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A Systematic Review and Meta-Analysis of Clinical Trials

Editorial, see p XXX Nithya Neelakantan,
PhD*
BACKGROUND: Coconut oil is high in saturated fat and may, therefore, Jowy Yi Hoong Seah, BSc*
raise serum cholesterol concentrations, but beneficial effects on other Rob M. van Dam, PhD

cardiovascular risk factors have also been suggested. Therefore, we
conducted a systematic review of the effect of coconut oil consumption
on blood lipids and other cardiovascular risk factors compared with other
cooking oils using data from clinical trials.

METHODS: We searched PubMed, SCOPUS, Cochrane Registry, and

Web of Science through June 2019. We selected trials that compared the
effects of coconut oil consumption with other fats that lasted at least 2
weeks. Two reviewers independently screened articles, extracted data, and
assessed the study quality according to the PRISMA guidelines (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses). The main
outcomes included low-density lipoprotein cholesterol (LDL-cholesterol),
high-density lipoprotein cholesterol (HDL-cholesterol), total cholesterol,
triglycerides, measures of body fatness, markers of inflammation, and
glycemia. Data were pooled using random-effects meta-analysis.

RESULTS: 16 articles were included in the meta-analysis. Results were
available from all trials on blood lipids, 8 trials on body weight, 5 trials
on percentage body fat, 4 trials on waist circumference, 4 trials on
fasting plasma glucose, and 5 trials on C-reactive protein. Coconut

oil consumption significantly increased LDL-cholesterol by 10.47 mg/

dL (95% Cl: 3.01, 17.94; I = 84%, N=16) and HDL-cholesterol by

4.00 mg/dL (95% Cl: 2.26, 5.73; > = 72%, N=16) as compared with
nontropical vegetable oils. These effects remained significant after
excluding nonrandomized trials, or trials of poor quality (Jadad score <3).
Coconut oil consumption did not significantly affect markers of glycemia,
inflammation, and adiposity as compared with nontropical vegetable oils.
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CONCLUSIONS: Coconut oil consumption results in significantly higher o _
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Clinical Perspective
What Is New?

¢ In a meta-analysis of 16 trials, coconut oil consump-
tion significantly increased low-density lipoprotein
(LDL) cholesterol concentrations as compared with
nontropical vegetable oils.

e Although coconut oil consumption also increased
high-density lipoprotein (HDL) cholesterol con-
centrations, efforts to reduce cardiovascular dis-
ease risk by increasing HDL-cholesterol have been
unsuccessful.

e There was no evidence of benefits of coconut oil
over nontropical vegetable oils for adiposity or gly-
cemic and inflammatory markers.

What Are the Clinical Implications?

¢ Despite the rising popularity of coconut oil because
of its purported health benefits, our results raise
concerns about high coconut oil consumption.

e Coconut oil should not be viewed as healthy oil for
cardiovascular disease risk reduction and limiting
coconut oil consumption because of its high satu-
rated fat content is warranted.

iets high in saturated fatty acids raise plasma
Dlow-density lipoprotein cholesterol (LDL-choles-

terol) concentrations and may increase the risk
of cardiovascular diseases (CVDs) as compared with
polyunsaturated fatty acids.” The popularity of coconut
oil has soared in recent years because of its purported
health effects, even though coconut fat contains about
90% saturated fat? and dietary guidelines generally rec-
ommend the restriction of saturated fat intake.?

A common argument made in favor of coconut fat
consumption is that it is composed of medium-chain
fatty acids (MCFAs). MCFAs are rapidly absorbed by
the portal vein, and may, therefore, play a more impor-
tant role as a source of energy via beta-oxidation than
in cholesterol synthesis.* However, lauric acid (12:0),
which comprises about half of the total fatty acids of
coconut oil> and is chemically classified as an MCFA,
may not biologically act like other MCFA. Lauric acid is
largely absorbed and transported by chylomicrons, sim-
ilar to long-chain fatty acids.®> Furthermore, about 25%
of coconut fat consists of the long-chain saturated fatty
acids myristic acid (14:0) and palmitic acid (16:0).2 Re-
sults from clinical trials on the effects of coconut oil
consumption on lipid profiles have been mixed with
some,®® but not all,>?" study results suggesting that
consumption of coconut fat reduces serum cholesterol
levels compared with nontropical vegetable oils.

In addition to lipid concentrations, coconut oil has
been suggested to alleviate inflammation,?%%3 improve
glucose homeostasis,?*?* and reduce body fatness.?%4
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In a network meta-analysis on consumption of different
fats and blood lipids, coconut oil did not significantly
change LDL-cholesterol as compared with nontropical
vegetable oils, but this analysis only included 6 trials on
coconut oil.?> Furthermore, the network meta-analysis
did not evaluate the impact of different fats on other
CVD risk factors. We, therefore, conducted a system-
atic review and updated meta-analysis of clinical tri-
als to evaluate the effects of coconut oil consumption
compared with vegetable oils low in saturated fat and
trans-fat (nontropical vegetable oils), and other cooking
fats on cardiovascular risk factors.

METHODS

The data, analytical methods, and study materials will be
available to other researchers to reproduce the results or
replicate the procedure from the corresponding author on
reasonable request.

This review was conducted using a predefined proto-
col and in accordance with PRISMA guidelines (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses).?®
The review protocol was registered in PROSPERO International
Prospective Register of Systematic Reviews (Unique Identifier:
CRD42018108499).

Data Sources and Search Strategy

Four electronic databases (PubMed, SCOPUS, Cochrane
Central, and Web of Science) were searched until June 2019,
without language restriction. The search strategies were
developed to identify published reports of clinical trials on
the effects of coconut oil consumption on cardiovascular risk
factors (eg, blood lipids, measures of body fatness, inflam-
mation, and glycemia). Index terms, subject sub-headings,
and some word truncations related to the intervention, study
design, and outcome measures, according to each database,
were used as well to map all possible key words (Appendix |
in the Online-only Data Supplement).

