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Abstract: Background: Adding olive oil (OO) and flaxseed oil (FLO) to the diet has been report-
ed to improve endothelial function and reduce inflammation. However, the efficacy of supplement-
ing OO and FLO on blood pressure (BP) in normo-, pre-, and hypertensive stage 1 adults is uncer-
tain.

Objective: This study aimed to systematically review the literature on OO and FLO supplementa-
tion on BP and select inflammatory markers in healthy adults and adults at risk of hypertension.

Methods: Four databases, PubMed, CINHAL, Web of Science, and Medline (Ovid), were
searched from inception until October 2023 for randomized control trials (RCTs) comparing OO
and FLO supplementation in normotensive or adults at risk of hypertension. The outcomes includ-
ed were systolic blood pressure (SBP) and/or diastolic blood pressure (DBP) and at least one in-
flammatory marker, C-reactive protein (CRP), interleukin6 (IL6), or tumor necrosis factor alpha
(TNFa). The risk of bias was assessed using version 2 of the Cochrane risk of bias tool for RCTs,
publication bias visualization was performed using funnel plots, and meta-analysis was completed
to generate average estimates of effects in 2024.
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Results: Seventeen RCTs, comprising 14 studies on OO and 3 on FLO, met the inclusion criteria.
Meta-analysis using a random-effects model reported no significant effect on SBP n=17 mean dif-
ference (MD) -0.48; 95% CI: -1.76, 0.80; p=0.65, I'=0%) and DBP (n=16, MD -0.47; 95% CI:
-1.33, 0.39; p=0.65, IZ=O%) or inflammatory markers, CRP (n=8, MD 0.11; 95% CI: -1.18, 0.40;
p=0.98, I'=0%), IL6 (n=3, MD -0.15; 95% CI: -0.57, 0.27; p=0.87, '=0%), and TNFa (n=3,
MD-0.08; 95% CI: -0.12, -0.03; p=0.98, I’=0%).

Conclusion: Longer-duration, higher-dose, and larger-scale RCTs are needed to better understand
the efficacy of OO and FLO supplementation on BP. Further insight will better inform dietary sup-

plement use for preventing hypertension.
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1. INTRODUCTION

Hypertension is the most important modifiable risk fac-

mmHg and diastolic blood pressure (DBP) is <80 mmHg, 2)
elevated (i.e., prehypertension) is SBP 120-129 mmHg and

tor for preventing cardiovascular disease (CVD) and prema-
ture death worldwide [1]. The American Heart Association
(AHA) 2017 guidelines define four categories of blood pres-
sure (BP): 1) normal systolic blood pressure (SBP) is <120
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DBP <80 mmHg, 3) stage 1 hypertension is SBP 130-139
mmHg and DBP 80-89 mmHg, and 4) stage 2 hypertension
is SBP > 140 mmHg and >90 mmHg. In clinical practice, pa-
tients with normal blood pressure are assumed to be at mini-
mal risk for hypertension. However, Whelton et al. [2]
found that the risk of hypertension increases even within the
normal BP range. This study of 1,457 multi-ethnic partici-
pants who met the inclusion criteria of SBP levels of 90-129
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mmHg with no CVD risk factors or use of antihypertensive
medication showed a dose-effect relationship between CVD
and SBP levels beginning at 90 mmHg [2]. Further, a meta-a-
nalysis consisting of 61 cohort studies and 1 million adults
reported increased CVD risk starting at the normal
SBP/DBP of 115/75 mmHg [3].

Individuals at risk of CVD include those who are over-
weight/obese, prehypertensive, maintain unhealthy diets,
and/or are physically inactive. Dictary patterns, such as Die-
tary Approaches to Stop Hypertension (DASH) or the
Mediterranean diet (MedDiet), have been shown to lower
BP; however, adherence may be difficult, particularly if th-
ese diets are culturally unfamiliar [4]. Single nutrients can al-
so have positive effects on BP. A long-standing AHA recom-
mendation is to replace saturated fatty acids with n-3 polyun-
saturated fatty acids (n-3 PUFA) and monounsaturated fatty
acids (MUFA) to lower the incidence of CVD [5]. Olive oil
(OO0) is rich in MUFA oleic acid, while flaxseed oil (FLO)
is comprised of only ~20% MUFA, mainly as oleic acid. In-
stead, FLO is high (>70%) in the n-3 PUFA, a-linolenic
acid (ALA), which can be further metabolized to the bioac-
tive long chain n-3 PUFAs, eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA) [6]. Both oleic acid and
ALA have been reported to lower CVD risk and inflamma-
tion [7]. Complementary therapies, such as n-3 PUFA sup-
plements, have attracted public attention for helping to pre-
vent and manage chronic diseases safely and cost-effectively
[8, 9]. According to the 2011-2014 National Health and Nu-
trition Examination Survey data, 52% of United States
(U.S.) adults (n=11,024) reported taking at least one dictary
supplement with their primary motivation being overall
health and wellness [10].

