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Introduction
According to the latest report of the International dia-
betes Federation, as of 2023, 425  million people world-
wide will have diabetes, accounting for 9.3% of the adult 
population [1]. In 2023, 11 million people worldwide will 
die of diabetes or its complications, which is equivalent 
to one person dying of diabetes every 8  s. This means 
that every year, more than the sum of cancer and AIDS 
deaths, people lose their lives because of diabetes. In 
addition, diabetes has a long course and repeated condi-
tion, which is very harmful to human health [2]. Diabetes 
is one of the main causes of renal failure and blindness. 
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Abstract
Background Diabetes is a common metabolic disease worldwide, is also a global major public health problem. We 
carried out this meta-analysis to evaluate the effects of olive oil(OO) consumption on diabetes.

Methods PubMed, Embase, Scopus, Web of Science and Cochrane Library databases were systematically searched 
until October 2024. Heterogeneity among studies was examined using Q and I2 statistics. Combined risk ratio (RR) 
with their 95% confidence interval (CI) were calculated by using a random effects model. Also dose-response analysis 
and subgroup analysis were performed.

Results 10 studies (4 cohorts and 6 RCT) involved more than 50,0000 subjects and 2,0000 individuals with diabetes 
were included in the meta-analysis. A 13% (RR = 0.87, 95%CI = 0.83 − 0.92, P < 0.01) decreased risk of diabetes was 
shown in Cohort study and 22% (RR = 0.78, 95%CI = 0.70 − 0.88, P < 0.01) decreased risk in RCT study for the highest vs. 
lowest olive oil consumption. Subgroup analysis results showed that there was a better effect on reducing diabetes 
risk in age > 50 years(RR = 0.77, 95%CI = 0.70 − 0.89, P < 0.01), Europe(RR = 0.81, 95%CI = 0.72 − 0.86, P < 0.01) and 
extra virgin olive oil ( RR = 0.75, 95%CI = 0.65–0.87, P < 0.01). Dose-response analysis showed a significant nonlinear 
association of diabetes risk with OO intake(Pnon-linearity < 0.05) and when 10–20 g of olive oil is consumed daily, the 
effect amount is statistically significant, while more than 20 g there was not statistically significant. Begg’s and Egger’s 
regression test results indicated that there was no publication bias and the results were reliable.

Conclusions Evidence from this meta-analysis suggested that OO consumption is associated with a decreased risk of 
diabetes, especially, 10–20 g OO daily may be beneficial for prevention and management of diabetes.
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About 20 million people worldwide suffer from end-stage 
renal disease due to diabetes, of which about 15 million 
need dialysis or transplantation. About 35 million people 
suffer from retinopathy due to diabetes, of which about 
2.7  million have become blind [3]. At present, diabetes 
has become a serious public health challenge for many 
developing countries.

Nutritional factors and dietary patterns play an impor-
tant role in the etiology of various chronic diseases such 
as cardiovascular diseases and diabetes [4–6]. Mediter-
ranean diet (MedDiet), which is widely regarded as the 
healthiest way of eating, it has been shown to prevent 
cancer, cardiovascular disease, coronary heart disease, 
obesity and diabetes [7–10]. Olive oil (OO), as a major 
part of the Mediterranean diet, is becoming more and 
more popular all over the world, whether OO has a ben-
eficial effect on diabetes?

So far, there is no direct evidence showed that olive oil 
can reduce the risk of diabetes. Firstly, the earliest stud-
ies did not find that OO has a significant hypoglycemic 
effect [11–12]. Second, some previous clinical studies 
found beneficial effects of MUFAs on metabolic risk fac-
tors in T2D patients [13–15]. However, a recent study 
reported that MUFAs did not yield any significant effects 
on all-cause mortality and risk of cardiovascular disease 
[16]. And a recent meta-analysis published in 2017,they 
found that OO can lower the risk of diabetes with only 
included four cohort studies [17].

