31). This issue deserves 

additional attention. Misclassification of long-term dietary intake is possible given that 

we relied on a single FFQ assessment as our exposure. Nevertheless, the FFQ for the 

MTC has been previously validated and FFQs are known to reflect usual diet in the last 

1-4 years. Hence, the most likely scenario is of non-differential misclassification in

relation to the study outcome which would result in attenuation of the results. Another 

limitation of our study is the lack of validation of self-reported hypertension against a 

gold standard among participants of the MTC. A recent survey by ENSANUT reported 

the prevalence of hypertension among Mexicans was 25.5% of which, 40% of these 

individuals were unaware of a diagnosis of elevated blood pressure and 79.3% reported 

to take lowering blood pressure medication(32). Measurement error however, is more 

likely to be non-differential in relation to exposure, we expect estimates to biased 

towards the null.
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All women (n = 61,884) 

A.) SODIUM INTAKE, mg/day B).  FISH, servings/day C).  NUTS &LEGUMES, servings/day 

Test for linearity using a likelihood ratio test Panel A) Sodium intake: p for linearity=0.002; Panel B) Fish intake: p for linearity = 0.003. 

Panel C) Nuts and legumes intake: p for linearity = 0.02. 

FIGURE 3.2. Association between intakes of sodium, fish, and nuts and legumes with the risk of chronic hypertension comparing women 

with and without history of hypertensive disorders of pregnancy (HDPs). 
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Moreover, the high frequency of confirmation via telephone interview of initial 

self-reports provides some reassurance of the validity of this measure. Our study has 

also several strengths, including the prospective population-based design, with a large 

sample size, and assessment of multiple risk factors for hypertension. By deriving 

dietary patterns based on a priori defined clinical recommendations, we expanded the 

generalizability of our findings and the potential for comparison with future studies. 

In summary, we found that greater post-pregnancy adherence to dietary patterns 

aimed to prevent CVD in the general population, were related to lower risk of HTN 

among Mexican women and that these relations were similar for women with and 

without a history of HDPs. We also found that these inverse relations appeared to be 

explained by three specific recommendations: decreased sodium intake and increased 

intakes of fish and nuts and legumes. These findings suggest that dietary 

recommendations for the prevention and management of CVD developed in high 

income countries may be translatable to other settings where the underlying diet and 

food availability patterns might differ significantly. Our findings also suggest that the 

relative benefit of these recommendations is similar in women with and without a history 

of HDPs, despite vastly different baseline risks of HTN. 
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SUPPLEMENTAL TABLE 3.1. Baseline characteristics of 61,884 Mexican women by history of 

hypertensive disorders of pregnancy (HDPs) at baseline. The Mexican Teachers’ Cohort (2008-2011). 

All Participants No history of HDPs History of HDPs 

Number of women 61,884 57,046 4,798 

AHA primary, (SD) 29.2 (7.4) 29.2 (7.4) 28.7 (7.5)* 

AHA secondary, (SD) 47.7 (11.0) 47.8 (11.0) 46.6 (11.0)* 

DASH, (SD) 23.9 (5.2) 23.9 (5.2) 23.4 (5.2)* 

Age at baseline, y  42.2 (7.3) 42.0 (7.4) 41.2 (6.6)* 

Overweight/Obese, (%) 57.3 42.7 67.5* 

Physical activity, MET-min/day 34.4 (31.1) 34.6 (31.2) 33.7 (29.7) 

University/Graduate, (%) 14.4 14.5 12.6* 

Never smoker, (%) 76.5 76.6 74.7* 

Nulliparous, (%) 15.9 15.6 1.2* 

History of T2DM, (%) 2.9 2.8 4.2* 

History of High cholesterol, (%) 10.0 9.9 11.4* 

Family history of CVD, (%) 60.4 59.9 66.7* 

Pre-menopausal, (%) 77.1 76.9 80.7* 

Oral contraception ever, (%) 40.6 40.2 45.2* 

Total energy, kcal/d 1,805.9 (618.5) 1,804.6 (618.9) 1,820.6 (617.6) 

Carbohydrate, % of energy/d  57.1 (7.7) 57.1 (7.7) 56.9 (7.7)* 

Protein, % of energy/d  16.3 (2.7) 16.3 (2.7) 16.3 (2.7) 

Total Fat, % of energy/d  28.8 (5.4) 28.8 (5.4) 28.9 (5.4) 

Saturated fat, % of energy/d  9.8 (2.5) 9.8 (2.5) 9.9 (2.5)* 

Sodium intake, mg/d1  1,805.9 (618.5) 1925.3 (431.4) 1972.7 (442.1)* 

HDPs, hypertensive disorders of pregnancy; AHA, The American Heart Association 2020 Goals diet 

recommendations; DASH, Dietary Approaches to Stop Hypertension; SD, standard deviation; MET, 

metabolic equivalents; T2DM, diagnosis of type 2 diabetes mellitus; CVD, cardiovascular disease; kcal, 

kilocalories.  

*P value < 0.05 from a chi-square test for categorical variables or a Kruskal-Wallis test for continuous 

variables for comparison of baseline participant characteristics across quintiles of intake. 
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SUPPLEMENTAL TABLE 3.2 Association between adherence to the American Heart 

Association (AHA) 2020 diet recommendations and the Dietary Approaches to Stop 

Hypertension (DASH) considering potential risk factors with the risk of chronic hypertension. 

