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ABSTRACT

Healthy maternal diets can lower the odds of developing pre-eclampsia, a direct and second leading cause of maternal death, globally. However,
there is a research gap in low- and middle-income countries (LMIC), which bear a disproportionate burden of these deaths. The objectives of this
systematic review were to: 1) evaluate the association between dietary patterns in pregnancy and hypertensive disorders, including pre-eclampsia for
pregnant and postpartum women in LMIC, and 2) compile barriers and facilitators to an adequate maternal diet. A systematic search was performed
on MEDLINE, Embase, the Cumulative Index to Nursing and Allied Health, Web of Science, Cochrane Central Register of Controlled Trials, African
Journals Online, the WHO Regional Databases, 2 trial registries, Google Scholar, and reference lists. Included in the analysis were primary research
studies of dietary patterns during pregnancy, with pregnancy hypertension outcome(s), and conducted in LMIC. Included studies were assessed
using ROBINS-I risk of bias. Thirteen studies were included, of which 5 studies were included in a meta-analysis (Review Manager 5). Lower odds of
pre-eclampsia were associated with adequate (compared with no or low) consumption of vegetables (OR: 0.38; 95% CI: 0.18, 0.80; I2 = 85%; P = 0.01)
and adequate (compared with no or low) consumption of fruit (OR: 0.42; 95% CI: 0.24, 0.71; I2 = 79%; P = 0.008). No firm conclusions could be drawn
about the impact on pre-eclampsia odds of any of the following during pregnancy: high consumption of meat or grains; a “Western”diet; or alcohol
consumption. More LMIC-based research is needed to explore whether the apparent beneficial effects of fruits and vegetables on pre-eclampsia
incidence might be enhanced when maternal malnutrition is prevalent, and/or whether other sociodemographic factors might contribute. Adv
Nutr 2021;12:2387–2400.

Keywords: low- and middle-income countries (LMIC), resource-constrained, pregnancy hypertension, pre-eclampsia, maternal diets, systematic
review, meta-analysis

Introduction
Sustainable Development Goal 3.1 aims to reduce the global
maternal mortality ratio (MMR) to 70 per 100,000 live births,
but reaching this target will not be achieved without reducing
the burden of maternal deaths in low- and middle-income
countries (LMIC) (1–3). In 2017, low-income countries
had an MMR of 462 per 100,000 compared with 11 per
100,000 in high-income countries (HICs) (1). More than
half of all maternal deaths are associated with 3 leading
direct causes: maternal hemorrhage (27%), hypertensive
disorders (14%), and sepsis (11%) (4). Whereas there have
been dramatic decreases in hemorrhage- and sepsis-related
maternal deaths, reductions in pregnancy hypertension-
related deaths have been much slower (3, 4). As a percentage

of overall maternal deaths, the proportion of pregnancy
hypertension-related deaths has remained relatively steady
between 1990 and 2013 (4). Hypertensive disorders of
pregnancy (HDPs) are associated with an estimated 46,000
maternal deaths, 416,000 stillbirths, and 1.5–2 million
neonatal deaths annually (5). Pre-eclampsia, the most serious
of the HDPs (6), is characterized by new-onset hypertension
at ≥20 wk of gestation with proteinuria and/or signs of
organ damage, most commonly the liver and kidneys (6–
8). It is a pregnancy-specific inflammatory disorder related
to abnormal vascular development of the placenta or pre-
existing maternal risk factors for cardiovascular disease
such as hypertension, renal disease, overweight, or diabetes
(9).
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Dietary intake during pregnancy has been proposed
to influence the risk of pre-eclampsia, with micronutri-
ents specifically implicated due to their antioxidant, anti-
inflammatory, or vasoactive properties (6). However, the
evidence remains inconclusive (6), suggesting a need to
look at overall dietary patterns. A systematic review found
that healthy diet interventions reduced the risk of pre-
eclampsia by 33% (7), and a meta-analysis of 4 observational
studies found that a healthy dietary pattern characterized
by high intake of fruits, vegetables, whole-grain foods, fish,
and poultry was associated with lower likelihood of pre-
eclampsia (8). However, all 4 of the studies included in the
meta-analysis were from HICs, with 3 from Norway and
1 from The Netherlands. There is a need to explore the
impact of maternal diet on pre-eclampsia risk in resource-
constrained settings where there are high burdens of both
maternal deaths and maternal undernutrition. The primary
objective of this review was to evaluate the association
between dietary patterns in pregnancy and hypertension for
pregnant and postpartum women in LMIC. The secondary
objective was to understand risk factors associated with
maternal dietary patterns, including identifying barriers and
facilitators to obtaining an adequate maternal diet.

