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ABSTRACT

Purpose: Walnut is known to have unique favorable fat

cholesterol (HDL=C), 17

(95% Cl, —0.209, —0.039; p = 0.004),

CVD risk factors.

ty acids, phytochemicals, and other nutrient profiles. As a result,

there has been growing interest in evaluation of its health benefit related to cardiovascular disease (CVD). Although inverse
associations of nut consumption and risk factors of cardiovascular disease have been reported in many epidemiological
studies and qualitative reviews, few meta—analysis studies have been reported. This meta—analysis was conducted in
order to evaluate the effect of a walnut—enhanced diet on CVD risk factors. Methods: We searched Pubmed, Cochrane,
Science Direct, and KISS (Korean studies Information Service System) through July 2014, A random—effects meta—analysis
was conducted on 17 trials reporting total cholesterol (TC), 14 trials reporting LDL cholesterol (LDL=C), 15 trials reporting HDL
trials reporting triglyceride (TG), and four trials reporting flow—mediated dilation (FMD). Results: In
meta—analysis, intake of a walnut—enhanced diet resulted in significantly lowered TC, LDL—C, and TG by —0.124 mmol/I
—0.085 mmol/IL (95% ClI,
—0.155, —0.004; p = 0.039), respectively. The overall pooled estimate of the effect on FMD was +1.313% (95% ClI, 0.744,
1.882, p = 0.000). HDL—C was not affected by walnut intake. No sta
Results of funnel plots and Egger’s regression suggested a low likelihood of publication bias in all biomarkers (p > 0.05).
Conclusion: Findings of this meta—analysis provide consistent evidence that walnut—enhanced diet intake reduces the

KEY WORDS: Meta—analysis, walnut, Juglans regia, blood lipid level, flow—mediated dilation.

—0.167, —0.004; p = 10.039), and —0.080 mmol/I (95% ClI,

tistical heterogeneity was observed for any analysis.
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database search

3 additional records identified
through other sources
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92 duplicate records removed
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‘ 334 records screened ‘*‘ 274 records excluded

60 full-text articles 42 full-text articles

assessed for eligibility

excluded

y
18 articles included in
qualitative synthesis

v

19 studies included in quantitative synthesis (meta-analysis):
« Total cholesterol (n = 17) « LDL-cholesterol (n = 14)
« HDL-cholesterol (n = 15) « Triglyceride (n = 17)

« Flow-mediated dilation (n = 4)

Fig. 1. Flow diagram of included and excluded studies.
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Study WMD 95% Cl
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Din JN et al., 2011 - 0.120 —0.402 0.642
Fitschen PJ et al., 2011 —— —0.040 —~0.476 0.376
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Mukuddem-Petersen J et al., 2007 — -0.570 —1.404 0.264
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Torabian § et al., 2010 —-0.130 —-0.364 0.104
WuHetal., 2010 0.120 —-0.241 0.481
Wu Letal, 2014 -0.160 -0.344  0.024
Zambon D et al., 2000 -0.290 -0.610 0.030
Overall (17 = 0.0% p = 0.949) -0.124 -0.209 -0.039
-6.00 -3.00 0.00 3.00 6.00

A Change in blood total cholesterol level (mmol/l)

Study WMD 95% Cl
Chisholm A et al., 1998 P — e -0.160 -0.570 0.250
Din JN et al., 2011 —_— 0.160 -0.288  0.608
Fitschen PJ et al., 2011 JESN S -0.030 —-0.415 0.355
Katz DL et al., 2012 0.020 -0.224  0.264
MaY et al, 2010 1 0.000 —-0.236 0.236
Morgan JM et al., 2002 —_— -0.100 —-0.369 0.169
Mukuddem-Petersen J et al., 2007 0.050 —0.783 0.883
Ros E et al., 2004 —e -0.310 -0.648  0.028
Tapsell LC et al., 2004 -0.210 —-1.084 0.664
Tapsell LC et al., 2009 _ = —-0.200 —-0.700 0.300
Torabian § et al., 2010 — . —0.090 -0.339  0.159
Wu H et al., 2010 —| . 0.100 —-0.194 0.394
Wu Letal, 2014 — -0.130 -0.314  0.054
Zambon D et al., 2000 R — —-0.290 -0.570 -0.010
Overall (2= 0.0% p = 0.811) E Y -0.085 -0.167  -0.004
B -1.50 -0.75 0.00 0.75 1.50

Change in blood LDL-cholesterol level (mmol/l)

Study WMD 95% CI
Chisholm A et al., 1998 0.030 -0.172 0.232
Din JN et al., 2011 —— 0.000 -0.119  0.119
Fitschen PJ et al.,, 2011 0.030 -0.195 0.255
Katz DL et al., 2012 —n— -0.010 -0.082  0.062
MaY et al, 2010 —_—lbG -0.070 -0.172 0.032
Morgan JM et al., 2002 0.100 -0.071 0.271
Mukuddem-Petersen J et al., 2007 —0.090 -0.228 0.048
Ros E et al., 2004 -0.020 -0.271 0.231
Schutte AE et al., 2006 —0.100 -0.245  0.045
Tapsell LC et al., 2004 0.060 —-0.200 0.320
Tapsell LC et al., 2009 0.000 -0.285  0.285
Torabian S et al., 2010 —1— -0.010 -0.120 0.100
Wu H et al., 2010 0.030 -0.264  0.324
Wu Letal, 2014 0.020 —-0.054  0.094
Zambon D et al., 2000 0.050 -0.076 0.176
Overall (2= 0.0% p = 0.899) -0.007 —-0.040  0.026

c -0.40 -0.20 0.00 0.20 0.40

Change in blood HDL-cholesterol level (mmol/l)

