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Previous meta-analyses that found an inverse association between coffee consumption and metabolic syndrome pooled data from cross-sectional
and longitudinal studies, which could lead to potentially misleading conclusions. Hence, this work aimed to reassess this association by analyzing
data from the 2 types of studies separately and including recent studies. Online databases including PubMed, Scopus, Embase, The Cumulative
Index to Nursing and Allied Health Literature (CINAHL) Plus, and Science Direct were searched for relevant studies published up to July 2020. Both
cross-sectional and longitudinal studies were included if published after 1999, reported both effect estimates and Cls, and presented results adjusted
for confounding variables. Data of the highest coffee consumption level in each study, as well as those of medium consumption levels in studies
with >3 consumption categories, were pooled using random-effect models, with sex-stratified and sex-adjusted results being analyzed separately.
Results were obtained based on data from 13 cross-sectional studies involving 280,803 participants and 2 longitudinal studies involving 17,014
participants. The overall sex-adjusted association of the highest consumption level was not significant (n = 9 studies; OR: 0.88; 95% Cl: 0.70, 1.10;
I>:91.5%) and the 2 longitudinal studies both yielded no association. Subgroup analysis revealed inverse associations in both males and females,
as well as in Caucasians with medium coffee consumption (n = 4 studies, OR: 0.88; 95% Cl: 0.84, 0.93; /*: 0%). Although residual confounding could
affect the results of this meta-analysis, our findings suggested with a low certainty that coffee consumption may not be associated with metabolic
syndrome, a finding that is different from those of previous meta-analyses and could be due to variation in characteristics of study participants.
More longitudinal studies are also needed to further assess the temporal association between coffee consumption and metabolic syndrome. This
meta-analysis was registered at https://www.crd.york.ac.uk/prospero as CRD42018110650. Adv Nutr 2021;12:708-721.
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Introduction

Metabolic syndrome is defined as the co-occurrence of
multiple metabolic abnormalities, including central obesity,
high blood pressure, hyperglycemia, and dyslipidemia (1).
Both the International Federation of Diabetes (IDF) (1, 2)
and the National Cholesterol Education Program - Adult
Treatment Panel IIT (NCEP ATPIII) (3) have issued their own

The authors reported no funding received for this study.

Author disclosures: The authors report no conflicts of interest.

Supplemental Table 1, Supplemental Figure 1, and Supplemental Methods are available from
the "Supplementary data” link in the online posting of the article and from the same link in the
online table of contents at https://academic.oup.com/advances.

Address correspondence to JCYL (e-mail: jimmyl@hku.hk).

Abbreviations used: CVD, cardiovascular disease; GRADE, Grading of Recommendations
Assessment, Development and Evaluation; IDF, International Diabetes Federation; NCEP ATP I,
National Cholesterol Education Program — Adult Treatment Panel Ill; T2DM, type 2 diabetes
mellitus.

708

definition in this regard. Having these risk factors at the same
time would lead to greater risks of developing cardiovascular
diseases (CVDs) and type 2 diabetes (4). Metabolic syndrome
is not only a significant threat to global public health (5)
but also a financial burden to both the healthcare systems
and patients due to the need for multiple medications (6).
Therefore, there is a need to identify affordable and effective
preventative agents for metabolic syndrome.

Coftee consumption has been shown to be associated
with a lower risk of type 2 diabetes (7) and CVDs (8),
both of which are likely to appear in people with metabolic
syndrome (4). Two meta-analyses (9, 10) published in 2016
found an inverse association between coffee consumption
and metabolic syndrome. Nonetheless, ORs and HRs were
pooled in both meta-analyses, whereas the 2 were indeed
statistically not interchangeable. As stated by Tierney et al.
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(11), OR provides a snapshot of the association at a certain
time point, whereas HR would take into account both the
number and timing of event occurrence. Theoretically, the
2 should not be pooled, yet this has often been done in
previous meta-analyses to increase the power of the pooled
effect estimates.