Methods
This review was developed in accordance with the

Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) checklist (10). A review protocol was
registered with PROSPERO (CRD42020165154) prior to
conducting the review.

Searches were conducted on MEDLINE Ovid, Em-
base, the Cumulative Index to Nursing and Allied Health
(CINAHL), Web of Science, Cochrane Central Register
of Controlled Trials (CENTRAL), African Journals Online
(AJOL), and the WHO Regional Databases. WHO Regional
Databases included African Index Medicus, Latin American
and Caribbean Health Sciences Literature, Index Medicus
for the Eastern Mediterranean Region, Index Medicus for
the South-East Asian Region, and Western Pacific Region
Index Medicus. Additionally, searches were supplemented
by reviewing clinicaltrials.gov, ICTRP (International Clin-
ical Trials Registry Platform) Search Portal (WHO), and
Google Scholar, and scanning reference lists. Searches were
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conducted from database inception to February 2020. Based
on the PECOS (Participants, Exposures, Context, Outcomes,
Study design) research framework (Supplemental Table
1), search terms broadly included dietary diversity, di-
etary pattern, diet quality, developing countries, resource-
constrained, LMIC, maternal death, pregnancy hyperten-
sion, pregnancy-induced hypertension, pre-eclampsia, ges-
tational hypertension, chronic hypertension, and eclampsia
(Supplemental Table 2). We used dietary patterns and
outcomes definitions as defined by study authors. Because
the focus is on maternal dietary patterns as the exposure,
searches primarily sought observational cohort studies but
also searched for randomized controlled trials to identify in-
terventions to improve maternal dietary diversity or patterns.
After scoping searches, case-controlled studies were added to
the full searches. Case-controlled studies are less expensive,
quicker, and simpler to facilitate (11, 12), which can make
them more feasible in resource-limited LMIC settings—a
focus of this review. Studies without a comparison group or
longitudinal follow-up, such as cross-sectional studies, were
not included in the review to reduce potential risks of bias
(11).

Titles and abstracts were independently screened by
2 reviewers (MWK, SO) and discrepancies were resolved
by discussion with a third reviewer (KS). Full texts were
independently assessed for their eligibility by the 2 reviewers
(MWK, SO), with the third reviewer (KS) providing an inde-
pendent assessment for discrepancies. Studies were screened
for inclusion if they were studies with 1) primary data
collection; 2) women of reproductive age during pericon-
ception, pregnancy, or postpartum; 3) conducted in LMIC;
and 4) reported maternal dietary patterns in association with
pregnancy hypertension outcomes (Table 1). Only English
language articles were included due to capacities of the
reviewer team. Search results were uploaded in Mendeley
(Elsevier) to remove duplicates, then the reference list was
uploaded to Excel (Microsoft) for study selection.

Details about study design, country, population char-
acteristics, exclusion criteria, age of participants, dietary
assessment, dietary patterns and food groups identified,
outcome measured, comparative risk, relative effect, and risk
factors associated with pre-eclampsia incidence and dietary
patterns were extracted into a data extraction sheet on
Excel (Microsoft) with independent review by 2 reviewers.
Potential confounding factors and co-interventions were also
extracted in preparation for quality assessment. To access
study quality, we evaluated each included study with the
ROBINS-I risk of bias tool, a conceptually rigorous tool for
nonrandomized studies that uses the Cochrane-approved
risk of bias approach and focuses on internal validity (13).
No studies were excluded from the narrative synthesis on
the basis of their quality assessment. However, following
the guidance for using ROBINS-I, studies with high risk
of bias (critical risk of bias) were excluded from meta-
analyses (14). Evidence from studies of similar design, data
collection methodology, sample, and outcomes reported was
pooled using Review Manager (RevMan 5) and reported as
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TABLE 1 Eligibility criteria

Inclusion Exclusion

Population Studies with women of reproductive age (15–49 y)
during prepregnancy, pregnancy, or postpartum (≤42
d after delivery)

