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FIGURE 2 WMD in LDL cholesterol (mg/dL) per 1 serving of nuts/d (28.4 g/d) in randomized and nonrandomized controlled trials, pooled by using
fixed-effects meta-analysis (19-80). To convert mg/dL to mmol/L, multiply by 0.0259. WMD, weighted mean difference.

rather than nut type. Significant heterogeneity in effects was also
not observed for most other factors, including age, sex, back-
ground diet, baseline outcome level, and intervention duration; an
exception was that tree nut intake lowered ApoB to a 3- to 4-fold
greater degree in trials of diabetic populations in comparison to
trials including only nondiabetic participants. In diabetic patients,
ApoB provides more accurate information about atherogenic
particles than LDL cholesterol concentrations (83). These find-

ings suggest that nut consumption may be particularly important
for lowering CVD risk in patients with diabetes.

On the basis of the magnitude of effects of nut intake on
lowering LDL cholesterol and ApoB observed in this meta-
analysis, together with the established relation between LDL
cholesterol and ApoB and CVD events (84), we calculated the
predicted changes in risk of CVD events if one daily serving of
nuts was incorporated into the diet. For an LDL cholesterol
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FIGURE 3 Dose-response relations between tree nut intake (g/d) and absolute (unstandardized) mean difference (mg/dL) in total cholesterol (n = 61
trials) (A), LDL cholesterol (n = 61 trials) (B), apolipoprotein B (n = 19 trials) (C), and triglycerides (n = 59 trials) (D) (19-80). Nut intake lowers total
cholesterol and LDL cholesterol in a nonlinear fashion (P-nonlinearity = 0.001 for both), with stronger effects observed above a nut dose of ~60 g nuts/d.
Linear dose-response relations were observed between nut intake and apolipoprotein B (r = —0.12) and triglycerides (r = —0.16). The 95% CI is depicted in

the shaded regions.

reduction of 4.2 mg/dL and an ApoB reduction of 4.1 mg/dL per
daily serving of nuts observed in randomized trials of this meta-
analysis, a4% (HR: 0.96; 95% CI: 0.93, 0.99) and a 6% lower risk
of coronary events are predicted, respectively. These calculated
effects are smaller than associations between nut intake and CVD
events observed in both prospective cohorts (81, 85) and the
Prevencion con Dieta Mediterranea trial (2). For instance, in
prospective observational studies (85), a daily serving
(28.4 g) of nuts was associated with 29% lower risk of CVD
(HR: 0.71; 95% CI: 0.59, 0.85), whereas in the Prevencion
con Dieta Mediterrdnea trial, a Mediterranean diet sup-
plemented with one daily serving (30 g) of mixed nuts re-
duced CVD events by 28% (HR: 0.72; 95% CI: 0.54, 0.96)
over 4.8 y of follow-up (2). These consistent effect sizes in
prospective studies and controlled clinical trials suggest that
tree nuts have additional cardiovascular benefits beyond
LDL cholesterol and ApoB lowering, for example, im-
proving blood glucose and endothelial function (59). Similarly,
specific constituents in tree nuts, such as polyunsaturated fats,
are thought to influence CVD risk through both lipid and
nonlipid mechanisms (86-88).

Our study has several strengths. Our systematic search makes
it unlikely that large reports were missed, and error and bias were
minimized by independent, duplicate decisions on study in-
clusion and data extraction. Effect sizes were standardized to

a common dose, avoiding combining of heterogeneous com-
parisons (e.g., “high vs. low” intake) and, importantly, allowing
quantitative assessment of dose-response relations. The duration
of trials was adequate to achieve changes and stabilization of
lipid values (12). We evaluated multiple cardiovascular disease
risk factors, including apolipoproteins; separately evaluated
different types of tree nuts; and assessed several sources of
heterogeneity. The identified trial populations were relatively
diverse, including differences in age, sex, disease status, and
background diet, increasing generalizability of our findings.
Potential limitations should be considered. Compliance was
often assessed by self-report, and low compliance would cause
underestimation of effects. Greater effect sizes were observed in
lower quality, nonrandomized trials, yet significant effects on
total cholesterol, LDL cholesterol, and ApoB were still seen in
high-quality, randomized trials. The relatively few trials in some
subgroups examined in heterogeneity analyses limited statistical
power to detect potential interaction; for example, few estimates
(n = 2) were available for some nut types, such as Brazil nuts,
cashews, and pecans. Although larger effects on lowering LDL
cholesterol were observed at higher nut doses in our study, we
did not examine the effects of nuts on weight change. A recent
meta-analysis of controlled trials on this topic (11) found that
nut intake had nonsignificant, inverse effects on adiposity, but
doses in most included trials were modest (<56 g/d, or 2
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servings, of nuts). Furthermore, nut intake was associated with
less weight gain over time in US cohorts of male and female
health professionals (89, 90). Taken together, the inverse asso-
ciations with weight gain observed in both controlled trials and
free-living populations suggest that nut intake might augment
satiety and displace other, less healthful foods in the diet, po-
tentially resulting in less weight gain over time.

In conclusion, this systematic review and meta-analysis of
controlled trials demonstrates that tree nut consumption lowers
total cholesterol, LDL cholesterol, ApoB, and triglycerides. Our
findings also highlight the need for additional investigation of
potentially stronger effects at high doses of nuts and among
diabetic populations.
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