Hypertension causes chronic inflammation that con-
tributes to oxidative stress, vascular endothelial damage, and
microcirculation remodeling [11]. A cross-sectional study of
196 healthy subjects investigating independent associations
between different inflammatory markers and hypertension
found interleukin 6 (IL6) and tumor necrosis factor-alpha (T-
NFa) to be independent risk factors for the development of
hypertension in apparently healthy subjects [12]. Several co-
hort studies of normotensive individuals have found that ele-
vated C-reactive protein (CRP) predicts the development of
hypertension [13]. Studies found that participants with rheu-
matoid arthritis who experience a higher burden of CVD due
to hypertension benefited from supplementation with a natu-
ral anti-inflammatory compound that reduced CRP, IL6, and
TNFa [8]. To determine whether OO and FLO have similar
anti-inflammatory actions for lowering BP, the objective of
this systematic literature review (SLR) and meta-analysis
was to evaluate randomized controlled trials (RCTs) examin-
ing OO and/or FLO supplementation in normotensive, prehy-
pertensive, or untreated stage 1 hypertensive individuals.
The outcomes assessed included SBP, DBP, and inflamma-
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tion markers, CRP, IL6, and TNFa. Understanding the effec-
tiveness of OO and FLO supplementation on BP can poten-
tially decrease healthcare costs and the future risk of devel-
oping CVD.

2. MATERIAL AND METHODS

This study followed the preferred reporting items for sys-
tematic reviews and meta-analyses (PRISMA) guidelines
[14]. The protocol for this study is provided in Appendix I.
Table 1 outlines the Population, Intervention, Comparison,
Outcomes, and Study design (PICOS) framework used to
define the research question and the SLR inclusion and ex-
clusion criteria.

This SLR is registered in PROSPERO registry number
CRD42024588086.

Table 1. PICOS criteria for inclusion and exclusion of studies.

PICOS Description
. adult normo-, pre-, and untreated stage 1 hypertension men
Population
and women
Intervention olive oil and/or flaxseed oil or linseed oil
Comparison | no olive oils/flaxseed oil, different oils (fish, DHA, EPA)
Out systolic and/or diastolic blood pressure, or blood pressure
utcome
with at least one inflammation marker, CRP, IL6, TNFa
Study Design randomized controlled trial, parallel or crossover

Abbreviations: CRP, C-reactive protein; EPA, eicosapentaenoic acid; DHA, docosa-
hexaenoic acid; IL6, interleukin 6; tumor necrosis factor alpha (TNFa).

2.1. Data Sources and Search Strategy

In consultation with a librarian, a comprehensive search
strategy was developed using a combination of pre-tested
search terms. Controlled vocabulary terms included medical
subject heading (MESH) terms as well as free-text terms
that included phrase searching, Boolean, and proximity oper-
ators developed based on the PICOS framework (Table 1).
A search was implemented in PubMed, Web of Science,
CINHAL, and Medline (Ovid) from the inception of each
database to October 15, 2023. The full search strategies for
each database are provided in Appendix II. There was no re-
striction for the publication year. A hand search in relevant
journals and Google Scholar was conducted. To identify on-
going and unpublished studies, the website clinicaltrials.gov
was searched. Studies identified through the database search
were uploaded into the reference manager, Zotero (George
Mason University, VA, U.S.), and duplicate studies were re-
moved. Citations were imported into a systematic review
screening software program (Covidence Systematic Review
Software, Veritas Health Innovation, Melbourne, Australia)
to conduct screening for eligibility and data extraction.

2.2. Eligibility Criteria

The population of interest was adults aged >18 years old
who were normal weight or overweight/obese but otherwise
healthy individuals who met the AHA categories for nor-
mo-, pre-, and stage | hypertension. As better compliance is
expected with supplements rather than diet interventions, on-
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ly studies that used capsules or vials of OO or FLO were in-
cluded. Excluded were interventions that involved OO and
FLO supplementation in combination with diet patterns
(e.g., MedDiet) that could confound the BP effects of the
oils alone. OO included all oil grades (e.g., EVOO, virgin,
refined, and olive oil pomace) but excluded oil blends or oil
enriched with other compounds that can influence BP (e.g.,
high oleic, high phenolics) other than <2% vitamin E to pre-
vent rancidity. Study interventions compared no or other oils
provided in the identical form as the OO or FLO capsules,
and vials were included. Interventions lasting less than 2
weeks were excluded. The primary outcomes were SBP
and/or DPB at baseline and the end of the intervention peri-
od. Secondary outcomes were at least one inflammation
marker, including CRP, IL6, or TNFa. Studies that included
inflammation markers but not BP and those that did not in-
clude inflammation marker values at baseline and at the end
of the intervention period were also excluded. Study designs
included RCTs, parallel or crossover. Additionally, only
original peer-reviewed journal articles published in English
were included.

2.3. Screening and Study Selection

Articles obtained utilizing the search strategies were im-
ported into Covidence Systematic Review Software. Two re-
viewers (TBM and JCT) independently screened the title
and abstracts to identify studies that met the eligibility crite-
ria using standardized piloted screening forms in Covidence
(Appendix III). Studies that met the criteria were selected
for full-text screening (Appendix IV). Any conflicts were re-
solved by discussion between reviewers and, if necessary, in
consultation with a third reviewer, RGN.

2.4. Study Description and Data Extraction

Data was independently extracted by both reviewers
(TBM and JCT) using the Covidence Systematic Review
Software and standardized piloted extraction forms (Ap-
pendix V). For each RCT, the following data were extracted:
author, year, RCT design (i.e., crossover or parallel), inter-
vention duration, oil type and grade, supplement dosage,
number of participants, and participant characteristics (i.e.,
gender, age, whether race/ethnicity was specified) and de-
tails on outcomes of interests (i.e., SBP, DBP, CRP, IL6,
and TNFa). RGN was contacted to make the final decision
in case of any conflict. All outcomes of interest that could
potentially be used for meta-analysis were compiled in Mi-
crosoft Excel spreadsheets (Microsoft Corporation, WA,
U.S.) for analysis by IY.