Study Selection and Eligibility Criteria

Two independent reviewers (N.N. and J.Y.H.S.) screened the
titles and abstracts of all articles initially identified, accord-
ing to the eligibility criteria. The full texts of the potentially
relevant articles were retrieved for further screening to
confirm their eligibility. The reference lists of the selected
articles, reviews, and editorials on the topic were screened
to identify additional publications. Disagreements were
resolved by discussion or by consultation with an adjudica-
tor (RMvD) when necessary.

Studies were eligible if they were: (1) controlled clinical
trials examining effect of coconut oil or coconut fat; (2) com-
pared with feeding of any vegetable oil low in saturated fat,
or oils high in saturated fat including animal fat and palm oil;
(3) had a minimum intervention period of 2 weeks to allow
blood lipid concentrations to stabilize;?” and iv) assessed
outcomes including blood lipids, anthropometric measures,
inflammatory markers, or other cardiovascular risk factors.

The following studies were excluded: (1) trials on infant
population, literature reviews, cross-sectional or prospective
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studies, and animal or cell studies; (2) short-term studies (<2
weeks); (3) studies with inappropriate interventions (eg, fresh
coconut, coconut milk, lauric acid, or mixed oils), or compari-
sons (eg, differences in treatments other than test fats); (4)
studies with no or an inappropriate comparison oil (eg, fish
oil, carboxymethylcellulose); and (5) studies with irrelevant
health outcomes.

Data Extraction and Study Quality

Assessment

Details on study characteristics (setting, design, sample size,
follow-up duration, randomization, blinding, and drop-outs)
participant characteristics (age, sex, and health status), speci-
fication of interventions (oil provision, amount of intake, and
dietary compliance), type of comparison oil, outcomes, and
funding sources were independently extracted by the review-
ers (NN, JYHS) using a standardized form. The methodological
quality of the included studies was assessed using the Jadad
scale.?® Studies were scored according to randomization, valid
description of randomization method, double-blinding, valid
description of double-blinding, and handling of withdrawals
and dropouts (with 1 point for each item). The total score
ranged from 0O (poor quality) to 5 (high quality). Where avail-
able, the mean and standard deviation (SD) for baseline, end,
and change from baseline values, as well as mean differences
within or between intervention and comparison arms, were
extracted for each outcome. Results were combined for stud-
ies that reported findings for men and women separately.?®
When data were reported as medians and inter-quartile
ranges we estimated means and standard deviation as pre-
viously described.®® Missing standard deviations were calcu-
lated from confidence intervals, standard error, or P values
for difference in means.?® When these data were unavailable,
standard deviations were imputed using a pooled correlation
coefficient derived from a meta-analysis of correlation coef-
ficients from studies reporting sufficient data.?® One study?°
presented change in waist circumference graphically and
another study’ reported C-reactive protein values using an
unconventional unit (IU/L). We contacted the authors of these
studies for additional details but were not able to obtain fur-
ther information. Hence, these 2 studies were not included in
the respective meta-analysis.

Statistical Analysis

Effects on cardiovascular risk factors were expressed as mean
differences with 95% Cls. Change from baseline differences
between coconut oil intervention and comparison oils were
calculated for both primary (total cholesterol, LDL-cholesterol,
high-density lipoprotein [HDL] cholesterol, and triglycerides)
and secondary (weight, waist circumference, percentage
body fat, fasting plasma glucose, and C-reactive protein) out-
comes. When these data were unavailable, end-of-treatment
differences were used. To mitigate the unit-of-analysis error
from including trials with multiple comparison arms, we com-
bined the relevant control arms to create a single pairwise
comparison.?® For example, we combined data from the chia
oil, safflower oil, and soybean oil arms from a trial?® for a sin-
gle pairwise comparison between coconut oil and combined
nontropical vegetable oil interventions.

Circulation. 2020;141:00-00. DOI: 10.1161/CIRCULATIONAHA.119.043052
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We anticipated methodological variations in the designs,
populations, types of control oils, and the amount of intake
of coconut oil across studies. Thus, we a priori decided to
use a random-effects model for this meta-analysis. For each
outcome measure, pooled mean differences and correspond-
ing 95% Cls were calculated by using DerSimonian and Laird
random-effects models.>' Heterogeneity in study results was
tested by using the Cochran Q statistic and was quantified by
the |2 statistic. 12 values of 25%, 50%, and 75% indicated low,
moderate and high degrees of heterogeneity, respectively.??

If at least 10trials were available, then potential sources of
heterogeneity were explored using a priori defined subgroup
analyses, investigating the type of comparison oil (mainly
monounsaturated [olive oil, canola oil, peanut oil, high-oleic
safflower oil] or mainly polyunsaturated [sunflower oil, corn
oil, soybean oil, safflower oil] fats), amount of oil intake (<10,
10 to <20, or =20 % energy), method of oil provision (pro-
vided meals/ cooked foods, cooking oil only, or capsules),
compliance check (direct observation, food diary or interview,
or other methods), randomization, study design (parallel,
crossover, or sequential feeding trial), study quality (Jadad
score 0-2 or 3-4), double blinding (yes, no, or not reported),
geographical location (Western, Asian, or others), participant
health status (normocholesterolemic, hypercholesterolemic,
or other health conditions), sex (male, female, or mixed)
industry funding (yes, no, or not reported) and weight-loss
intervention trials (yes vs no). Univariate meta-regression anal-
yses were performed to assess the significance of subgroups
effects. Publication bias was evaluated by visual inspection of
funnel plots, and the Egger test was used to test for fun-
nel plot asymmetry. Further, we assessed the stability of the
pooled estimates by excluding the trials that were nonran-
domized®'® and weight-loss intervention trials.®2° Stata ver-
sion 12 (StataCorp) was used for statistical analyses. All tests
were 2-sided; P <0.05 was considered statistically significant.

