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Report on Nutrition Risk Criterion for Hypertension in Pregnancy 
 
The purpose of this report is to present a concise evaluation of published literature on 
nutrition and risk of hypertensive disorders of pregnancy, focusing on preeclampsia.  
The final sections include responses to specific questions raised by the Risk 
Identification and Selection Collaborative (RISC).     
 
BACKGROUND 
 
The Hypertensive Disorders of Pregnancy 
 
Increased blood pressure during pregnancy has long been recognized as identifying 
women and infants at increased risk.  Hypertension in pregnancy is classified as chronic 
hypertension antedating pregnancy, or as hypertension appearing de novo in pregnancy 
(1).  Hypertension with onset during pregnancy is classified as preeclampsia if 
accompanied by proteinuria, or gestational hypertension, pregnancy onset hypertension 
that is not accompanied by proteinuria.  About 40% of cases of gestational hypertension 
will later develop proteinuria and be classified as preeclamptic.  The remaining 60% do 
not develop proteinuria, and after pregnancy are classified as having transient 
hypertension of pregnancy. 
 
These different forms of hypertension during pregnancy have very different risks for 
mother and baby.  The most serious is preeclampsia, a syndrome present in 3 to 5% of 
pregnancies (2).  In developing countries or those countries with absent or poor 
perinatal care, preeclampsia is associated with substantial maternal mortality.  The 
cornerstone of perinatal care for preeclampsia relies on the fact that it is progressive, 
going from minimal to serious disease, and that it is a pregnancy specific syndrome that 
abates with delivery.  Thus, with appropriate care a woman recognized as preeclamptic 
can be followed closely and delivered before the disorder progresses to put the mother 
at risk.  However, even with good care, maternal morbidity can occur.  Preeclampsia is 
a leading cause of ICU admissions for pregnant women (3).  Additionally, the disease 
affects the infant, with a five-fold increase in perinatal mortality.  Since delivery remains 
the only way to reverse the disease, premature delivery is sometimes the result of 
appropriate therapy.  Delivery for preeclampsia accounts for 15% of all preterm births 
(4).  Preterm birth is the leading cause of neonatal mortality and morbidity as well as 
neurological disability.  In addition, in one third of the cases of preeclampsia the infant 
will not achieve its full growth potential and will be small for its gestational age (SGA) 
(5).  SGA is associated with acute problems at birth but is also a precursor of later life 
cardiovascular disease, diabetes and obesity (6). 
 
Hypertension that was present before delivery, termed chronic hypertension, increases 
perinatal mortality and morbidity, largely though an increased frequency of SGA infants.  
The major issue impact of chronic hypertension is that it is associated with an increased 
risk of preeclampsia.  When preeclampsia occurs in a woman with chronic 
hypertension, which happens in about 20% of cases, this is termed superimposed 
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preeclampsia.  It is the major factor leading to maternal and infant mortality and 
morbidity in these women (1).   
 
Gestational hypertension, which does not progress to preeclampsia, presents minimal 
risk to mother or baby (1).   
 
Preeclampsia sequellae 
The risk of preeclampsia is highest in first pregnancies, 3-5%.  However women who 
have been preeclamptic in a prior pregnancy have an increased risk of recurrence.  This 
is about 20% overall, but varies from 10% in women with mild preeclampsia occurring at 
term to 40% in women with early onset severe preeclampsia (1).  There is also an 
association of preeclampsia with later life cardiovascular disease.  Women who have 
had preeclampsia are at increased risk compared with women who have had normal 
pregnancies.  The greatest risk is in women who have had preeclampsia occurring early 
in pregnancy or who have had preeclampsia in more than one pregnancy (7, 8).     
 
The Pathophysiology of Preeclampsia 
 
Since preeclampsia is the major cause of morbidity in hypertensive pregnancies and 
since delivery is the only treatment and carries with it the attendant risk of prematurity, 
major efforts to affect outcome in preeclamptic women have been directed at an 
increased understanding of the disorder to facilitate prevention (9).  In the last twenty 
years the understanding of the disease has increased greatly.  It is clear that the 
important component of pregnancy that leads to preeclampsia is the placenta.  One of 
the best lines of evidence supporting this is the relationship of the pregnancy 
complication, hydatidiform mole, and preeclampsia.  Hydatidiform mole is a pregnancy 
abnormality in which only placental tissue develops without a fetus.  In these 
pregnancies there is an excess of placental tissue, and not only does preeclampsia 
develop but it is more common and occurs earlier in pregnancy.  Also supporting the 
fact that it is the excess of placental tissue that causes the preeclampsia in hydatidiform 
mole is the observation that there is not increased risk of preeclampsia in subsequent 
normal pregnancies.  Once the placenta is delivered the disease will begin to abate.  A 
major question is why the placenta leads to preeclampsia in some pregnancies while it 
does not in most pregnancies?  This is proposed to be due to reduced blood flow to the 
placenta (9).  This is usually secondary to abnormal placental implantation and failed 
remodeling of maternal blood vessel in the uterus that provide blood flow to the 
placenta.  In normal pregnancy these vessels undergo striking changes, increasing in 
diameter by four fold and losing all of the smooth muscle from their walls.  The result is 
increased blood flow to the placenta.  This change does not occur in preeclampsia (10).  
In addition, it is thought that the reason chronic hypertension increases the risk of 
preeclampsia is that the maternal disease affects the vessels supplying the placenta as 
it does other vessels in the mother.  Consistent with this, other maternal diseases that 
affect maternal blood vessels, such as diabetes and collagen vascular diseases 
increase the risk of preeclampsia.  Also obstetric conditions with large placentas such 
as multiple gestations (twins, triplets etc.) also increase the risk of preeclampsia.  In this 
setting it is felt there is relative reduction of blood flow since the very large placenta 
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cannot be adequately perfused.  This has been referred to as Stage 1 of preeclampsia 
(9). 
 