Studies with women outside 15–49 y. Studies with men,
children, or infants without separated outcomes for
women

Exposure Studies that report maternal dietary patterns such as
food intake frequencies and diversity

Studies that reported on nutritional status without
discussion of food groups or items

Context Studies conducted in ≥1 low- and middle-income
countries (as classified by the World Bank)

Excluded if study does not specify outcomes of interest
specifically for low- and middle-income countries

Outcomes Studies that report associations between maternal
dietary patterns and pregnancy hypertension
outcomes (chronic hypertension, gestational
hypertension, pre-eclampsia, superimposed
pre-eclampsia)

Studies that report on infant or child health outcomes
only. Studies that do not report on pregnancy
hypertension outcomes

Study design Case-controlled, cohort studies, randomized controlled
trials. Studies with primary data collection

Cross-sectional surveys, uncontrolled pre-post studies,
and studies without primary data collection and
sufficient methodological data, including reviews,
commentaries and editorials, letters to the editor,
study protocols, conference abstracts and
proceedings

Language Studies published in the English language Excluded if not written in the English language
Other No restrictions on the time of publication

ORs with 95% CIs. Evidence was pooled according to the
Mantel–Haenzel random-effects model for analyses with
substantial heterogeneity (I2 > 50%), and sensitivity analyses
conducted to explore the impact of study quality on hetero-
geneity levels (15). Funnel plots to estimate publication bias
were planned if there were >10 included studies in the meta-
analysis.

Results
We identified a total of 4993 records from our database
searches (2648 from MEDLINE, 1801 from Embase, 446
from Web of Science, 14 from CINAHL, 1 from AJOL,
32 from WHO Regional Databases, 43 from CENTRAL, 6
from clinicaltrials.gov, and 2 from the ICTRP Search Portal)
(Figure 1). Two additional unique records were located
through Google Scholar and reference list searching. After
removal of duplicates and screening against the eligibility
criteria, 13 studies were included in the review. Forty-
three full-text articles were excluded. Reasons for exclusion
included that the study did not investigate the population
(16–19), exposure (20–24), or outcome of interest (19, 21,
25–51), was not conducted in an LMIC (52–54), was a
conference abstract only (55), was a cross-sectional survey
design (56, 57), or were duplicates (29, 58) (Supplemental
Table 3).

Characteristics of included studies
One article was published prior to 2000 (59), 1 between
2001 and 2010 (60), and 11 between 2011 and 2020 (61–
71). Overall, there were 7 studies from sub-Saharan Africa
and 6 studies from Asia and the Middle East. There were 5
studies from Ethiopia (62–64, 66, 68), which was the country
with the most studies, followed by Iran with 4 studies (65,
67, 70, 71). There was a study each from mainland China

(69), Turkey (61), Democratic Republic of Congo (60), and
Zimbabwe (59). All studies were of a prospective design with
dietary intake data collected, pregnancy monitoring, and
recording of morbidities. The most common study design
was prospective case-controlled, with 7 unmatched (59, 61,
62, 64, 68, 70, 71) and 3 matched studies (63, 65, 66). In
addition, there were 2 prospective cohort studies (60, 67)
and 1 secondary analysis of a randomized controlled trial
(69). Nine studies reported pre-eclampsia as an outcome
(59, 61–65, 68, 70, 71) whereas 3 studies reported both pre-
eclampsia and gestational hypertension as study outcomes
(60, 67, 69). One study reported HDPs, including pre-
eclampsia, gestational hypertension, or superimposed pre-
eclampsia (66). For more information on study characteris-
tics, see Table 2 (see Supplemental Table 4 for dietary pat-
tern classifications from each included study, Supplemental
Table 5 for outcome definitions from each included study,
and Supplemental Table 6 for reported study outcomes by
study).