Adjusted RR (95% CI) per IQR increase* 

N (%) AHA primary AHA secondary DASH

All participants 0.92 (0.87, 0.96) 0.92 (0.87, 0.96) 0.93 (0.88, 0.98) 
Age 
       Age < 40 20,693 (33.5) 0.92 (0.83, 1.03) 0.92 (0.82, 1.02) 0.89 (0.79, 1.01) 
       Age ≥ 40 41,151 (66.5) 0.91 (0.86, 0.97) 0.92 (0.87, 0.97) 0.94 (0.88, 1.00) 
P for interaction 0.93 0.92 0.41 
BMI 
      BMI <25 26,389 (42.7) 0.82 (0.75, 0.90) 0.85 (0.78, 0.93) 0.83 (0.75, 0.92) 
      BMI ≥ 25 35,455 (57.3) 0.97 (0.91, 1.03) 0.95 (0.90, 1.01) 0.98 (0.92, 1.05) 
P for interaction 0.03 0.38 0.02 
Smoking  
      Non-smoker 56,249 (91.0) 0.91 (0.87, 0.96) 0.91 (0.87, 0.96) 0.93 (0.88, 0.99) 
      Smoker 5,595 (9.1) 0.94 (0.80, 1.11) 0.94 (0.80, 1.11) 0.91 (0.76, 1.10) 
P for interaction 0.78 0.61 0.78 
Parity 
      Nulliparous 11,592 (18.7) 0.98 (0.87, 1.12) 0.96 (0.85, 1.09) 0.95 (0.82, 1.09) 
      Parous 50,252 (81.3) 0.91 (0.86, 0.96) 0.91 (0.86, 0.96) 0.93 (0.87, 0.98) 
P for interaction 0.47 0.69 0.85 
High cholesterol 
     Yes 6,169 (10.0) 0.88 (0.77, 1.00) 0.91 (0.80, 1.03) 0.95 (0.80, 1.12) 
     No 55,675 (90.0) 0.92 (0.87, 0.97) 0.91 (0.86, 0.96) 0.91 (0.84, 0.97) 
P for interaction 0.40 0.74 0.55 
History of HDPs 
     Yes 4,798 (7.8) 0.89 (0.78, 1.02) 0.90 (0.79, 1.03) 0.90 (0.78, 1,05) 
     No 57,046 (92.2) 0.92 (0.88, 0.97) 0.92 (0.87, 0.97) 0.93 (0.88, 0.99) 
P for interaction 0.44 0.63 0.85 

RR (95%CI),relative risk and 95% confidence interval; IQR,interquintile range; BMI, body mass 

index; HDPs, hypertensive disorders of pregnancy;sugar-sweetened beverages,SSBs.  

*AHA primary score was 11 points, AHA secondary 16 points, and DASH score 8 points.
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A.)  Participants flowchart 

B.) The Mexican Teachers’ Cohort Study Design 

SUPPLEMENTAL FIGURE 3.1. The Mexican Teachers’ Cohort (2008 - 2011) 

4,798 women with history of HDPs 

74,396 women 

106,465 women answered baseline FFQ (2008) 

75,899 women without chronic hypertension 
baseline

75,847 eligible women 

89,722 women with information in 2008 and 2011 

13,873 prevalent cases  

82 women reported HTN before filling out FFQ 

16,743 women loss to follow-up 

1,451 Women with chronic disease at baseline: 
     116 CVD 
     1,355 Cancer 

12,512 women with unknown or unfeasible calorie intake 
calories

FFQ cycles 

139 food 
items

141 food 
items

Diet at age 18 
years

141 food items 
Collected  

Processing

Questionnaire
s not sent yet 

115,432 women 94,527 women 27,979 women

Pilot phase Expansion phase Follow-up 

Clinical sub-cohort 

2006 2008 2011 2014 2018

61,844 women with complete diet information 

57,046 women without history of HDPs 
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SUPPLEMENTAL FIGURE 3.1. (continued) 

FFQ, food frequency questionnaire; HTN, self-reported high blood pressure; CVD, cardiovascular disease 

(myocardial infarction, stroke); HDPs, hypertensive disorders of pregnancy.
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A.) Women without history of HDPs (n = 57,046) 

SUPPLEMENTAL FIGURE 3.2. Association between individual components from the American Heart 

Association (AHA) 2020 Goals diet recommendations and the Dietary Approaches to Stop Hypertension 

(DASH) with the risk of chronic hypertension comparing women with and without history of hypertensive 
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SUPPLEMENTAL FIGURE 3.2. (continued)  

disorders of pregnancy. The Mexican Teachers’ Cohort (2008-2011). 

AHA: 1 = Sodium intake, 2 = Fruits and vegetables, 3 = Fish, 4 = Whole grain, 5 = Processed meat, 6 = 

Sugar-sweetened beverages, Nuts and legumes, 7 = Saturated fat, 8 = Nuts and legumes. 

DASH: 1 = Sodium intake, 2 = Vegetables, 3 = Low-fat dairy, 4 = Fruit and fruit juices, 5 = Whole grain, 6 

= Nuts and legumes, 7 = Red and processed meat, 8 = Sugar-sweetened beverages.  

RR (95%CI), relative risk and 95% confidence interval; SSBs, sugar-sweetened beverages. 

Unit increase: sodium intake 1,046 mg/day - which represents increases from 10th to the 90th percentile of 

sodium intake in the entire population. Increase of 5% for saturated fat and increases of 1 serving/day for 

the remaining items. 

B.) Women with history of HDPs (n = 4,798) 
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SUPPLEMENTAL FIGURE 3.2. (continued) 
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