2.5. Risk of Bias Assessment

Two authors (TBM and JCT) independently assessed the
risk of bias for each RCT based on the Cochrane Risk of
Bias tool-version 2 (RoB 2) criteria [15]. Bias arising from
randomization, intervention deviations, missing data, out-
come measurement, and reported results was evaluated.
Judgement of the risk of bias in each RCT was assigned to
one of three levels for each domain: low risk of bias, some
concerns, or high risk of bias. RGN was contacted to make
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the final decision in case of any conflict. The risk of bias re-
sults were added to the Cochrane RoB2 Excel template, and
a traffic light plot and summary plot were generated using
the Robvis visualization tool [16].

2.6. Data Analysis

Meta-analysis was conducted using a random-effects
model with restricted maximum likelihood estimation of
variance and a Hartung-Knapp (HK) adjustment to calculate
raw mean differences of each outcome [17]. Given that OO
was the control or the placebo group in almost all the
studies, the meta-analysis was conducted on the difference
between the baseline and post-treatment values in groups
that received either OO or FLO. As correlations between
pre- and post-measures were not reported in any study, a
paired analysis was not possible, and meta-analysis was con-
ducted on mean differences (MD), treating the measures as
independent. When only standard errors or confidence inter-
vals were reported instead of SDs in studies, SDs were esti-
mated using the formulas in the Cochrane Handbook [18].
OO and FLO treatments were combined in the same meta-a-
nalysis to calculate an overall average effect for these treat-
ments. MDs were considered significant if the 95% confi-
dence interval (CI) excluded the null. The heterogeneity of
effect estimates was assessed using I, which describes the
proportion of variation that cannot be explained by sampling
error alone. I values of 25%, 50%, and 75% correspond to
low, moderate, and high degrees of heterogeneity, respective-
ly [18]. Given the current evidence, prediction intervals
were also calculated to indicate the range of expected effect
sizes for future studies [19]. Assessment of potential small
study effects (e.g., publication bias) was evaluated using fun-
nel plots as well as using quantitative tests, including Eg-
ger’s test, trim and fill method, when at least 10 studies were
available for an outcome of interest. Meta-analysis was con-
ducted using the “meta” package in R version 4.2.2 and the
RStudio interface (version 2022.07.2) [20] using R Core
Team (https://www.R-project.org/) and Posit (https://posit.-
co/).

3. RESULTS

3.1. Database Search

A total of 1,090 citations were identified by searching
PubMed (n=485), CINAHL (n=135), Web of Science
(n=322), and Medline (Ovid) (n=148). De-duplication of
studies resulted in 855 citations for screening of the titles
and abstracts for relevance by two independent reviewers.
After screening, 220 citations met the criteria for full-text ex-
amination. A total of 203 studies were excluded after the ful-
l-text review. A total of 17 studies were included in the syste-
matic literature review (SLR). Fig. (1) shows the PRISMA
flowchart with reasons for excluding articles based on abs-
tract and title screening and with reasons for excluding pa-
pers based on full article screening. Total studies with adequ-
ate data for conducting meta-analysis were n=17 for SBP,
n=16 for DBP, n=8 for CRP, n=3 for IL6, and n=3 for TN-
Fa.
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Fig. (1). PRISMA flowchart. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).

3.2. Description of Included Studies

Table 2 shows the characteristics of the participants and
the experimental design of 17 studies. The majority of RCTs
used a parallel (88%) versus crossover (12%) study design.
RCTs were mainly conducted at a single site (94%) in the
U.S., Canada, the United Kingdom (U.K.), and Europe.
Most (65%) studies included 25-100 participants/group,
while only 12% included >100 participants/group. Partici-
pants at risk of hypertension based on risk factors of being
overweight, obese, and/or prehypertensive made up 41%,
while 47% of studies included healthy participants and 12%
stage 1 hypertension participants that met the categorization
of low risk defined by Flack et al. [21] as without CVD and
age <65 years. Current AHA guidelines suggest that all pa-
tients with stage 1 hypertension should be provided with
lifestyle therapy. However, those not achieving goal BP
(<130/80 mmHg) within 6 months should continue lifestyle
therapy with consideration given to the addition of medica-
tion [22]. Of the studies that provided information about diet
patterns, 50% recommended that participants continue con-
suming their normal diets during OO or FLO supplement in-

terventions. Oil grade used in capsules was reported in only
29% of studies.

Table 3 details the intervention and outcomes results.
Three studies examined FLO supplementation. In all studies,
FLO was the treatment group being compared to a control/-
placebo. In contrast, of the 14 RCTs that used OO supple-
mentation, 11 studies used OO as the control/placebo when
compared to treatment of either fish oil, EPA, or DHA. Of
the RCTs, 53% had an intervention duration of <1 month,
with most studies lasting 3 months. Of the 14 included
studies examining OO supplementation on SBP, only two re-
ported a significant reduction [23, 24]. Of the 13 studies that
examined OO supplementation and DBP, two reported a sig-
nificant reduction [23, 24]. All three studies examining FLO
supplementation reported no significant differences in SBP
and DBP [25-27]. Of the six studies providing OO and two
studies providing FLO that measured circulating CRP, none
reported any significant effect. In one study providing OO
and two providing FLO that measured IL6 and TNFa, only
Joris et al. [25] found that FLO supplementation significant-
ly reduced circulating TNFa.

Table 2. The characteristics of the included randomized controlled trials.