Quality assessment
Overall, 7 studies were classed as moderate risk of bias, 4
as serious risk of bias, and 2 as critical risk of bias (see
Supplemental Figure 1 for ROBINS-I risk of bias quality
assessment of each included study, and Supplemental Figure
2 for summary risk of bias). All but 2 studies (60, 61)
adjusted for important baseline confounders. Over half of
the studies controlled for maternal age (9/13, 69.2%) and
a number of studies controlled for parity/gravidity (6/13,
46.2%), prepregnancy BMI (6/13, 46.2%), and family history
of hypertension (4/13, 30.8%) (see Supplemental Table 7 for
adjustment factors). The majority of studies also excluded
women with a prepregnancy history of hypertension (7/13

Maternal diet and pregnancy hypertension review 2389



FIGURE 1 PRISMA flow diagram.

excluded, 1/13 adjusted, 61.5% total). Based on a list of po-
tential risk factors for pre-eclampsia described by Schoenaker
and colleagues (72), a number of confounding variables were
unaccounted for in all studies, including ethnicity, season
of infant birth, maternal height, and smoking status. Some
studies considered ethnicity in participant characteristics
to understand the composition of study samples; however,
no analyses adjusted for ethnicity. Few studies adjusted
for socioeconomic status (SES), history of pregnancy hy-
pertension, blood pressure in early pregnancy, gestational
age, pregnancy interval, gestational weight gain, physical
activity, total energy intake, and dietary supplement use (1–
3 studies each). Some studies controlled for confounders
beyond the list described by Schoenaker and colleagues
(72), including rural/urban residence; educational level;
occupation; cohabitation; family planning and whether the
current pregnancy was planned; drug use; anemia; urinary
tract infections; multiple pregnancy; antenatal care visits;

differences in physical activities prior to, as opposed to
during, the pregnancy; gestational diabetes; and history of
miscarriage, stillbirth, and pregnancy termination. Due to
the need for a clinical diagnosis for pre-eclampsia and other
forms of pregnancy hypertension, 12 of 13 studies recruited
participants at a health facility; only the randomized con-
trolled trial also recruited in the community setting (69).
Pregnancy hypertension was often diagnosed by clinicians
external to the dietary study. All studies relied on self-report
of dietary intake patterns through FFQs facilitated by trained
interviewers, of which 6 studies used validated FFQs (65–67,
69–71).

Healthy dietary patterns
Four studies employed principal component analysis (PCA)
to elicit dietary patterns from habitual diets of study
participants. Study participants were scored on consumption
frequency of foods characterizing dietary patterns and

2390 Kinshella et al.
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divided into quartiles (67, 69, 71) or tertiles (70). High
adherence to a dietary pattern included those in the fourth
quartile or third tertile, whereas first quartile or tertile were
classified as low adherence.

Three Iranian studies described a healthy dietary pattern
characterized by frequent consumption of vegetables, fruit,
and dairy products, particularly low-fat dairy (67, 70, 71).
These studies found that women who scored higher on the
healthy dietary pattern had lower odds of developing pre-
eclampsia. Case-controlled studies (2 studies) found that
high adherence to a healthy dietary pattern significantly
reduced the risk of pre-eclampsia by 82–87% [tertile 3
compared with tertile 1 adjusted OR: 0.13; 95% CI: 0.07, 0.22;
P < 0.001 (70), quartile 4 compared with quartile 1 adjusted
OR: 0.22; 95% CI: 0.09, 0.53; P = 0.001 (71)] compared with
low adherence. A prospective cohort study found that high
adherence to a healthy dietary pattern reduced the risk of
pre-eclampsia by 51% (quartile 4 compared with quartile 1
adjusted OR: 0.49; 95% CI: 0.24, 1.00; P = 0.05) (67).

A secondary analysis of a randomized controlled trial
in China identified 5 main food patterns: vegetable, meat,
fruit, snack, and wheat staple (70). Women who scored
high (quartile 4) in the vegetable dietary pattern charac-
terized by frequent consumption of mushrooms, leafy and
cruciferous vegetables, root vegetables, melon vegetables,
and legumes had an 80% reduced risk of pre-eclampsia
incidence (adjusted RR: 0.20; 95% CI: 0.04, 0.98; P = 0.041)
compared with those who scored low (quartile 1) (69). A
higher vegetable dietary pattern score was associated with
lower risk of proteinuria (adjusted RR quartile 4 compared
with quartile 1: 0.44; 95% CI: 0.24, 0.80; P-trend = 0.015).
Vegetable dietary pattern was not associated with risk of
gestational hypertension or proteinuria. Meat, fruit, snack,
and wheat staple dietary patterns were not associated with
pre-eclampsia risk.