In previous meta-analyses, the longitudinal studies in-
cluded (12, 13) did not find significant results between
coffee consumption and the onset of metabolic syndrome,
questioning whether a temporal association exists between
the 2 variables. In addition, new studies (14-17) have
been published after the completion of these meta-analyses,
necessitating an update of the overall association. Hence,
the research question of this work is whether habitual coffee
consumption is associated with a lower likelihood of having
metabolic syndrome in human adults, when compared with
nonhabitual coffee consumption. Effect estimates from cross-
sectional and longitudinal studies were pooled separately
when assessing the association.

Methods

Data sources and searches

All studies related to metabolic syndrome and coftee pub-
lished in English between 1999 and July 2020 were identified
from different search engines including PubMed, Scopus,
Embase, The Cumulative Index to Nursing and Allied Health
Literature (CINAHL) Plus, and Science Direct. Both longitu-
dinal and cross-sectional studies were included. The search
terms included “adult,” “metabolic syndrome,” “syndrome
x,” “MetS,” “insulin resistance syndrome,” “coftee,” and “caf-
feine.” The complete search strategies used for each database
are shown in the Supplemental Methods. Reference lists of
the retrieved articles were manually searched for additional
studies. This analysis was registered at https://www.crd.york.
ac.uk/prospero as CRD42018110650.

» «

Study selection

Study selection was done through screening of titles, ab-
stracts, and full texts of the articles. Studies meeting the
following criteria were included in this analysis: 1) published
after 1999, as this was the year the WHO first defined
metabolic syndrome (18), 2) involved adults aged >18 y, 3)
published in English, 4) reported both the effect estimates
(i.e. HRs or ORs) and the measure of variance (i.e. 95% CI or
SE) or provided adequate data to estimate both, 5) coffee con-
sumption should be 1 of the exposure variables and metabolic
syndrome should be 1 of the outcome variables, and 6)
presented results adjusted for covariates. If >1 study based
on the same cohort was published, only the results of the
most recent study were included in the analysis. For studies
with missing data, authors were contacted wherever possible
for data collection. Unpublished studies and abstracts were
excluded. The screening of studies and data extraction were
performed by the first and second authors (TWHT and
CHW) independently, then cross-checked among the 2.
Disputes were resolved through discussion or involvement of
a third researcher (JCYL).

Data extraction and assessment of quality of evidence
Risk of bias of the included studies was assessed using the
Risk Of Bias In Nonrandomized Studies of Interventions
(ROBINS-I) tool (19). Only studies with an overall rating of
“low” or “moderate” were included. The following data were
extracted from each included study: author, title, year pub-
lished, location of study, study design (longitudinal/cross-
sectional), sample size, gender ratio of participants, mean
age or age range of participants, diagnostic criteria of
metabolic syndrome, multivariate-adjusted OR or HR of
having metabolic syndrome and 95% CI for each coffee-
consumption category, covariates adjusted for in each study,
and the ethnicity of participants. The certainty of each
outcome was assessed according to the Grading of Rec-
ommendations Assessment, Development and Evaluation
(GRADE) handbook (20) and the findings were commu-
nicated using the informative statements published by the
GRADE Working Group (21).

Data synthesis and analysis

Two sets of results are presented, 1 involved the pooled
estimates of the overall highest consumption category from
all studies, whereas the other involved the pooled estimates
only from studies with 3 or more coffee consumption levels,
which enabled the comparison of effects between medium
and high coffee consumption. Three consumption categories
were generated, namely low, medium, and high (7). If
the amount of consumption was reported in a range, the
midpoint of the upper and lower limits was used as the
mean consumption value. If the upper limit of the highest
consumption level was not provided, the mean consumption
value was set at 25% higher than the lower limit. For levels
without the lower limit, the mean consumption value was
set at 50% below the upper limit (7). For studies with
3 levels, the coffee consumption levels were classified into
low, medium, and high consumption categories accordingly.
For studies with >3 coffee consumption levels, the highest
and the lowest coffee consumption levels were classified
as the high and low consumption categories, respectively
(7). Then, 1 consumption level that was I) not the highest
or lowest level, and 2) with a mean consumption value
closest to the midpoint of the overall highest and the overall
lowest consumption categories was selected as the medium
consumption category.