Characteristics Frequency (n) Percentage (%)
Study Design
Parallel 15 88%
Crossover 2 12%
Study Location
Single 16 94%
Multicenter 1 6%

(Table 2) Contd...
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Characteristics Frequency (n) Percentage (%)
Study Region:
United States 4 23.5%
Canada 4 23.5%
United Kingdom 4 23.5%
Europe' 4 23.5%
Australia 1 6%
Ethnicity
Specified 4 24%
Not Specified 13 76%
Number of Participants:
n= <25/group 4 23%
n=25-100/group 11 65%
n=>100/group 2 12%
Average age:
>65 years 6 35%
<65 years 11 65%
Gender
Males only 4 23.5%
Females only 4 23.5%
Both 9 53%
BP Categorization:
Normotensive 8 47%
Prehypertensive 7 41%
Stage 1 Hypertension 2 12%
0il Grade'
EVOO 1 6%
Virgin OO 0%
Refined OO 2 12%
OO pomace 0%
Refined FLO 2 12%
Not specified 12 70%
Diet Recommendations
Continue on normal diet 6 35%
Some recommendations 6 35%
No description 5 30%

Note:'Spain, Demark, Netherlands; “Risk include overweight, obesity, prehypertension, and/or stage 1 hypertension; ‘Based on the American Heart Association 2017 categorization
of blood pressure.; ‘Abbreviations: EVOO, extra virgin olive oil; FLO, flaxseed oil; OO, olive oil.

Table 3. Characteristics of the included randomized controlled trials.

* M/F n=61
« Total subjects n=254

References Participants Intervention Interven‘t ion Du- Placebo Comparison Study Results"”
Dosage ration Group
* NS SBP, DBP group 1&2
» SBP Before Group 1: 126.3
(95% CI: 123.6, 129)
After: 126.6 (95% CI: 123.2,
130)
* DBP Before Group 1:
75.2 (95% CI: 73.7, 76.6)
; ?sef‘;:)hzr:i‘;gs After: 76.9 (95% CI: 74.8,
AlSaleh et al. [26] 3 g/day 1 year 00 EPA +DHA [79.1)

» SBP Before Group 2: 122.9
(95% CI: 121.1, 124.8)
After: 125 (95% CI: 122.7,
127.3)

* DBP Before Group 2: 74.5
(95% CI: 73.5,75.5)

* After: 74.1 (95% CI: 72.7,
75.5)

(Table 3) Contd...
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References Participants Intervention Interven't ion Du- Placebo Comparison Study Results"
Dosage ration Group
. <
* Healthy adults | SBP, DBP (p<0.03)
+ 19-40 yrs old 1.5 g oil/10 k " SBP Before: 12312
Bruckner eral. [21] ||\ (nzfo) : bgwt a £ 3 weeks 00 Fishoil  |After: 11648
« Total subjects n=21 o * DBP Before: 82+4
ot subjects After: 78+4
* NS SBP, DBP, IL6, TNFa
* SBP Before: 115.25+6.7
After: 118.78+9.72
* DBP Before: 65.13+4.76
* Healthy adults After: 63.47+4.44
¢ 18-35 yrs old No supple- 00 » CRP Before: 0.463+0.475
Chenetal [35] 1. \E (n=16) 3 g/day I month ment Fishoil  |After: 0.635+1.104
« Total subject n=43 « IL6 Before: 1.11+1.47
After: 0.97+1.18
* TNFa Before:
0.82+0.31
After: 0.75+0.26
+ NS SBP, DBP
* At risk adults overwt/obese * SBP Before:
Felix-Soriano et al. |+ 55-70 yrs old Fish oil 121.83 £19.68
X era Y 3 g/day 4 months 00 . Change: -2.4+10.84
[27] * F (n=20) -/+exercise
« Total subiects n=71 * DBP Before:
otat subjects 80.04 + 12.38
Change: -1.4+£7.13
« |SBP, DBP (p<0.05)
* Healthy adults  SBP Before:
¢ 18-30 yrs old EPA 105.5£ 8.5
Lee et al. [22] « M/F (n=30) 3 g/day 3 months 00 DHA After 103.448.8
* Total subjects n=86 » DBP Before: 65.2+8
After: 64.8+7.5
* NS SBP, DBP, CRP
. : +3.
« Healthy adults SBP Before: 119+3.3
« 60-76 vrs old After: 116+4.9
Loganetal. [30] |, F (n=1};) 3 g/day 3 months 00 Fish oil » DBP Before: 72+1.9
* Total subjects n=24 After: 7242.6
) « CRP Before: 1.75+0.33
After: 1.67+0.25
« NS SBP, CRP
* Healthy adults * SBP Before: 119.6+2.3
. * 35-64 yrs old Fish oil Change: 3.3£1.5
Makiefal [291 1\ ik (n=25) 2 g/day I'month 00 Krilloil |+ CRP Before:
« Total subject n=76 4.9+3.8
Change: 0.2+1.9
* Healthy adult subjects - NS SBP, DBP
« 2234 yrs old 9 capsules Fishoil | DT Before: 1541
Mills et al. [36] M (n:ilo) /(Ilja 1 month 00 Borage oil After: 118+3
« Total subjects n=30 Y e » DBP Before: 762
! After: 7642
* NS SBP, DBP, CRP
. D112+
« Healthy adults SBP Before: 11242
< 1835 vrs old After: 109+1
Monahan et al. [31] Y 10 g/day 1 month 00 Fish oil * DBP Before: 64+2

* M/F (n=9)
« Total subjects n=18

After: 64+2
* CRP Before: 8+0.5
After: 9+0.5

(Table 3) Contd...
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References

Participants

Intervention
Dosage

Intervention Du-
ration

Placebo

Comparison
Group

Study Results"”

Mori et al. [32]