In contrast, a case-controlled study in Iran found that
high consumption of a Western dietary pattern characterized
by red meat and/or processed meat, fried potatoes, pickles,
sweets, pizza, and low intake of vegetables was associated
with a 4-fold increase in the odds of developing pre-
eclampsia (adjusted OR: 4.37; 95% CI: 3.04, 6.28; P < 0.001)
(70). An Iranian cohort study also found that a Western
dietary pattern was associated with double the odds of
developing pre-eclampsia (adjusted OR: 2.08; 95% CI: 1.00,
4.36; P = 0.02) (67). Slightly different than in the case-
controlled study, the cohort study defined a Western dietary
pattern as high consumption of processed meats, fruits, fruit
juice, citrus, nuts, fish, desserts and sweets, sugar, saturated
fat, sweet fruit, potato, legumes, coffee, egg, pizza, high-fat
dairy, whole grain, and soft drinks (67). A meta-analysis
was not possible due to heterogeneity of study design and
reporting formats.

Vegetable dietary pattern
Among 7 studies that examined frequency of vegetable con-
sumption in association with risk of developing pregnancy
hypertension, 1 Ethiopian study examining HDP (66) and

2 studies from Zimbabwe (59) and Iran (65) reporting pre-
eclampsia outcomes did not find a significant association.
Four studies found significant associations. Three case-
controlled studies from Ethiopia reported that adequate veg-
etable consumption (≥1–3 servings/wk) was associated with
a 5–58% reduced odds of developing pre-eclampsia [adjusted
OR: 0.46; 95% CI: 0.24, 0.90; P = 0.023 (62), adjusted OR:
0.42; 95% CI: 0.22, 0.82; P < 0.05 (63), daily compared with
no intake adjusted OR: 0.95; 95% CI: 0.01, 0.71; P < 0.05
(68)]. One of these studies found that the relation between
adequate vegetable intake and pre-eclampsia incidence was
only significantly protective after adjustment for daily but
not 1 serving/wk (68). Additionally, a prospective cohort
study from Democratic Republic of Congo found that 3 daily
servings of vegetables was associated with a 12% reduced
risk of pre-eclampsia incidence (RR: 0.88; 95% CI: 0.6, 0.98;
P < 0.01) (60).

A meta-analysis of pooled evidence from the 4 case-
controlled studies that measured pre-eclampsia and could
be grouped as dichotomous indicators resulted in a pooled
OR = 0.38 (95% CI: 0.18, 0.80; I2 = 85%; P = 0.01) for
adequate consumption of vegetables compared with low
or no consumption and risk of developing pre-eclampsia
(Figure 2A). A sensitivity analysis excluding studies classed
as serious risk of bias lowered the heterogeneity between
studies without changing the direction of the effect (OR: 0.29;
95% CI: 0.20, 0.43; I2 = 14%; P < 0.00001) (Figure 2B). One
study with a serious risk of bias that defined low consumption
as <120 servings/mo was responsible for a majority of
the heterogeneity (59). The 3 remaining studies evaluated
consumption of vegetables at least once per week (62, 63, 68).

Fruit dietary pattern
Among 7 studies that examined frequency of fruit con-
sumption in association with risk of developing pregnancy
hypertension, 3 studies from Zimbabwe (59), Iran (65),
and Ethiopia (64) reporting pre-eclampsia outcomes did
not find a significant association. Three studies from
Ethiopia reported that adequate fruit consumption (≥1–3
servings/wk) was associated with a 49–77% reduced odds
of developing pre-eclampsia [adjusted OR: 0.51; 95% CI:
0.29, 0.91; P = 0.023 (62), adjusted OR: 0.45; 95% CI:
0.24,0.87; P < 0.05 (63), adjusted OR: 0.23; 95% CI: 0.06,
0.91; P < 0.05 (68)]. A study from Ethiopia found that
regular fruit consumption ≥2–4 times/wk was associated
with lower odds of developing HDP compared with women
with low consumption (adjusted OR: 0.19; 95% CI: 0.09, 0.42;
P < 0.001) (66).