Sex-adjusted and sex-stratified effect estimates were
pooled separately in this analysis. For the medium, high, and
the overall highest consumption category, effect estimates
were pooled using a random-effect model with the restricted
maximum-likelihood estimator, with the lowest coffee con-
sumption category as the reference group. Statistical hetero-
geneity in each consumption level was determined by the
P statistic, with 25, 50, and 75% as the cut-offs for low,
moderate, and significant heterogeneity, respectively (10).
Publication bias analyses was not conducted as <10 studies
were included in all tests in this meta-analysis, as advised
by the Cochrane Handbook (22). Sensitivity analyses were
conducted to explore the sources of heterogeneity, by
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conducting subgroup analysis and by removing 1 study at
a time. Studies that explained the heterogeneity, changed
the significance of the effect, or modified the effect size
by >10% when removed were considered influential. Sub-
group analysis was conducted by stratifying the included
studies according to sex and the definition of metabolic
syndrome. After assessing the screened studies, analysis of
studies stratified by the ethnicities of participants was also
performed.

Furthermore, the potential nonlinear dose-response re-
lation between coffee consumption and odds of having
metabolic syndrome was also assessed. The 1-stage approach
as detailed by Crippa et al. (23) was used to estimate the dose-
response curve using restricted cubic splines with 3 knots
at the 25th, 50th, and 75th percentiles. Nonlinearity was
tested by assessing the P value of the coeflicient at the second
spline. All analyses were conducted using the R software
version 3.6.2 (24), the package metafor (25), and the package
dosresmeta (26). For all statistical tests, P < 0.05 was regarded
as statistically significant.

Results

Search result

The article inclusion flow chart is shown in Supplemental
Figure 1. The literature search from online databases
revealed 1084 articles and 4 articles were retrieved from hand
searching, yielding a total of 1088 articles. After removing
duplicates and screening by titles and abstracts, 29 articles
remained for full-text review, of which 14 articles were
excluded based on the inclusion criteria—the references
of the excluded articles are shown in the Supplemental
Methods. A total of 15 articles, consisting of 13 cross-
sectional studies and 2 longitudinal studies, met the eligibility
criteria for this systematic review. However, among the
2 included longitudinal studies, 1 reported sex-adjusted
results (12), whereas the other reported sex-stratified results
(13). Therefore, effect estimates from these 2 studies could
notbe pooled, and only those of the 13 cross-sectional studies
were pooled in the meta-analysis. All included studies had an
overall rating of low or moderate risk of bias (Supplemental
Table 1).

Characteristics of included cross-sectional studies

The characteristics of the identified cross-sectional studies
are shown in Table 1. Among the 13 cross-sectional studies,
involving a total of 280,803 participants, 7 provided results
adjusted for sex only (14, 15, 27-31), 2 provided both sex-
adjusted and sex-stratified results (16, 32), 2 provided only
sex-stratified results (17, 33), and 2 included only males in
the analyses (34, 35). Three studies (27, 34, 35) presented
results for 2 consumption levels only and 1 study presented
results in per cup increment (31), thus the results from these
studies were included only in the overall highest category.
The sex-adjusted OR in the overall highest category was
pooled using data of 9 studies (14-16, 27-32), whereas data
of the medium and high consumption categories, as well
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as the dose-response analysis, were pooled from 7 of them
(14-16, 28-30, 32). The OR of males in the overall highest
category was pooled using data from 6 studies (16, 17, 32—
35), whereas data of the medium and high consumption
categories, as well as the dose-response analysis, were derived
from 4 studies (16, 17, 32, 33). The OR of females in
the overall highest category was pooled from data of 4
studies (16, 17, 32, 33), all of which also provided data for
the medium consumption category and the dose-response
analysis. None of the attempts of contacting authors for extra
information was successful. No attempt was made to request
sex-stratified results from study authors who published sex-
adjusted data, and sex-adjusted data from authors who
published sex-stratified data.

