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Palm oll productivity
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Fatty acid composition
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2. Scientific evidence on palm oil consumption
and cardiovascular diseases



The hierarchy of clinical evidence

Ecological, cross-sectional....

In vitro Research
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What evidence on the effect of palm oil on blood
lipid markers of cardiovascular disease risk? 10

: general population (humans)
- diets rich in palm oil, palm olein or palmitic acid at the sn-1,3 position

. diets rich other dietary fats
estearic acid
smyristic and/or lauric acid
smonounsaturated fatty acids (MUFA), mainly in oleic acid
spolyunsaturated fatty acids (PUFA), mainly linoleic acid
spartially hydrogenated fatty acids (TRANS)
sinteresterified (IE) palm oil or with palmitic acid occurring in sn-2 position

TC, LDL-C , HDL-C TC/HDL-C ratio, LDL-C/HDL-C, TAG, Apo Al, Apo B, VLDL, Lp(a)

Inclusion Criteria:

= Control and intervention diets, and the exchange of the test fat, should be iso-energetic
= Estimate of mean values, and a corresponding measure of dispersion for the outcome

* Intervention duration over 2 weeks



Flow chart study selection

Records identified through Additional records
PubMed, Embase, and Cochrane identified through other
Library searching sources

(n=902) (n=2)

Identification

Records after duplicates removed
(n=725)

Records excluded (title and/or
Records screened abstract not relevant; not

(n=725) | satisfying the inclusion criteria)
(n=619)

"

Full-text articles excluded
(reviews, letters, commentaries,
other fatty acids or markers, not

enough statistical information)

Full-text articles assessed
for eligibility
(n = 106)

Studies included in
qualitative synthesis
(n=53)

r

Studies included in
quantitative synthesis
(metz-amalvsis)

(n = 51)

Included




Results Palm Oil (PO) meta-analysis (1)

C LDL-C (mg/dL): PO vs MUFAs

B LDL-C (mg/dL): PO vs myristic/lauric acid

Study
D

Ng 1991 (37)
Denke 1992 (55)
Heber 1992 (56)
Tholstrup 1994 (63)
Tholstrup 1994 (62)
Zock 1994 (€8)
Sundram 1994 (85)
Schwab 1995 (75)
Temme 1996 (66)
Sundram 1997 (41)
Snook 1999 (58)

Overall

—

WMD (95% CI)

M, mean

(SD); Treatment

-25.52 (-46.32, -4.73) 27, 97.4(29.8)

8.89 (-6.60, 24.39)
-14.00 (-34.83, 6.83)
1.16 (-9.61, 11.83)
-4.25 (-20.95, 12.44)
-4.23 (-13.94, 5.43)

14,152 (18.7)
13,115 (25.2)
12, 86.6 (14.7)
15, 114 (21)

B8, 115 (27.8)

-11.99 (-23.95, -0.03) 17,92.4(17.8)

3.09 (-10.32, 16.50)

-5.03 (-23.04, 12.99)

15,113 (19.5)

32, 143 (35.2)

-16.24 (-30.31, -2.18) 27, 122(28.2)

8.89 (-10.52, 28.31)
4.70 (-10.28, 0.87)

16, 98.6 (30.9)

N, mean

{3D); Control

27,123 (46.4)
14, 143 (22)

13, 129(28.8)
12, 85.5 (12.1)
15, 119(25.5)
69, 119(30.2)
17,104 (17.8)
15,110 (18)

32, 148 (38.3)
27,138 (24 4}
17, 89.7 (25.5)

T
-46.3

Favors PO

T
46.3

Favors myristic/lauric acid

Study
D

Mattson 1985 (57)
Bonanome 1988 (53)
Denke 1992 (55)
Mestel 1992 (43)

Ng 1992 (38)

Mg 1992 (38)

Zock 1994 (68)
Nestel 1994 (48)
Choudhury 1995 (45)
Sundram 1995 (39)
Temme 1996 (66)
Moakes 1996 (52)
Sundram 1997 (41)
Cater 1997 (34)
Choudhury 1997 (486)
Cuesta 1998 (71)
Montoya 2002 (72)
Montoya 2002 (72)
Vega-Lopez 2006 (59)
Mensink 2008 (65)
Overall

-_1:_.._

o ER
-
-

¥

-

M, mean

WMD (85% CI)

24.00 {-2.66, 50.66) 20,
21.27 (0.88,41.66) 11,
23.98 (10.33, 37.62) 14,
10.00 (-3.87, 23.87) 27,
-1.00 (-14.59, 12.59) 33,
-2.00 (1577, 11.77) 33,
14.69 (5.47,23.92) 69,
2.90 (-7.14, 12.94) 34,
-3.09 (-27.62, 21.43) 21,

(SD); Treatment

143 (49.2)
140 (23.1)
152 (19.7)
161 (26)
133 (25)
125 (27)
115 (27.8)
157 (24.7)
129 (43.7)

464 (3.14,12.42) 23,99 (18.9)

8.51(-9.02, 26.04) 32,
15.85 (0.11,31.80) 23,
-0.77 (-15.53, 13.98) 27,

143 (35.2)
162 (31.3)
122 (28.2)

25.14 (3.83,46.44) 9 1692 (27.1)

10.44 (-7.84 28.72) 42,
29.78 (4.10,55.45) 14,
16.63 (-1.44, 34.69) 24,
16.63 (-3.04, 36.30) 17,
25.00 (3.81,46.19) 15,
13.53 (-4.81, 31.87) 44,
10.75 (6.60, 14.89)