A meta-analysis of the 5 case-controlled studies that mea-
sured pre-eclampsia and could be grouped as dichotomous
indicators found a pooled OR = 0.42 (95% CI: 0.24, 0.71; I2

= 79%; P = 0.001) (Figure 3A) for adequate consumption
of fruits compared with low or no consumption for the risk
of developing pre-eclampsia. A sensitivity analysis excluding
studies with serious risk of bias lowered the heterogeneity
between studies although the variability was still moderate
(OR: 0.34; 95% CI: 0.21, 0.54; I2 = 56%; P < 0.00001) (Figure
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FIGURE 2 (A) Adequate consumption of vegetables compared with low or no consumption for the risk of developing pre-eclampsia in
low- and middle-income countries; (B) Sensitivity analysis excluding studies classed as serious risk of bias. M-H, Mantel–Haenzel
random-effects model; PE, pre-eclampsia.

3B). The 3 remaining studies also evaluated consumption of
fruits at least once per week (62, 63, 68). The 2 studies with a
serious risk of bias classified low consumption of fruit as ≤12
servings in the month before delivery (59) and no fruit intake
during pregnancy (64).

Other dietary patterns
Other food groups, including meat, poultry, fish, dairy
and other animal products, and grains dietary patterns,
were inconsistently defined among studies. A study from
Zimbabwe suggested that higher consumption of meat might
be associated with risk of pre-eclampsia (adjusted OR: 1.9;
95% CI: 1.5, 5.6 for women with 12–45 servings, and adjusted
OR: 2.9; 95% CI: 0.8, 3.0 for women with 45–72 servings,
compared with ≤11 servings in the month before delivery;
P-trend = 0.142), whereas poultry, fish, and dairy were
not (59). A study from Ethiopia found that overall animal
product intake was not associated with pre-eclampsia (62),
whereas a study from Iran found that meat, beans, nuts,
eggs, and milk were not associated with pre-eclampsia (65).
The same Iranian study found that higher consumption of
grains was associated with a 2-fold increase in the risk of
developing pre-eclampsia (adjusted OR: 2.00; 95% CI: 1.11,
3.61; P < 0.05) (65).

The association between coffee consumption and alcohol
with risk of developing pre-eclampsia or HDPs was explored
in 5 studies from Ethiopia (62–64, 66, 68). None of 4 studies
looking at coffee consumption found a significant association

(62, 63, 66, 68). Three Ethiopian studies found that alcohol
use during pregnancy was associated with pre-eclampsia
incidence (OR: 2.36; 95% CI: 1.42, 3.92; I2 = 69%; P = 0.001)
(Figure 4), although 2 studies were nonsignificant after
adjusting for confounders (62, 63).

Factors associated with dietary patterns
Three studies from Ethiopia found that women who reported
receiving dietary advice during antenatal care had a 48–
83% reduced odds of developing pre-eclampsia [adjusted OR:
0.52; 95% CI: 0.29, 0.96; P < 0.05 (63), adjusted OR: 0.22; 95%
CI: 0.10, 0.48; P < 0.001 (64), adjusted OR: 0.17; 95% CI: 0.05,
0.60, P < 0.05 (68)].

Other studies highlighted the influence of socioeconomic
factors on dietary patterns (61, 62, 67, 71). A study from
Turkey found that low education and income were associated
with lower quality maternal diets and observed that a
majority of the women with pre-eclampsia tended to meet
their protein needs with low-quality, cheap vegetable protein
products instead of animal products (61). A study from Iran
found that women with high adherence to a healthy diet
characterized by vegetables, fruits, low-fat dairy, poultry, and
red meat were more likely to be employed, have graduated
from university, and have husbands who were also employed
(67). A study from Ethiopia reflected that due to poverty,
“regular intake of green vegetables, fruit and animal products
is impossible for most of the population, including pregnant
women” (62).
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FIGURE 3 (A) Adequate consumption of fruits compared with low or no consumption for the risk of developing pre-eclampsia in low-
and middle-income countries; (B) Sensitivity analysis excluding studies classed as serious risk of bias. M-H, Mantel–Haenzel random-effects
model; PE, pre-eclampsia.