Six included studies involved Caucasian participants (15,
16, 27, 28, 31, 32), whereas the other 7 involved Asian
participants (14, 17, 29, 30, 33-35). All studies except 1 (30)
did not explicitly state the types of coffee consumed during
data collection. Three studies excluded participants with
histories of CVD from the analyses (14, 29, 30) and 2 further
excluded those with reported diabetes (14, 30). One study
only included participants diagnosed with type 1 diabetes
(15). Common covariates included in these studies were
sex, age, education status, alcohol consumption, and physical
activity. The definitions of metabolic syndrome adapted in
these studies were mainly from the IDF (1, 2) and the NCEP
ATPIII (3). One study provided 2 sets of metabolic syndrome
prevalence data based on 2 different diagnostic criteria (29),
and data based on the NCEP ATP III criteria was used in the
analysis.

Meta-analysis results of cross-sectional studies

The findings of the meta-analysis are summarized in
Table 2. After pooling all sex-adjusted ORs (Figure 1a),
coffee consumption may not be associated with the odds
of having metabolic syndrome (n = 9 studies, OR: 0.88;
95% CI: 0.70, 1.10) and the result was highly heterogeneous
(P: 92%). When only including studies with 3 or more
consumption levels (n = 7 studies), the ORs of both medium
and high consumption were also statistically nonsignifi-
cant (Figure 1b), suggesting little to no difference in the
odds of having metabolic syndrome. The nonsignificant
association between coffee consumption and metabolic
syndrome after adjustment for sex was of low certainty.
The result of the dose-response analysis (Figure 2) showed
that the association between coffee consumption and the
odds of having metabolic syndrome was nonlinear (n = 7
studies, P for nonlinearity = 0.002) after adjusting for
sex.

Results from sex-stratified data are shown in Figure 3.
Male participants in the highest consumption category may
have lower odds of having metabolic syndrome (n = 6
studies; OR: 0.84; 95% CI: 0.72, 0.98; P = 0.02) and the
results were highly heterogenous (I*: 76%). When including
only studies with 3 or more response levels in men, the
results suggested that both medium (n = 4 studies; OR:
0.85; 95% CI: 0.80, 0.91; P < 0.001; I*: 0%) and high
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A Author and year Weight OR (85% Cl)
Micek et al., 2018 (16) r-u 12.52% 0.83(0.67, 1.03)
Grosso et al., 2015 (32) - 13.47% 0.75 (0.66, 0.86)
Grosso et al., 2014 (27) —— 8.67% 0.43(0.27, 0.69)
Nordestgaard et al., 2015 (28) = 13.95% 0.89 (0.83, 0.95)
Kim et al., 2014 (30) »—l—n 12.68% 1.25(1.02, 1.53)
Takami et al., 2013 (29) — 7.63% 0.55(0.32, 0.96)
Kim et al., 2018 (14) —ai 10.78% 0.90 (0.64, 1.26)
Stutz et al., 2018 (15) —_— 7.08% 2.13(1.17,3.87)
Driessen et al., 2009 (31) i 13.19% 0.96 (0.82, 1.13)
Overall (P=10.25 ; * = 91.50%) -- 100.00% 0.88 (0.70, 1.10)
T
0.00 1.00 2.00
Highest vs. lowest
B g
Author and year Weight  OR (95% Cl) Weight  OR (35% Cl)
Micek et al., 2018 (16) rl« 18.04% 0.83(0.72, 0.96) .-.-. 16.30% 0.83(0.67, 1.03)
Grosso et al., 2015 (32) - 19.63% 0.92(0.82, 1.04) L 18.00% 0.75(0.66, 0.86)
Nordestgaard et al., 2015 (28) l 22.26% 0.88 (0.83, 0.93) l 18.89% 0.89(0.83, 0.95)
Kim et al., 2014 (30) 15.87% 1.23(1.02, 1.49) )—I—| 16.58% 1.25(1.02, 1.53)
Takami et al., 2013 (29) —_— 5.05% 0.56 (0.33, 0.95) — 8.76% 0.55(0.32, 0.96)
Kim et al., 2018 (14) —_— 14.97% 1.03 (0.84, 1.27) A_' 13.40% 0.90(0.64, 1.26)
Stutz et al_, 2018 (15) — 4.18% 1.56 (0.86, 2.83) N 8.05% 2.13(1.17,3.87)
- 100.00% 0.95(0.83, 1.09) - 100.00% 0.93 (0.74, 1.16)
0.00 1.00 2.00 0.00 1.00 2.00
Medium consumption (median: 2 cups/d) High consumption (median: 3.8 cups/d)
FIGURE 1 Forest plots with effect estimates from the random-effect meta-analysis of coffee consumption and metabolic syndrome,