Hence, we carried this meta-analysis to explore 
whether eating olive oil is beneficial to diabetes, and the 
dose relationship between olive oil consumption and dia-
betes risk.

Materials and methods
This meta-analysis was planned and conducted according 
to the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) checklist(Registration 
number: CRD42024543816 ).

Literature search strategy
A systematic search of published articles was conducted 
in the PubMed, Embase, Scopus, Web of Science and 
Cochrane Library databases up to October 2024. We 
used the following search terms in title and abstract: 
(“olive oil” OR “lucca oil” OR “MUFAs”) AND (“diabetes” 
OR “T2D” OR “ blood glucose” OR “glycemic” ) AND 
(“Prospective studies” OR “cohort” OR “randomized con-
trolled trial” OR “RCT” OR “controlled clinical trial” OR 
“clinical trial” OR “randomized” OR “random” OR “ran-
domly” OR “Cross-over” OR “Parallel”). To enhance the 
comprehensiveness of literature search, we conduced 
backward and forward snowballing searches to identify 
additional relevant articles [18]. The literature search 
strategy can be found in the Supplementary materials A.

Inclusion and exclusion criteria
Studies that met the following criteria were included in 
the meta-analysis: (1) the studies in human were cohort 
studies or RCTs or case-control or cross-sectional stud-
ies; (2) the exposure of interest was OO consumption; 
(3) outcome is diabetes; (4) participants ⩾18 years of 
age; (5) relative risks (RRs) with their corresponding 95% 
confidence intervals(CIs) (or data can be calculated) had 
been provided. The exclusion criteria were the following: 
insufficient data or OO combined with other oils. Two of 
the authors independently searched all references, using 
a kappa statistic to assess the agreement between the 
authors [19]. When kappa value > 0.7, we accept the deci-
sion, otherwise reject the decision and request a third-
party ruling.

2.3. Data extraction
Two authors (Yanbin DU and Hua ZHOU) performed 
data extraction, again any disagreements were discussed 
and resolved by consensus. The following information 
was collected from each eligible study: first author’s 
name, publication year, country, exposure, study design, 
age and gender of participants, sample size, degree of 
OO consumption and assessment method, adjusted 
variables as well as effect estimators(OR, RR or HR ) 
with corresponding 95%CI for the highest vs. lowest cat-
egories of OO consumption. The OR can be converted 
into RR according to the following formula: RR = OR/
[(1-P0)+(P0*OR)], P0 represents the disease incidence 
rate of the control group. The calculation method of HR 
is similar to RR, but HR considers the time of the event 
occurrence.

Quality assessment and quality of evidence
The study quality of RCTs was assessed with the 
Cochrane Tool, which includes: selection bias, perfor-
mance and detection bias, attrition bias, reporting bias 
and other possible sources of bias. Each domain was 
judged to have a “low risk”, “high risk” or “unclear risk”. 
And cohort studies was assessed using the Newcastle-
Ottawa scale (NOS). Each study was assessed based on 
three broad perspectives: selection (0-4points), compara-
bility (0-2points), and exposure (0-3points) with a score 
ranging from 0 to 9. We assigned scores of 0–3, 4–6, 
and 7–9 for low, moderate, and high quality of studies, 
respectively. Quality of evidence GRADE criteria were 
used to evaluate the overall certainty of the evidence in 
the meta-analyses.

Statistical analysis
We used dichotomous variables to study the relation-
ship between OO consumption (highest vs. lowest) 
and diabetes risk. The relative risk (RR) and 95% confi-
dence intervals(CI) were considered as the common 
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measurement. Use Q and I2 statistics to estimate het-
erogeneity between studies. For the Q statistics, P < 0.10 
indicated statistically significant heterogeneity. And the 
I2 values of 25%, 25–50%, 50–75%, and > 75% were clas-
sified as indicating no, small, moderate, and significant 
heterogeneity, respectively. Pooled RRs were obtained 
using a random effects model, as a random-effects model 
is often more robust when synthesizing diverse stud-
ies [19]. In addition, we performed subgroup analysis 
using geography (European and America), sex (male and 
female), age (≤ 50 years and > 50 years), follow up years 
(≤ 4 years and > 4 years), olive oil type (EVOO and OO) 
and adjustment for family history, smoking and alcohol 
intake to explore the potential heterogeneity.

