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ABSTRACT
Background: Elevated blood pressure (BP) is a major cause of
preventable disease in the United States and around the world.
It has been postulated that phosphorus intake may affect BP,
with some studies suggesting a direct and others an inverse
association.
Objectives: We systematically reviewed the literature on the
association of dietary phosphorus with BP in adults and performed a
qualitative synthesis.
Methods: We included randomized and nonrandomized behav-
ioral intervention and feeding studies (intervention studies) and
prospective observational studies that measured dietary phosphorus
intake or urinary phosphorus excretion and BP. We excluded
studies of supplements, children, or individuals with major medical
conditions. We searched PubMed, Embase, Cochrane Trials, and
clinicaltrials.gov on 1 June, 2017 and 22 August, 2018. We assessed
studies’ risk of bias in their assessment of phosphorus exposure and
BP.
Results: We reviewed 4759 publications and included 14 interven-
tion studies (2497 participants), 3 prospective observational cohorts
(17,795 participants), and 2 ongoing trials. No included intervention
studies were designed specifically to achieve a phosphorus contrast.
Two studies found a significant positive association of dietary
phosphorus with systolic BP, 4 a significant inverse association, and
8 no significant association. Four studies found a significant inverse
association with diastolic BP and 10 no significant associations.
Two cohorts found lower risk of incident hypertension comparing
the highest with the lowest quintiles of phosphorus intake and 1
found no significant difference: HR: 0.86 (95% CI: 0.75, 0.98); HR:
0.83 (95% CI: 0.68, 1.02); and HR: 0.75 (95% CI: 0.45, 1.27),
respectively.
Conclusions: We found no consistent association between total
dietary phosphorus intake and BP in adults in the published
literature nor any randomized trials designed to examine this asso-
ciation. This trial was registered at www.crd.york.ac.uk/prospero/ as
CRD42017062489. Am J Clin Nutr 2019;109:1264–1272.

Keywords: phosphorus, blood pressure, systematic review, urinary
excretion, diet

Introduction
Elevated blood pressure (BP) is a major cause of preventable

disease in the United States and around the world (1, 2).
Nutritional interventions targeting dietary patterns as well as
specific nutrients have been shown to reduce BP (2). Available
evidence, albeit limited, has suggested that increased total
dietary phosphorus intake may be associated with increases (3),
decreases (4), or no changes (5) in BP, although mechanistic
explanations strongly favor a direct association.

Several studies have suggested increased phosphorus intake
is associated with adverse health outcomes related to BP.
Supplementing a meal with sodium phosphate was associated
with impaired endothelial function (6, 7) and there was a
positive association of increased dietary phosphorus intake from
all sources and food additives with increased carotid intima-
media thickness (8). Other observational studies have found
that those who consume higher amounts of dietary phosphorus
were at higher (or at least no lower) risk of developing adverse
cardiovascular outcomes that are more common in those with
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higher BP, including greater left ventricular mass, vascular
calcification, and all-cause mortality (9–11).

In contrast, several observational studies have found that
those who consume higher amounts of dietary phosphorus have
significantly lower BP than those who consume lower amounts
of dietary phosphorus (4, 12, 13). Potential mechanisms for this
are not clear. Habitual high phosphorus intake may result in
changes in the expression of sodium phosphorus cotransporters
responsible for phosphorus reabsorption in the kidneys, which
may, in turn, be involved in overall BP regulation (14, 15).
Alternatively, phosphorus occurs as an anion that must be
accompanied by a cation; several of the cations that occur with
phosphorus [calcium (16) and magnesium (17)] might lower BP.
Hence, it is possible that phosphorus is serving as a marker of
these other nutrients.

In order to explain the conflicting results found in previous
studies, we systematically reviewed the literature to characterize
the direction of the association of total dietary phosphorus
intake with BP in adults. We included in our systematic
review prospective observational studies, randomized behavioral
intervention and feeding studies, and nonrandomized behavioral
intervention and feeding studies.

Methods
The protocol for our systematic review (Prospero:

CRD42017062489; registered 23 May, 2017) was designed
using the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) checklist (18). We initially searched
on 1 June, 2017 and updated our search on 22 August, 2018. We
included randomized and nonrandomized behavioral intervention
and feeding studies (intervention studies) and prospective
observational studies that measured dietary phosphorus intake or
urinary phosphorus excretion and BP.

Study selection

We searched 3 databases of the peer-reviewed literature
(PubMed, Embase, and Cochrane Trials) and clinicaltrials.gov
for ongoing trials. Our search strategy aimed to identify all
studies of humans that estimated dietary intake of phosphorus
and BP or hypertension status (Supplemental Methods 1–3).
Abstracts were imported into Covidence (Covidence.org) for title
and abstract screening and full-text review.

Abstracts and full texts were reviewed independently by 2
members of the review team (STM, ZX, EAH, and SM). The
reference lists of included articles, relevant review articles,
and relevant cross-sectional studies were searched by STM for
relevant articles. Study data were extracted by 1 member of the
review team (STM, ZX, EAH, or SM) and checked by a second
(STM, ZX, EAH, or SM). Quality assessment was performed
by 1 member of the review team (STM, ZX, EAH, or SM) and
checked by a second (STM, ZX, EAH, or SM). Any discrepancies
between reviewers were resolved by group consensus during
periodic meetings.

Inclusion and exclusion criteria

Studies were included if they were original research studies
that 1) contained a measure of dietary phosphorus intake or
urinary phosphorus excretion and 2) measured BP or reported

diagnosis of hypertension or prescription of antihypertensive
medication. Studies were excluded if they were studies of dietary
supplements, did not have data on adults, were in populations
of individuals with major medical conditions (e.g., end stage
renal disease), or were cross-sectional in design (no prospective
follow-up). In addition, studies were excluded if they were not
in languages that were known fluently by the reviewers (English
and Chinese) or could not be translated with limited assistance
from Google Translate (French, Italian, or Spanish). The full
text of all included articles was independently reviewed by STM
and either ZX, EAH, or SM. Each article was double reviewed.
Disagreements on study design were resolved by a third member
of the review team. Review articles were excluded, but their
reference lists were searched for potentially relevant articles that
were then reviewed. Studies that did not clearly meet exclusion
criteria in the title and abstract review stage advanced to full-
text review for eligibility. The references of all included articles
were searched and relevant articles underwent title and abstract
review.

Data extraction

The following information was extracted (when available):
sample size, study group, exposure (dietary intake of phosphorus,
24-h urine excretion of phosphorus), outcome (BP, hyperten-
sion), P value, z score, statistical test, statistical adjustments,
sex distribution, race distribution, age distribution, proportion
on BP medication, BMI, and dietary intake data (calories,
calcium, sodium, magnesium, potassium, and vitamin D).
When necessary, study design articles were used for quality
assessment.

Quality assessment

Quality was assessed for 2 domains: the assessment of dietary
phosphorus exposure and the assessment of BP. Each domain
was classified as having a higher, lower, or unclear risk of bias.
Text from each article supporting the assessment was extracted.
In addition, the method of assessing phosphorus intake was
classified.

To be considered “lower risk” for assessment of dietary
phosphorus exposure, studies must have met the following
criteria: phosphorus exposure estimated from a chemically
analyzed diet with a reported dietary compliance of ≥80%
of participants or phosphorus exposure estimated from a 24-h
urinary excretion with complete collections (as defined by the
study) reported in ≥80% of participants. Studies explicitly not
meeting these requirements were considered “higher risk.” Stud-
ies not explicitly meeting or failing to meet these requirements
were considered “unclear risk.” Studies estimating phosphorus
exposure from self-reported intake (24-h dietary recall interview,
food diary, or food-frequency questionnaire) linked to a nutrient
database were considered “unclear risk.”

To be considered “lower risk” for assessment of BP, stud-
ies must have reported blinding of assessors to participant
assignment and standard assessment protocol including a rest
period before measurement. Studies explicitly not meeting
these requirements were considered “higher risk.” Studies not
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explicitly meeting or failing to meet these requirements were
considered “unclear risk.”

Data analysis

In studies reporting BP, the mean difference in the change
from baseline to end of study between high and low phosphorus
exposure groups was abstracted or calculated from group means.
Pooled SEs from group means were used to calculate 95% CIs
for studies not reporting mean differences. Mean difference was
reported as high compared with low phosphorus exposure group
or change in BP per 100-mg increase in phosphorus exposure,
based on how the data were analyzed and presented in the
individual study. In studies with >2 groups, the mean difference
was calculated between the groups with the largest contrast in
phosphorus exposure. In studies reporting incident hypertension,
the HR comparing between the highest and lowest phosphorus
exposure groups was used. We considered performing a meta-
analysis, but decided against this after concluding that the studies
were few in number and too heterogeneous in terms of design
and reporting. Forest plots were produced using R version 3.4.3
(R Project for Statistical Computing) and the forestplot package
(19, 20).

Results

Search results and study characteristics

A total of 3884 unique abstracts were screened, 746 full-text
articles were reviewed, and 19 studies from 18 full-text articles
were included (Figure 1). Of the 19 included studies, 17 were
from completed studies and 2 were ongoing trials. In addition,
the reference lists of 93 relevant review articles and 119 relevant
cross-sectional studies were searched for additional studies.

We included 14 studies of interventions (12 randomized, 2
nonrandomized) including a total of 2497 participants (Table 1;

Supplemental Material 1). Studies enrolled between 16 and
810 participants and were 3 wk–37.4 mo in duration. Six studies
provided participants with all food (21–26), 2 studies provided
dairy products in addition to a self-selected diet (27, 28), and
6 studies provided dietary advice while allowing participants to
completely self-select diets (29–34). No studies were designed
specifically to achieve a phosphorus contrast.

Of the 5 intervention studies providing all food, 1 estimated
dietary phosphorus exposure from chemical analysis of study
foods (25) and 4 from urinary phosphorus excretion (21–24). Of
the 8 studies allowing partially or completely self-selected diets, 4
estimated dietary phosphorus exposure from urinary phosphorus
excretion (28, 31, 32, 34) and 4 from self-reported dietary intake
(27, 29, 30, 33).

In 9 of the 14 intervention studies (21, 23, 24, 27–32) (95.5%
of the participants), the driver of phosphorus contrast was the
dairy content of the diets. Of these 9, 4 studies (21, 23, 24, 32)
(77.6% of the participants) were specifically studying a Dietary
Approaches to Stop Hypertension (DASH)-style diet pattern rich
in low-fat dairy, fruits, and vegetables with lower amounts of
fat, cholesterol, and often (but not always) sodium than a typical
American diet. One study reported mean arterial BP (33) whereas
the others reported systolic blood pressure (SBP) and diastolic
blood pressure (DBP).

We included 3 prospective observational cohorts (4, 35),
including a total of 17,795 participants. Studies ranged from 2901
to 8208 participants in size and had a mean follow-up time of
27 mo–7.1 y. They all estimated phosphorus intake using food-
frequency questionnaires and reported incident hypertension as
the outcome.

Assessment of risk of bias

Of the 14 intervention studies included, none were rated as
lower risk of bias for both ascertainment of dietary phosphorus
exposure and ascertainment of BP (Table 2). Only 1 study (25)

FIGURE 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow chart. Yellow, source of publication; blue, screening
stage; white, excluded publication; green, included study. 119 studies from 18 publications. 2No data to extract.
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TABLE 2 Assessment of bias for included completed studies1

Bias in ascertainment of exposure Bias in ascertainment of outcome

Author (reference) Rating Justification Rating Justification

Barr et al. (29) − Self-reported intake + Met requirements
Dugan et al. (30) − Self-reported intake ? Unclear blindingUnclear procedure
Manios et al. (27) − Self-reported intake ? Unclear blinding
Zeller et al. (33) ? No completeness reported ? Unclear blindingUnclear procedure
Appel et al. (21) ? No completeness reported + Met requirements
Appel et al.2 (32) ? No completeness reported + Met requirements
Funatsu et al. (31) ? No completeness reported + Met requirements
Hallfrisch et al. (22) ? No completeness reported ? Unclear blindingUnclear procedure
Nouvenne et al. (34) ? No completeness reported ? Unclear procedure
Sacks et al. (24) ? No completeness reported + Met requirements
Van Beresteijn et al. (28) ? No completeness reported ? Unclear blinding
Nowson et al. (23) − Self-reported intake − Blood pressure measured at home by

participants
Hunt et al. (25) + Chemically analyzed food samples ? Unclear blinding
Marshall et al. (26) − Self-reported intake (baseline only) ? Unclear blinding
Alonso et al. (4)—ARIC − Self-reported intake + No interventionStandard procedure
Alonso et al. (4)—MESA − Self-reported intake + No interventionStandard procedure
Alonso, 2005 (35) − Self-reported intake + No interventionStandard procedure

1+, lower risk; ?, unclear risk; −, higher risk. ARIC, Atherosclerosis Risk in Communities Study; MESA, Multi-Ethnic Study of Atherosclerosis.
2Writing Group of the PREMIER Collaborative Research Group.

was rated as lower risk of bias for ascertainment of dietary
phosphorus exposure owing to its use of chemically analyzed
food samples. That study compared a lacto-ovo-vegetarian diet
with an omnivorous diet, with the phosphorus contrast coming
from meat. Only 1 study (23) was rated as higher risk of
bias for ascertainment of BP owing to its use of participant-
measured BP. Eight studies were rated as unclear risk of bias
for ascertainment of BP because they did not mention whether
staff were blinded to participants’ assignment (25–28) or did not
describe the procedure staff used to measure BP (22, 30, 33, 34).
Five studies were rated as lower risk of bias (21, 24, 29, 31, 32).
All 3 prospective cohort studies were rated as higher risk of bias
for ascertainment of phosphorus exposure owing to their use of
self-reported phosphorus intake (4, 35). All 3 were rated as lower
risk of bias for ascertainment of BP (4, 35).

Effect of the intervention on the outcome

Two studies found a significant positive association between
SBP and phosphorus exposure (1.0–3.1-mm Hg higher SBP,
high compared with low phosphorus group) (23, 25) (Figure 2).
Four studies found a significant negative association between
SBP and phosphorus exposure (2.7–6.5-mm Hg lower SBP, high
compared with low phosphorus group) (21, 24, 26, 32). Eight
studies did not find a significant association between SBP and
phosphorus exposure (22, 27–31, 34, 36). None of the included
studies found a significant positive association between DBP and
phosphorus exposure (Figure 3). Four studies found a significant
negative association between DBP and phosphorus exposure
(1.9–5.9-mm Hg lower DBP, high compared with low phosphorus
group) (21, 24, 26, 32). Ten studies did not find a significant
association between DBP and phosphorus exposure (22, 23, 25,
27–31, 34, 36). Three prospective cohort studies were included:

the Atherosclerosis Risk in Communities (ARIC) study, Multi-
Ethnic Study of Atherosclerosis (MESA), and Seguimiento
Universidad de Navarra study. The Seguimiento Universidad de
Navarra study found a HR of 0.75 (95% CI: 0.45, 1.27) comparing
those in the highest quintile of dairy intake (who also had higher
phosphorus intake) with those in the lowest quintile (35).

Alonso et al. (4) was the only included study that specifically
examined the effect of dietary phosphorus intake on BP. They
analyzed individual-level data from both the ARIC and MESA
studies and found age-, race-, and sex-adjusted HRs of 0.86 (95%
CI: 0.75, 0.98) for incident hypertension among those in the
highest quintile of phosphorus intake compared with those in the
lowest quintile in ARIC, 0.83 (95% CI: 0.68, 1.02) in MESA, and
calculated a pooled HR of 0.85 (95% CI: 0.76, 0.95) (4).

We also included 2 ongoing trials registered on
clinicaltrials.gov that will collect data on both dietary phosphorus
intake and BP (37, 38). Neither trial is specifically designed to
examine the effect of dietary phosphorus intake on BP.

Discussion
In our review of the literature, we did not identify any random-

ized clinical trials (completed or ongoing) specifically designed
to estimate the strength and direction of the association of total
dietary phosphorus intake or urinary phosphorus excretion with
BP. We identified 3 prospective observational cohort studies with
estimates of phosphorus intake and incident hypertension. Of
the 17 completed studies included in our review, there was no
consistent association between total dietary phosphorus intake
and BP. This variability between studies may be due to the
drivers of phosphorus contrast or errors in the measurement of
phosphorus intake.

Dietary phosphorus contrast between free-living individuals
comes from a variety of sources (grains, meat, and dairy
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FIGURE 2 Mean difference (95% CI) in systolic blood pressure by phosphorus intake group. Study design and phosphorus estimates are as follows: light
blue, randomized intervention and dietary intake; dark blue, randomized intervention and urinary excretion; pink, nonrandomized intervention and dietary
intake; purple, nonrandomized intervention and urinary excretion.

accounting for >75% of total intake) (39). Of the interventions
we identified, however, dairy intake and a DASH-like diet
pattern were the main drivers of higher phosphorus intake.
Dairy (especially low-fat dairy) has been found to be negatively
associated with BP in several systematic reviews of prospective
cohort studies and randomized interventions (40–42). In dairy,
phosphorus is primarily in the form of calcium phosphate
(43). This makes it difficult, if not impossible, to statistically
separate effects of phosphorus from calcium in dairy. DASH-style
diets are high in phosphorus, but also in other potentially BP-
reducing components. In free-living individuals, high phosphorus
intake could reflect a DASH-style diet pattern (rich in low-fat
dairy, potassium, and calcium), or a BP-raising diet high in
processed meats and snacks. It is not possible to separate the
effect of phosphorus intake from other dietary components in
these studies (such as calcium or potassium) and the matter is
further complicated by potential error in estimating phosphorus
intake.

The included studies assessed phosphorus intake through
chemical analysis, nutrition databases, or urinary analysis. Each
of these methods presents its own limitations. Urinary phos-
phorus excretion has been proposed as a proxy for phosphorus
intake and we used it as such in our study (44–46). However, the
dynamic relation between measurements of intake and urinary
excretion has not been rigorously characterized. Several studies

have found that the association varies within individuals over
time, and between individuals by dietary and nondietary factors
(47–52). Given that the main drivers of phosphorus contrast in our
included studies were dairy intake and a DASH-style diet (rather
than a variety of drivers), it is possible that urinary phosphorus
excretion was not a valid proxy of phosphorus intake in these
studies.

Several of our included studies estimated phosphorus intake
using nutrient database estimates of the phosphorus content of
foods. The accuracy of nutrient database estimates of phosphorus
intake has been shown to vary by the types of food being
consumed and whether or not they contain food additives (53–
55). This could add error to the estimates of phosphorus intake,
reducing the statistical power of these studies. Finally, we found
1 feeding study that assessed phosphorus intake via a chemical
analysis of the food samples that were fed to participants. In
this study, the change in phosphorus was entirely driven by
vegetarian compared with nonvegetarian diets. A recent meta-
analysis found vegetarian diets were associated with lower BP
than nonvegetarian diets (56). A randomized intervention study to
examine the association between total dietary phosphorus intake
and BP would need to achieve a large phosphorus contrast while
controlling for the intake of specific nutrients and general dietary
patterns associated with changes in BP; whether such a trial could
be designed is unclear.
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FIGURE 3 Mean difference (95% CI) in diastolic blood pressure by phosphorus intake group. Study designs and phosphorus estimates are as follows:
light blue, randomized intervention and dietary intake; dark blue, randomized intervention and urinary excretion; pink, nonrandomized intervention and dietary
intake; purple, nonrandomized intervention and urinary excretion.

Strengths of this review include the search strategy. We used
controlled vocabulary in addition to title and abstract search
terms, allowing us to find both indexed and nonindexed studies.
Our use of double independent abstract and full-text review
reduces the likelihood of bias by the authors in the inclusion
of studies. We can be fairly confident that, had a study been
designed and executed to answer this topic, it would have been
captured in our search. This review has several limitations. First,
our search was conducted in English and limited to languages
that were known fluently by the reviewers (English and Chinese)
or could be translated with limited assistance from Google
Translate (French, Italian, or Spanish). The reliability of Google
Translate was not a concern in the current study, given it was
only used for translating specific words (such as phosphorus, BP,
and hypertension) to aid in the understanding of abbreviations
(for example, the abbreviation for phosphorus in Italian is F
for fosforo, not P for phosphorus). No included studies were
in a language other than English and 13 studies were excluded
for being untranslatable. Second, we were not able to address
potential differences by race. Although there are great differences
in BP by race, we do not expect that any potential effect of
phosphorus on BP would differ by race.

This systematic review highlights both the lack of definitive
evidence as to whether total dietary phosphorus intake affects
BP and the complexities of answering that question. It is
unclear whether a randomized intervention study to examine

the association between total dietary phosphorus intake and BP
could be designed. It may be more useful (and practical) to
study biologically relevant categories of phosphorus-containing
ingredients or foods as separate dietary exposures. Although
these categories have not been well defined, they may include
sodium, calcium, and magnesium phosphate ingredients and
foods high in calcium (e.g., dairy) or phytate (e.g., whole grains).
In order to provide accurate guidance to the public and the food
industry, we must understand the relation of these biologically
relevant categories of phosphorus-containing ingredients or foods
with BP and other health outcomes.

In summary, in this systematic review, we did not find any
randomized trials specifically designed to estimate the strength
and direction of the association of total dietary phosphorus
intake and urinary phosphorus excretion with BP. We identified 3
prospective observational cohort studies with estimates of phos-
phorus intake and incident hypertension. Of the 17 completed
studies that we identified, there was no consistent association of
BP with total dietary phosphorus intake and urinary phosphorus
excretion. Rather than studying total dietary phosphorus intake,
it may be more useful to study biologically relevant categories of
phosphorus-containing ingredients or foods as separate dietary
exposures. Although these categories have not been well defined,
they may include sodium, calcium, and magnesium phosphate
ingredients and foods high in calcium (e.g., dairy) or phytate (e.g.,
whole grains). Future studies should then assess the relation of
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these biologically relevant categories of phosphorus-containing
ingredients or foods with BP and other health outcomes.
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