adjusted for sex. A) The pooled ORs of the highest consumption category using data from all studies; B) the pooled ORs of the medium
and high coffee consumption with data from studies with >3 consumption levels.

coffee consumption (n = 4 studies; OR: 0.78; 95% CI: 0.71,
0.86; P < 0.001; I*: 0%) may be associated with lower
odds of having metabolic syndrome, respectively. Similarly,
females with medium (n = 4 studies; OR: 0.88; 95% CI:
0.83, 0.93; P < 0.001; I*: 0%) and high coffee consumption
(n = 4 studies; OR: 0.72; 95% CI: 0.65, 0.79; P < 0.001; I*:
0%) may have significantly lower odds of having metabolic
syndrome than those in the reference category. The findings
regarding the sex-stratified results were of low certainty.
Results of the dose-response analysis (Figure 4) showed that
the association between coffee consumption and the odds of
having metabolic syndrome was nonlinear in males (n = 4
studies, P for nonlinearity < 0.001) but not in females (n = 4
studies, P for nonlinearity = 0.10).

Results of sensitivity analysis
Results of the sensitivity analysis revealed that the study by
Kim et al. (30) is an influential study. Removing this study led

to significant results in both medium (n = 6 studies; OR: 0.89;
95% CI: 0.85-0.93; I?: 0%) and high coffee consumption (OR:
0.85; 95% CI: 0.74, 0.98; I: 60.0%), whereas removing others
did not lead to material differences at any consumption
levels. In terms of ethnicities of the participants, medium
coffee consumption was associated with a lower prevalence
of metabolic syndrome in Caucasian participants (n = 4
studies; OR: 0.88; 95% CI: 0.84, 0.93; I*: 0%), yet the OR
for high coffee consumption was not statistically significant.
The ORs of both medium and high coffee consumption in
Caucasians became statistically significant after excluding
the study by Stutz et al. (15), which included only patients
with type 1 diabetes (n = 4 studies; medium consumption:
OR: 0.89; 95% CI: 0.85, 0.93; I*: 0%; high consumption:
OR: 0.85; 95% CI: 0.74, 0.98; I*: 60.0%). Statistically non-
significant results were observed for Asian participants at
both consumption levels. When the included studies were
stratified by the diagnosis criteria of metabolic syndrome,

Coffee and metabolic syndrome: a meta-analysis 715



14

12

08

o
o
06

04

0.2

P for nonlinearity = 0.002

0

0 1 2 3 4 5 6 7
Coffee consumption (cups/d)

FIGURE 2 Dose-response curve from the random-effect
meta-analysis of coffee consumption and metabolic syndrome,
adjusted for sex. Solid line depicts estimated OR and dashed lines
depict 95% Cl.

only the data pooled from studies that adapted the IDF
criteria published in 2009 (1) were statistically significant. All
findings in the sensitivity analysis were of very low to low
certainty.