143 (43.7)
167 (36.3)
152 (33.3)
164 (32.9)
165 (35)

148 (44.1)

N, mean
(SDY; Control

20, 119 (35.8)
11, 119(25.7)
14, 128 (17)

27, 151 (26)

33, 134 (31)

33, 127 (30)

69, 101 (27.5)
66, 154 (23.7)
21, 132 (37.1)
23, 94.4 (1.93)
32, 135(36.3)
23, 146 (22.4)
27, 123 (27.1)
9, 144 (18.2)

42,132 (41.8)
14, 138 (32.9)
24, 135 (30.5)
17, 148 (25.1)
15, 140 (23)

44,135 (43.7)

-55.4

Favors PO

Favors MUFAs

Am J Clin Nutr 2014:99:1331-50. Printed in USA. © 2014 American Society for Nutrition




Results Palm Oil (PO) meta-analysis (2)

E LDL-C (mg/dL): PO vs trans fatty acids

LDL-C (mg/dL): PO vs PUFAs

M, mean M, mean N, mean N, mean

WMD (95% CI) (SD); Treatment (SD); Control

WD (95% Cl) (SD): Treatmant (SD): Contral

Mattson 1985 (57)
Marzuki 1991 (36)
Ghafoorunissa 1995 (76)
Ghafoorunissa 1995 (76)
Ghafoorunissa 1995 (76)
Zhang 1997 (59)

Zhang 1997 (69)

23.00 (-4.86, 50.86) 20, 143 (492) 20, 120 (40.2)
-1.55 (-1067, 758) 110,916 (32.4) 110, 93.2 (35.5)
-8.00 (-27.90, 11.90) 12,71(31.5) 12, 79(15.8)
4.00(-14.22,2222) 12,104 (208) 12,100 (24.6)
-1.00 (-17.27, 15.27) 12, 98 (17) 12, 99(23.2)
-7.15(-16.19, 188) 30, 82.4 (20.5) 60, 89.5 (20.9)
10,83 (-18.21, -3.44) 50, 146 (17.9)

Heber 1992 (56) 4.00 (-14.07, 22.07) 13, 115(25.2) 13, 111 (21.6)

Nestel 1992 (43) -4.00 (-18.69, 10.69) 27, 161 (286) 27, 165 (29)

Nestel 1995 (50) 15.85 (-2.63, 34.34) 27, 171(36.3) 27, 155 (32.9)

Noakes 1996 (52) 11.60 (-5.32, 28.52) 23, 162(31.3) 23, 150 (27.1)

Sundram 1997 (41) -25.52 (-43.11,-7.93) 27, 122(28.2) 27,147 (37.1)

82, 167 (20.1)

Muller 1998 (78)
Montoya 2002 (72)
Montoya 2002 (T2)
Scholtz 2004 (82)
Pedersen 2005 (77)
Vega-Lopez 2006 (59)
tarwuthipong 2008 (83)

Owverall

11.21 (-3.26, 25.69)

2262 (6.34, 38.90)

37.32 (19.79, 54.84)
8.51 (-11.59, 28.61)
11.21 (-3.26, 25.69)
20.00 (-1.48, 41.48)

1260 (0.46, 24 74)
7.27 (-0.15, 14.70)

27, 112 (29)
24, 152 (33.3)
17, 164 (32.9)
36, 135 (33.7)
27,112 (29)

15, 165 (35)

32, 169 (25.4)

27, 101 (25.1)
48, 129 (33.1)
34, 127 (23.6)
20, 126 (38.4)
27, 101 (25.1)
15, 145 (24)

32 156 (24.1)

T

Muller 1998 (78)
Mutalib 1999 (81)
Pedersen 2005 (77)
Vega-Lopez 2006 (59)
Sundram 2007 (42)
Teng 2010 (44)

Overall

0.77 (-14.19, 15.74) 27, 112 (29)
38.72(17.82, 55.63) 15, 138(32.9)
0.77 (-14.19, 15.74) 27, 112 (29)
3.00 (-19.68, 25.68) 15, 165 (35)
-8.51(-19.99, 2.97) 30, 119 (20.9)
-11.21(-15.88, -6.55) 82, 109 (12.6)
1.07 (-7.51, 9.64)

27, 111 (27.1)
28, 102 (24.1)
27, 111 (27.1)
15, 162 (28)

30, 128 (24.4)

41,120 (12.4)

-54.8 54.8 -55.6 55.6

Favors PO Favors PUFAs Favors PO

Favors trans fatty acids

Am J Clin Nutr 2014:99:1331-50. Printed in USA. © 2014 American Society for Nutrition



Results Palm Oil (PO) meta-analysis (3)

B HDL-C (mg/dL): PO vs myristic/lauric acid

Study
D

Ng 1981 (37)
Denke 1992 (55)
Heber 1992 (56)
Thelstrup 1994 (63)

Zock 1994 (68)

—.-

Sundram 1994 (85)

Schwab 1995 (75) — =

Temme 1996 (66) ——

I
Sundram 1997 (41) i ]
I

Snook 1999 (58) ~——m—

Owverall @

WMD (95% CI)

N, mean

(SD); Treatment

-10.44 (-16.22, -4.66) 27, 41.8 (10.4)

-2.32 (-8.34, 3.70)
-1.00 (-13 55, 11.55)
-3.48 (-9.40, 2.44)
-7.73 (-1365, -1.81)
-5.03 (-9.55, -0.50)
-3.87 (-9.75, 2.02)
1.16 (-6.90, 9.22)
-4.64 (-1271,343)
3.09 (-1.55, 7.74)
-5.41 (1454, 3.71)