The pathological findings that comprise the maternal syndrome of preeclampsia are the 
manifestation of reduced perfusion of virtually all maternal organs.  This is considered 
Stage 2 or preeclampsia with abnormal function of liver, kidney, brain as well as other 
organs and increased blood pressure.  This is secondary to vasospasm, narrowing 
blood vessels and reducing organ blood flow, activation of the coagulation cascade with 
microthrombi blocking blood flow to organs, and loss of fluid from the intravascular 
space, further reducing blood flow.  These three changes can all be explained by 
abnormal function of vascular endothelium that appears to be the predisposing factor for 
these changes (11).  Of course the major question is how reduced blood flow to the 
placenta can result in reduced blood flow to all maternal organs.  It is proposed that the 
reduced blood flow to the placenta leads to the production of materials that enter the 
maternal circulation to cause the maternal syndrome (11).  The identification of this 
factor(s) is a major focus of preeclampsia research.  Candidate molecules are 
cytokines, antiangiogenic factors, microparticles of placental trophoblast and oxidative 
stress.  Oxidative stress is an excess of reactive oxygen species, known to be produced 
in settings of poor organ perfusion above that which can be buffered by the body’s 
antioxidant defense systems.  Theoretically maternal nutrition could have an impact at 
several levels.  The lack of critical nutrients at the time of implantation could affect 
vascular remodeling or nutrient inadequacies could potentiate the formation of placental 
cytokines or result in inadequate buffering of maternal reactive oxygen species. 
 
Nutrition as a factor in preeclampsia prevention. 
 Maternal nutritional status has long been hypothesized to have a role in the 
pathophysiology of preeclampsia (12), but only in the last decade has our 
understanding of the disorder’s pathogenesis achieved a level adequate to provide 
testable hypotheses.  It is now well understood that while preeclampsia is clinically 
evident late in pregnancy, the causal exposure(s) and many of the pathophysiological 
changes are present months earlier.  Nonetheless, few studies have assessed dietary 
intake before clinically evident disease.  Investigations have assessed nutrient intake 
late in pregnancy, and hypotheses have focused on the role of nutrition in Stage 2 of the 
disorder.  No previous studies have rigorously examined dietary intake in 
periconceptional period, when nutritional status may affect implantation and/or vascular 
remodeling (Stage 1).  Understanding of the role of periconceptional nutrition in the 
etiology of preeclampsia is particularly important since diet is modifiable.  It is therefore 
obvious that preventing preeclampsia by identifying risk factors that can be modified in 
the prenatal period is paramount.   
 
 Energy and Macronutrients 
 Energy intake. We are aware of only one rigorous study to have examined 
energy intakes early among pregnant women who subsequently developed 
preeclampsia.  Calusen et al (13) examined dietary intake by a food frequency 
questionnaire administered at 17-19 weeks gestation in 3771 Norwegian women. 
Energy intake was higher in women who went on to develop preeclampsia and highest 
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in preeclampsia occurring before 37 weeks (early-onset).  The main difference between 
cases and controls was an increased intake of sucrose-containing soft drinks.  Another 
study that is commonly cited when discussing nutrition and preeclampsia risk is one 
conducted by Morris et al. (14).  These investigators administered one 24-hour dietary 
recall at 13-21 weeks gestation among 4157 women enrolled in a randomized controlled 
trial of calcium supplementation to prevent preeclampsia.  Because calcium was not 
effective, treated and placebo patients were combined.  The researchers found no 
difference in energy intake or any of the 28 nutrients compared among cases and 
controls.  Nevertheless, this study was limited by the use of only one day of recall, 
which cannot capture usual dietary intake with good accuracy (15). 
 
 Protein. Despite the previously-held belief that low protein intake is associated 
with increased risk of preeclampsia (16), there have been no studies to indicate that low 
protein intake preceded the development of preeclampsia. The lack of a relation is 
supported by trials of protein supplementation that did not reduce the incidence of 
preeclampsia (17, 18). 
 
 Omega-3 polyunsaturated fatty acids (PUFAs).  Some studies have shown a 
protective effect of omega-3 PUFAs on preeclampsia occurrence,(19-21) while others 
have found no association.(22-25).  Confusing matters still are studies that found an 
increasing risk of preeclampsia in relation to high intake of total PUFA (omega-3 and 
omega-6),(13, 26) though these investigators did not separate the effects of omega-3 
from omega-6 PUFAs.  Olafsdottir and colleagues reported a U-shaped relation 
between omega-3 PUFA intake and risk of “hypertensive disorders of pregnancy” (i.e., 
gestational hypertension and preeclampsia), such that low and high intakes increased 
risk of adverse outcome (27). The conflicting results are possibly due to differing times 
of exposure assessment, methods of assessing and classifying PUFA intake, and 
definitions of preeclampsia. Furthermore, none of the previously published studies 
adjusted for intake of vitamin E or other antioxidants.  PUFAs are highly susceptible to 
oxidation, and therefore the potential interaction between intake of PUFAs and 
antioxidants, and the confounding effects of antioxidant intake should be considered.   
 