* At risk overweight mildly
hyperlipidemic

*20-65 yrs old

* M (n=20)

« Total subjects n=56

4g/d

6 weeks

00

EPA
DHA

* NS SBP, DBP, IL6
* SBP Low FLO
Before: 128 +3
Change: -2+3

» SBP High FLO
Before: 12443
Change: 243

* DBP Low FLO
Before: 76+2
Change: 242

* DBP High FLO
Before: 7342
Change: 2+1

«IL6 Low FLO
Before: 1.64+0.21
Change: 0.44+0.08
« IL6 High FLO
Before: 1.35+0.15
Change: -0.04+0.15

Rogers et al. [33]

* Healthy adults
*22-65 yrs old

* M (n=30)

« Total subject n=60

4 capsules 4x/day
first week

3 capsules 3x/day

remainder of trial
(10-16 ml)

3-6 weeks

00

Fish oil

* NS SBP, DBP.

* SBP Before: 132.47+11
After: 128.8 £9.75

* DBP Before: 74.6£7.72
After: 72.77 £ 11

Salvig et al. [37]

* Healthy adults
* 18-44 yrs old

* F (n=27)

« Total subjects
n=81

1g/day

12 weeks

No supple-
ment

00
Fish oil

* NS SBP, DBP

* SBP Before:
125.9+1.3

After: 126.8 £7.1

* DBP Before: 69.5+0.7
After: 80.8 £6.2

Sanders et al. [28]

* Healthy adults
*45-70 yrs old

« M/F (n=71)

« Total subjects n=310

3 g/day

1 year

00

EPA+DHA

* NS SBP, DBP, CRP

* SBP Before: 122.6 (95%
CI: 120, 125.2)

After: 122.1

(95% CI: 119.2, 125.1)

* DBP Before: 74.1

(95% CI: 72.6, 75.7)
After: 72.9 (95% CI:
71.4,74.4)

» CRP Before: 8 (95% CI:
3,14)

After: 10 (95% CI: 4,17)

Theobald et al. [34]

* Healthy adults

* 40-65 yrs old

* M/F (n=38)

* Total subjects n=38

1.5 g/day

3 months

00

DHA

* NS SBP, DBP, CRP,
1L6

* SBP Before: 117.8 + 12
After: 116.7+14.1

* DBP Before: 72.44+6.9
After:72.6+9

* CRP Before: 0.98+2.02
After: 0.83+2.09

* IL6 Before: 1760+3190
After: 1970£1770

(Table 3) Contd...
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Intervention

References
Dosage

Participants

Intervention Du-
ration Group

Comparison

Placebo Study Results"”

o At risk
overweight/obese

* 52-68 yrs old

* M/F (n=29)

« Total subject n=59

Joris et al. [23] 10g/day

12 weeks

* NS SBP, DBP, CRP
| TNFa (p<0.05)

* SBP Before: 129+10
After: 12549

Change: -3 (95% CI -
8,2)

* DBP Before: 9310
After: 90£10

Change: -3 (95% CI:
7,1)

* CRP Before: 3+5.2
After: 2.9+3.0
Change: 0.15

(95% CI: -0.98,1.29)
* IL6 Before: 1.242.1
After: 1.3£2.2
Change: 0.01

(95% C1-0.15,0.17)

* TNFa Before: 2.4+0.6
After: 2.3+£0.5
Change: -0.14

(95% CI: -0.27, -0.01)

High oleic SO FLO

* At risk
overweight/obese

* 52-68 yrs old

* M/F (n=29)

« Total subjects n=59

Pieters et al. [24] 10g/day

12 weeks

* NS SBP, DBP

* SBP Before: 133.9+7.4
After: 133.9+9.0

* DBP Before: 85.9+£8.2
After: 85.3£8.5

High oleic SO FLO

« At risk adults obese
e age 20-51 yrs old

* F (n=21)

« Total subjects n=21

Pauls et al. [25] 4 g/day

1 month None

* NS SBP, DBP, CRP,

TNFa, IL6.

» SBP Before:

127+16.6

After: 129+16.7

* DBP Before: 80.5+11.3
FLO After: 80.8+£10.8

Fish oil * CRP Before:

9.28+11.92

After: 8.04+7.74

* IL6 Before: 1.31£1.33

After: 1.05+1.08

* TNFa Before:2.01+0.74

After: 1.95+0.62

Abbreviations: 'CRP, C-reactive protein; DBP, diastolic blood pressure; IL6, interleukin-6; NS, not significantly different; SBP, systolic blood pressure; TNFa, tumor necrosis fac-
tor alpha; “Blood pressure reported in mmHg; CRP reported in mg/L; IL6 and TNFa reported in pg/mL.

3.3. Risk of Bias Assessment

Fig. (2) shows the risk of bias assessment using
Cochrane’s RoB2 tool. Of the 17 RCTs that met the inclu-
sion criteria, seven (41%) had a low risk of bias [24-30]. Six
(35%) had some concerns about bias [31-36], and four
(24%) had a high risk of bias [23, 37-39]. All three RCTs ex-
amining FLO supplementation had a low risk of bias
[25-27]. Of the four RCTs judged at high risk of bias, two
studies conducted in the eighties lacked description in three
of the five bias domains [23, 38]. Across all RCTs, the do-
main judged at the highest risk of bias was in the measure-
ment of outcomes (~50%) due to missing information on
whether outcome assessors were blinded to the treatment as-
signments and the absence of details about the effectiveness

of the subject blinding. The next highest risk of bias (~25%)
was bias arising from the randomization process due to a
lack of details about the method used in allocation conceal-
ment. Overall, 25% of the 17 RCTs were judged to be at
high risk of bias.