RESULTS

Search Results

Figure | in the online-only Data Supplement shows the
selection of studies for the meta-analysis. We identified
873 potentially relevant articles, of which 16 articles
(including 17 trials involving 730 participants) met the
eligibility criteria. Kappa, as a measure of inter-reviewer
agreement, was 0.75. For all 17 trials that assessed the
effect of coconut oil consumption on CVD risk factors,
results for blood lipids (LDL-cholesterol, HDL-cholester-
ol, triglycerides, and total cholesterol) were reported.®?'
In addition, 8 trials reported on body weight,6-8151821 5
trials on percentage body fat,”#'20 4 trials on waist
circumference,®®819 4 trials on fasting plasma glu-
cose®®1619 and 5 trials on C-reactive protein.6817.19.21

Trial Characteristics

Table 1 and Table I in the online-only Data Supplement
show the characteristics of the included trials. Trials were
performed in the United States (N=7), Europe (N=2),
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Table 1. Characteristics of Trials of the Health Effects of Coconut Oil Consumption Included in the Meta-Analysis
Age,* | Male, |Duration, | Blinding | Jadad Industry
Authors Country | Design Participants y N (%) wk Status | Score | N | Comparator(s) Outcomes Funding
Reiser et al,® United cO Normolipidemic, 26 |19 (100) 5 NR 3 19 | Safflower oil | TC, LDL, HDL, TG Yes
1985 States healthy volunteers
Mendis et Sri Lanka | SFT Healthy volunteers 20-26 | 25 (100) 8 NR 0 25 | Soyabean fat | TC, HDL, LDL, TG NR
al,’® 1990
Ng et al,” Malaysia P Normolipidemic, 20-34 | 61(73) 5 DB 3 83 | Palm oil, corn | TC, HDL, LDL, TG Yes
1991 healthy volunteers oil
Heber et al,’? | United CO | Normocholesterolemic, | 22-43 | 13 (100) 3 NR 1 13 Palm oil TC, HDL, LDL, TG, Yes
1992 States healthy volunteers glucose
Ng et al,” Malaysia | CO | Normocholesterolemic, | 22-41 | 20 (61) | 4 (l), 6(C) No 1 33 | Palm oil, virgin | TC, HDL, LDL, TG Yes
1992 healthy volunteers olive oil
McKenney United co Hypercholesterolemic 58 6 (55) 6 DB 4 1" Canola oil TC, HDL, LDL, TG NR
et al,’ 1995 States (TC between 201.1 and
(I-Validation 278.4 mg/dL)
study)
McKenney United co Hypercholesterolemic 55 12 (71) 6 DB 4 17 Canola oil TC, HDL, LDL, TG NR
et al,’ 1995 States (LDL > 158.5 mg/dL),
(Il-Lovastatin on statins
cookie study)
Luetal,™ United cO Healthy volunteers 20 0 3 No 1 15 | A16soybean | TC, HDL, LDL, TG, No
1997 States oil, body weight
commercial
soybean oil$
Johansson et | Finland CO | Healthy normolipidemic | 20-59 | 12 (100) 4 DB 4 12 | Sea buckthorn | TC, HDL, LDL, TG, Yes
al,’* 2000 volunteers berry oil glucose
Assungdo et Brazil P Participants with 20-40 0 12 DB 2 40 | Soy beanoil | TC, HDL, LDL, TG, NR
al,® 2009 abdominal obesity body weight, WC,
(WC >88cm)ona CRP, glucose
hypocaloric diet with
lifestyle modifications
Voon et al,’” | Malaysia | CO Healthy volunteers 30 9 (20) 5 SB 3 45 | Palm oil, extra | TC, HDL, LDL, TG, |  Yes
2011 virgin olive oil CRP
Vijayakumar India P Patients with stable 59 1188 (94) 104 SB 3 200| Sunflower oil | TC, HDL, LDL, TG, Yes
etal,’ 2016 coronary heart disease, body weight, %
on statins body fat
Harris et al,’® | United co Postmenopausal 59 0 4 No 2 12 High-oleic | TC, HDL, LDL, TG, No
2017 States women safflower oil | body weight, WC,
% body fat
Khaw et al,’” | United P Healthy volunteers 60 32 (33) 4 SB 3 96 | Butter, extra | TC, HDL, LDL, TG, No
2018 Kingdom virgin olive oil | body weight, WC,
% body fat, CRP,
glucose
Oliveira-de- Brazil P Obese volunteers on a | 20-40 0 8 DB 4 75 Chia oil, TC, HDL, LDL, TG, No
Lira et al hypocaloric diet with safflower oil, | body weight, %
20188 lifestyle modifications soybean oil body fat
Maki et al,?! United cO Participants with a 452 | 12 (48) 4 NR 3 25 Corn oil TC, HDL, LDL, TG, Yes
2018 States fasting LDL between > body weight, CRP
116.0 and < 189.5 mg/
dL and triglycerides <
372.0 mg/dL
Korrapati et India SFT Healthy volunteers 36.7 | 9(100) 8 SB 1 9 Peanut oil TC, HDL, LDL, TG, Yes

al,f2018

body weight, WC,
% body fat, CRP,
glucose

BMI indicates body mass index; CRP, C-reactive protein; CO, randomized crossover; DB, double blind; HDL, high-density lipoprotein cholesterol; LDL, low-density
lipoprotein cholesterol; M, males; N, sample size; NR, not reported; P, randomized parallel; SB, single blind; SFT, sequential feeding trial (nonrandomized); TC, total
cholesterol; TG, triglycerides; WC, waist circumference; and wk, week.

*Mean or min, max age in years.

tA16 soybean oil (mutant line), food-grade soybean oil with low (2%) 18:3.

$Commercial soybean oil, commercially available soybean oil with usual (7%) 18:3 content.

§Multiple homogeneous comparators (ie, nontropical oils) within each study were combined to create a single pair-wise comparison to avoid double counting

and correlated comparisons.
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Asia (N=6), and Brazil (N=2). Most of the trials were ran-
domized (N=15), and about half of the included trials
(N=10) were of medium to high quality (a Jadad score
of 3 to 4). Most participants were normocholesterolemic
or healthy participants. Among nontropical vegetable
oils used as comparison interventions, soybean oil, olive
oil, safflower oil, and canola oil were most commonly
used. There were differences across trials with regard to
the method of coconut and comparison oil provision:
10 trials provided meals or cooked foods, 5 trials only
provided the cooking oils for use at home, and 2 trials
provided coconut oil in a capsule format. Also, the esti-
mated amount of tested cooking oil intake varied from
2% to 25% of total energy intake across trials.

