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Objective: This review aimed to systematically summarize and meta-analyze the
association between eating speed and metabolic syndrome (MetS).

Methods: Following the Preferred Reporting Items for Systematic Reviews, and Meta
Analyses (PRISMA) guidelines, four electronic databases (PubMed, Web of Science,
MEDLINE, and EMBASE) were searched until March 2021 to identify eligible articles
based on a series of inclusion and exclusion criteria. Heterogeneity was examined using
I? statistics. Using random-effects models, the pooled odds ratios (ORs), and 95%
Cls were calculated to evaluate the association between eating speed with MetS and
its components, including central obesity, blood pressure (BP), high-density lipoprotein
cholesterol (HDL), triglyceride (TG), and fasting plasma glucose (FPG).

Results: Of the 8,500 original hits generated by the systematic search, 29 eligible
studies with moderate-to-high quality were included, involving 465,155 subjects. The
meta-analysis revealed that eating faster was significantly associated with higher risks of
MetS (OR = 1.54, 95% ClI: 1.27-1.86), central obesity (OR = 1.54, 95% CI: 1.37-1.73),
elevated BP (OR = 1.26, 95% Cl: 1.13-1.40), low HDL (OR = 1.23, 95% ClI: 1.15-1.31),
elevated TG (OR = 1.29, 95% Cl: 1.18-1.42), and elevated FPG (OR = 1.16, 95% ClI:
1.06-1.27) compared to eating slowly.

Conclusions: The results of the review indicated that eating speed was significantly
associated with MetS and its components. Interventions related to decreasing eating
speed may be beneficial for the management of MetS.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/
display_record.php?ID=CRD42021242213, identifier: CRD42021242213.

Keywords: metabolic syndrome, central obesity, eating speed, meta-analysis, systematic review, elevated blood
pressure
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INTRODUCTION

Metabolic syndrome (MetS) is a cluster of metabolic
abnormalities characterized by central obesity, elevated blood
pressure (BP), low high-density lipoprotein cholesterol (HDL),
elevated triglyceride (TG), and elevated fasting plasma glucose
(FPG) (1, 2). MetS is not only a risk factor for cardiovascular
disease and type 2 diabetes, but is also associated with colorectal
cancer, pancreas, and primary liver cancer (3-7). MetS is a major
public health threat in modern societies (8).

The prevalence of MetS is increasing globally in both
developed and developing countries (9). A National Health and
Nutrition Survey (NHANES) in the US showed that the estimated
population of obesity and diabetes increased by 20.4 million
and 9 million, respectively, from 2003-2004 to 2013-2014 (10).
The prevalence of MetS reported was 34.7%, even higher in
adults aged 60 years above to 48.6% in the US (1). Several
studies summarized the prevalence of MetS in Asia [such as,
Iran (2009-2017: 31%), Thailand (2013: 18.2%), Central India
(2017:50.2%), Malaysia (2018: 24.2%), China (2017: 25.59%), and
Korea (2015: 31.7%)] (11-16). This lower prevalence of MetS
in Asian populations, compared with Americans, maybe due
to the higher prevalence of obesity in American and Western
populations (17). Nevertheless, the prevalence of MetS in Asia is
still on the increase (18).

Dietary behavior, such as eating speed, is a modifiable factor
to control the risk of MetS and its components. Previous studies
have indicated that unhealthy eating habits, such as overeating,
skipping breakfast, and preference for fried foods, were all risk
factors for the occurrence of MetS (19-21). Recommendations
on adequate intake of micro- or macronutrients and energy
requirements have been established using different guidelines,
but the appropriate eating speed for the prevention of MetS is
still uncertain. A study conducted in Japan demonstrated that
eating fast would increase the risk of developing MetS (22). It was
shown that fast-eating speed was associated with a high risk of
developing MetS, elevated BP, and central obesity in both genders
among Chinese populations (23). Nanri et al. found that eating
quickly was positively correlated with an increased likelihood of
central obesity, but was not correlated with high BP, high FPG,
high TG, and low HDL-C (24). In summary, the association
between eating speed with the risk of MetS and its components
is inconsistent. Given the epidemic and detrimental impact of
MetS, improving our understanding of the precise estimation
of the association between eating speed and MetS would be
beneficial from a public health care perspective.

Therefore, the purpose of this study was to conduct a
systematic review and meta-analysis to assess the association
between eating speed and MetS. A further aim was to estimate the
pooled odds ratios (ORs), to investigate further any relationships
between eating speed and MetS and its components.