Characteristics of longitudinal studies

A total of 2 longitudinal studies were eligible for inclusion.
One was conducted in Norway (13) and involved 17,014
participants aged 20-61 y at baseline, with an average follow-
up period of 13.8 y. After adjusting for age and baseline
examination, coffee consumption was positively associated
with the incidence of metabolic syndrome in women but not
in men, yet the statistical significance was lost after adjusting
for lifestyle variables. The other study was carried out in the
USA (12) and the data of 9514 participants were analyzed.
The baseline age was 53.6 y and the average follow-up period
was 9 y. After adjusting for covariates, coffee consumption
was not associated with the incidence of metabolic syndrome.
These results showed that coffee consumption may not result
in reduced risk of having metabolic syndrome with a low
certainty.

Discussion

In this meta-analysis, the pooled, sex-adjusted OR sug-
gested that coffee consumption may not be associated
with metabolic syndrome. Nonetheless, sex-stratified anal-
ysis showed significant inverse associations in both males
and females. Results of subgroup analyses revealed that
only moderate coffee consumption in Caucasians, but not
Asians, was associated with lower odds of having metabolic
syndrome. All findings in the current analysis had a low or
very low certainty in the quality of evidence rating.

The nonsignificant overall association observed between
coffee consumption and metabolic syndrome does not align
with the results of the 2 previous meta-analyses (9, 10),
both of which observed a significant inverse association.

716 Wongetal.

One reason behind this contradiction might be the presence
of methodological differences between this work and the
previous ones. First, we analyzed only ORs whereas the
previous analyses pooled ORs and HRs in the same analysis.
Nonetheless, the 2 measures were different in essence—OR is
an effect estimate that measures cross-sectional association,
whereas HR is calculated based on the time of the onset
of the event, and the 2 are not statistically interchangeable.
Second, we analyzed the sex-adjusted and sex-stratified ORs
separately, whereas previous analyses pooled these 2 types
of studies and reported a single effect estimate. The practice
of pooling OR and HR, as well as pooling sex-adjusted
OR and sex-stratified OR, could both lead to difficulty
in interpreting the resultant effect estimate. In addition,
this study adapted a different set of inclusion criteria, thus
excluding several studies that were included in previous
meta-analyses. For instance, this analysis excluded studies
with results not adjusted for lifestyle covariates (36-38),
so that the pooled effect estimates were less confounded
by these. It is important to assess the effect estimates with
and without adjustment for lifestyle variables, which were
also associated with metabolic syndrome (4, 39), separately
to avoid confounding the association with coffee. All these
differences led to changes in the number of included studies
and the pooled estimates.

Although the sex-adjusted ORs were not statistically
significant, the sex-stratified ORs were significant for both
male and female participants. This is probably due to
the inclusion of a new study with 130,420 participants
(17), which observed a significant inverse association be-
tween coffee consumption and metabolic syndrome in both
sexes. Data from this study, which had a much higher
number of participants than the other studies, dominated
the pooled effect estimates, thus leading to significant
findings.

A significant association between coffee consumption and
metabolic syndrome was observed only in Caucasians but
not Asians, similar to the results of a previous meta-analysis
(10). Among the studies involving Caucasian participants,
the study conducted by Stutz et al. (15), involving a group
of patients with type 1 diabetes instead of the general
population, found a significant positive association between
coffee consumption and metabolic syndrome. Excluding this
study led to significant ORs in both medium and high
coffee consumption in Caucasians. On the other hand, the
nonsignificant results in Asians could be due to differences
in study design—only 3 studies reported sex-adjusted ORs
whereas the other 3 reported ORs for separate sexes, and
the small number of studies made it more difficult to
detect a significant association. Furthermore, the results
between Asian studies also varied—1 Korean study found
that coffee consumption was positively associated with
metabolic syndrome (30), whereas another Korean study
conducted in a different cohort reported nonsignificant ORs
(14). With the small number of studies, it is premature
to conclude that coffee consumption was not associated
with metabolic syndrome in Asians. More epidemiological
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Author and year Weight OR (95% CI)

Micek et al, 2018 (16) '-'—'

14.02% 0.76(0.56, 1.03)
Grosso et al,, 2015 (32) - 20.37% 0.82(0.67, 1.00)
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Author and year Weight OR (95% CI) Weight OR (95% CI)