 Trans-fatty acids. Preeclampsia and cardiovascular disease share many of the 
same pathophysiologic features.  Thus, the strong association between high intake of 
trans-fatty acids and risk of cardiovascular disease (28-30), points to a potential role of 
trans-fats in preeclampsia.  To our knowledge, only one study has examined trans-fatty 
acid status in relation to preeclampsia.  Williams et al. (31) observed higher 
concentrations of trans-fatty acids in maternal erythrocytes compared to controls, but 
these data were cross-sectional and cannot determine if the elevated trans-fatty acid 
concentrations preceded disease onset.  Dietary trans-fatty acid intake has not been 
studied.   
 
 Micronutrients 
 Dietary antioxidants.  Recently, there has been increased interest in the role of 
antioxidant supplements in preeclampsia prevention.  Extensive evidence accumulated 
over the last 30 years supports a role for oxidative stress in the pathogenesis of 
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preeclampsia (32).  Observational data has demonstrated that low intakes of vitamin C 
and/or vitamin E are predictors of preeclampsia (33, 34). Yet, results of well-conducted 
randomized supplementation trials have been conflicting.  In 1999, a small, randomized 
trial of antioxidant supplementation with 1000 mg vitamin C and 400 IU vitamin E or 
placebo initiated at 20 weeks’ gestation among high-risk women reported a 61% 
reduction in the risk of preeclampsia (35).  More recently, the Vitamins in Pre-eclampsia 
(VIP) trial, a randomized, double-blinded placebo-controlled trial of the same antioxidant 
therapy in a cohort of 2404 women with a range of clinical risk factors, found no 
difference in the incidence of preeclampsia among the treated or placebo groups (15% 
vs. 16%) (36).  Moreover, the antioxidant group had a significantly higher incidence of 
perinatal complications, including low birth weight, gestational hypertension, and the 
need for medication therapies, than the placebo group.  Soon after, results of a 
randomized trial of the same antioxidant therapy or placebo conducted in 1800 low-risk 
nulliparous women were reported (37).  Again, no significant differences were observed 
between the vitamin and placebo groups on the risk of preeclampsia (6% versus 5%) or 
other primary outcomes. Ongoing trials of antioxidant therapy for the prevention of 
preeclampsia (a USA trial, a Brazil trial, and a multicenter WHO trial) will help clarify the 
efficacy and safety of high-dose antioxidants in pregnancy.  An interesting feature of the 
USA trial that includes 10,000 women is that randomization occurred at 8-16 weeks 
rather than 18 weeks, as in the other studies.  This may be important because in 
samples obtained taken at 18 weeks of the gestation, prior to any treatment in the VIP 
study, women with ascorbic acid in the lowest quartile for vitamin C concentration had 
twice the risk of preeclampsia. 
 

 The carotenoids (i.e., -carotene, -carotene, lycopene, lutein, and 
cryptoxanthin), are potent antioxidants, but have received little attention in the 
preeclampsia literature.  Results of previous studies of maternal plasma carotenoid 
concentrations have been inconsistent, with some showing lower carotenoids in 
preeclamptic women (38-40), and others showing no difference (41).  The cross-
sectional nature of these studies, however, makes it impossible to know if such blood 
values preceded disease.  In one small study of blood values before clinically evident 

disease, plasma -carotene concentrations were not different by preeclampsia status 
(42).  No previous studies have examined the relation between periconceptional or 
prenatal dietary carotenoid intake and risk of preeclampsia. 
  
 Folate.  A link between folate and preeclampsia has been suggested since serum 
homocysteine concentrations are slightly higher in women destined to develop 
preeclampsia and markedly elevated in overt preeclampsia (43).  Yet, studies of serum 
or plasma folate concentrations before or after the clinical onset of preeclampsia have 
been inconsistent (44-51).  Similarly, folic acid supplementation has not conclusively 
been proven to have benefit for preeclampsia risk (52, 53). 
  
 Calcium. An inverse relation between calcium and preeclampsia has been 
documented in many epidemiologic and clinical studies (54-58).  Low calcium intake 
was posited to be important for preeclampsia because of its ability to stimulate 
parathyroid hormone or renin release, thereby leading to vasoconstriction (55).  
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Although initial small calcium supplementation trials had promising results (59), other 
more recent trials have had mixed findings (60, 61).  The most recent meta-analysis 
from the Cochrane Library summarizing supplementation trials of at least 1 g calcium for 
the prevention of preeclampsia reported a reduction in the risk of preeclampsia (12 
trials, 15,206 women: RR 0.48, 95% CI 0.33, 0.69) (62).  The most striking effects were 
seen among women at high-risk of developing preeclampsia (RR 0.22; 95% CI 0.12, 
0.42) and women with low baseline dietary calcium intakes (RR 0.36; 95% CI 0.18, 
0.70). This was tested in a recently completed trial by the WHO of calcium 
supplementation for pregnant populations known to have low calcium intake.  Although 
there was not a significant reduction in the incidence of preeclampsia in the treated 
group, the frequency of serious outcomes (eclampsia and severe preeclampsia) was 
reduced significantly (about 30%) with calcium therapy (61).  
  