METHODS

Data Sources and Search Strategy
Relevant literature searching was conducted following the
Preferred Reporting Items for Systematic Reviews, and Meta

Analyses (PRISMA) statement (25, 26). The current study was
registered on PROSPERO International Prospective Register of
Systematic Reviews (CRD42021242213, April 11, 2021, https://
www.crd.york.ac.uk/PROSPEROY/).

We comprehensively searched PubMed, Web of Science,
Medline, and Embase databases from their establishment to
March 2021. The search terms were based on subheadings
related to MetS (i.e., “metabolic syndrome” or “central obesity”
or “abdominal obesity” or “high density lipoprotein” or “blood
pressure” or “SBP” or “DBP” or “hypertension” or “triglyceride”
or “HDL” or “FPG”) and eating speed [i.e., (“meal” or “eating” or
“eat” or “eater”) and (“rapid” or “fast” or “quick” or “quickly” or
“speed” or “rate” or “slow” or “time” or “duration”)]. The detailed
search strategies are available as (see Supplementary File 1). We
also manually recorded the reference lists of the identified papers
to obtain possible relevant studies.

Eligibility and Study Selection

Two authors (SQY and YML) selected and evaluated articles
independently; disagreements were solved by consultation with
another senior author (YDY). For the literature search, we
used the Population, Intervention, Control, Outcome, and
Study approach (PICOS) to define the study eligibility criteria:
(1) Population (P): general population; (2) Interventions
or exposure (I): observational studies were eligible if they
provided comparisons of groups from different eating speed.
In addition, randomized controlled trials (RCTs) were eligible
if the intervention of eating speed clearly appears in the study
and the randomization method is clarified, and if available the
baseline data of RCTs were extracted for analysis; (3) Control
or comparators (C): studies that compared participants with
different eating speed; (4) Outcomes (O): MetS or its components
(such as, central obesity, high BP, high FPG, high TG, and
low HDL), (5) Study design (S): cross-sectional studies, cohort
studies, case-control studies, or RCTs. The exclusion criteria were
as follows: review articles or abstracts, no data of interest, animal
experiments, papers where full information cannot be accessed,
or the methodologies were recognized as weak.

Data Extraction

From the included articles, the following information was
extracted: (1) title and year of publication; (2) name of the first
author; (3) area; (4) study design; (5) statistical model; (6) gender
ratio of the population; (7) sample size; (8) population (adults
or children); (9) mean or median of the age; (10) definition
of MetS; (11) risk estimates (adjusted OR and 95% CI); (12)
outcome variables; (13) main result; and (14) and list of adjusted
covariates. The primary outcome measure was MetS in the
present study. Secondary outcomes of interest included different
components of MetS, such as central obesity, elevated BP, FPG,
TG, and low HDL.

Quality Assessment

The Agency for Healthcare Research and Quality (AHRQ) scale
was used to assess cross-sectional studies and scores of “0-3,” “4-
7, and “8-11” were defined as low, moderate, high quality (27).
The Newcastle-Ottawa Scale (NOS) was used to assess cohort
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and case-control studies, and scores of “0-3 “4-6 and “7-
9” were defined as low, moderate, and high quality (28). The
Cochrane assessment scale was used to assess RCTs (29). The
quality assessment forms are available from: https://www.ncbi.
nlm.nih.gov/books/NBK35156/.