Micek et al., 2018 (16) i 6.90% 0.95(0.77, 1.18) 8.89% 0.95(0.89, 1.30)
Grosso et al., 2015 (32) o 11.72% 0.93(0.79, 1.10) - 24.65% 0.69(0.57, 0.83)
Matsuura et al., 2012 (33) 0.36% 0.74 (0.29, 1.89) = 0.40% 0.48(0.11,2.00)
Shin et al., 2019 (17) n 81.02% 0.87 (0.82, 0.93) " 66.05% 0.70(0.62, 0.79)
Overall ¢ 100.00% 0.88 (0.83, 0.93) . 100.00% 0.72 (0.65, 0.79)
—r T 1T 1 —r T 1 1
0.00 100 200 0.00 100 2.00
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FIGURE 3 Forest plot effect estimates from the random-effect meta-analysis of coffee consumption and metabolic syndrome, stratified
by sex. A) The pooled ORs of the highest consumption category using data of male participants from all studies; B) the pooled ORs of the
medium and high coffee consumption from studies with data from male participants and from >3 consumption levels; C) the pooled ORs
of the medium and high coffee consumption from studies with data from female participants and from >3 consumption levels.

between coffee consumption and metabolic syndrome both
at medium and high consumption. This was not observed
when pooling data from studies that used the IDF 2006
definition (2) and the NCEP ATPIII definition (3). This

studies are needed to explore this association in the Asian
population.

Pooling data from studies that adapted the IDF 2009
definition (1) led to an inverse significant association

Coffee and metabolic syndrome: a meta-analysis 717
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FIGURE 4 Dose-response curve from the random-effect
meta-analysis of coffee consumption and metabolic syndrome in
A) males and B) females. Solid lines depict estimated OR and
dashed lines depict 95% Cl.

could be partly due to more studies using the IDF 2009
definition than the other 2. Furthermore, the IDF 2009
definition was less stringent when compared with the other
2, thereby possibly leading to more cases observed. When
compared with the IDF 2006 definition, central obesity was
not mandatory for diagnosing metabolic syndrome in the
IDF 2009 definition. When compared with the NCEP ATPIII
definition, which mainly consists of biomarker thresholds,
the IDF 2009 definition includes these thresholds as well as
the use of medication for individual conditions. Nonetheless,
the small number of studies included in this meta-analysis
limited the power of the analysis, and this research question
should be reassessed in future meta-analyses when more
studies are available.

The 2 longitudinal studies included in the current meta-
analysis (12, 13) did not observe any significant association
between coffee consumption and incidence of metabolic
syndrome, which contradicts the findings of cross-sectional
studies involving Caucasian participants. Using the tech-
nique of Mendelian Randomization (MR), several studies
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pointed out that there might not be a causal association
between coffee consumption and T2DM (40), stroke (41),
and metabolic syndrome (42). These studies speculated that
residual confounding and reverse causality might explain
the consistent, inverse, cross-sectional association between
coffee consumption and various health outcomes. Our results
appear to be in congruence with these speculations.

The overall nonsignificant and heterogeneous associa-
tions between coffee consumption and metabolic syndrome
could also be due to important consumption habits that were
not considered in previous epidemiological studies. One such
habit is the consumption of different types of coffee. Indeed,
different types of coffee could substantially vary in the
content of biological compounds, which potentially mediate
the health benefits associated with coffee consumption. For
instance, the manufacturing process of instant coffee and
paper-filtered coffee removed most of the cafestol, which is
a natural lipid found in coffee beans and is capable of raising
serum cholesterol concentrations (43). Angeloni et al. (44)
also found that the espresso method was more efficient in
extracting chlorogenic acids, which suppress inflammation
and benefit blood glucose control (45, 46), from ground
coffee beans when compared with the French press method
and paper filtering. In a previous Korean population-based
study, instant coffee drinkers were more likely to have
metabolic syndrome when compared with filtered coffee
drinkers (30), which sheds light on the potential variation
in the effects resulting from consuming different coffee types
when assessing the association with metabolic syndrome.
Nonetheless, only 1 (30) of the included studies collected
data on the types of coffee consumed. As a result, the role
of coffee types could not be further explored in the current
meta-analysis.