 Vitamin D.  Vitamin D is a prohormone that is either ingested orally or is 
produced photochemically in the skin through exposure to sunlight.  By far, the most 
important source of vitamin D is the skin’s synthesis of the vitamin from casual exposure 
to sunlight (63).  Vitamin D intake from diet and supplements is crucial to maintaining 
vitamin D status during limited sun exposure (64). Unfortunately, there a very few rich 
food sources of vitamin D (see table below) and most are rarely consumed (e.g., wild 
salmon, organ meats).  Fortified foods (e.g., milk, breakfast cereal) and supplements 
are the largest contributors to vitamin D intake (65), but contain relatively little vitamin D 
compared with the amount experts believe necessary to prevent insufficiency (>1000 
IU/d) (66).  Not surprisingly, vitamin D deficiency is widespread among mothers and 
children (67, 68).   
 

Source Vitamin D content 

Natural sources   
Exposure to UVB sunlight (20 min.) 6,000 IU 
Salmon, wild (3.5 oz.) 600-1000 IU 
Salmon, farmed (3.5 oz.) 100-250 IU 
Sardines, canned (3.5 oz.) ~300 IU 
Mackerel, canned (3.5 oz.) ~250 IU 
Tuna, canned (3.6 oz.) ~230 IU 
Cod liver oil (1 tsp) 400-1000 IU 
Shiitake mushrooms, fresh (3.5 oz.) 100 IU 
Egg yolk ~20 IU  
Fortified foods   
Fortified milk (8 oz.) ~100 IU 
Fortified orange juice (8 oz.) ~100 IU 
Fortified breakfast cereal (per serving) ~100 IU 
Infant formulas (8 oz.) ~100 IU 
Fortified yogurts (8 oz.) ~100 IU 
Fortified butter (3.5 oz.) ~50 IU 
Fortified margarine (3.5 oz.) ~430 IU 
Fortified cheeses (3 oz.) ~100 IU 
Supplements   
Multivitamin 400 IU 
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Prenatal vitamin  200 or 400 IU 
Adapted from Holick (67)  
 
 Vitamin D may be important for preeclampsia prevention because its function is 
not limited to its effect on bone metabolism and mineral homeostasis (69).  Vitamin D is 
known to regulate genes associated with normal implantation and angiogenesis (70).  It 
has immunomodulatory properties (71, 72), influences vascular structure and function 
(73), and regulates blood pressure (74).  Maternal vitamin D deficiency may also 
predispose to the increased inflammatory response that characterizes preeclampsia 
(71, 72).  
 We conducted the first study examining maternal vitamin D status before disease 
onset and risk of preeclampsia (75).  In a nested case-control study of nulliparous 
pregnant women in Pittsburgh who enrolled at <16 weeks gestation, we selected all 
preeclampsia cases (n=55) and a random sample of controls (n=219).  We observed 
that adjusted serum 25(OH)D levels at <22 weeks gestation were lower in women who 
subsequently developed preeclampsia compared with controls (geometric mean (95% 
CI): 53.1 (47.1, 59.9) versus 45.4 (38.6, 53.4) nmol/l, p<0.01).  There was a monotonic 
dose-response relation between serum 25(OH)D at <22 weeks and risk of 
preeclampsia.  After confounder adjustment, a 50-nmol/l decline in 25(OH)D 
concentration doubled the risk of preeclampsia (adjusted OR (95% CI): 2.4 (1.1, 5.4)).  
Moreover, newborns of preeclamptic mothers were twice as likely as control newborns 
to have 25(OH)D <37.5 nmol/l (adjusted OR (95% CI): 2.2 (1.2, 4.1)).  These data 
suggest that maternal vitamin D deficiency may be an independent risk factor for 
preeclampsia.  
 Our findings are supported by results from two vitamin D supplementation 
studies to prevent preeclampsia.  In an uncontrolled trial conducted in 1938, treatment 
with a supplement containing 900 IU/d vitamin D provided at 20 weeks’ gestation 
reduced the odds of PE by 32% (95% CI: 11-47%) (76).  Marya et al. randomized 400 
women at 20-24 weeks’ gestation to vitamin D (1,200 IU/day) and calcium (375 mg/day) 
supplements or no treatment and found a significant reduction in blood pressure 
(p<0.001) and a non-significant reduction in preeclampsia incidence in the treated group 
compared with the untreated (6% vs. 9%) (77).  Data from calcium trials in preeclampsia 
may also be relevant to the effect of vitamin D on disease risk.  Calcium prevents 
preeclampsia among women with very low baseline calcium intake (62).  Inadequate 
dietary intake of calcium can cause a secondary vitamin D deficiency (78).  Thus, 
calcium supplementation may increase the available vitamin D for its hypothesized 
effect on angiogenesis, vascular physiology, and insulin sensitivity (79).  
   