Effect of Coconut Oil on Blood Lipids

Among the 17 trials that evaluated the effect of coconut
oil on blood lipids, 16 trials used nontropical vegetable
oils, and 4 trials used palm oil as the comparison oil. The

Coconut Oil Intake and Cardiovascular Risk Factors

individual trial results and the pooled effect estimates for
blood lipids are shown in Figures 1 and 2 (LDL-cholester-
ol and HDL-cholesterol, respectively), Figures Il and Il in
the online-only Data Supplement (total cholesterol and
triglycerides, respectively), and summarized in Table 2.

Coconut Oil Versus Nontropical Vegetable Oils
Compared with nontropical oils, coconut oil signifi-
cantly increased total cholesterol by 14.69 mg/dL (95%
Cl, 4.84-24.53; 1> = 91%), increased LDL-cholesterol by
10.47 mg/dL (95% Cl, 3.01-17.94; 1> = 84%), and in-
creased HDL-cholesterol by 4.00 mg/dL (95% Cl, 2.26—
5.73; 1> = 72%). Based on these changes and mean
baseline blood lipid concentrations, the estimated
percent change in LDL-cholesterol was 8.6%, and the
percent change in HDL-cholesterol was 7.8%. Coconut
oil did not change concentrations of triglycerides sig-
nificantly compared with the nontropical oils (Table 2).
Because of the large heterogeneity in study results,
we conducted stratified analyses for effects on LDL and

Author Comparison En%

Non-tropical vegetable oils
Reiser, 1985 [9]

Mendis, 1990 [10]

Ng, 1991 [11] com oil 23

safflower oil 21

soyabean fat 21

Ng, 1992 [13] virgin olive oil 23
McKenney-l, 1995 [14] canola oil 16
McKenney-Il, 1995 [14] canola oil 18

Lu, 1997 [15] soybean oil (A16+commercial} 13

Mean %
difference (95% CI)  Weight

19.72 (6.49, 32.95)  6.54
22.04(7.49,3659) 627
51.04 (39.45, 62.64) 6.87
- 31.32(1.18, 61.46) 352

17.40 (5.94, 28.86) 6.89
638(-941,2217)  6.01
-~ 483(6.05,17.72) 661

NOTE: Weights are from random effects analysis

Johansson, 2000 [16] sea buckthorn berry oil 2 s 464 (-15.82,25.10) 5.09
Assungio, 2009 [6] soybean oil 14 -21.73 (47.05,3.58) 4.23
Veon, 2011 [17] extra virgin olive oil 20 _—— 9.28 (-1.86, 20.42) 6.95
Vijayakumar, 2016 (7] sunflower oil 15 — -2.90(-8.43, 2.63) 7.87
Harris, 2017 [18] safflower oil 16 —— 17.40 (1.94,32.86)  6.08
Khaw, 2018 [19] extra virgin olive oil 22 —_— -1.16 (-10.03, 7.71)  7.37
Oliveira, 2018 [20] safflower+chia+soybean oil 4 —— 9.67 (2.09, 17.25) 7.59
Maki, 2018 [21) corn oil 25 [ 8.12(0.31, 15.93) 7.55
Korrapati, 2018 [8] peanut oil 13 + -16.63(-39.97,6.72) 456
Subtotal (I-squared = 84.2%, p = 0.000) O 10.47 (3.01, 17.94)  100.00
Palm oil

Ng, 1991 [11] palm oil 23 —_— 24.75 (11.86, 37.63)  30.38
Heber, 1992 [12] palm oil 18 —— 30.16 (11.29, 49.03) 23.86
Ng. 1992 [13] palm oil 23 - 3248(123,6374) 1403
Voon, 2011 [17] palm oil 20 —_—t— 3.87 (-7.80, 15.54) 3173
Subtotal (-squared = 66.9%, p = 0.028) - 20.50 (5.96, 35.04)  100.00

! I
-15 -50

Coconut oil reduces LDL cholesterol

| I |
25 50 75

o

Coconut oil increases LDL cholesterol

Figure 1. Effect of coconut oil vs nontropical vegetable oils and palm oil on LDL-cholesterol in humans.
Individual trial-specific estimates and their 95% Cls are indicated by the black dots and the horizontal line, respectively; the size of the grey squares corresponds to
the weight of the trials in the meta-analysis. The center of the diamonds indicates the pooled estimates and the width of the diamonds indicate the correspond-

u . n
+

ing 95% Cl. For the comparison column,

indicates combined multiple control arms to create single pair-wise comparison. Mean difference refers to mean

difference in LDL (in mg/dL) between coconut oil arm and comparison arm(s). En% indicates percentage of total daily energy intake from coconut oil; and LDL,
low-density lipoprotein. Conversion factor: LDL-cholesterol from mg/dL to mmol/L: divide by 38.67.
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Mean %
Author Comparison En% difference (95% Cl)  Weight
MNon-tropical vegetable oils
Reiser, 1985 [9] safflower oil 21 —— 3.48 (0.84, 6.12) 8.80
Mendis, 1990 [10] soyabean fat 21 -+ 7.73(1.14,14.33) 425
Ng, 1991 [11] com oil 23 —_— 11.60 (6.45, 16.75)  5.59
Ng, 1992 [13] virgin olive oil 23 [————— 3.48 (0.13, 6.83) 7.83
McKenney-l, 1995 [14] canola oil 16 - 1.93(9.21,13.07) 198
McKenney-Il, 1995 [14] canola oil 18 - 2.71(-3.89, 9.30) 4.25
Lu, 1997 [15] soybean oil (A16+commercial) 13 —_— 4.06 (0.35,7.77) 7.34
Johansson, 2000 [16] sea buckthom berry oil 2 -+ 0.77 (-6.05, 7.59) 4.08
Assungdo, 2009 [6] soybean oil 14 * 967 (2.77, 16.56) 4.02
Voon, 2011 [17) extra virgin alive oil 20 — 3.48 (0.10, 6.86) .78
Vijayakumar, 2016 (7] sunflower oil 15 ——— -1.65(4.35,1.26) 858
Harris, 2017 [18] safflower oil 16 —_— 6.57 (0.74, 12.41) 4.9
Khaw, 2018 [19] extra virgin olive oil 22 —— 6.96 (2.34, 11.58)  6.19
Oliveira, 2018 [20] safflower+chia+soybean oil 4 —— 0.58 (-0.41, 1.57) 10.69
Maki, 2018 [21) corn oil 25 * 1.59 (-0.61, 3.78) 9.39
Korrapati, 2018 [8] peanut oil 13 + 10.83 (4.31,17.35) 431
Subtotal (-squared = 71.7%. p = 0.000) <> 400(226.573)  100.00
Palm oil
Ng, 1991 [11] palm oil 23 —_— 5.80 (1.10, 10.50) 22.71
Heber, 1992 [12] palm oil 18 ————— -1.70 (-7.31, 3.91) 17.31
Ng, 1992 [13] palm oil 23 | 3.48(0.13,6.83) 35.57
Voon, 2011 [17] palm oil 20 ——,—— 2.32(-2.15, 6.79) 24.41
Subtotal (l-squared = 29.0%, p = 0.238) O 2.83 (0.21, 5.44) 100.00
NOTE: Weights are from random effects analysis
I | | |
-20 -10 0 10 20
Coconut oil reduces HDL cholesterol Coconut oil increases HOL cholesterol