Another such habit is the addition of milk and/or sugar in
coffee. Previous studies found that >50% of coffee consumers
in Australia and the USA reported habitual usage of milk or
sugar, or both when drinking coffee (47, 48). Nonetheless,
studies examining the effect of sugar and milk added to coffee
were limited. Excess added sugar consumption was found to
contribute to the development of cardiometabolic risk factors
(49, 50), whereas dairy consumption was inversely associated
with CVDs (51, 52). Hence, the possible health effect of these
food items when consumed with coffee warrants further
investigation. Furthermore, a previous analysis (47) found
that Australians who consumed sugar-sweetened coffee had
worse diet quality than those who added milk only or nothing
at all, which has important implications as an unhealthy
dietary pattern is associated with metabolic syndrome (53).

The differing times of coffee consumption could also
contribute to the inconsistent results. Postprandial responses
of both glucose and triglycerides were found to be predictive
of insulin resistance (54) and vascular anomalies (55),
respectively. Moreover, it has long been established that the
constituent of a meal will affect the postprandial metabolic
responses of the next meal. For example, consuming milk
60 min before a meal led to a lower postprandial glycemic
response and smaller glycemic excursion when compared



with consuming the 2 together (56). Similarly, the lipid
content of the meal directly affected the postprandial lipid
profile in circulation (57). Previous studies have investigated
the effect of coffee consumption around mealtime—1 acute
study found that drinking coffee with sugar added before
a nutrient load could reduce the postprandial glycemic
responses (58). Another cross-sectional study (59) found
that whereas coffee consumption was not associated with
lower fasting glucose concentrations in healthy adults, it
was associated with lower glucose concentrations 2 h after
an oral-glucose-tolerance test (OGTT). Hence, the time of
coffee consumption around mealtime and its long-term effect
warrants further investigation in future epidemiological
studies.

One strength of this study is that ORs and HRs, which are
statistically different outcome measurements, were analyzed
separately, thus ensuring the results are free from misinter-
pretation. Moreover, the risk of bias of all screened studies
was rigorously assessed by a widely recognized tool (19) and
only those with a low or moderate risk of bias were included
in the analysis. On the other hand, several limitations should
be considered when interpreting the results of this study.
First, since the types of coffee consumed were not recorded
in most of the included studies, this factor could not be
further assessed. Second, all included studies in the meta-
analysis are cross-sectional, thus temporality and causation
could not be determined, and the possibility of residual
confounding could not be ruled out. Third, due to the small
number of included studies, publication bias was not assessed
according to the Cochrane Handbook (22). Moreover, the
results of this study are not generalizable to populations
other than Asians and European Caucasians. In addition,
the results in this analysis were not corrected for multiple
comparison, which could lead to inflation of type I error.
Nonetheless, most of the subgroup analyses were specified
at the registration stage, except for the ethnicity-stratified
analysis, which was data driven. Finally, we acknowledge that
all the findings in this work are of low or very low certainty.
This is because findings from observational studies were
automatically given a “low” grading in the GRADE scale due
to the inability to exclude the effect of residual confounding
from the study results (20). However, the evidence in this
work was generated by a rigorous and systematic protocol,
thereby forming the best available evidence in the current
body of literature on this topic. Apart from that, our study
also addressed a major limitation in previous meta-analyses
by separately analyzing cross-sectional and longitudinal
studies, thus providing a more accurate effect estimate for
the association between coffee consumption and metabolic
syndrome.

In conclusion, based on the available evidence, coffee
consumption may not be associated with lower odds of
having metabolic syndrome with a low certainty. This could
be due to the small number of studies available, as well as
the high heterogeneity resulting from studies done involving
participants of different ethnic groups. Future studies should
collect data on coffee types usually consumed and habits of

milk and sugar usage, whereas more longitudinal studies are
needed to investigate the temporal association between coffee
consumption and metabolic syndrome.
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