-3.70 (-6.26, -1.15)

14, 34.8 (8.12)
13, 41 (18)

12, 39.1 (6.7)
15, 38.3 (7.49)
69, 58.8 (12.8)
17, 41.8 (7.73)
15, 58.8 (12)
32, 56.8 (15.5)
27, 48.7 (8.51)
16, 50.3 (12.4)

M, mean

(SD); Control

27, 52.2 (11.2)
14, 37.1 (8.12)
13, 42 (14.4)

12, 42.5 (8.04)
15, 45 (8.99)

69, 63.8 (14.3)
17, 45.6 (967)
15, 57.6 (10.5)
32,61.5(17.4)
27, 45.6 (8.89)

17, 65.7 (14.3)

I
-16.2

Favors myristic/lauric
acid

I
16.2

Favors PO

C HDL-C (mg/dL): PO vs MUFAs

Study
1D

Matison 1985 (57)
Bonanomes 1988 (53)
Denke 1992 (55)
Mestel 1992 (49)

Mg 1992 (35)

Mg 1992 (38)

Zock 1994 (68)
MNestel 1994 (48)
Choudhury 1995 (45)
Sundram 1995 (39)
Temme 1996 (66)
Moakes 1996 (52)
Sundram 1997 (41)
Cater 1997 (54)
Choudhury 19897 (46)
Cuesta 1998 (71)
Montoya 2002 (T2)
Montoya 2002 (72)
Sanchez-Muniz 2002 (73)
Vega-Lopez 2006 (59)
Mensink 2008 (635)
Overall

WMD (95% CI)

1.00 (-4.54, 6.54)

N, mean

N, mean

(S0); Treatment (SD), Control

20,39 (8.24)

-1.55 (-15.21, 12.12)11,42.2 (12.8)

2.71 (-2.90, 8.31)
4.00 (0.80, 7.20)
0.00 (-3.63, 3.63)
0.00 (-3.63, 3.63)
0.77 (-3.30, 4.84)
1.16 (-2.63, 4.95)
4.25 (-2.04, 10.55)
0.00 (-6.60, 6.60)
1.16 (-6.23, 8.55)
1.16 (-6.10, 3.42)
0.39 (-3.85, 4.63)
-0.77 (-8.49, 6.94)
2.32 (-3.80, 8.44)
11.21 (-0.62, 23.05)
0.39 (-6.67, 7.44)
0.00 (-7.54, 7.54)
11.21 (-0.62, 23.05)
2.00 (-3.73,7.73)
2.71 (-3.93, 9.34)
1.54 (0,38, 2.71)

14, 34.8 (8.12)
27,42 (6)
33,37 (8)
33,46 (7)

69, 56.8 (12.8)
34,441 (9.28)
21,35.2 (12.8)
23,47.6 (10.8)
32, 56.8 (15.5)
23,48.3 (12.8)
27,48.7 (8.51)
9, 35.2 (6.19)
42,476 (14.7)
14, 86.6 (13.9)
24,46 (13.9)
17,57.6 (11.2)
14, 86.6 (13.9)
15,50 (8)
44,62.6 (16.6)

20, 38 (8.94)
,43.7 (19.2)
14, 32.1 (6.96)
27,38 (B)
33, 37(7)
33, 46 (8)
69, 58 (11.6)
68, 42.9 (8.02)
21, 30.9 (7.35)
23,476 (12)
32, 55.7 (14.7)
23,472 (12.4)
27, 48.3 (7.35)
9, 36 (10.1)
42, 45.2 (13.9)
14, 75.4 (17.8)
24, 45.6 (10.8)
17, 57.6 (11.2)
14, 75.4 (17.8)
15, 48 (8)
44, 59.9 (15.1)

Favors MUFAs

Favors PO

Am J Clin Nutr 2014:99:1331-50. Printed in USA. © 2014 American Society for Nutrition




Results Palm Olil (PO) meta-analysis (4)

D

Study
D

Mattson 1985 (57)
Marzuki 1991 (36)
Ghafoorunissa 1995 (78)
Ghafoorunissa 1895 (76)
Chafeorunissa 1995 (76)
Zhang 1997 (69)

Zhang 1997 (68)

Muller 1998 (78)

French 2002 (33)
Montoya 2002 (72)
Montoya 2002 (72)
Zhang 2003 (70)

Scholtz 2004 (82)
Pedersen 2005 (77)
Vega-Lopez 2006 (59)
Utarwuthipong 2009 (83)
Owerall

WMD [95% CI)

4.00 (-1.54, 9.54)
0.39 (-2.83, 3.60)
2,00 (-7.74, 11.74)
-3.00 (-9.52,3.52)
3.00 (-1.44, 7.44)
541 (2.09, 8.74)
1.16 (-2.55, 4.87)
1.55 (-4.66, 7.75)
7.73 (6.57, 22.03)
-0.00 (-6.29, 6.29)
3.09 (-3.40, 9.59)
-1.16 (-5.06, 2.74)

HDL-C (mg/dL): PO vs PUFAs

M, mean
(SD); Treatment

20, 39 (8.94)
110,51.4 (12.2)
12,36 (13.2)
12, 30 (7.97)
12,32 (5.2)
30, 38.7 (7.73)
50, 49.9 (8.72)
27, 56.8 (12.4)
6, 58 (15.2)
24, 46 (13.9)
17,57.6 (11.2)
20, 45.6 (6.96)

116 (-10.59, 12.91) 36, 318.7 (14)

1.55 (4.66, 7.75)
1.00 (-5.09, 7.09)
4.15 (-1.89, 10.19)
1.82 (0.54, 3.10)

27, 56.8 (12.4)
15, 50 (8)
32, 58.4 (12.7)

M, mean
(SD); Confrol

20, 35 (8.94)
110,51 (12.2)
12, 34 (11.1)
12, 33 (8.31)
12, 29 (5.89)
60, 33.3 (7.26)
52, 48.7 (10.4)
27, 55.3 (10.8)
6, 50.3 (9.47)
48, 46 (10.3)
34, 54.5 (1)
22, 46.8 (5.8)
20, 37.5 (24.7)
27, 55.3 (10.8)
15, 49 (9)
32,54.3 (11.9)

I
-22

22

E HDL-C (mg/dL): PO vs trans fatty acids

Heber 1952 (56)
Nestel 1992 (49)
Mestel 1995 (50)
MNoakes 1996 (52)
Sundram 1997 (41)
Muller 1938 (78)
Mutalib 1999 (81)
Pedzrsen 2005 (77)
Vega-Lopez 2006 (59)
Sundram 2007 (42)
Teng 2010 (44)

Overall

_-_|_

-

WMD (95% CI)

2,00 (-9.43, 13.43)

4.00(0.52, 7.48)

4.25(-092, 9.43)
2.71(-4.34, 9.76)
B.12 (3.37.1287)
580 (-0.50, 12.10)
057 (-6.18, 7.32)
5.80 (-0.50, 12.10)
200 (-4.09, 8.09)

6.57 (3.79, 9.35)

498 (3.51, 6.44)

M, mean

(SD); Treatment

13, 41 (18)
27,42 (8)

27, 41.4 (104)
23,48.3(128)
27, 48.7 (8.51)
27, 56.8 (124)
15, 43.7 (12)
27, 56.8 (124)
15, 50 (8)

30, 55.3 (9.28)

82, 61.5 (7.42)

N, mean

(SD); Control

13, 39 (10.8)
27,38 (7)

27, 37.1 (8.89)
23, 45.6 (11.6)
27,406 (9.28)
27, 51 {(11.2)
28, 43.1 (8.01)
27, 51 (11.2)
15, 48 (9)

30, 51 (9.28)

41, 54.9 (7.43)

—.—

-—

Le— 425044, 895)
'y

Favore PUFAs Favors PO T

0 134
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Palm oil and blood lipid-related markers of cardiovascular disease:

a systematic review and meta-analysis of dietary intervention trials

1-3

Elena Fattore, Cristina Bosetti, Furio Brighenti, Carlo Agostoni, and Giovanni Faitore

ABSTRACT

Background: Palm oil (PO) may be an unhealthy fat because of its
high saturated fatty acid content.

Objective: The objective was to assess the effect of substituting PO
for other primary dietary fats on blood lipid-related markers of
comomary heart discase (CHD) and cardiovascular disease (CVD).
Design: We pedormed a systematic review and meta-analysis of
dietary intervention tnals. Studies were eligible 1f they included
onginal data comparing PO-rich diets with other fat-nich diets and
analyzed at least one of the following CHD/CVD biomarkers: total
cholesterol (TC), low-density lipoprotem (LDL) cholesterol, high-
density hipoprotein (HDL) cholesterol, TCHDL cholesterol, LDL
cholesterol/HDL  cholesterol, tnacylglyeerols, apolipoprotein A-l
and B, very-low-density lipoprotein cholesterol, and lipoprotein(a).
Results: Fifty-one studies were included. Intervention times ranged
from 2 to 16 wk, and different fat substitutions ranged from 4% to
43%. Companson of PO diets with diets rich in stearic acid, mono-
unsaturated fatty acids (MUFAs), and polyunsaturated fatty acids
(PUFAs) showed significantly higher TC, LDL cholesterol, apoli-
poprotein B, HDL cholesterol, and apolipoprotein A-1, whereas
most of the same biomarkers were significantly lower when com-
pared with diets nch m myristic/launc acid. Companson of PO-rich
dicts with diets rich in frans fatty acids showed significantly higher
concentrations of HDL cholesterol and apolipoprotein A-l and sig-
nificantly lower apolipoprotein B, triacylglycerols, and TC/HDL
cholesterol. Stratified and meta-regression analyses showed that
the higher concentratons of TC and LDL cholesterol, when PO
wis substinted for MUFAs and PUFAs, were not significant in
young people and in subjects with diets with a lower percentage
of energy from fat.

Conclusions: Both favorable and unfavorable changes in CHLDY
CVD sk markers occurred when PO was substtuted for the pri-
mary dietary fats, whercas only favorable changes occurred when
PO was substituted for frans fatty acids. Additional studies are
needed to provide guidance for policymaking. Am J Clin Nutr
2014;99:1331-50.

morbidity and morality (5). These recommendations were put
forward because dietary SFAs increase blood total cholesterol
(TC) and LDL cholesterol, which are known risk factors for
CHD and CVD {6). However, not all studies have supported the
relation between SFAs and CHD or CVD (7-11), and research
on individual dietary fats has shown that different SEAs can
exert different effects on cholesterolemia (12) and not only the
type of fatty acid, but also the triacylglycerol structure, plays
arole (13). In addition, conflicting results have recently emerged
regarding the benefit of substituting SFAs with PUFAs on major
cardiovascular outcomes (14-16).