Based on the method described by Greenland and 
Longnecker (1996) and Orsini et al. (2012) [20–21], dose 
response analysis was conducted to further describe the 
relationship between OO consumption and diabetes risk. 
By using a constrained cubic spline regression model 
with three nodes at fixed percentiles (25%, 50%, and 75%) 
of the OO distribution, potential nonlinear correlations 
are examined. We plan to use the total OO consumption 
as an estimate, and convert different forms of OO con-
sumption into daily OO grams. The weight of one mil-
liliter of olive oil is approximately 0.92 g, we believe that 
1 tablespoon is equivalent to 12 g of OO. The median or 
average OO intake for each category is assigned to the 
corresponding intake. If the intake of OO is within a cer-
tain range, the midpoint of the upper and lower limits is 
considered as the dose; If the highest category is open-
ended, the midpoint of that category is set to 1.5 times 
the lower limit; If the lower limit of the lowest category 
is not provided, the assigned median is half of the upper 
limit of that category.

To assess potential publication bias, we used Begg’s 
rank correlation and Egger’s linear regression test [22]. 
Sensitivity analysis was conducted by excluding each 
study and reanalyzing the data. All statistical analyses 
were conducted using STATA 15.1 (STATA Corporation, 
Texas, USA).Significance was set at a P < 0.05 throughout 
except in heterogeneity test and all statistical tests were 
two-sided.

Results
Literature search
An electronic literature search identified 592 studies con-
cerning OO consumption and the risk for diabetes, 582 
of which were excluded based on the a series of reasons 
(165 duplicated articles, then 427 articles were screened 
by title and abstract, leading to exclusion of 265 irrel-
evant studies and 6 meta-analysis. Next, 86 reports, 
reviews, or letters, 27 non-human studies, 18 articles 
do not provide available data and 3 articles no compari-
son were removed. Finally, 5 studies OO combined with 

other oils, 3 studies do not have diagnostic criteria for 
diabetes and 4 studies are not highest vs. lowest OO con-
sumption were excluded.), resulting in inclusion of a total 
of 10 studies in the meta-analysis. The details of literature 
search are shown in Fig. 1.

Study characteristics
The characteristics of included studies are shown in 
Table 1. The 10 studies (4 cohort [23–25] and 6 RCT [26–
31]) that met the inclusion criteria for our meta-analysis 
were published between 2011 and 2023. Of these stud-
ies, two were carried out in USA [23, 30], five were car-
ried out in Spain [26, 27–24, 28–29], one in china [31], 
and another was carried out in European countries [25], 
including UK, Greece, German, Denmark, Sweden, Italy, 
and Finland; In total, nearly 50,0000 subjects and 2,0000 
individuals with diabetes were included in this meta-
analysis. Mean ages of participants were between 18 and 
80 years approximately. Two studies were conducted 
on female [23, 29], others are both sex. The type of OO 
consumption, four RCT studies [27, 28, 30–31] used 
Extra virgin olive oil (EVOO) and others did not pro-
vide detailed information about the OO. The follow up 
years ranged from 4 years to 22 years. All research is of 
medium to high quality.