 Zinc. Biomarkers of zinc status, including plasma and white cell zinc 
concentrations and placental zinc concentrations are reduced in women with overt 
gestational hypertension and/or preeclampsia compared with controls (80-83).  Zinc has 
not been assessed in observational studies before disease onset. One randomized trial 
of zinc supplementation during pregnancy showed a protective effect against the 
development of preeclampsia (84), while the other had no benefit (85).  Both studies 
were underpowered to test this effect.  More research is needed into the role of zinc in 
the pathogenesis of preeclampsia.  
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 Magnesium. Because magnesium sulfate has been used to successfully treat 
and prevent eclampsia, there has been some research into the role of dietary 
magnesium as a risk factor for preeclampsia.  However, in the two randomized trials 
conducted to evaluate elemental magnesium supplementation to prevent preeclampsia, 
no benefits were observed (86, 87). 
 
 Salt intake.  Although excessive salt intake may be related to hypertension 
outside the context of pregnancy, there is very little evidence to support an association 
between salt and risk of preeclampsia or gestational hypertension. There was 
widespread use of salt restriction during pregnancy in the recent past. However, a 
thorough evaluation conducted in 1990 (88) showed no definitive evidence that sodium 
intake is related to incidence of the disorder.  Subsequent randomized trials conducted 
to restrict salt intake during pregnancy had no benefit (89, 90). 
  
 Multivitamin supplements.   In a recent report, we showed that regular use of 
prenatal or multivitamins in the 3 months before conception and 3 months after 
conception reduced the risk of preeclampsia by 45% (RR 0.55; 95% CI: 0.32, 0.95), 
even after adjustment for sociodemographic and lifestyle variables (91). These results 
are consistent with another observational study of multivitamin use during pregnancy 
(92, 93) and a uncontrolled trial of multivitamins provided at 20 weeks’ gestation (20).  
Past studies assessed typical multivitamins, which contain doses of nutrients around the 
daily recommended levels in pregnancy. While the leading evidence suggests that 
antioxidants or folate in the multivitamins may be the most relevant for this effect, many 
other micronutrients have been implicated and warrant further study (94).  
 
 Summary: strength of the evidence relating nutrients to preeclampsia prevention. 
The strongest evidence relating nutrients to preeclampsia prevention is for vitamins C, E 
and calcium.  Each of these nutrients has been well-tested in randomized controlled 
trials, the findings of which are supported by rigorous observational studies.  It seems 
clear so far that 1 g of calcium may prevent preeclampsia only in women at high risk of 
the disease and among women with very low baseline calcium intake.  Vitamins C and 
E in the form of high-dose supplements may prevent preeclampsia as well, but we are 
awaiting a very large randomized trial in the U.S. and two other trials world-wide to 
determine if supplementation may prevent disease and in what population.  It is 
important to recognize that the dosages tested in these studies are well above the 
amount achieved through a usual diet. 
 For other nutrients, the evidence is currently not strong enough to use as the 
basis for specific recommendations.  While there are some intriguing observational data 
and strong biologic plausibility for a role of nutrients like folic acid, vitamin D, and 
omega-3 fatty acids, more rigorous studies are needed to test these associations 
definitively.  While evidence from the diet-cardiovascular disease literature can help us 
generate hypotheses as to nutrients that may be relevant, it is clear that more rigorous 
studies, particularly as they relate to dietary intake of nutrients (rather than 
supplementation only) are desperately needed. 
 
Prepregnancy obesity and preeclampsia risk. 
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 One of the most consistent risk factors for preeclampsia is maternal 
prepregnancy obesity.  Investigators of numerous studies have reported that women 
who enter pregnancy with a high prepregnancy body mass index (BMI) are significantly 
more likely than leaner women to develop preeclampsia (95-99). Recently, we 
demonstrated a monotonic, dose-response relation between prepregnancy BMI and risk 
of both severe and mild preeclampsia and severe and mild transient hypertension of 
pregnancy (95).  For instance, compared with white women with a BMI of 20, the odds 
ratios (95% confidence interval) for severe preeclampsia at BMI values of 25 and 30 
were 1.7 (1.1, 2.5) and 3.4 (2.1, 5.6) in white women, and 2.1 (1.4, 3.2) and 3.2 (2.1, 
5.0) in black women, respectively.  With a 30% prevalence of obesity among 
childbearing-aged women in the United States, obesity could account for over 30% of 
cases. 
 Despite the fact that obesity is associated with positive energy balance, 
micronutrient deficiencies are also present.  Numerous studies of non-pregnant 
populations have found inadequate micronutrient concentrations in particular 
antioxidants in obese women (100, 101).  We have confirmed similar findings in obese 
pregnant women with ascorbate (Bodnar, unpublished 2007).  Vitamin C and other 
antioxidant concentrations decrease with increasing BMI.  Fructose intake is proposed 
as important in the generation of the metabolic syndrome.  A major source of dietary 
fructose is soft drinks.  In years past sucrose was used to sweeten soft drinks.  Sucrose 
is metabolized to fructose and glucose.  Since the 1970’s high fructose corn syrup has 
largely replaced sucrose and thus contributes directly to fructose intake.  Obese 
individuals report a high intake of soft drinks (102). 
   
Physical activity in preeclampsia prevention. 
 A number of investigations into the role of leisure-time physical activity in the 
pathogenesis of preeclampsia have been recently published, with promising benefits of 
exercise on disease risk.  In a case-control study of 172 women who later developed 
preeclampsia and 505 controls residing in Quebec City and Montreal, Marcoux and 
colleagues found that women who reported performing regular recreational physical 
activity in the first half of pregnancy were less likely to develop preeclampsia, even after 
controlling for work activity and other confounders (103).  There was a dose-response 
association observed, with decreasing risks as the average amount of time in exercise 
increased.  Similar findings were reported in another case-control study conducted in 
Washington State (104).   Saftlas and colleagues avoided the concerns about recall 
bias by conducting a prospective cohort study of 2638 pregnant women in New Haven, 
Connecticut who were interviewed at <16 weeks’ gestation (105).  Leisure-time physical 
activity had a protective effect on preeclampsia risk that was similar in magnitude to the 
aforementioned case-control studies.  Others have observed that women who reported 
very strenuous to maximal exertion during usual prepregnancy physical activity were 
78% less likely to develop preeclampsia (OR 0.22; 95% CI 0.11, 0.44) than women who 
reported negligible or minimal exertion (106).  Taken together, these results strongly 
suggest that a physical activity intervention may reduce the risk of preeclampsia.   
 
RESPONSE TO QUESTIONS RAISED BY THE RISC WORKGROUP 



 11 

1. What is the general consensus regarding preeclampsia as it relates to pregnant 
and postpartum women? 
 
Preeclampsia is a major pregnancy abnormality in developed and developing countries.  
Maternal mortality is largely preventable by good prenatal care with delivery for 
progressive disease.  The absence of prenatal care is largely responsible for the 50,000 
deaths occurring yearly in developing countries.  Good prenatal care prevents most 
maternal deaths.  However, preeclampsia even with good care increases risk for 
babies.  Preeclampsia directly affects the baby by reducing the delivery of blood and 
nutrients to the baby.  In addition, the appropriate management of preeclampsia, 
delivering sick mothers with preeclampsia to prevent worsening of the disease, will 
result in early delivery with preterm birth in 10% of cases.  There is no treatment once 
the disease is manifest, and the ideal approach would be prevention.  
 
Preeclampsia appears to be a marker of later life cardiovascular disease (9).  
Cardiovascular disease is more common in women who have had preeclampsia, and 
the general consensus is that this is because preeclampsia is at least in part due to the 
same factors that lead to later life cardiovascular disease.  Despite this, preeclampsia is 
not a subject for major research funding and has not attracted a great deal of national 
attention.  This is problematic, as good prenatal care, which is the cornerstone of 
current management, would be greatly aided by public awareness.  Furthermore, it is 
one of the few factors in women that provide evidence of later life cardiovascular risk.  
Knowledge of preeclampsia may stimulate healthy lifestyle and primary cardiovascular 
disease prevention.  It is also quite possible that these same healthy lifestyle factors, 
including diet, will reduce the recurrence of the disorder. 
 
2a. For a pregnant woman diagnosed with preexisting chronic hypertension, what 
nutrition guidance would be considered appropriate? 
 
Although pregnant women with chronic hypertension are clearly a group at high risk of 
developing preeclampsia and other adverse outcomes of pregnancy, there has been 
very little research related to nutritional adjustments during gestation in this population.  
Salt restriction is an important component of managing hypertension in nonpregnant 
individuals, but is less so for pregnancy.  In fact, the normal physiologic plasma volume 
expansion of pregnancy may be jeopardized with extremely low sodium intakes (≤ 2 g 
NaCl) (107).  It is acceptable to use reduced sodium diets in pregnancy among women 
whose “salt-sensitive” hypertension was successfully managed with such a diet before 
conception.  The sodium restriction should be limited to 60-80 mEq/d.  There is 
equivocal evidence as to whether calcium supplementation may prevent preeclampsia.  
Meta-analyses suggest that only women with extremely low baseline calcium intakes 
will benefit (62).  Other nutritional interventions, such as supplementation with dietary 
antioxidants (vitamin C and vitamin E) also show promise in some populations (35).  
However, calcium and antioxidant supplementation have not been specifically studied in 
pregnant women with chronic hypertension.  Other observational data suggest that 
regular use of a prenatal vitamin or multivitamin around the time of conception may 
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lower risk of preeclampsia in a general obstetric population (91).  Again, whether this 
association applies to pregnant women with chronic hypertension is unknown. 
 
We believe that until other information becomes available, it is entirely appropriate for 
pregnant women with chronic hypertension to follow nutrition guidelines established for 
all pregnant women.  Women should (1) take a prenatal vitamin before conception and 
throughout gestation (91); (2) eat a diet that follows the Dietary Guidelines for 
Americans (108); and (3) eat at least 3 meals and 2 snacks per day as outlined by 
ACOG (109).  
 
2b. For a pregnant woman diagnosed with preexisting chronic hypertension, 
would the weight gain recommendation be different from those currently in use? 
 
There are no published data evaluating weight gain as it relates to adverse outcomes in 
women with chronic hypertension.  Thus, the current IOM guidelines for weight gain 
based on pre-pregnancy body mass index should be followed until the IOM 
recommendations are revised or new information becomes available.  As for all 
pregnant women, it should be stressed to women with chronic hypertension that it is 
undesirable to gain excessive gestational weight or lose weight during pregnancy (even 
among women entering pregnancy obese) (107).  
 