Figure 2. Effect of coconut oil vs nontropical vegetable oils and palm oil on HDL-cholesterol in humans.
Individual trial-specific estimates and their 95% Cls are indicated by the black dots and the horizontal line, respectively; the size of the grey squares corresponds to
the weight of the trials in the meta-analysis. The center of the diamonds indicates the pooled estimates and the width of the diamonds indicate the corresponding

wyn
+

95% Cl. For the comparison column,

indicates combined multiple control arms to create single pair-wise comparison. Mean difference refers to mean differ-

ence in HDL (in mg/dL) between coconut oil and comparison arm(s). En% indicates percentage of total daily energy intake from coconut oil; and HDL, high-density
lipoprotein. Conversion factor: HDL-cholesterol from mg/dL to mmol/L: divide by 38.67.

HDL-cholesterol according to different study character-
istics (Table 3). The effects of coconut oil consumption
on LDL- and HDL-cholesterol did not differ significantly
between any of the examined characteristics. However,
we did observe a trend towards stronger effects of co-
conut oil consumption on LDL-cholesterol for trials with
a higher intake of coconut oil and trials that provided
cooked foods rather than only oils to be used at home.
Results were robust in higher-quality trials.

In sensitivity analyses excluding nonrandomized or
weight-loss trials, results did not substantially change
(Table 2). Similarly, when both nonrandomized tri-
als and weight-loss intervention trials were excluded,
the pooled estimate was 13.04 mg/dL (95% Cl, 4.10-
21.98; 1’=86%) for LDL-cholesterol and 3.54 mg/dL
(95% Cl, 1.70-5.38; 1?’=60%) for HDL-cholesterol. Also,
we conducted sensitivity analysis excluding one trial (Ng
1991)' that had the largest effect of coconut oil ver-
sus nontropical vegetable oil on LDL-cholesterol and

6 January 14, 2020

may be an outlier. However, after excluding this trial,
the summary effect of replacement of coconut oil with
nontropical vegetable oil on LDL-cholesterol remained
significant (7.53 mg/dL, 95% Cl, 2.24-12.83; 1’=65%).
Finally, we evaluated potential publication bias. The
funnel plot, Egger’s test (P, et =0-27; P, =0.36; P
aycerges=0- 13) for effects of coconut oil on total cholester-
ol, LDL-cholesterol, and triglycerides did not suggest pub-
lication bias (Figures IV through VI in the online-only Data
Supplement). However, for HDL-cholesterol, the Egger’s
test (P=0.002) suggested that the comparison between
coconut oil and nontropical oils may be affected by pub-
lication bias (Figure VIl in the online-only Data Supple-
ment). After excluding the weight-loss and nonrandom-
ized trials, the Egger’s test (P=0.19) was not significant.

Coconut Oil Versus Palm Oil
Compared with palm oil, coconut oil significantly in-
creased total cholesterol by 25.57 mg/dL (95% Cl,
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Table 2. Pooled Estimates of Effects of Coconut Oil Consumption on Blood Lipids, Anthropometry, Fasting Plasma Glucose, and C-Reactive Protein

as Compared With Nontropical Vegetable Oils in Humans

Excluding Weight-Loss
All Trials* Excluding Nonrandomized Trialst Intervention Trialst
Pooled Estimate Pooled Estimate Pooled Estimate
Outcome Type N (95% CI) 2, % N (95% CI) 2, % N (95% CI) 12, %
Total cholesterol, mg/dL 16 14.69 (4.84-24.53) 91 14 14.24 (3.82-24.66) 92 14 16.66 (4.88-28.43) 92
LDL cholesterol, mg/dL 16 10.47 (3.01-17.94) 84 14 11.05(3.18-18.92) 85 14 12.10(3.73-20.48) 86
HDL cholesterol, mg/dL 16 4.00 (2.26-5.73) 72 14 3.43(1.73-5.12) 70 14 4.15(2.29-6.02) 63
Triglycerides, mg/dL 16 2.39(-1.13-5.91) 15 14 0.66 (-0.19-1.51) 0 14 2.78 (-1.48-7.03) 25
Body weight, kg 8 -0.23 (-0.82-0.36) 63 7 -0.26 (-0.88-0.36) 68 6 0.15 (-0.16-0.46) 0
Waist circumference, cm 4 -0.63 (-2.44-1.19) 43 3 -0.66 (-2.87-1.56) 62 3 0.57 (-1.008-2.15) 0
% body fat 5 0.03 (-0.33-0.38) 0 4 0.03 (-0.32-0.39) 0 4 0.24 (-0.23-0.71) 0
Fasting plasma glucose, mmol/L 4 0.12 (-0.11-0.35) 66 3 -0.01 (-0.16-0.14) 0 3 0.12 (-0.16-0.40) 78
C-reactive protein, mg/L 5 -0.001 (-0.85-0.85) 54 4 -0.40 (-0.89-0.09) 0 4 0.11(-0.81-1.03) 64

Conversion factor: LDL, HDL, and total cholesterol from mg/dL to mmol/L: divide by 38.67; and triglycerides: 88.57. 1 kg = 2.2 Ibs. HDL indicates high-density

lipoprotein; and LDL, low-density lipoprotein.

*Pooled estimates (pooled mean difference in blood lipids between coconut oil and nontropical vegetable oil arms) were calculated based on all eligible trials

included in the meta-analysis.

tPooled estimates were calculated after excluding nonrandomized trials (Mendis et al,’ 1990 or Korrapati et al,? 2018).
$Pooled estimates were calculated after excluding weight-loss intervention trials (Assuncao et al,® 2009 or Oliveira-de-Lira et al,° 2018).

7.30-43.84; 1> = 79%), LDL-cholesterol by 20.50 mg/
dL (95% Cl, 5.96-35.04; I> = 67 %), and HDL-choles-
terol by 2.83 mg/dL (95% Cl, 0.21-5.44; > = 29%),
but not triglycerides (3.99 mg/dL, 95% Cl, -6.69-
14.67; 1’=49%). All trials that compared coconut with
palm oil were randomized and none included weight-
loss interventions.

Effect of Coconut Oil on Other
Cardiovascular Risk Factors

Coconut oil had no significant effect on body weight,
waist circumference, percentage body fat, C-reactive
protein, or fasting plasma glucose as compared with
nontropical vegetable oils (Table 2 and Figures VI
through Xl in the online-only Data Supplement). The
number of trials of coconut versus palm oil on other
cardiovascular risk factors was too small for a meaning-
ful meta-analysis.

Adverse Effects

Adverse effects that may be caused by coconut oil con-
sumption were only reported in 2 trials. One participant
experienced scratchy throat and the feeling of being
unhealthy.” In another trial,?" participants reported diar-
rhea (n=1), gastroenteritis (n=1), and weight gain (n=2).

DISCUSSION

In our meta-analysis of clinical trials, coconut oil con-
sumption significantly increased total cholesterol, LDL-
cholesterol, and HDL-cholesterol concentrations com-
pared with nontropical vegetable oils. Coconut oil also

Circulation. 2020;141:00-00. DOI: 10.1161/CIRCULATIONAHA.119.043052

significantly increased total cholesterol and LDL-choles-
terol concentrations compared with palm oil (another
tropical oil with *50% saturated fat vs ~90% saturated
fat in coconut oil). Coconut oil consumption did not
significantly change C-reactive protein, fasting glucose
concentrations, or measures of body fatness compared
with nontropical vegetable oils.

The hypercholesterolemic effect of coconut oil in-
take is probably attributable to its high saturated fat
content.® In a recent meta-regression analysis, lauric
acid, myristic acid, and palmitic acid, which together
constitute about 70% of coconut oil,? all increased LDL-
cholesterol significantly compared with carbohydrate
intake.3* The 10.47 mg/dL increase in LDL-cholesterol
resulting from the replacement of nontropical vegeta-
ble oils with coconut oil may translate to a 6% increase
in risk of major vascular events® and a 5.4% increase
in the risk of coronary heart disease (CHD) mortality.>®
Similarly, replacing 5% of energy intake from saturated
fat with polyunsaturated fat (the predominant fat in
most nontropical vegetable oils) has been associated
with 13% and 10% lower risk of CHD in epidemiologi-
cal studies and clinical trials, respectively."3” Our results
on adverse effects of coconut oil as compared with
alternative cooking oils on LDL-cholesterol concentra-
tions thus align with dietary recommendations to re-
place saturated fat with polyunsaturated fat.> Concor-
dant with our findings, authors of a previous systematic
review of 8 trials that did not include a meta-analysis
concluded that coconut oil raised LDL-cholesterol com-
pared with nontropical vegetable oils and that there
was no convincing evidence to support the consump-
tion of coconut oil over nontropical vegetable oils for
CVD risk reduction.®
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Table 3. Subgroup Analysis of Coconut Oil Consumption on LDL- and HDL-Cholesterol as Compared With Nontropical Vegetable Oils*

Coconut Qil Intake and Cardiovascular Risk Factors

LDL (mg/dL) HDL (mg/dL)

Subgroup N Pooled Estimate -% P-diff Pooled Estimate -% P-diff
Overall 16 10.47 (3.01-17.94) 84 — 4.00 (2.26-5.73) 72 —
Types of comparison oil

MUFA-rich oils 7 8.39 (-0.18 to 17.00) 59 Ref 4.81(2.94-6.69) 5 Ref

PUFA-rich oils 9 11.64 (0.37-22.90) 90 0.73 3.32(1.13-5.52) 77 0.38
Amount of intake of coconut oil (% energy)t

>20 7 19.11 (5.42-32.80) 89 0.16 4.71 (2.49-6.92) 63

10 to <20 7 3.03 (-6.28 to 12.35) 70 4.61(0.79-8.43) 71 0.26

<10 2 9.06 (1.95-16.17) 0 0.58 (-0.39 to 1.56) 0
Method of oil provision

Provided meals/cooked foods 9 16.87 (5.60-28.14) 84 Ref 4.70 (2.52-6.88) 58 Ref

Cooking oil only 5 0.68 (-7.03 to 8.39) 57 0.08 4.63 (0.40-8.86) 78 0.81

Capsules 2 9.06 (1.95-16.17) 0 0.46 0.58 (-0.39 to 1.59) 0 0.16
Compliance check

Direct observation 5 14.69 (-5.39 to 34.76) 91 Ref 6.45 (2.23-10.68) 61 Ref

Food diary or interview 9 7.85 (-0.08 to 15.79) 73 0.47 3.56 (1.38-5.74) 63 0.23

Other methods (anthropometry-leftover oil) 2 8.42 (1.89-14.96) 0 0.57 1.84(-1.44105.12) 68 0.15
Study design