3.4. Meta-Analysis and Publication Bias

Meta-analysis was performed on outcomes of interest
SBP, DBP, CRP, IL6, and TNFa. Fig. (3) shows the forest
plot results for studies (n=17) reporting SBP. Supplementa-
tion with either OO or FLO had no effect on SBP mean dif-
ference (MD) -0.48 (95% CI: -1.76; 0.80, p=0.65) in healthy
and at-risk subjects and showed low heterogeneity (I° = 0%).
The AlSaleh et al. [28] study reported no significant effect
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on SBP and had the highest sample size. Fig. (4) shows the
forest plot results for studies (n=16) reporting DBP. Supple-
mentation with either OO or FLO revealed no significant ef-
fect on DBP (MD -0.47; 95% CI: -1.33, 0.39, p=0.60) in

A
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Bias arising from the randomization process
Bias due to deviations from intended interventions
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healthy and at-risk subjects and showed low heterogeneity
(I’ = 0%). The AlSaleh et al. [28] study reported no signifi-
cant effect on DBP and had the highest sample size.

Bias due to missing outcome data
Bias in measurement of the outcome
Bias in selection of the reported result
Overall risk of bias

| B oo [ someconces [ Honese

Fig. (2). Risk of Bias A) Traffic Light Plot representing the risk of bias in RCTs. Individual studies are listed along the vertical axis of the
plot. Different domains (D1-5) are listed along the horizontal axis. Each cell where a study intersects with a bias domain is color-coded ac-
cording to the level of bias detected in that domain. Green indicates low risk, yellow signifies some concerns, and red denotes high risk. B)
In the RoB2 summary plot, the rows of the plot correspond to different domains of bias assessment. Color coding was used to indicate the
risk of bias for each domain within each study, where green represents a low risk of bias, yellow represents some concerns, and red repre-
sents a high risk of bias. At the bottom, the plot provides an overall assessment of bias across all included studies in the form of percentages
indicating the number of studies with low, some concerns, or high risk of bias. (4 higher resolution / colour version of this figure is available

in the electronic copy of the article).
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Fig. (3). Forest plot for the pooled systolic blood pressure (SBP)
from 17 randomized controlled trials (RCTs). The effect size of
each study is represented by the small, solid vertical line, and its
95% confidence interval (CI) is shown by the solid horizontal line.
The dashed vertical line represents the pooled prevalence, and the
diamond represents its 95% CI. The size of the shaded squares sym-
bolizes the weight each study was assigned in the pooling. (4 high-
er resolution / colour version of this figure is available in the elec-
tronic copy of the article).

Fig. (4). Forest plot for the pooled diastolic blood pressure (DBP)
from 16 randomized controlled trials (RCTs). The effect size of
each study is represented by the small, solid vertical line, and its
95% confidence interval (CI) is shown by the solid horizontal line.
The dashed vertical line represents the pooled prevalence, and the
diamond represents its 95% CI. The size of the shaded squares sym-
bolizes the weight each study was assigned in the pooling. (4 high-
er resolution / colour version of this figure is available in the elec-
tronic copy of the article).
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Study 95%-Cl Weight
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Fig. (5). Forest plot for the pooled C-reactive protein (CRP) from 8
randomized controlled trials (RCTs). The effect size of each study
is represented by the small, solid vertical line, and its 95% confi-
dence interval (CI) is shown by the solid horizontal line. The
dashed vertical line represents the pooled prevalence, and the dia-
mond represents its 95% CI. The size of the shaded squares symbol-
izes the weight each study was assigned in the pooling. (4 higher
resolution / colour version of this figure is available in the electron-
ic copy of the article).

Fig. (5) shows the forest plot results for secondary out-
comes. Studies (n=8) reporting on an inflammatory marker,
CRP revealed supplementation with either OO or FLO sup-
plementation had no significant effect on CRP (MD 0.11;
95% CI: -0.18, 0.40, p=0.92) and showed low heterogeneity
(I = 0%). The Chen et al. [37] study had the highest sample
size. Fig. (6A) shows the forest plot results for studies (n=3)
reporting IL6 levels, and Fig. (6B) shows the forest plot re-
sults for studies (n=3) reporting TNFa levels. Supplementa-
tion with either OO or FLO showed no significant effect on

McNabb et al.

IL6 (MD -0.15; 95% CI: -0.57, 0.27, p=87) or TNFa (MD
-0.08; 95% CI: -0.12, -0.03, p=0.98) and showed low hetero-
geneity (I = 0%).

Fig. (7A) shows a funnel plot of the variability of the in-
dividual studies measuring SBP against the effect size. Most
of the studies in the funnel plot are on the upper part, which
displays larger studies with greater precision, and fewer on
the base part, which displays studies with lower precision.
Studies are roughly symmetrical left and right and cluster
close to the null, indicating no effect. All studies measuring
SBP lay within the 95% confidence diagonal dotted line and
within the white-shaded region, indicating a significance of
p<0.01. Fig. (7B) shows a funnel plot of the individual
studies measuring DBP. All except one study in the funnel
plot are clustered in the upper part. Studies are roughly sym-
metrical left and right, and studies cluster close to the null,
indicating no effect. With one exception, all studies lay
within the 95% confidence dotted diagonal line, indicating a
significance of p<0.01. The Egger test showed no evidence
of significant (p>0.5) small-study effects in the analysis of
OO and FLO consumption on SBP or DBP. Funnel plots for
primary outcomes, SBP, and DPB revealed no publication
bias. Of the 17 studies, 15 reporting no significant effects of
OO and FLO on BP were published.