Although it has been suggested that extremely vigorous activity may be a problem for 
women with chronic hypertension in pregnancy (107), moderate exercise should provide 
the same advantages to women with chronic hypertension during pregnancy as it does 
to other pregnant women (103).  
 
3a. For a pregnant woman diagnosed with preeclampsia, what nutrition guidance 
would be considered appropriate?  Are certain nutrients recommended at levels 
greater than the RDA for pregnancy?  Would the weight gain recommendation be 
different from the current guidelines established by the IOM? 
 
When addressing the nutritional issues in women diagnosed with preeclampsia, it is 
important to understand how the disorder is managed.  Women with overt preeclampsia 
are followed quite closely with delivery for worsening disease or to avoid worsening 
disease if the pregnancy is near term.  Thus, it is rare for women with preeclampsia to 
remain pregnant long after the diagnosis.  It is important to note that delivery is the only 
known cure for preeclampsia.  Patients with mild preeclampsia may progress slowly and 
be followed but this is unusual.  Women with severe disease and a very immature infant 
are sometimes followed extremely closely in a hospital setting. 
  
In the management of patients with diagnosed preeclampsia, there are very few 
nutritional issues to consider.  It is recommended that women receive the recommended 
level of energy, protein, and sodium; intakes should neither be too low nor excessive. 
 
3d. For a pregnant woman diagnosed with preeclampsia, are lifestyle practices, 
such as moderate exercise, contraindicated? 
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Reduced physical activity throughout the day for a pregnant woman diagnosed with 
preeclampsia is thought to be beneficial, but this recommendation has not been proven 
in rigorous studies. 
 
3e. For a pregnant woman diagnosed with preeclampsia, how might the WIC 
foods be helpful? 
 
To women diagnosed with preeclampsia, WIC foods would be beneficial in ensuring that 
women have access to adequate sources of energy and protein. 
 
3f. For a pregnant woman diagnosed with preeclampsia, would verbal 
encouragement to keep all prenatal care appointments be helpful? What 
additional information may be helpful? 
 
Women with overt or severe preeclampsia are managed in the hospital.  Women with 
mild preeclampsia or women without overt hypertension but in whom preeclampsia is 
suspected would benefit from encouragement to keep all prenatal care appointments.  
Management of the disorder is primarily based on increased surveillance at prenatal 
care visits.  Increased surveillance helps to prevent the disorder from worsening and to 
protect the health of the fetus. 
 
4a. For a postpartum woman who had preeclampsia while pregnant, what advice 
might help lower her risk of a reoccurrence in a future pregnancy? 
 
An important component of preeclampsia management that has not received adequate 
attention is health maintenance between pregnancies and attempts to prepare for the 
next pregnancy.  Although nutritional prevention of preeclampsia is difficult to prove, all 
of the potentially effective dietary modifications are components of an appropriate, 
healthy diet.  There is evidence that excessive weight gain between pregnancies is 
associated with an increased risk of preeclampsia in subsequent pregnancies (110).  In 
addition, an excessive intake of fructose in soft drinks may contribute to obesity (111) 
and is specifically associated with metabolic changes known to predispose to 
preeclampsia and associated with later life cardiovascular disease (112).  Higher blood 
vitamin C concentrations in early pregnancy are associated with a reduced risk of 
preeclampsia (113), and a diet high in fruits and vegetables (rich sources of vitamin C) 
is a dietary recommendation for all adults (108).  Similarly, a diet with adequate calcium 
is recommended for reproductive age women (108) and this might also be beneficial to 
prevent preeclampsia (114).  Thus, women who have had preeclampsia should be 
advised that they are at risk for recurrent disease and also for later life cardiovascular 
disease.  They should be informed that a valuable aid in preventing these sequelae is a 
nutritionally adequate diet.  
 
In summary, we recommend the following nutrition guidance for preeclampsia 
prevention: 

• Consume a diet consistent with the Dietary Guidelines for Americans. 
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• Meet RDAs for macro- and micronutrients. 
• Take a prenatal vitamin daily. 
• Regularly engage in physical activity. 
• Aim for a healthy BMI before conception. 
• Avoid excessive weight gain during pregnancy and between pregnancies. 

 
 
4b. Would advice about the DASH diet be helpful? 
 
There is no data to support the DASH diet (high fruit and vegetable intake along with 
low-fat dairy intake) in reducing recurrence of preeclampsia.  It does lower blood 
pressure (115) and by and large is compatible with the usual recommendations 
regarding a healthy diet, as suggested by the Dietary Guidelines (108).  However, 
specific recommendation of this diet is not currently justified for the prevention of 
preeclampsia.   
 
4c. What levels of calcium, vitamin C, vitamin E, and folic acid/folate could be 
recommended? 
 
Currently there is no evidence to support doses of vitamins C and E prior to or during 
pregnancy that are higher than the RDA.  There is observational data to suggest an 
adequate intake of vitamin C in early pregnancy protects against preeclampsia (34).  
Also, observational studies suggest standard vitamin supplements taken before 
pregnancy reduces the risk of preeclampsia (91).  Like all observational data, these are 
limited by potential misclassification, recall bias, and unmeasured confounding.  
However, they support the notion that intake of vitamins C and E, either from foods or 
supplements, in amounts at the RDA for pregnant women, may protect against 
preeclampsia. 
 
