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Frequent consumption of nuts, an important compo-
nent of plant-based diets, is associated with 15% 
lower total cardiovascular disease (CVD) and 23% 

lower CVD mortality rates.1 Small, short-term random-
ized controlled trials indicate that diets supplemented 
with nuts have a consistent cholesterol-lowering effect; 
however, no trials of nut-enriched diets for lipid changes 
focused on elderly individuals, recruited participants from 
diverse geographical locations, or lasted 2 years.2 Also, 
there is little information concerning the effects of nuts 
on lipoprotein subclasses.
We hypothesized that incorporating walnuts into the 
usual diet would improve the lipid profile irrespective of 
differences in geographical and dietary background. The 
WAHA study (Walnuts and Healthy Aging) is a 2-center 
(Barcelona, Spain and California, USA), 2-year, parallel-
group randomized controlled trial testing the effects of 
walnut-supplemented diets in healthy elderly individu-
als (URL: https://www.clinicaltrials.gov; Unique identi-
fier: NCT01634841).3 Lipoprotein changes were a pre-
specified secondary outcome. The study was approved 
by the Ethics Committee of each center. Data, analytic 
methods, and study materials will not be made available 
to other researchers because of Ethics Committees’ re-
strictions. Eligible candidates were cognitively healthy el-
ders (63–79 years of age) without major comorbidities.3 
After providing informed consent, participants (n=708) 
were allocated to either a walnut-free (control) or wal-
nut-supplemented diet (≈15% of energy, 30–60 g/d). 

In 2-monthly visits, compliance, tolerance, medication 
changes, and body weight were recorded. At each visit, 
8-week allotments of raw, pieced walnuts were delivered 
to the corresponding group. Throughout the study, partic-
ipants were supervised by their primary physicians, who 
changed medications, including lipid-lowering drugs, ac-
cording to their assessment of risk factor levels.

Baseline and 2-year fasting plasma glucose, choles-
terol, triglycerides, and high-density lipoprotein choles-
terol were determined by standard enzymatic methods; 
low-density lipoprotein cholesterol (LDL-C) was cal-
culated by the Friedewald formula. Advanced lipopro-
tein testing was performed with Liposcale, a validated 
2-dimensional 1H-nuclear magnetic resonance spec-
troscopy, at Biosfer-Teslab (Reus, Spain).4 We analyzed 
2-year differences in nutrient intake and body weight by 
1-way ANOVA and changes in glucose and lipoproteins 
by multivariable-adjusted ANCOVA.

Results disclosed that 636 participants completed the 
study (90% retention rate) and 628 had full data for lipo-
protein analyses (mean age 69 years, 67% women, 32% 
treated with statins). Their clinical characteristics did not 
differ from those of completers for the primary cogni-
tive outcome.3 Mean baseline LDL-C and triglycerides 
were 117 and 105 mg/dL, respectively. In-trial statin 
changes were not different by treatment arm. Compli-
ance with the walnut diet was good and body weight was 
stable, with mean 2-year changes of 0.06 kg (95% CI, 
–0.32 to 0.44) in the walnut diet and –0.51 kg (95% 
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CI, –0.91 to –0.12) in controls. Reflecting the nutrient 
composition of walnuts, participants in the walnut group 
increased intake of energy, total fat, fiber, linoleic acid, 
and α-linolenic acid (Figure, A). No significant between-

group changes in fasting glucose were observed (Figure, 
B). The walnut diet significantly decreased (mg/dL) total 
cholesterol (mean –8.5 [95% CI, –11.2 to –5.4]), LDL-C 
(mean –4.3 [–6.6 to –1.6]), and intermediate-density 
lipoprotein cholesterol (–1.3 [–1.5 to –1.0]), correspond-
ing to reductions of 4.4%, 3.6%, and 16.8%, respectively, 
whereas triglycerides and high-density lipoprotein cho-
lesterol were unaffected (Figure, B and C). Total LDL 
particles and small LDL particle number decreased by 
4.3% and 6.1%, respectively (Figure, D). Results were 
not different by study site. Lipid responses to the walnut 
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LDL-C low-density lipoprotein cholesterol

Figure.  Mean percent changes at 2 years in dietary variables and lipid and lipoprotein subclasses by intervention group.
A, Energy and nutrient intake. B, Measured lipid and lipoprotein cholesterol concentrations. C, Estimated lipoprotein lipid concentrations by nuclear 
magnetic resonance spectroscopy. D, Estimated lipoprotein particle number by nuclear magnetic resonance spectroscopy. Error bars represent 
95% CIs. ALA indicates α-linolenic acid; C, cholesterol; DHA, docosahexaenoic acid; En, energy; EPA, eicosapentaenoic acid; HDL, high-density 
lipoprotein; LA, linoleic acid; LDL, low-density lipoprotein; MUFA, monounsaturated fatty acids; P, particle number; PUFA, polyunsaturated fatty 
acids; SFA, saturated fatty acids; TG, triglyceride; and VLDL, very-low-density lipoprotein. *P<0.05. P values for differences in nutrient intake were 
obtained by 1-way ANOVA. P values for differences in lipids and lipoproteins obtained by ANCOVA adjusted by center, age, sex, body mass index, 
smoking status (ever smoker/never smoker), APOE ε4 carriership (yes/no), physical activity changes, diabetes (yes/no), dyslipidemia (yes/no), 
hypertension (yes/no), statin treatment (yes/no), changes in statin doses standardized to simvastatin, and the baseline value of each variable. The 
estimated marginal means of the changes were used to calculate percent changes from baseline in both groups.
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diet differed by sex: LDL-C was reduced by 7.9% in men 
and by 2.6% in women (P-interaction=0.007).

The results of this 2-year randomized controlled trial 
demonstrate that incorporating daily doses of walnuts 
(≈15% of energy) to the habitual diet of free-living 
elderly individuals with an essentially normal lipid pro-
file resulted in a mean 4.3 mg/dL LDL-C reduction, 
which is modest, although greater responses have been 
observed among individuals with hypercholesterolemia.2 
Our data also support a beneficial effect of the walnut 
diet on nuclear magnetic resonance–assessed lipo-
protein subfractions, with reductions of intermediate-
density lipoprotein cholesterol (a sizable contributor to 
remnant cholesterol) and total LDL particles. Prospec-
tive studies have reported that LDL particle number 
consistently outperforms LDL-C in CVD risk prediction 
and that remnant cholesterol causally relates to CVD 
independent of LDL-C.5 That lipid responses were 
not different in the 2 cohorts consuming diverse diets 
strengthens the generalization of our results. WAHA is 
the largest and longest nut trial to date, overcoming the 
limitations of prior smaller and shorter nut studies. The 
novel finding of sexual dimorphism in LDL-C response 
to walnut supplementation needs confirmation. WAHA 
was conducted in free-living individuals, who chose their 
daily foods, which may be viewed as desirable because 
it is closer to real life than the situation in controlled 
feeding studies.

On the basis of associations ascertained in cohort 
studies,5 the observed shift of the lipoprotein subclass 
phenotype suggests a reduction of lipoprotein-related 
CVD risk by long-term consumption of walnuts, which 
provides novel mechanistic insight for their potential car-
diovascular benefit beyond effects on the standard lipid 
panel. Our data reinforce the notion that regular walnut 
consumption may be a useful part of a multicomponent 
dietary intervention or dietary pattern to lower athero-
genic lipids and improve CVD risk.
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