Discussion
To the best of our knowledge, this is the first review
examining maternal dietary patterns in association with
pregnancy hypertension specifically in LMIC. Three studies
identified that a healthy dietary pattern characterized by
high consumption of fruits, vegetables, and low-fat dairy
products was associated with a 51–82% risk reduction in
incidence of pre-eclampsia (67, 70, 71). Maternal diets with
no or low consumption of vegetables were associated with 2.6
times the odds of developing pre-eclampsia compared with
women who consumed vegetables during their pregnancies.
Similarly, no or low consumption of fruit was associated with

2.3 times the odds of developing pre-eclampsia compared
with women who consumed fruits during their pregnancies.
Limited data were found to suggest that high consumption
of meat (59), grains (65), a “Western” style diet characterized
by foods with high sugar content, fried and/or processed
(67, 70) foods, or alcohol consumption during pregnancy
(64) might be associated with higher pre-eclampsia incidence
rates; however, mixed results and inconsistent definitions
between studies preclude conclusions.

With 10 of the 13 included studies published within the
past decade, there has been growing interest in maternal
dietary patterns as a risk factor for pre-eclampsia in LMIC.

FIGURE 4 Alcohol use during pregnancy and risk of pre-eclampsia in low- and middle-income countries. M-H, Mantel–Haenzel
random-effects model; PE, pre-eclampsia.
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However, the literature available is mostly limited to 2
countries, Ethiopia and Iran; this limits the broader relevance
of the observed findings. Moderate-to-serious risk of bias in a
majority of studies limits the quality of the evidence, as shown
by substantially reduced heterogeneity in pooled outcomes
when studies with a serious risk of bias were excluded.
Additionally, although the review was limited to cohort and
case-controlled studies and randomized controlled trials,
all of which have lower risk of bias than cross-sectional
studies, the evidence is drawn mostly from case-controlled
studies with few large prospective cohort studies available.
This weakness in the evidence base suggests a clear need
for additional such studies to confirm the relation to pre-
eclampsia.

Although the quality and completeness of current ev-
idence is low, the association between healthy maternal
dietary patterns with lower risk of pre-eclampsia incidence
in LMIC is supported by the similar direction of evidence
from HICs. A previous review including 2 case-controlled
studies from the United States and 2 cohort studies from
Norway suggested that maternal diets rich in fruits and
vegetables had a beneficial effect on pre-eclampsia (72).
A review with 4 publications based on cohort studies in
Western Europe found a 22% lower odds of pre-eclampsia
incidence in women who consumed a healthy dietary pattern
characterized by high consumption of fruits, vegetables,
whole-grain foods, fish, and poultry (9). Three of these
studies were based on the Norwegian Mother and Child
Cohort (MoBa), which found a 28% reduced odds of
developing pre-eclampsia in women with high adherence to
a dietary pattern characterized by vegetables, plant foods,
and vegetable oils [tertile 3 compared with tertile 1 OR: 0.72;
95% CI: 0.62, 0.85; n = 23,423) (73)], particularly those
who reported frequent consumption of organic vegetables
(74). The New Nordic diet and the Mediterranean diet,
characterized by the high intake of fruits and vegetables,
whole grains, fish, legumes, and vegetable oil, were associated
with lower rates of pregnancy hypertension in cohort studies
from Norway (MoBa) (75), The Netherlands (Generation
R) (76), Greece (54), and Australia (the Australian Longi-
tudinal Study on Women’s Health) (77). The Project Viva
cohort from the United States also found that women
with higher consumption of vegetables, fruits, fiber, and
foods rich in folate, calcium, and iron, white compared
with red meat, and polyunsaturated compared with satu-
rated fatty acids/trans fats were 13% less likely to develop
pre-eclampsia (OR: 0.87; 95% CI: 0.76, 1.00; n = 1777)
(78).

As in studies conducted in HICs, this review finds
that healthy diets characterized by adequate consumption
of fruits and vegetables are associated with lower risk
of pre-eclampsia incidence. However, although the odds
of developing pre-eclampsia were lowered by 13–28% by
healthy maternal dietary patterns between 5 cohort studies
in Western Europe and the United States (73–76, 78), the
potential risk reduction could be even larger in LMIC
settings. Four studies from Iran and China reported that

healthy maternal diets characterized by high intake of
vegetables was associated with a 51–82% risk reduction
in incidence of pre-eclampsia (67, 69–71). This could be
related to high rates of maternal malnutrition in LMIC,
and the advantages offered by a diversified diet, rich in
micronutrients (79).