Statistical Analysis

In the included studies, eating speed was measured by
questionnaire, including professional questionnaires, namely,
food frequency questionnaire (FFQ), brief diet history
questionnaire (BDHQ), or self-designed questionnaire. The
classification of eating speed was self-designed without unified
criteria, and participants chose an option in the classification
that they thought was consistent with their own situation
compared to other participants. The number of options for the
eating speed question is different. There are four classification
methods based on the number of options of the eating speed
question in the included studies: (1) two options: slow and fast
eating; (2) three options: slow, medium, and fast eating; (3)
four options: slow, medium, fast, and very fast eating; (4) five
options: very slow, slow, medium, fast, and very fast eating. The
validity of the questionnaire was confirmed in 16 studies and
was not mentioned in the rest of the studies. The associations
between eating speed and risk of MetS, central obesity, elevated
TG, low HDL, elevated BP, and elevated FPG were estimated
by the pooled OR with 95% CI. The heterogeneity of studies
was calculated using the I? statistic, and the random-effects
model was used in this calculation, I? > 50% or P < 0.10
was defined as significant heterogeneity (30, 31). Additionally,
sensitivity analyses, Beggs funnel plot, and Egger’s test were
used to estimating possible contributing factors of heterogeneity
and potential publication bias (32-34). A statistically significant
difference was defined as P < 0.05. Studies with no analyzable
data were discussed only in the systematic review. We conducted
subgroup analysis according to age, gender, location, eating
speed, and study design. Subsequently, meta-regression analysis
was also conducted to estimate the source of heterogeneity. Most
studies used the slow-eating group as the reference group and
provided the adjusted OR and 95% CI for the non-slow-eating
groups. If the slow-eating speed group was not the reference
group in the included study, we performed transformation to
calculate the appropriate OR for meta-analysis so as to guarantee
comparisons and calculation of pooled OR. We used R software
3.3 (R Development Core Team, Vienna, Austria) with Meta-
Analysis Package for R (meta) to conduct subgroup analysis,
sensitivity analyses, Begg’s funnel plot, and Egger’s test. Stata
11.0 (College Station, TX, USA) was used for meta-regression
analysis. In addition, Review Manager 5.4 (The Nordic Cochrane
Centre, The Cochrane Collaboration, Copenhagen, Denmark)
was used for the meta-analyses and heterogeneity tests.

RESULTS

Descriptions of Literature Search

A total of 8,500 articles were initially identified from the
electronic database. Of those, 2,390 duplicates were subsequently
excluded either manually or automatically; then, the remaining

6,110 articles were screened for relevance based on title and
abstract, resulting in the removal of 6,040 articles. According to
the standard screening procedure, 70 articles were identified for
in depth reading with the full-texts. Two articles were included
through reference lists of related articles. After reading the
full texts, a total of 43 articles were excluded, i.e., 40 articles
for not meeting the eligibility criteria and 3 articles for full
information that cannot be accessed, or the methodologies were
recognized as weak. Finally, 29 articles were selected for the
systematic review and meta-analysis. Eleven studies (22-24, 35—
42) examining the association between eating speed and the risk
of MetS were included into the systematic review, of which 7
(23, 35-40) provided with enough data and were included into
the quantitative synthesis. Fourteen studies (23, 24, 37, 39, 43—
52) examining the association between eating speed and the risk
of central obesity were included into the systematic review, of
which 11 (23, 24, 37, 39, 44-50) provided with enough data
and were included into the quantitative synthesis of the meta-
analysis. Eleven studies (23, 24, 37, 39, 42, 43, 47, 50, 53-55)
examining the association between eating speed and the risk of
elevated BP were included into the systematic review, of which
6 (23, 24, 37, 39, 50, 55) were included into the quantitative
synthesis of the meta-analysis. Nine studies (23, 24, 37, 39, 43,
50, 53, 55, 56) examining the association between eating speed
and the risk of low HDL were included into the systematic
review, of which 6 (23, 24, 37, 39, 50, 55) were included into
the quantitative synthesis of the meta-analysis. Eight studies
(23, 24, 37, 39, 43, 50, 53, 55) examining the association between
eating speed and the risk of elevated TG were included into
the systematic review, of which 6 (23, 24, 37, 39, 50, 55) were
included into the quantitative synthesis of the meta-analysis.
Twelve studies (23, 24, 37, 39, 42, 50, 53, 55, 57-60) examining
the relationship between eating speed and elevated FPG, of which
9 for meta-analysis (23, 24, 37, 39, 50, 55, 58-60) were included
into the quantitative synthesis of the meta-analysis. The selection
process for eligible articles is outlined in Figure 1.

Study Characteristics

The overall study characteristics are shown in Table 1, 29 relevant
studies were published from 2007 to 2021, the sample size
ranged from 106 to 197,825. The study population included
children and adults (aged from 6 to 99 years). Among the 29
relevant studies, 20 were cross-sectional studies, 7 were cohort
studies, 1 RCT, and 1 case-control study. In these studies, 16
were conducted in Japan, four in Korea, two in China, two in
Spain, one in Singapore, one in Malaysia, one in England, one
in America, and one in Iran. Adjusted covariates included age,
gender, ethnicity, education level, total physical activity, smoking,
alcohol consumption status, and body mass index (BMI), and
so on. The detailed information of covariates extracted from
the included studies is shown in Supplementary Table 1. The
detailed information extracted from the included studies is
shown in Supplementary Table 1. The quality of articles is
provided in Supplementary Tables 2-4. The results showed that
29 articles included in this study were of medium or high
quality, in which the 20 cross-sectional studies with AHRQ
scores (Supplementary Table 2) ranged from 4 to 8, and 7 cohort
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Title and abstract excluded during

first screening (n=6040)