Crossover-randomized 9 11.28 (7.04-15.53) 0 Ref 2.97 (1.76-4.18) 0 Ref

Parallel-randomized 5 8.23(-9.72 t0 26.17) 95 0.69 4.70 (0.50-8.91) 88 0.65

Sequential feeding trial-nonrandomized 2 3.83 (-34.00 to 41.66) 87 0.62 9.30 (4.66-13.93) 0 0.09
Jadad score

3-4 10 12.07 (2.87-21.28) 88 Ref 2.77(0.83-4.71) 71 Ref

0-2 6 6.88 (-7.21 10 20.97) 71 0.57 5.92 (3.58-8.27) 23 0.08
Double blinding

Yes 6 12.86 (-4.15 to 29.87) 90 Ref 4.55 (-0.03 t0 9.14) 78 Ref

No 8 6.37 (-1.51 to 14.25) 69 0.51 4.53(1.87-7.19) 68 0.93

Not reported 2 12.64 (1.55-23.73) 54 0.99 2.39(0.55-4.22) 14 0.55
Geographical location

Western (United States—United Kingdom-Finland) 8 9.16 (3.63-14.70) 39 Ref 3.14 (1.80-4.49) 0 Ref

Asian (Malaysia—India—Sri Lanka) 6 15.67 (-4.48 to 35.81) 94 0.52 5.39(1.32-9.47) 82 0.52

Others (Brazil) 2 —-3.61(-34.02 t0 26.79) 82 0.40 4.46 (-4.35 t0 13.26) 85 0.98
Participant health status

Normocholesterolemic/healthy 10 13.40 (2.28-24.52) 86 Ref 4.77 (2.84-6.70) 58 Ref

Hypercholesterolemic 2 13.28 (2.84-23.73) 18 0.93 2.51(-3.1710 8.18) 0 0.54

Other heath conditions (obese-heart disease) 4 3.02 (-8.43 to 14.48) 79 0.29 2.39 (-1.06 to 5.84) 77 0.26
Participant’s sex

Male 4 9.71 (-5.50 to 24.92) 68 Ref 5.32(1.45-9.19) 52 Ref

Female 4 6.17 (-4.41 10 16.75) 58 0.72 4.30 (0.35-8.25) 77 0.70

Mixed 8 13.76 (1.75-25.76) 91 0.68 3.55(0.90-6.20) 72 0.49
Industry funding

Yes 8 13.06 (-0.73 to 26.85) 91 Ref 3.66 (1.13-6.20) 75 Ref

No 4 6.64 (-0.52 to 13.80) 45 0.60 3.97 (0.38-7.57) 77 0.90

Not reported 4 9.04 (-5.38 t0 23.47) 70 0.67 6.11(2.46-9.76) 0 0.43
Weight loss interventional trialst

Yes 2 -3.61(-34.02 to0 26.79) 82 Ref 4.46 (-4.35 t0 13.26) 85 Ref

No 14 12.10(3.73-20.48) 85 0.28 4.15(2.29-6.02) 63 0.77

HDL indicates high-density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol; MUFA-rich oils, monounsaturated fat rich oils (olive oil, canola oil, peanut oil, and
high-oleic safflower oil); P-diff, P value from meta-regression comparing with the reference category; PUFA-rich oils, polyunsaturated fat rich oils (sunflower oil, corn oil, soybean

oil, safflower oil, and sea buckthorn berry oil); Ref, reference; and % Energy, percentage of energy from coconut oil.
*Values are pooled mean difference (95% Cls) unless otherwise indicated.
1The P value for amount of intake of coconut oil was obtained by modeling this as a continuous variable in meta-regression analysis.

8

#Trial participants on a hypocaloric diet with lifestyle modifications.
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In a network meta-analysis comparing multiple
cooking fats, coconut oil did not significantly increase
LDL-cholesterol as compared with nontropical veg-
etable oils.?> Network meta-analysis can theoretically
strengthen the evidence base as a result of combining
both direct and indirect comparisons, although this ap-
proach is not free from potential bias.>® However, the
authors of the network meta-analysis included only 6
trials on coconut oil compared with our analysis that
included 16 trials that compared coconut oil with non-
tropical vegetable oils and 4 trials with palm oil.?> The
search for the network meta-analysis was conducted
until March 2018, and 3 new trials have been published
since then. Furthermore, the authors excluded nonran-
domized sequential feeding trials and trials of encapsu-
lated oil supplements.?> The smaller number of trials on
coconut oil included in the network meta-analysis may
thus have reduced their statistical power.

Coconut oil consumption increased HDL-cholesterol
concentrations as compared with nontropical vegetable
oils in our meta-analysis. This result is consistent with the
finding that intake of saturated fat, particularly lauric
acid which is the major fatty acid in coconut oil, increases
HDL-cholesterol more than polyunsaturated fat, mono-
unsaturated fat, and carbohydrate.>*34 Higher HDL-cho-
lesterol concentrations have consistently been associ-
ated with a lower CHD risk in epidemiological studies.*
However, recent research findings have cast doubt upon
the causality of this association. In Mendelian random-
ization analyses, higher circulating HDL-cholesterol as a
result of single nucleotide polymorphism in the endo-
thelial lipase gene or a genetic score combining single
nucleotide polymorphisms at different HDL-cholesterol—
raising alleles was not associated with risk of myocardial
infarction." Additionally, pharmacological treatments
that increase HDL-cholesterol, such as niacin or fibrates,
did not lower the risk of CHD mortality, myocardial in-
farction, or stroke.** These results challenge the notion
that increasing HDL-cholesterol will necessarily translate
to a risk reduction in cardiovascular events. In contrast to
HDL, the role of LDL in promoting atherosclerotic CVD
has been consistently demonstrated based on findings
from Mendelian randomization studies*** and different
LDL-cholesterol-lowering treatments.*