Maternal malnutrition, frequent in LMIC, is characterized
by imbalanced macronutrients and inadequate micronutri-
ent intakes, such as in iron, folate, calcium, and zinc, and
has been documented in a review of 62 studies (79). A
multicountry study from Pakistan, Democratic Republic of
Congo, Guatemala, and India found that inadequate dietary
diversity was found in ≥80% of poor, rural women during
their first trimester, and >80% had inadequate intakes of
folate, vitamin B-12, and choline (37). Researchers also
found inadequate intakes of calcium, thiamine, riboflavin,
and vitamin B-6 were common, but rates varied between
countries (37). Additionally, a study in South Africa and
Zimbabwe in women with a history of pre-eclampsia found
high rates of overweight and obesity (74% from South
Africa and 60% from Zimbabwe with BMI above normal)
alongside high rates of undernutrition (46). Over 80% to
100% of women in the study had below recommended
intakes of calcium, iron, folate, magnesium, zinc, and
selenium, and a majority of women had lower protein
intakes than the estimated average requirement (71% in
South Africa, 98% in Zimbabwe) (46). Two Ethiopian
studies included in the review also described heightened
risk of pre-eclampsia incidence with increased midupper
arm circumference while noting low overall consumption
of fruits and/or vegetables (62, 63). Higher rates of ma-
ternal malnutrition including both obesity and overweight
alongside nutritional deficiencies in LMIC highlight the
importance of adequate diet for maternal health, and the
potential impact that healthy maternal diets can have on
reducing risk of pre-eclampsia and improving maternal
outcomes in general. Although not reporting specifically
on pregnancy hypertension, cohort studies from Ethiopia
and Nepal reported that consumption of dark-green leafy
vegetables in particular was associated with lower odds of
adverse pregnancy outcomes (80) and maternal mortality
(39).

Although the current review suggests the potential for
healthy maternal diets, it is likely that SES plays an important
role and it is unclear whether access to fruits and vegetables
on a regular basis is directly related to a lower incidence of
pre-eclampsia or indirectly because access to higher quality
maternal diets is representative of higher SES. A number
of the included articles suggest the potential importance of
SES, but the discussion was limited (61, 62, 67, 71). Studies
from rural Bangladesh examining determinants of improved
household food security and dietary diversity identified
household wealth and female literacy as important factors
(41, 44). Despite having knowledge about their importance
during pregnancy, dietary diversity and consumption of
micronutrient-rich foods were low in pregnant women of
lower SES (44). A Tanzanian cross-sectional survey found
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that higher dietary diversity was associated with HDP,
but researchers highlighted that could have been driven
by urban residence, greater prepregnancy BMI, and HIV-
positive status (81). More research is needed to understand
the influence of SES on the relation between maternal diets
and adverse pregnancy outcomes, such as pre-eclampsia, in
LMIC.

Strengths of our review include the use of multiple re-
viewers, a comprehensive search strategy employing multiple
databases and gray literature, and use of quality assessments.
A limitation of the current review is the exclusion of non-
English-language articles, which might have excluded some
studies. Publication bias was not evaluated due to the
relatively small number of studies included in the meta-
analyses and there is potential of an increased risk of
making a type I error that results from testing multiple
study outcomes in meta-analyses. Additionally, inconsistent
definitions of dietary patterns limited the ability to pool
evidence, particularly beyond frequency of fruit and veg-
etable consumption. Furthermore, although material dietary
diversity was a focus outlined in the protocol, it remains
a research gap in the literature. Studies tend to look at
consumption of different food groups but not necessarily
to see if the same woman is consuming multiple food
groups.

Conclusions
Maternal diet is increasingly recognized as critical to the
health of the mother as well as to the healthy development of
her child. Pre-eclampsia is the second leading direct cause of
maternal deaths worldwide and there is evidence that healthy
dietary patterns characterized by regular consumption of
fruits and vegetables can be related to lower incidence of
pre-eclampsia. This association was previously demonstrated
in research conducted in HICs. The review suggests that
the association can also be found in women in LMIC,
perhaps with an even stronger potential effect. However,
the completeness and quality of evidence from LMIC is
currently low, with few large prospective cohort studies
investigating this topic. Further research with larger cohorts
is needed to systematically evaluate the association, inves-
tigate deeper into dietary diversity and the consumption of
different food groups, and explore the potential interaction
with SES.
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