The X-axis displays the effect mean difference. The dott-
ed center line at 0 represents no effect. The dotted diagonal
lines indicate the random effects estimate and their corre-
sponding 95% confidence intervals. The different shaded re-
gions represent different significance levels for the
effect size. The filled circles indicate individual studies
(Fig. 7A-B).
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Fig. (6). Forest plot for 3 randomized control trials (RCTs) for A) IL6 and B) TNFa. The effect size of each study is represented by the
small, solid vertical line, and its 95% confidence interval (CI) is shown by the solid horizontal line. The dashed vertical line represents the
pooled prevalence, and the diamond represents its 95% CI. The size of the shaded squares symbolizes the weight each study was assigned in
the pooling. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).
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Fig. (7). Contour-enhanced funnel plot for publication bias assessment of A) systolic blood pressure (SBP) and B) diastolic blood pressure

(DBP). The Y-axis represents the standard error.

4. DISCUSSION

This SLR assessed the effect of OO and FLO supplemen-
tation on SBP, DBP, inflammatory markers, CRP, IL6, and
TNFa. Of the 1,090 studies identified through database
searches, 17 met the criteria for inclusion, resulting in a total
of 458 participants. All RCTs, except one [31], measured
both SBP and DBP. Of the 14 RCTs supplementing OO, on-
ly two studies, Brucker ez al. [23] and Lee et al. [24], report-
ed a significant SBP decrement. According to Hardy et al.
[40], a 1 mmHg decrement in SBP can prevent cardiovascu-
lar events, and it is suggested that the management of BP
should include populations below hypertension treatment
thresholds. In our SLR, five studies achieving a >1 mmHg
reduction in SBP reported these results as non-significant.
Rogers et al. [35] reported OO supplementation for 6 weeks
resulted in a -3.67 mmHg SBP reduction. However, the
study concluded this result was nonsignificant despite the
categorization of participants changing from stage 1 hyper-
tension to prehypertension. Further, DBP was <80 mmHg at
baseline and after intervention.

DBP independently influences cardiovascular events in
healthy middle-aged (<65 years) participants [41]. Of our in-
cluded RCTs, 65% of participants were aged <65 years, and
85% had a DBP measurement of <80 mmHg. Only two
studies, Bruckner et al. [23] and Lee et al. [24], reported that
OO supplementation resulted in a significant reduction in
DBP -3 and -4 mmHg, respectively. A reduction of 2 mmHg
in DBP in the normotensive population has been shown to
lower the risk of stroke and premature CVD deaths [42]. In
the current SLR, no RCT showed a >2 mmHg decrement or
reported a significant effect with OO supplementation. Simi-
larly, a previous meta-analysis of 13 RCTs comprised of
mainly healthy participants reported no significant effect on
DBP. However, SBP was significantly reduced when con-

suming EVOO compared to refined OO [43]. Of the RCTs
included in our SLR, only two studies specify the grade of
oil used. Chen ef al. [37] used EVOO, while Theobald et al.
[36] used refined OO. Refined oil has fewer bioactive com-
pounds (e.g., polyphenols) than EVOO due to the addition
of chemical solvents during processing [44]. However, a me-
ta-analysis of RCTs restricted to EVOO supplementation in-
dependent of the MedDiet revealed no significant impact on
either SBP or DBP. Further, subgroup analysis based on par-
ticipant health status confirmed the lack of an effect of
EVOO intake on BP among hypertensive and non-hyperten-
sive subjects [45]. In the current SLR, OO served as the
placebo/control in all except three studies. OO has been ex-
tensively used as a placebo in studies investigating the ef-
fects of fish oils, a rich source of n-3 PUFAs, and a popular
dietary supplement in Western countries [46].

FLO containing moderate MUFA but high in the n-3 PU-
FA, ALA was also investigated. None of the three RCTs in-
vestigating FLO supplementation reported significant reduc-
tions in SBP or DBP. A prior meta-analysis of five RCTs
providing FLO showed no effect on DBP, but SBP was signi-
ficantly lowered in participants with either stage 2 hyperten-
sion, metabolic syndrome, or hypercholesterolemia [47]. Par-
ticipants included in our SLR were healthy, prehypertensive,
or stage 1 hypertensive. Studies involving healthy and at-
risk subjects typically demonstrate less pronounced BP re-
duction than individuals with underlying diseases and higher
baseline BP. In support, a meta-analysis of RCTs providing
ALA supplementation reported no effect on DPB but found
significantly lower SBP, with more prominent effects ob-
served in individuals with higher baseline BP [48].

Overall, the current meta-analysis of OO and FLO sup-
plementation revealed no significant effect on SBP (MD
-0.48 mmHg; 95% CI: -1.76, 0.80, p=0.65) and DBP (MD



152 Current Hypertension Reviews, 2024, Vol. 20, No. 3

-0.47; 95% CI: -1.33, 0.39, p=0.60) in healthy and at-risk
adults. Potential confounding factors were differences in pro-
tocols used to measure BP among the studies, including pos-
ture (i.e., sitting or supine), the number of measurements tak-
en, and the resting time before and between BP readings. On-
ly two studies used 24-hour ambulatory BP [26, 34], which,
by obtaining multiple readings, allows BP variability to be
captured [49]. Joris ef al. [25] examined FLO intake and
measured central BP, which has been suggested to be better
for predicting cardiovascular mortality [50]. In the current
SLR, most studies have measured peripheral BP. Depending
on the BP measurement methodology, BP results can vary
by up to 20-25 mmHg [51]. Therefore, including inflamma-
tory markers may serve as a useful adjunct measurement.
An association has been reported between inflammatory
markers, CRP, and prehypertension [52].

Dietary supplements are widely used by the population
for disease prevention and overall health maintenance [9]. A
natural substance that reduced CRP and proinflammatory,
IL6 and TNFa were used as complementary therapy for man-
aging rheumatoid arthritis, a chronic inflammatory condition
associated with an increased risk of hypertension [8]. The
current meta-analysis of six studies providing OO supple-
mentation and two studies providing FLO supplementation,
measuring both BP and serum CRP, found no significant ef-
fect on serum CRP level (MD 0.11; 95% CI: -0.18, 0.40,
p=0.92). In support, a meta-analysis of RCTs providing
EVOO supplementation also found no significant effect on
BP and CRP [45]. Conversely, a meta-analysis of RCTs pro-
viding ALA supplements, such as flaxseed oil or FLO, re-
ported significant reductions in SBP and CRP in participants
with baseline serum CRP >3 mg/L [48]. In the current SLR,
only two RCTs examining FLO supplementation met the in-
clusion criteria of measuring both BP and CRP. Neither of
the two studies reported significant reductions in either BP
or CRP [25, 27].

Inflammation markers, IL6 and TNFa, were found to be
independent risk factors for hypertension in both normo-
and prehypertensive subjects [52]. In our SLR, 41% of parti-
cipants were prehypertensive, while 47% were normoten-
sive. The current meta-analysis of the RCTs providing either
OO supplementation found no significant effect on IL6 and
TNFa levels. Similarly, a meta-analysis of RCTs providing
EVOO to normotensive and hypertensive subjects also re-
ported no significant effect on IL6 and TNFa levels [45]. In
contrast, another meta-analysis reported improvement of
IL6, TNFa, and CRP in healthy and unhealthy subjects; how-
ever, daily OO consumption was up to 50 mg/d and included
0O supplementation combined with MedDiet [43].

In our RCTs examining FLO, Joris et al. [25] reported
no significant effect on IL6 but a significant reduction in TN-
Fa levels with 10g/d FLO providing ~4.7 ALA for 12
weeks. In support, a meta-analysis using flaxseed and FLO
at doses of ALA > 3g/d found no effect on IL6 but a signifi-
cant reduction in TNFa levels (0.45 pg/mL) [48]. However,
the Joris et al. [25] study had fewer subjects than the
Chen et al. [37] study reporting no significant effect on TN-
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Fa. All three RCTs examining FLO supplementation had a
low risk of bias [25-27]. Overall, the risk of bias for all 17
RCTs was ~25%. Low heterogeneity in the present meta-a-
nalysis was indicated by the I’ statistic of 0% for SBP, DBP,
inflammatory markers, CRP, IL6, and TNFa.

Additionally, funnel plots for primary outcomes, SBP,
and DPB revealed no publication bias.

4.1. Strengths and Limitations

The studies included in our SLR had several limitations.
All RCTs in this SLR, with the exception of one, used OO
as the placebo/ control, suggesting that OO doses were se-
lected to be biologically inert. As a result, the meta-analyses
were conducted only on the pre-and post-data from groups
that received these treatments. However, these results could
be affected by confounding variables. In RCTs, the dose of
the OO supplements provided may not have been sufficient
to yield significant benefits. Most studies provided 3 g/d OO
supplementation, whereas MedDiet provides 1 to 4 table-
spoons of OO daily or ~14 g of oil per tablespoon [53].

Guasch-Ferre et al. [54] reported that consuming >0.5 ta-
blespoons or >7 g OO daily resulted in a 14% lower risk of
CVD compared to non-consumers. Yet, several RCTs pro-
viding 3g/d reported lower SBP by >1 mmHg in normo-,
pre-, and hypertensive stage 1 subjects. Therefore, using OO
as a placebo/control in studies may not be appropriate. Addi-
tionally, reporting the oil grade used is important since pro-
cessing can reduce phytochemical content. Study sample
sizes were small, and only three studies investigated how
FLO supplementation measured both BP and inflammation
markers of interest. Furthermore, different ethnicities were
only specified in 24% of studies, despite known racial differ-
ences in the susceptibility and response to interventions
[55].

The strengths of our study were our criteria of including
participants who were normotensive, at risk of hypertension,
or classified as low-risk stage 1 hypertension. This approach
reduced variability and mitigated potential sources of hetero-
geneity and confounding factors, such as the use of medica-
tions. Additionally, the inclusion of studies that measured in-
flammatory markers also required measurement of BP,
while other studies focused solely on inflammatory markers.
Finally, the inclusion of studies that provided OO and FLO
as capsules or vials avoided the effects of cooking on oil
quality and allowed better blinding and precision in dosing.

CONCLUSION

This SLR and meta-analysis found no significant effect
of OO and FLO supplementation on SBP, DBP, and inflam-
mation markers: CRP, IL6, and TNFa in normotensive and
at-risk adults. Heterogeneity among these outcomes was
low, and funnel plots revealed no publication bias. However,
the RCT intervention durations were short (e.g., 3 months),
the studies were lacking in diversity, most had some risk of
bias concerns, and doses assessing OO supplementation on
BP were based on OO as placebo/control doses. Further re-
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search is warranted, given that ~25-50% of adults world-
wide fall into the category of prehypertensive, which increas-
es the risk of developing hypertension threefold [56]. If effi-
cacious, OO and FLO capsule supplementation can provide
a simple intervention for lowering BP with enhanced adher-
ence.
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