The apparent lack of causality for HDL-cholesterol
concentrations in CHD led to the hypothesis that the
heterogeneous apolipoprotein composition of HDL may
affect reverse cholesterol transport differently.** A po-
tential cardioprotective mechanism of dietary unsatu-
rated fat compared with saturated fat is the increase
in HDL subspecies containing apolipoprotein E, which
has been shown to facilitate all steps of reverse choles-
terol transport.*> Therefore while saturated fat intake
increases HDL-concentrations per se more than unsatu-
rated fat,* average HDL-concentrations may not be ef-
fective in reflecting HDL function or CHD risk.*

Circulation. 2020;141:00-00. DOI: 10.1161/CIRCULATIONAHA.119.043052
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Proponents of coconut oil consumption argue that
CVD is uncommon among populations who consume
coconut as a staple, such as the Pukapukans and Toke-
lauan populations who obtain 34% and 63%, respec-
tively, of daily energy intake from coconut.*® Tokelauan
individuals who migrated to New Zealand had higher
total cholesterol, LDL-cholesterol, and lower HDL-cho-
lesterol levels than those who remained in Tokelau, de-
spite having a lower saturated fat intake.” However,
these findings must be treated with caution because of
the observational and ecological nature of the studies
with a high potential for confounding by the tradition-
al diets of these populations typically containing high
amounts of fish and low amounts of processed foods.*®

Replacing palm oil with coconut oil also significantly
increased LDL-cholesterol concentrations, which may
reflect the higher content of saturated fat in coconut
oil than palm oil.2#¢ The contrast in LDL-cholesterol for
coconut oil versus palm oil was at least as large as for
coconut oil versus nontropical vegetable oils. This was
unexpected because palm oil significantly increases
LDL-cholesterol concentrations compared with non-
tropical vegetable oils.*® However, because of differ-
ences in characteristics of the study designs and popu-
lations, the effects of replacing coconut oil for different
control oils cannot be readily compared.

We identified only 1 eligible trial that compared but-
ter with coconut oil. In this trial, coconut oil significantly
lowered LDL-cholesterol and increased HDL-cholesterol
as compared with butter, despite the higher proportion
of saturated fat in coconut oil.’ However, this result
should be treated with caution because it was based
on a single study and only cooking fats were provided
to participants rather than prepared meals, which may
have reduced compliance.

It has been suggested that polyphenols in unre-
fined coconut oil may be beneficial for improving in-
flammation and glucose homeostasis.?? Most of the
studies included in our meta-analysis did not report
on the types of coconut oil used. However, 2 stud-
ies used organic extra-virgin coconut oil,'®" 2 studies
used refined, bleached, and deodorized oil,""'? 1 study
used fractionated coconut oil,’ and 1 one study used
filtered coconut oil obtained by pressing dehydrated
coconut pulp.® Because of the limited information, we
were unable to conduct stratified analysis by the types
of coconut oil used.

In our meta-analysis, the estimates for studies using
a randomized crossover design or studies conducted
in Western populations were relatively homogeneous.
Crossover trials are not affected by imperfectly bal-
anced characteristics of participants in the intervention
and control arm. In addition, the other types of trials
were more likely to have smaller study sizes, lower dos-
es of coconut oil, and provision of capsules or cooking
oils only rather than all meals. These trial characteristics
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may have contributed to the greater heterogeneity in
results for studies using parallel and sequential feeding
trials or studies conducted in nonwestern populations.

Results of our meta-analysis do not support the claims
of benefits from coconut oil consumption for alleviation
of inflammation,?>?* improvements in glucose homeo-
stasis???® or reduction of adiposity.?>?* In a randomized
crossover trial in 45 healthy Malaysian adults, coconut ol
significantly increased the pro-inflammatory leukotriene
B4 compared with olive oil and did not affect thrombo-
genicity indices.* In 9 healthy Indian men, proinflamma-
tory soluble intercellular adhesion molecule-1 and ma-
trix metalloproteinase levels were significantly reduced
after a coconut oil intervention but not after a peanut
oil intervention.®2 However, the small sample size and
nonrandomized sequential design and unblinded status
of the participants limit interpretations of these results.
Compared with long-chain triglycerides, medium-chain
triglycerides may reduce body weight and fatness as a
result of increased fat oxidation and increased energy
expenditure through activation of the sympathetic ner-
vous system.>® However, the medium-chain triglycerides
used in these studies consist mainly of caprylic (8:0) or
capric (10:0) fatty acids, which constitute only ~7% and
~5% respectively in coconut oil, rather than lauric acid
the major fatty acid in coconut oil >

Several potential limitations of our meta-analysis
need to be considered. First, several of the clinical tri-
als included had poor trial design, conduct, and data
presentation, and these low-quality trials may have
introduced biases in our results. However, restricting
the analysis to randomized trials, trials with blinding,
or higher quality trials based on the Jadad score did
not substantially alter the findings of our study. We
observed a suggestion of publication bias for the ef-
fects of coconut oil on HDL-cholesterol, but not for ef-
fects on other blood lipids. This may be attributable
to chance or other trial characteristics correlated with
sample size, but we cannot fully exclude the possibil-
ity that publication bias has affected our results. Our
meta-analysis focused on intermediary risk factors of
disease rather than disease end points. However, to
our knowledge, no prospective studies or clinical tri-
als have evaluated coconut oil consumption in relation
to incidence of CVD. The small number of studies in
several strata in the subgroup analyses may have con-
tributed to imprecise estimates and a lack of statisti-
cal power to detect effect modification. Similarly, the
modest number of trials and the fact that not all trials
ensured compliance by providing all meals may have
reduced our statistical power for a dose-response
analysis. More evidence from cohort studies and clini-
cal trials on the effect of coconut oil consumption on
cardiovascular events is thus desirable.

Our results raise concerns about high consump-
tion of coconut oil because it significantly increased
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LDL-cholesterol as compared with nontropical vegeta-
ble oils. While coconut oil intake also increased HDL-
cholesterol concentrations, efforts to reduce CVD risk
by increasing HDL-cholesterol have been unsuccessful.
There was also no evidence of benefits of coconut oil
over nontropical vegetable oils for adiposity or glyce-
mic and inflammatory markers. Therefore, coconut oil
should not be viewed as healthy oil for CVD risk reduc-
tion and limiting coconut oil consumption because of
its high saturated fat content is warranted.
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