Fig. 2. Forest plof results of the effect of walnut infake on A: total cholesterol, B: LDL-cholesterol, C: HDL-cholesterol, D: Triglyceride, E: Flow-
mediated dilation.
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Katz DL et al., 2012 —a -0.100 -0315 0115
Ma Y et al., 2010 —_— -0.110 —0.405 0.185
M:rg:n (J]M et al., 2002 R -0.100 ~0.563 0363
Mukuddem-Petersen J et al., 2007 —0.140 —0.669 0.389
Ros E et al., 2004 R R—— 0.110 -0.288  0.508
Schutte AE et all., 2006 -0.200 -0.735 0335
Tapsell LC et al., 2004 —-0.150 -0.627 0.327
Tapsell LC et al., 2009 0.300 -0376 0976
Torabian $ et al., 2010 —a ~0.090 -0310  0.130
Wu H et al., 2010 -0.030 -0.635 0.575
Wu Letal, 2014 - -0.090 -0232 0052
Zambon D et al., 2000 —— -0.090 -0.725 0.095
Overall (7 = 0.0% p = 1.000) s -0080  -0.155 -0.004
D -1.20 -0.06 0.00 0.60 1.20
Change in blood triglyceride level (mmol/l)
Study WMD 95% CI
Cortes B et al., 2006 2.300 0607 0773
Katz DL et al., 2012 —— 1.100 0.174 0282
Ma Y et al., 2010 —— 1.000 0227 0.066
Ros E et al., 2004 2.300 1178 0173
Overall (? = 3.9% p = 0.373) ‘ 1.313 0.744 1.882
E ~5.00 —2.50 0.00 2.50 5.00
Change in low-mediated dilation (%)
Fig. 2. Continued.
Table 2. Results of subgroup analysis by dosage, duration and, subject
N Dose (g/day) Duration (day) Subject
ariables
<48 >48 <42 >42 Healthy Patient
No. of studies 8 9 7 10 7 10
, Sample size 590 358 164 784 273 675
T((:mmol/l) Effect size -0.121 -0.127* -0.124 —0.124" —0.126" —-0.122"
95% CI” —0.241,0.000 —0.248, -0.006 —0.316,0.068 —0.219, -0.029 —0.252, -0.001 —0.238, —0.005
I” (%) 0.0 0.0 0.0 0.0 0.0 0.0
No. of studies 8 6 4 10 4 10
Sample size 590 302 108 784 217 675
L%ﬁqol ) Effect size ~0.120* —0.047 ~0.116 ~0.079 ~0.082 ~0.087
95% Cl —0.232, —0.008  —0.165,0.071 -0.311,0.078 —0.168,0.010 —0.214, 0.050 -0.190, 0.015
I* (%) 0.0 0.0 0.0 0.0 0.0 0.0
No. of studies 8 7 4 11 4 11
Sample size 590 370 108 852 217 743
H?ni'riol ) Effect size 0.021 ~0.028 0.008 ~0.009 0.010 0018
95% Cl —-0.029, 0.072 —0.072,0.016 —0.080, 0.095 —0.045, 0.026 —0.043, 0.063 —0.060, 0.025
I’ (%) 0.0 0.0 0.0 0.0 0.0 0.0
No. of studies 7 10 6 11 6 11
Sample size 554 426 128 852 237 743
TG(mmoI/I) Effect size -0.071 -0.092 0.008 —-0.092* —0.091 -0.070
95% Cl —-0.170, 0.028 —0.208, 0.025 -0.208,0.224 —0.173,-0.011  —0.202, 0.020 —0.173, 0.033
I* (%) 0.0 0.0 0.0 0.0 0.0 0.0

1) TC: total cholesterol, LDL-C: low density lipoprotein cholesterol, HDL-C: high density lipoprotein cholesterol, TG: triglyceride

2) Cl: confidence interval

*: p<0.05
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Table 3. Restriction sensitivity and heterogeneity analysis

Recently Controlled subject with
Variables Blinding High quality published background diet borderllrje or higher
baseline value
No. of studies 8 13 9 6 9
; Sample size 488 809 636 254 662
= Effect size —0.064 —0.128" -0.076 —0.194* —-0.130*
(mmol/I)
95% CI” -0.199, 0.071 -0.229, —0.026 —-0.177,0.025 —0.358, —0.030 —-0.227, —0.034
I (%) 0.0 0.0 0.0 0.0 0.0
No. of studies 5 10 8 6 6
Sample size 432 675 620 254 486
LoL-C Effect size 0.014 -0.087 —0.037 -0.211% —-0.139*
(mmol/l)
95% ClI -0.110,0.138 -0.19,0.015 —0.134, 0.059 —0.357, —0.064 —0.249, —0.029
1* (%) 0.0 0.0 0.0 0.0 0.0
No. of studies 5 10 8 6 12
Sample size 432 685 620 254 846
H(Dnl:n_n(iol ) Eifect size ~0.012 ~0.020 ~0.007 0.048 ~0015
95% ClI —0.062, 0.038 —0.062, 0.023 —0.046, 0.031 —0.03,0.126 —0.053, 0.023
I* (%) 0.0 0.0 0.0 0.0 0.0
No. of studies 8 10 8 6 10
Sample size 488 758 600 254 679
e Effect size -0.098 -0.078 —0.088 -0.036 -0.075
(mmol/I)
95% ClI —0.237, 0.041 -0.176,0.019 —0.180, 0.005 -0.177,0.104 —0.217,0.066
I? (%) 0.0 0.0 0.0 0.0 0.0

1) TC: total cholesterol, LDL-C:

2) Cl: confidence interval

*: p <0.05
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