Full-text articles excluded

with following reasons:

Review articles or abstracts (n=3)

No data of interest (n=36)
Animal experiments (n=1)

Cannot be accessed (n=1)

The methodologies are weak (n=2)

Articles identified through
databases searching (n=8500)
s PubMed (n = 3023) 0 additional records identified
= Web of Science (n=1767) through other sources
= Embase (n = 1798)
g Medline (n = 1912)
Articles identified after  duplicate
removed (n=6110)
|
\

Potentially relevant studies for
o : _
lg Additional articles further evaluations (n=70)
g identified through
‘4 reference lists of

related articles
(n=2) Studies were included in systematic
review and meta analysis (n=29)

MetS (n=11)
°
§ Central obesity (n=14)
E Elevated BP (n=11)
- Low HDL (n=9)

Elevated TG (n=8)

Elevated FPG (n=12)

FIGURE 1 | Flow chart of the selection process of the eligible studies. MetS, metabolic syndrome; BP, blood pressure; FPG, fasting plasma glucose; TG, triglycerides;
HDL, high-density lipoprotein.

studies and 1 case-control study with the The Newcastle-Ottawa
Scale (NOS) scores (Supplementary Table 3) ranged from 6 to 9.
The results of Begg’s test and Egger’s test of the included studies
are shown in Supplementary Figure 1, Supplementary Table 5.
No publication bias was found excluding central obesity
(Supplementary Figure 1, Supplementary Table 5). The results
of sensitivity analysis are shown in Supplementary Figure 2.

MetS

Eleven studies examining the relationship between eating speed
and MetS were all included in the systematic review (22-24, 35—
42). These 11 studies were all conducted in adults. Although
two cross-sectional studies (38, 39) did not find a statistically
significant association between eating speed and risk of MetS.
Eight articles (23, 24, 35, 36, 39-42) showed a significantly
higher risk in those who had faster-eating habits compared
with those who had a slow-eating habit, among which two
(24, 35) articles indicated the significantly increased risk of
MetS in the fast-eating group, compared with the medium-
eating group. Compared with the slow-eating group, five articles

(23, 36, 40-42) showed a higher risk of MetS in the faster-eating
group among adults. In addition, one article (39) reported a
cohort study that enrolled 8,941 participants from 2008 to 2011
showing a significantly higher incidence of MetS in the fast-eating
group compared with the non-fast-eating group. One cohort
study (22) indicated that slow-eating speed reduced the risk
of developing MetS significantly compared with a faster-eating
speed group.

As shown in Figure 2, seven studies (23, 35-40) were included
in the meta-analysis. Compared to the slow-eating speed group,
subjects in the faster-eating eating had a significantly higher risk
of MetS (OR = 1.54; 95% CI: 1.27-1.86). In addition, in the
subgroup analysis, the pooled OR of the risk of MetS for the fast-
eating speed group was 1.63 (95% CI: 1.26-2.12) (23, 37, 39, 40,
55), OR for the risk for medium-eating speed group was 1.36
(95% CI: 1.00-1.86; Table 2) (23, 24, 37, 40, 50).

Central Obesity

Fourteen studies examining the relationship between eating
speed and central obesity were included in our systematic review
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TABLE 1 | The overall characteristics of the studies reporting on the association
between eating speed and metabolic syndrome and its components.

Characteristic Number of studies Percentages (%)

Total samples (N = 29)

Location

Japan 16 55.17
Korea 4 13.79
China 2 6.89
Singapore 1 3.45
Malaysia 1 3.45
Iranian 1 3.45
Spain 2 6.89
England 1 3.45
America 1 3.45
Study design

Cohort study 7 2414
Cross-sectional study 20 68.97
Others 2 6.89
Age

Children (6-18 yr) 5 17.24
Adults (18-99 yr) 24 82.76
Gender

All female 1 3.45
All male 4 13.79
Male and Female 24 82.76
Classification of eating speed

2 groups 12 41.38
3 groups 12 41.38
4 groups 4 13.79
5 groups 1 3.45
Risk of bias assessment

High quality 9 31.03
Moderate quality 20 68.97
Low quality 0 0.0
Reference group

Slow eating speed 18 62.07
Moderate eating speed 13.79
Others 2414

(23,24, 37,39, 43-52). In these studies, 11 studies involved adults,
and 3 studies involved children (44, 48, 51). