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Nuts have been prominently highlighted across mul-
tiple dietary recommendations and guidelines as nutri-
ent-dense foods that are rich in minerals, vitamins, un-
saturated fatty acids, and fiber. According to the US De-
partment of Agriculture’s Economic Research “Service
Food Availability (Per Capita) Data System” (FADS), the
annual consumption of nuts in the USA has grown from
1.38 pounds per person in 1970 to 3.69 pounds per person
in 2016. In the general population, epidemiologic studies
have shown that higher nut consumption is associated
with better health outcomes, including lower risk of can-
cer, obesity, and all-cause and cardiovascular disease
(CVD)-related mortality [1, 2].

The health benefits of nuts have been well described
and exhibit biologic plausibility given their nutrient com-
position. First, nuts are rich in dietary potassium, which
is the key electrolyte needed for critical cell functions in-
cluding muscle contraction and cardiac conduction. Pre-
scribed-diets that are rich in potassium from nuts, such
as the “Dietary Approaches to Stop Hypertension”
(DASH) diet, have been shown to attenuate CVD risk [3].
Seconds, nuts are a key source of micronutrients (anti-
oxidants) and dietary fiber, the latter of which is needed
to process/absorb nutrients and has demonstrated salu-
tary benefits, including improved blood pressure, glyce-
mic control, dyslipidemia, gastrointestinal motility/con-

stipation, and gut microbiota composition [4]. Third, in
heathy Food Exchange lists, which group together foods
with similar qualities providing the same nutritional val-
ue when exchanged for one another, nuts are oftentimes
included as a dietary fat source given their high mono-
and poly-unsaturated fatty acid and lower saturated fat
content, characterized by more plant omega-3 including
alpha-linolenic acid. Compared with legumes as another
main food consumed in plant-based diet plans, nuts tend
to have even greater vegetable oils, less carbohydrates,
and roughly similar amounts of plant-based protein per
serving. Both nuts and legumes are packed with antioxi-
dant vitamins and essential minerals and have favorable
plant-based protein profiles in order to optimize health.
Other advantageous features of nuts compared to le-
gumes include their convenience as a healthy “snack,”
given that nuts typically do not require cooking, have lon-
ger preservation at room temperature, and are light/com-
pact and easily portable (Table 1).

The high mineral content of nuts has traditionally led
to likely unsubstantiated recommendations to avoid nuts
in chronic kidney disease (CKD). Nuts have high phos-
phorus content, which is one of the common nutrients
restricted in advanced CKD to avoid perceived risk of hy-
perphosphatemia. However, dietary phosphorus has
varying absorbability based on its type (organic vs. inor-
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ganic) and source (animal vs. plant). Given that nuts con-
tain organic phosphorus and are considered a plant-
based phosphorus source, which typically occur in the
form of phytates and have much lower bioavailability due
to lack of the degrading enzyme phytase in humans, it is
highly unlikely that they contribute to dietary phospho-
rus burden in CKD [5]. Furthermore, nuts are usually not
cooked, and hence, it is highly unlikely that they contrib-
ute to dietary phosphorus burden in CKD (<30% ab-
sorbed, particularly if uncooked). The high potassium
content of nuts and potential risk of hyperkalemia may be
another concern among CKD patients. However, grow-
ing evidence has suggested that lower dietary potassium
intake is associated with worse survival in both non-dial-
ysis dependent and dialysis-dependent CKD patients [6,
7]. Another unfounded concern relates to the high mag-
nesium content of nuts, considering that epidemiologic
studies have consistently confirmed the benefits of high
dietary magnesium intake. While nuts are considered a
healthy food in the general population, there has been a
paucity of research examining the impact of nut con-
sumption upon outcomes in patients with CKD.

In this issue of AJN, Wang et al. [1] present data exam-
ining the association between frequency of nut consump-
tion ascertained by Food Frequency Questionnaires
(FFQs) with the prevalence of CKD as well as the risk of
all-cause and CVD mortality among 6,072 adults, com-
prised of 1,203 participants with CKD and 4,869 partici-
pants without CKD, from the US National Health and
Nutrition Examination Study (NHANES) cohort sur-
veyed over 2003-2006. Frequency of nut consumption in
the preceding 12 months was categorized as (1) never, (2)
1-11 times per year, (3) 1-3 times per month, (4) 1-6
times per week, and (5) more than once a day, with those
who have never consumed nuts as the reference group.
Consuming nuts 1-6 times per week (i.e., second highest
category of nut consumption frequency) was associated
with a 33% lower prevalence of CKD in analyses that ac-
counted for key confounders such as socio-demograph-
ics, dietary intake (energy, protein, fat, carbohydrate, sug-
ar), lifestyle factors (smoking, alcohol use), presence of
selected chronic conditions (obesity, hypertension, dia-
betes), and serum lipid levels. Higher nut consumption
was significantly associated with lower all-cause and
CVD mortality in non-CKD participants. Among CKD
participants, across the various exposure groups, those
who consumed nuts 1-6 times per week exhibited a 37%
lower risk of all-cause mortality after adjusting for poten-
tial cofounders including those in the abovementioned
CKD analyses, as well as additional laboratory covariates

Nut Intake in CKD

(eGFR, UACR, serum potassium, serum phosphorus),
comorbidities (coronary heart disease, congestive heart
failure, stroke, cancer), and dietary factors (fatty acids,
phosphorus, sodium, potassium consumption). While
point estimates suggested that greater nut consumption
of 1-6 times per week was associated with lower CVD
mortality risk among those with CKD in fully adjusted
analyses, associations did not quite reach statistical sig-
nificance.

The study by Wang et al. [1] adds important knowl-
edge to the field by demonstrating the favorable impact
of nut intake on CKD progression as well as all-cause and
CVD mortality risk, irrespective of underlying CKD sta-
tus. Although there were consistently incremental trends
between higher frequency of nut consumption and lower
all-cause and CVD mortality in participants without
CKD, this pattern of associations was not observed in
those with CKD (i.e., non-dose dependent relationship
between nut intake and mortality in CKD), emphasizing
the importance of eating an appropriate amount of nuts
once CKD has developed. With respect to practical and
safe implementation, nuts may be incorporated into a pa-
tient-centered diet comprised of the plant-dominant low-
protein or PLADO diet consisting of dietary protein in-
take of 0.6-0.8 g/kg/day with >50% from plant-based
sources, which has been recommended in the nutritional
management of NDD-CKD [8].

Several limitations should be considered when inter-
preting the study’s findings. First, as this was a cross-sec-
tional study that only assessed baseline nut consumption,
the causality effect of nut intake on CKD and mortality
outcomes, as well as the longitudinal impact of varying
nut consumption over time upon these endpoints re-
mains unclear. It is also possible that more frequent in-
gestion of nuts is a surrogate of a healthier diet/lifestyle,
notwithstanding the multivariate adjustment for poten-
tial dietary/lifestyle confounders in this study. Finally,
given that (1) FFQs have a tendency toward non-differ-
ential underestimation of nutrient intake in comparison
to real-time dietary assessments and that (2) serving size
was not ascertained by these FFQs, precise agreement be-
tween the actual versus reported amount and frequency
of nut consumption is unclear.

It also bears to mention that there are remaining
knowledge gaps of the effects of different types of nut in-
take among NDD-CKD and dialysis-dependent CKD pa-
tients, rendering compelling need for future research in
this area. Given the growing global CKD population and
ongoing debate as to whether nut consumption is benefi-
cial for CKD patients in light of their heart-healthy-nu-
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trient content as well as dietary elements that are typi-
cally avoided in advanced kidney disease, the study by
Wang et al. [1] is an important contribution to the field
by underscoring nut consumption as a salutary food in
the CKD diet. These data also highlight that portion size
is a key consideration and that future research defining
the optimal intake of nut consumption in CKD patients
are needed.
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