Overall, during the past several years, a more complex picture
concerning the risk factors for CVD has been developed. In
addition to the major traditional serum/plasma markers of
CHD risk (ie, TC, LDL cholesterol, HDL cholesterol, and tri-
acylglycerols), other lipid-related biomarkers, such as apolipo-
protein A-l and -B, which are the main protein components of
HDL cholesterol and LDL cholesterol, respectively, and lipo-
protein{a), have been suggested to be valid, if not better, risk
predictors (17-20).

Palm oil (PO), a vegetable oil obtained from the fruit of the palm
tree (Elaeis guineensis), is composed of ~350% palmitic acid,
404 oleic acid, and 10% linoleic acid. Palmitic acid, in addition
to being the most abundant constituent of PO, is the main SFA
that natural ly oceurs in animal and vegetable fats and is the main
component of human milk fats (21). Over the past few years, PO
use has significantly increased, despite debates over whether it is
a potential unhealthy fat because of its relatively high palmitic

! Fromthe Departments of Environmental Health Sciences (EF) and Epi-
demiology (CB). IROCSstiuto di Ricerche Farmacologiche “Mano Negri,”
Milan, Italy: the Department of Food Science, Universitd di Parma, Parma,
Italy (FB); the Department of Clinical Sciences and Community Health,
University of Milan, IRCCS Ospedale Maggiore Policlinico, Milan, Ialy
(CA): and the Department of Policy Analysis and Public Management &
Centre for Research on Health and Social Care Management, Universita
Boceoni., Milan, Italv (GF).
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Database search results (493)
PubMed: 239
Cochrane: 254

6 references 126 duplicates removed

added by hand
search

373 potential articles scresned

334 studies excluded after title & abstract screening:
Non-human studies: 23
Reviews / letters: 5
Cross sectional f observational studies: 9
Acute studies: 45
Irrelevant intervention: 214
Inappropriate intervention: 23
No or inappropriate comparison oll: 15

39 full-text articles assessed for eligibility

9 studies excluded after full-text screening:
Duplicate reporting: 1
Reviews / letters: 1
Inappropriate intervention: 6
No or inappropriate comparison oil: 1

30 articles included in meta-analysis

FIGURE 1 Flow diagram for selection of studies for meta-analysis.

Sun et al., Journal of Nutrition 2015
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Ref
D

(35)
(53)
(33)
(32)
(47)
(51
(41)
(57)
(48)
(48)
(38)
(44)
(52)
(42)
(55)
(34)
(30)
(31)
(33)
(40)
(54)
(37)
(50)
(49)
(46)
(29)

Control
oil

peanut

peanut

peanut

olive

olive

olive

olive

canola

canola

canola
soybean
linoleic sunflower
linoleic sunflower
oleic sunflower
oleic sunflower
oleic sunflower
oleic sunflower
oleic sunflower
oleic sunflower
com

oleic safflower

En% from
testoil

175
18-19.5
20
17
17
20
23
20
NR
NR
NR
12
18-20
20
284
40
43
43
NR
225
40

oleic & linoleic safflower 40

soybean & canola
soybean & rice bran
canola+sunflower
soybean+sunflower

20
20
212
NR

Overall (l-squared = 83.2%, p = 0.000)

NOTE: Weights are from random effects analysis

1
W

ES (95% Cl1)

-0.21(:0.57,0.16)
-0.28(-0.40, -0.16)
0.04 (-0.16, 0.23)
-0.08 (-0.47, 0.31)
022 (0.12,0.32)
0.14 (-0.03, 0.31)
-0.04 (-0.25, 0.18)
0.12 (.0.07, 0.31)
017 (-0.12, 0.46)
026 (0.02, 0.50)
-0.04(-0.19,0.11)
053 (0.19,0.87)
0.18 (-0.06, 0.42)
0.41(0.20, 0.62)
077 (0.41, 1.13)
0562 (0.18, 1.06)
0.72 (0.34, 1.10)
0565 (0.40, 0.90)
027 (0.01,0.53)
0565 (-0.12, 1.42)
055 (0.25, 0.85)
061 (0.04, 1.18)
058 (0.05, 1.11)
0.74 (0.06, 1.42)
-0.02(-0.25, 0.21)
-0.05(-0.15, 0.06)
024 (0.13,0.34)

Weight

338
509
463
319
519
478
446
4867
391
427
494
358
429
450
344
288
328
420
414
147
385
220
238
175
434
517
100.00

-1.42
Palm oil reduces LDL cholesterol

Palm oil increases LDL cholesterol

1.42

Ref
D

(35)
(53)
(35)
(32)
(47)
(51)
(41)
(57)
(48)
(48)
(36)
(52)
(42)
(55)
(43)
(34)
(30)
(31)
(33)
(40)
(54)
(37)
(50)
(49)
(46)
(29)

Control
oil

peanut

peanut

peanut

olive

olive

olive

olive

canola

canola

canola
soybean
linoleic sunflower
oleic sunflower
oleic sunflower
oleic sunflower
oleic sunflower
oleic sunflower
oleic sunflower
oleic sunflower
corm

oleic safflower

oleic & inoleic safflower

soybean & canola
soybean & rice bran
canola+sunflower
soybean+sunflower

En% from
test oil

175
18195
20
17
17
20
23
20
NR
NR
NR
1820
20
284
285
40
43
43
NR
225
40
40
20
20
212
NR

Overall (l-squared = 49.8%, p = 0.002)

H-{-q*l*“i*'*w

4

-

—_—

——

——

ES (95% Cl)

0.05{-0.07,0.17)
0.03(-0.02,0.08)
0.00 (-0.05, 0.05)
0.11(0.02, 0.20)
0.02(-0.01, 0.05)
0.03 (-0.02, 0.08)
0.00 {-0.05, 0.05)
0.00 (-0.08, 0.08)
012 (0.01,0.23)
0.00 (-0.07, 0.07)
0.01(-0.03, 0.05)
0.06 (0.01,0.11)
0.03(0.01, 0.05)
0.29 {0.03, 0.55)
0.29 (0.03, 0.55)
007 (0.00,0.14)
0.03(-0.13,0.07)
-0.02(-0.13, 0.09)
006(-0.01,0.13)
008 (-0.15,0.31)
.0.04 (-0.23, 0.15)
0.06 {-0.00, 0.13)
0.04 (-0.03, 0.11)
0.13(-0.30, 0.56)
0.01 (-0.04, 0.06)
.0.06 (-0.10, -0.03)
002 (0.01, 0.04)

%
Weight

166
592
5M
254
855
574
548
312
1.86
350
6.83
5.30
9.81
040
0.40
384
233
195
350
050
076
399
367
0.15
530
718
100.00

NOTE: Weights are from random effects analysis
|

-0.562

Palm oil reduces HDL cholesterol

Palm oil increases HOL cholesteral

0.562



Results (Sun et al., Journal of Nutrition 2015) (1) -

LDL-C PO vs partially hydrogenated vegetable olls HDL-C PO vs partially hydrogenated vegetable oils

En% from En% from
trans-fat in trans-fat in %
control group ES (95% Cl) control group ES (95% ClI) Weight

(38) —_— 0.34(0.22, 0.48) (38) 0.06 (0.01, 0.11)

(39) _— 0.52(0.14, 0.90) : (39) : 0.28 (0.09, 0.46)

(52 2 -— 0.05(-0.08,0.18) (52) 0.06 (0.03, 0.09)

:
(58 3. i -0.22(-0.35, -0.09) (68) 3.2 0.11(0.08, 0.14)

S e BOMRE0T) (50) 4.15 0.05 (0.01, 0.10)

(42) 4.8 e 0.30 (0.14, 0.46)

(42) 4.8 0.07 (0.03, 0.11)

(45) 5.6 0.12(0.02, 0.22)
(46) 6.9

-0.66 (-1.29, -0.03)

I
I
i
I
(45) 5.6 : -0.37 (-0.69, -0.05)
I
I
I
I
I

(46) 6.9 0.21(0.01, 0.41)

(56) 7 —_— 0.02 (-0.16, 0.20)
(56) 7 0.15 (0.05, 0.25)

|

Overall {I-squared = 88.1%, p = 0.000) <j> 0.05 (-0.13, 0.23)
| Overall (I-squared = 47.8%, p = 0.053) 0.09 (0.06, 0.11)
I

NOTE: Weights are from random effects analysis

T NOTE: Weights are from random effects analysis

-1.29 0 1.29 T g T
Palm oil reduces LDL cholesterol ~ Palm oil increases LDL cholesterol -0.46 0 0.46

Palm oil reduces HDL cholesterol  Palm oil increases HDL cholesterol
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Palm Oil Consumption Increases LDL
Cholesterol Compared with Vegetable Oils Low
in Saturated Fat in a Meta-Analysis of Clinical
Trials™™

Ye Sun,*” Nithya Neelakantan,* Yi Wu,* Rashmi Lote-Oke,* An Pan,* and Rob M van Dam*”"*

4Saw Swee Hock School of Public Health and *Department of Medicine, Yong Loo Lin School of Medicine, National University of
Singapore and National University Health System, Singapore; *Department of Nutrition, Harvard School of Public Health, Boston, MA;
and ‘NUS Graduate School for Integrative Sciences and Engineering, National University of Singapore, Singapore

Abstract

Background: Palm oil contains a high amount of saturated fat compared with most other vegetable oils, but studies have
reported inconsistent effects of palm oil on blood lipids.

Objective: We systematically reviewed the effect of palm oil consumption on blood lipids compared with other cooking
oils using data from clinical trials.

Methods: We searched PubMed and the Cochrane Library for trials of at least 2 wk duration that compared the effects of
palm oil consumption with any of the predefined comparison oils: vegetable oils low in saturated fat, trans fat—containing
partially hydrogenated vegetable oils, and animal fats. Data were pooled by using random-effects meta-analysis.
Results: Palm oil significantly increased LDL cholesterol by 0.24 mmol/L (95% Cl: 0.13, 0.35 mmol/L; /*> = 83.2%)
compared with vegetable oils low in saturated fat. This effect was observed in randomized trials (0.31 mmol/L; 95% ClI:
0.20, 0.42 mmol/L) but not in nonrandomized trials (0.03 mmol/L; 95% CI: —0.15, 0.20 mmol/L; P-difference = 0.02).
Among randomized trials, only modest heterogeneity in study results remained after considering the test oil dose and the
comparison oil type (P = 27.5%). Palm oil increased HDL cholesterol by 0.02 mmol/L (95% Cl: 0.01, 0.04 mmol/L; /? =
49.8%) compared with vegetable oils low in saturated fat and by 0.09 mmol/L (95% Cl: 0.06, 0.11 mmol/L; /? = 47.8%)
compared with trans fat—containing oils.

Conclusions: Palm oil consumption results in higher LDL cholesterol than do vegetable oils low in saturated fat and higher
HDL cholesterol than do trans fat—containing oils in humans. The effects of palm oil on blood lipids are as expected on the
basis of its high saturated fat content, which supports the reduction in palm oil use by replacement with vegetable oils low
in saturated and trans fat. This systematic review was registered with the PROSPERO registry at http://www.crd.york.
ac.uk/PROSPERO/display_record.asp?ID=CRD42012002601#.VU3wvSGeDRZ as CRD42012002601. J Nutr
2015;145:1549-58.
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3. Scientific evidence on saturated fatty acids and
cardiovascular diseases — old and new studies
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Figure 3 Estmates of CHD mortaliy (95% CIs) from meta-anabysis.
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Re-evaluation of the traditional diet-heart hypothesis: analysis of
recovered data from Minnesota Coronary Experiment (1968-73)

Christopher E Ramsden,! ? Daisy Zamora,? Sharon Majchrzak-Hong,! Keturah R Faurot,?
Steven K Broste,” Robert P Frantz,> John M Davis,? ¢ Amit Ringel,! Chirayath M Suchindran/

Joseph R Hibbeln!

ABSTRACT

OBJECTIVE

To examine the traditional diet-heart hy pothesis
through recovery and analysis of previously
unpublished data from the Minnesota Coronary
Experiment (MCE) and to put findings in the context of
existing diet-heart randomized controlled trials
through a systematic review and meta-analysis.

DESIGN

The MCE (1968-73) is a double blind randomized
controlled trial designed to test whether replacement
of saturated fat with vegetable oil rich in linoleic acid
reduces coronary heart disease and death by lowering
serum cholesterol. Recovered MCE unpublished
documents and raw data were analyzed according to
hypotheses prespecified by original investigators.
Further, a systematic review and meta-analyses of
randomized controlled trials that lowered serum
cholesterol by providing vegetable oil rich in linoleic
acid in place of saturated fatwithout confounding by
concomitant interventions was conducted.

SETTING
One nursing home and six state mental hospitals in
Minnesota, United States.

PARTICIPANTS

Unpublished documents with completed analyses for
the randomized cohort of 2423 women and men aged
20-97; longitudinal data on serum cholesterol for the
2355 participants exposed to the study diets for a year
or more; 149 completed autopsy files.
INTERVENTIONS

Serum cholesterol lowering diet that replaced
saturated fatwith linoleic acid (from corn oil and corn

oil polyunsaturated margarine). Control diet was high
in saturated fat from animal fats, common margarines,
and shortenings.

MAIN OUTCOME MEASURES

Death from all causes; association between changes in
serum cholesterol and death; and coronary
atherosclerosis and myocardial infarcts detected at
autopsy.

RESULTS

The intervention group had significant reduction in
serum cholesterol compared with controls (mean
change from baseline —13.8% v —-1.0%; P<0.001).
Kaplan Meier graphs showed no mortality benefit for
the intervention group in the full randomized cohortor
for any prespecified subgroup. There was a 22% higher
risk of death for each 30 mg/dL (0.78 mmal/L)
reduction in serum cholesterol in covariate adjusted
Cox regression models (hazard ratio 1.22, 95%
confidence interval 1.14 to 1.32; P<0.001). There was no
evidence of benefit in the intervention group for
coronary atherosclerosis or myocardial infarcts.
Systematic review identified five randomized
controlled trials forinclusion (n=10808). In meta-
analyses, these cholesterol lowering interventions
showed no evidence of benefit on mortality from
coronary heart disease (1.13, 0.83 to 1.54) or all cause
mortality (1.07, 0.90 to 1.27).

CONCLUSIONS

Available evidence from randomized controlled trials
shows that replacement of saturated fat in the diet
with linoleic acid effectively lowers serum cholesterol
but does not support the hypothesis that this
translates to a lower risk of death from coronary heart
disease or all causes. Findings from the Minnesota
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Trial and intervention Hazard ratio Hazard ratio

. . (95% Cl) (95% CI)
Main analysis

MCE - linoleic acid .
SDHS - linol cid —_—

Overall: 1?’=45%, P=0.121 1.13 (0.83 to 1.54)
Sensitivity analysis

MCE - linoleic acid 1.12 (0.78t0 1.62)

[ 1.74 (1.04 t )

4.64 (0.58 to 37.15)

MRC-Soy - linoleic acid + ALA
DART- LA + ALA

ODHS - LA+EPA/DHA

STARS - LA+EPA/DHA

Overall: 1’=38%, P=0.130
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Associations of fats and carbohydrate intake with @ ®
cardiovascular disease and mortality in 18 countries from o

five continents (PURE): a prospective cohort study

Interpretation High carbohydrate intake was associated with higher risk of total mortality, whereas total fat and
individual types of fat were related to lower total mortality. Total fat and types of fat were not associated with
cardiovascular disease, myocardial infarction, or cardiovascular disease mortality, whereas saturated fat had an
inverse association with stroke. Global dietary guidelines should be reconsidered in light of these findings.
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> @ Association of dietary nutrients with blood lipids and blood
pressure in 18 countries: a cross-sectional analysis from the

PURE study

Interpretation Our data are at odds with current recommendations to reduce total fat and saturated fats. Reducing
saturated fatty acid intake and replacing it with carbohydrate has an adverse effect on blood lipids. Substituting saturated
fatty acids with unsaturated fats might improve some risk markers, but might worsen others. Simulations suggest that
ApoB-to-ApoAl ratio probably provides the best overall indication of the effect of saturated fatty acids on cardiovascular
disease risk among the markers tested. Focusing on a single lipid marker such as LDL cholesterol alone does not

capture the net clinical effects of nutrients on cardiovascular risk.




Conclusions 59

» There is not a scientific evidence on advantage/disadvantage from
substitution of palm olil by other main dietary fats (trans fatty acids
excluded)

» A more complex picture has emerged about the lipid biomarkers
related to cardiovascular diseases: total serum cholesterol or LDL-
cholesterol seem to be not valid predictors.

» The soundness of the scientific evidence underpinning current and
orevious dietary advice on dietary fat intake for total fats and SFA has
peen guestioned (no causal relation)
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Association of Dietary, Circulating, and Supplement Fatty Acids With
Coronary Risk

A Systematic Review and Meta-analysis

Rajiv Chowdhury, MD, PhD; Samantha Warnakula, MPhil*; Setor Kunutsor, MD, MSt*; Francesca Crowe, PhD; Heather A. Ward, PhD;
Laura Johnson, PhD; Oscar H. Franco, MD, PhD; Adam S. Butterworth, PhD; Nita G. Forouhi, MRCP, PhD; Simon G. Thompson, FMedSci;
Kay-Tee Khaw, FMedSci; Dariush Mozaffarian, MD, DrPH; John Danesh, FRCP*; and Emanuele Di Angelantonio, MD, PhD*

Figure 1. RRs for coronary outcomes in prospective cohort studies of dietary fatty acid intake.

Fatty Acid Intake Studies, n Participants, n Events, n RR (95% Ch*

Total saturated fatty acids 20 276 763 10 155 1.03 {0.98-1.07)
Total monounsaturated fatty acids 9 144 219 6031 1.00 (0.91-1,10)
Total w-3 fatty acids

a-Linolenic 157 258 0.92 (0.86-1.14)

Total long—chain -3 422 786 0.87 (0.78-0.97)
Total w-6 fatty acids 206 376 0.98 (0.90-1.08)
Total trans fatty acids 5 155 270 1,16 {1,06-1,27)

[
0.75 1.00

RR (95% Cl) Comparing Top vs. Bottom Thirds of
Baseline Dietary Fatty Acid Intake

Size of the data marker is proportional to the inverse of the variance of the RR. RR = relative risk.
* Pooled estimate based on random-effects meta-analysis. Corresponding forest plots, I* estimates, and pooled RRs based on fixed-effects meta-analysis
are provided in Supplement 1, available at www.annals.org.




RESEARCH

EEE open

Intake of saturated and trans unsaturated fatty acids and risk of

all cause mortality, cardiovascular disease, and type 2 diabetes:
systematic review and meta-anal‘;sis of observational studies

2.3 Adriana Maroleanw,? Adrian | Cozma,#
7 Patrick Budyl Holger Schilnemann,

OBJECTIVE
To systemarically review assoclatons betwean Intake
of samrated fat and wans un dmmmd farand all cause
miarality, cardiovasculardis
miarality, coronary hear :
marality, Ischemic stroke, and wpu 2 diabates.
DESIGH
Systematic review and meta-analysis.
DATA SOURCES
Medline, Embase, Cochrane Central Regisry of
Controlled Trials, Evidence-Based Medicine Reviews,
and CINAHL from inception 1o 1May 2015
supplementzd by bibliographies of rermeved artcles
and pravious raviews.
ELIGIBILITY CRITERIA FOR SELECTING STUDIES
Observational smdles reponing assoclatons of
saturared far and/or rans unsawrared far (oral,
Industrially manufzctured, or from naminant animals)
with all cause mortality, CHD/ O D mortality, total CHD,
Ischemic soroke, aroype 2 diabetes.
DATA EXTRACTION AND SYNTHESIS
Two reviewers Independently exracted data and
assessad study risks of blas. Multivariable relatve
- nskswere pooled. Heterogenelywas assessed and
s . uantified. Potentlal publicaton bias was assessed
* and subgroup analyses were undemaken. The IE
approachwas used 1o evaluate qualiy of evidence and
cemainty of conclusions.

WHAT IS ALREADY KNOWH ON THIS TOPIC

Contrary to prevailing dietary advice, authors of a recent systematic review and
meta-anaklyses claim that there is no excess cardiovascular risk associated with
intake of saturated fat, and the ’ ction to remove
partialk

-]

RESULTS
For saturared far, three 1o 12 prospect ohiam swdles
for each assoclation were |:|-|:| ed (five 1017
tomparisons with pamicipants).
ated with all cause
& confidence Interval

1.15), or type 2
no convineing lack -:-f a

2 pooled (Two o seven
C |:|rr||:| arisons '|'|'II|'| 12 942-330 i

28) oroype 2 diaberas (1.1
rrurnlnanr wans farsy

. Ruminant rrans-palmi
tad with ype 2 diaberes ).
The cenainty of assoclations beween saturated fat
and zll outcomes was “very low.” The cermainty of
lations of rans farwith CHD outcomes was

clations.
CONCLUSIONS
Samurared fars are not assoclated with all cause
marality, VD, CHD, Ischemic stroke, orype 2
diabetes, but the evidence I1s heterogenaous with
merhodological limitations. Trans fats are assoclaed
with all cause momaliy, toral CHD, and CHD morality,
probably because of higher levels of Intake of
Industrial rans fars than mminant wans fais. Dletary

guidelines must carefully consider the health effects of

recommendarions for altemarive macronutrients o
replace trans fats and sawraned fars.

32

No associations between
saturated fatty acids and
cardiovascular outocomes
Positive association with
partially hydrogenated
fatty acids
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