Meta-analysis
Highest vs. lowest OO consumption and diabetes risk
The overall analysis of diabetes risk among the individu-
als with highest compared with the lowest (never/almost 
never) OO consumption (10,6764 cases and 40,1150 con-
trols from 10 studies). The summary RR showed that a 
13% (RR = 0.87, 95%CI = 0.83 − 0.92, P < 0.01) decreased 
risk of diabetes in Cohort studies with no heterogene-
ity was observed (Q = 1.19, P = 0.938 > 0.1, I2 = 0%) and 
22% (RR = 0.78, 95%CI = 0.70 − 0.88, P < 0.01) decreased 
risk in RCT studies for the highest vs. lowest OO con-
sumption with no heterogeneity was observed (Q = 0.06, 
P = 0.682 > 0.1, I2 = 0%). According to the GRADE 
approach (Table 2), RR was considered to have a moder-
ate quality of evidence. A forest plot is shown in Fig. 2.

Subgroup analysis and meta-regression analysis
To further explore the association between OO con-
sumption and diabetes risk, we conducted a subgroup 
analysis. The results showed that people in Europe 
have a lower risk of diabetes than America (Europe: 
RR = 0.81, 95%CI = 0.72–0.85,P < 0.01; America: RR = 0.89, 
95%CI = 0.79–0.94,P < 0.01); EVOO showed a lower risk 
of diabetes than OO (EVOO: RR = 0.75, 95%CI = 0.65–
0.87,P < 0.01; OO: RR = 0.87, 95%CI = 0.83–0.92,P < 0.01); 
And more beneficial impact was found on age > 50 years 
(RR = 0.77, 95%CI = 0.70–0.89,P < 0.01). In addition, a 
lower risk of diabetes was observed in the stratified study 
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of adjustment for alcohol intake(RR = 0.69, 95%CI = 0.53–
0.90,P < 0.01) and adjustment for family history of diabe-
tes (RR = 0.77, 95%CI = 0.68–0.92,P < 0.01). (Table 3)

Meta-regression analysis results showed that 
age (Coef.=-0.0002119, p = 0.965) and follow up 
years(Coef.=0.0029977, p = 0.707) had no significant 
influence on the association between consumption of 
olive oil and risk of diabetes.(Fig. 3).

Dose–response analysis
Three articles [23, 25, 30] were included in the dose-anal-
ysis. By using a constrained cubic spline regression model 
with three nodes at fixed percentiles (25%, 50%, and 75%) 
of the OO distribution, a non-linear dose-response asso-
ciation was detected for OO intake and diabetes risk 
(pnon-linearity <0.05). (Fig.  4) Sold line and long dashed 
lines represent RR and its 95% confidence interval. If the 
95% CI intersects with 1, it indicated that there was no 
statistical significance. It can be seen when OO intake 
of 10–20  g per day, the effect amount is statistically 

significant, while more than 20 g per day there was not 
statistically significant.

Sensitivity analysis and publication bias
Sensitivity analyses were carried out by excluding each 
study and reanalyzing the data, the results showed that 
the pooled RR has no great change by exclusion of each 
study, RR altered between 0.73 and 0.96. (Fig.  5). No 
publication bias was detected in current meta-analysis 
of the association between OO consumption and risk of 
diabetes. Begg’s rank correlation and Egger’s liner regres-
sion test was not statistically significant (Begg’s: P = 0.246, 
Egger’s: 0.151).

Discussion
This meta-analysis evaluated the association between 
OO consumption and diabetes risk with a sample size 
of over 50,0000 from 10 studies published between 2011 
and 2023. The direct evidence from this meta-analysis 

Fig. 1 Flowchart of study search procedure
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Author and
Publication
Year

Study
Design

Country Age and Sex Fol-
low up 
years

Sample Size 
total/cases

Assessment
Method

Adjusted OR
(95%CI)
(high vs. low 
intake)

Adjusted 
variables

Qual-
ity

Santos 
Lozano et al., 
2019 [23]

RCT
Name: PRE-
DIABO LE

Spain 30–80, both 2.5 3826/48 FFQ
55 ml/d
olive oil

0.45 (0.24–0.83) Age, sex, BMI, 
smoking, fam-
ily history of 
hypertension /
diabetes, alcohol, 
sedentary
lifestyle, physical 
activity

mod-
erate

Guasch Ferre 
et al., 2015 
[24]

Cohort 
Name: NHS
NHS II

USA 37–65, F
26–45, F

22 59,930/5738
85,157/3914

FFQ
0–20 g/d
0–30 g/d

F: 0.91 
(0.81–1.01)
F: 0.87 
(0.73–1.04)

Age, ethnicity, 
ancestry, smok-
ing, physical 
activity, family 
history
of hypercholes-
terolemia
/hypertension /
diabetes
multivitamin 
use, total energy 
intake, BMI

high

Salas-Salvado 
et al., 2014 
[25]

RCT
Name:
PREDIMED

Spain 55–80, both 4 2301/181 Intervention
50 ml/d
EVOO

0.60 (0.43–0.84) Age, sex, BMI, 
smoking, fasting 
glucose level, 
prevalence of
dyslipidemia and 
hypertension, 
energy intake, 
adherence 
to MedDiet, 
physical activity, 
education level, 
and alcohol 
intake level

mod-
erate

Mari-Sanchis 
et al., 2011 
[26]

Cohort
Name:
SUN

Spain 18–75, both 5.7 10,491/42 SFFQ 0.76 (0.39–1.48) physical activity, 
smoking, gesta-
tional diabetes, 
hypertension,
hypercholester-
olemia, energy 
intake, family his-
tory of diabetes, 
alcohol intake, 
fruit intake, 
sugar sweetened 
beverages, sleep 
apnea, caffeine 
intake

high

Romaguera
et al., 2011 
[27]

Cohort
Name:
The Interact

Europe 25–70,both 3.99 340,234/11,994 Validated
questionnaires

HR
0.65 (0.60–0.71)

BMI, educational 
level, physical 
activity, smoking 
status, and total
calorie intake

mod-
erate

Carla 
Assaf-Balut et 
al.,2017 [28]

RCT Spain 32.7 ± 5.3, F 19 
months

2418/252 Intervention
40 mL/d of EVOO

0.74(0.56–0.97) age (continuous), 
ethnicity and 
parity,
BMI, Family 
history

mod-
erate

Table 1 Characteristics of studies included in the meta-analysis
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revealed OO intake as being associated with a decreased 
risk to develop diabetes.

Our results were in agreement with some previous 
studies, in a 10-year follow-up study, T2D incidence was 
lower with OO supplemented MedDiet compared with 
MedDiet, and this corresponded to lower hazard ratios 
(0.60 vs. 0.82) [23]. The current evidence on OO in diabe-
tes prevention mainly stems from meta-analyses, which 
have shown that OO is the key of MedDiet and respon-
sible for alleviating diabetes metabolic risk factors and 
reducing all-cause mortality, stroke, and CVD events 
[32–33]. Our research results provides a direct and 
strong evidence that olive oil consumption can reduce 
the risk of diabetes. There is a 13% reduced risk of dia-
betes in Cohort studies and 22% reduced risk of diabe-
tes in RCT studies for highest compared with the lowest 
(never/almost never) OO consumption. Dose analysis 
showed that there was a non-linear association between 
OO intake and diabetes risk. For patients with diabetes, it 

may be more appropriate to take 10–20 g olive oil every 
day to avoid excessive calories leading to weight gain or 
abnormal blood lipids. Excessive consumption of olive oil 
may lead to obesity, hyperlipidemia, and decreased diges-
tive function.

Subgroup analysis demonstrated that there was a sig-
nificant difference in age. Older people (age > 50 years) 
are more susceptible to the protective effects of OO; It 
is well known that aging is associated with dysregulated 
immune function and increased susceptibility to meta-
bolic syndrome, which can increase the risk of diabetes. 
Europeans have a lower risk of diabetes than Americans, 
which may be related to different dietary patterns and 
cultural differences. Many European countries adhere to 
the Mediterranean dietary pattern. In addition, the extra 
virgin olive oil (EVOO) showed a lower risk of diabetes 
than OO. The EVOO contains high amounts of bioac-
tive compounds such as squalene, phytosterols, triterpe-
noids, carotenoids, tocopherols and also a wide variety of 

Table 2 Summary of findings and quality of evidence assessment using GRADE approach
Study design Summary findings Quality of evidence assessment( GRADE)

No of patients
(meta-analysis)

RR
(95%CI)

Risk of bias Inconsistency Indirectness Imprecision Publication
bias

Quality of evidence

Cohort 21,688(4) 0.87
(0.83,0.92)

Not serious Not serious Serious Not serious Not serious Moderate

RCT 2572(6) 0.78
(0.70,0.88)

Not serious Not serious Serious Not serious Not serious Moderate

Author and
Publication
Year

Study
Design

Country Age and Sex Fol-
low up 
years

Sample Size 
total/cases

Assessment
Method

Adjusted OR
(95%CI)
(high vs. low 
intake)

Adjusted 
variables

Qual-
ity

Jesús F,
et al.,2023 
[29]

RCT Spain 67 ± 6,both 7 1837/707 FFQ
Total olive oil

0.40 (0.37, 0.44) BMI, smoking 
status, alcohol 
intake, education 
level, physical 
activity, family 
history of CHD, 
dyslipidemia, 
hypertension, 
and dyslipidemia 
and hyperten-
sion treatment.

mod-
erate

Salas-Salvadó 
J, et al., 2014 
[30]

RCT USA 55–80,both 4 3833/1261 50 mL/d EVOO 0.79(0.62,1.09)) age, sex, body 
mass index, 
smoking status, 
fasting glucose, 
dyslipidemia, hy-
pertension, total 
energy intake

high

Zhao, et 
al.,2021 [31]

RCT China 28 ± 5.2,both 3 550/123 25–30 g/d
EVOO

0.74(0.49–0.99) age, BMI, gesta-
tional, personal 
and family his-
tory, and smok-
ing status

high

Abbreviations: F: female; M: male; Both: female and male; BMI: body mass index; FFQ: food frequency questionnaire; EVOO: extra virgin olive oil

Table 1 (continued) 
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phenolic compounds including secoiridoids (oleuropein) 
and their phenolic derivates (tyrosol and hydroxytyrosol), 
flavonoids (luteolin) and lignans [34]. Similar research 
also found EVOO could effectively reduce blood lipid 
concentration than other types of OO [35]. Some studies 
found that diabetes has a certain genetic susceptibility, 
and there is a phenomenon of family aggregation. People 
with a family history of diabetes have a higher risk of dia-
betes. Drinking alcohol also had a significant impact on 
patients with diabetes, which may lead to blood sugar 
fluctuations, increase the risk of complications and inter-
fere with drug effects. Long term heavy alcohol consump-
tion may lead to high blood sugar, as the carbohydrates in 
alcohol are metabolized into sugars in the body.

The reduced impact of OO on the risk of diabetes may 
be due to its fatty acid composition. The fatty acids of OO 
are composed of 55–83% MUFA (oleic acid), 4–20% poly-
unsaturated fatty acids (PUFA), 8–14% SFA, and almost 
1–2% minor components [36]. It has been suggested that 
replacing SFAs with MUFA can lower serum cholesterol 

levels [37]. Epidemiological data show that dyslipidemia 
is an important predisposing factor for diabetes. MUFA 
can improve blood glucose response, increase insulin 
sensitivity, reduce insulin resistance and insulin demand, 
lower total cholesterol (TC), triglycerides (TG), and low-
density lipoprotein (LDL-c) in the blood, and increase 
high-density lipoprotein. In a recent meta-analysis of 
randomized controlled trials conducted by Qian et al. in 
2016 [38], a high MUFA diet showed a more significant 
decrease in fasting blood glucose levels compared to a 
high carbohydrate and high polyunsaturated fatty acid 
diet.

This meta-analysis has its own strengths. First, this is 
the first study that examines association of OO consump-
tion with diabetes risk using the dose-response meta-
analysis approach. Second, we synthesized and quantified 
evidence from both prospective cohort studies and RCTs, 
the results confirmed that OO consumption was associ-
ated with a decreased risk of diabetes. Third, the present 
study can serve as a reference and indication for nutrition 

Fig. 2 Effects of highest vs. lowest OO consumption on diabetes risk using a fixed effects model
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therapy of the diabetes and clinical management of dia-
betes in clinical medicine.

Limitations
Firstly, our study is limited because of the small sample 
size of 10 studies for investigating OO consumption 
and risk of diabetes. Although we did not restricted our 
searches based on language, just studies from English 
databases and missed non-English articles may affect 
the final results. Secondly, OO were reported in different 
units and different type of diets, this may affect the reli-
ability of the results to some extent.

Future directions
For the next step of research, it is necessary to clarify the 
mechanism by which olive oil lowers the risk of diabetes. 
In addition, more clinical trials are needed to clarify the 
appropriate daily dosage of OO consumed by different 
populations, especially for people with chronic diseases.

Conclusion
In conclusion, direct evidence from this meta-analysis 
indicated that OO consumption is associated with a 
decreased risk of diabetes. And dose-response analysis 
showed that 10–20 g OO daily may be effective to man-
age and prevent diabetes. Further studies are required to 
explore the mechanism of OO in reducing diabetes risk.

Table 3 Summary effects overall in the subgroups
Subgroups Study RR (95%CI) P-value Heterogeneity test

number Q P-value I2(%)
Overall 10 0.86 (0.82, 0.89) < 0.01 10.52 0.694 0
Study type
 Cohort 4 0.87 (0.83, 0.92) < 0.01 1.19 0.938 0
 RCT 6 0.78 (0.7, 0.88) < 0.01 0.06 0.682 0
Sex
 Female 3 0.89 (0.79, 0.97) < 0.01 1.13 0.57 0
 Both 7 0.83 (0.53, 0.90) < 0.01 0.10 0.75 0
Age
 ≤ 50 years 5 0.87 (0.73–1.04) < 0.01 1.56 0.62 0
 > 50 years 5 0.77 (0.70, 0.89) < 0.01 2.47 0.48 0
Follow up years
 ≤ 4 years 6 0.84 (0.79, 0.89) < 0.01 5.24 0.13 0
 > 4 years 4 0.86 (0.69, 0.91) < 0.01 8.16 0.11 0
Geography
 Europe 6 0.81 (0.72, 0.85) < 0.01 1.46 0.48 0
 America 3 0.89 (0.79, 0.94) < 0.01 0.04 0.85 0
Types of olive oil
 OO 6 0.87 (0.83, 0.92) < 0.01 2.53 0.772 0
 EVOO 4 0.75 (0.65, 0.87) < 0.01 0.64 0.886 0
Adjustment for family history
 Yes 6 0.77 (0.68, 0.92) < 0.01 2.83 0.3 0
 No 4 0.87 (0.77, 0.96) < 0.01 0.03 0.85 0
Adjustment for smoking
 Yes 7 0.83 (0.69–0.94) < 0.01 2.39 0.02 0
  No 3 0.87 (0.78–0.85) < 0.01 1.08 0.11 0
Adjustment for alcohol intake
 Yes 3 0.69 (0.53, 0.90) < 0.01 0.1 0.75 0
 No 7 0.89 (0.73, 0.97) < 0.01 1.13 0.57 0
RR: Risk ratio; 95%CI: 95%Confidence interval; RCT: randomized controlled trial; BMI: body mass index
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Fig. 3 Meta-regression analysis of the influence of age and follow-up years on the association between olive oil and diabetes risk
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