There is inconsistent evidence supporting folic acid in the pathophysiology of 
preeclampsia.  Because it is well established that 400 ug of folic acid taken 
periconceptionally will reduce the risk of neural tube defects, women should strive for 
this level of supplementation while also meeting the RDA for folate from food sources. 
 
In settings of markedly and chronically reduced calcium intake, calcium 
supplementation may reduce preeclampsia risk (61).  This has been directly tested in 
US women with normal and low calcium intake as measured by urinary calcium 
excretion and did not reduce the risk of preeclampsia (116).  Usual pregnancy 
recommendations for calcium intake appear adequate in developed countries. 
 
4d. What lifestyle practices, such as exercise could be recommended? 
 
Women who have had preeclampsia should strive to return to prepregnancy weight both 
for benefit in future pregnancies and as an aid to later life cardiovascular health (110, 
117).  Also, it appears that mild to moderate exercise prior to pregnancy is beneficial to 
reduce the risk of preeclampsia in subsequent pregnancies (103, 105, 106).  
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Furthermore, beginning such a program has established benefit for later cardiovascular 
benefit in these high-risk women.   
 
Smoking should be discouraged.  The relationship of smoking to preeclampsia is 
complex with a reduced risk of preeclampsia in women who smoke during pregnancy 
(118).  However, when preeclampsia occurs in smokers, it is of greater severity (119).  
There is no question that smoking increases virtually every other adverse pregnancy 
outcome: preterm birth, abortion, ectopic pregnancy, abruptio placenta (120) and growth 
restriction (121).  Furthermore, it is detrimental to later life cardiovascular health. 
 
4e. What is the relationship between the metabolic syndrome and preeclampsia? 
 
The metabolic syndrome, a precursor of later life cardiovascular disease, predisposes to 
preeclampsia and is accentuated by preeclampsia.  In the metabolic syndrome, insulin 
resistance is increased with consequent abnormal circulating lipids, increased uric acid 
and hypertension.  Preeclampsia is more common in women with the metabolic 
syndrome (122).  Additionally, the metabolic abnormalities associated with 
preeclampsia mimic those of the metabolic syndrome.  It would seem that the metabolic 
syndrome increases the risk of preeclampsia and contributes to the pathophysiology of 
the condition.  Not surprisingly women who have had preeclampsia are more likely to 
manifest the metabolic syndrome in the years after pregnancy (123).   
 
4f. Does preeclampsia raise a woman’s risk for future cardiovascular disease and 
Type 2 diabetes?  If yes, what advice could be given to help reduce this risk? 
 
Women with preeclampsia have a clearly established increased risk of cardiovascular 
disease in later life. The risk for type 2 diabetes is less well-established.  There are no 
studies that specifically determined lifestyle risk factors for cardiovascular disease and 
diabetes in women with preeclampsia.  However, we expect the prudent advice is the 
same as it would be for all women aiming to reduce chronic disease risk: a diet that 
follows the Dietary Guidelines for Americans, avoidance of obesity, increased physical 
activity and no smoking. 
 
Special considerations in chronic hypertension: 
 
5a. Are there any nutrient-drug interactions with the drugs commonly used for 
treating hypertension during pregnancy (i.e., beta blockers and methyldopa)?  If 
so, what are they? 
 
There are no reports of nutritional drug interactions with any of the drugs usually used to 
treat women with hypertension. 
 
5b. Are these treatments different for breastfeeding mothers?   
 
There is very little information on nursing and antihypertensive therapy.  All of the usual 
antihypertensive drugs transfer into breast milk, so all are of some concern.  Not all 
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drugs get into breast milk to the same extent and this has influenced the choice of drugs 
to use in nursing mothers.  Beta-blockers have been studied more than most drugs.  
They have widely differing transfer into milk.  The beta adrenergic antagonists: 
metoprolol, nadolol, acebutolol, sotalol, andatenolol are very well transferred while other 
agents, oxprenolol and propranolol are minimally transferred.  However, an extremely 
important point is that the amount of drugs delivered to the baby in breast milk for even 
the drugs transferred to the highest extent does not approach therapeutic doses for 
infants.  Other commonly used antihypertensive drugs, calcium channel blockers and 
alpha-methyl dopa are minimally transferred in milk.  Compounding the difficulty in 
selecting an agent rationally for a nursing mother is the fact that ACE inhibitors are 
among the least transferred, but have reported risk for fetuses and neonates.  They are 
probably best avoided.  Current recommendations are that if beta adrenergic 
antagonists are chosen, the drugs with least transfer should be used, and that of other 
classes of drugs alpha-methyl dopa and calcium channel blockers are likely safe.   Not 
surprisingly there is controversy about the use of ACE inhibitors.  Nonetheless all of the 
recommendations are based on little data and there is absolutely no long range follow-
up. 
 
5c. Is there a relationship between breastfeeding and hypertension in which 
breastfeeding ameliorates hypertension in women, especially over the long term? 
 
There is no known evidence that nursing reduces maternal blood pressure.  There may 
be a moderate effect to lower systolic blood pressure in adults breast fed as infants 
(124). 
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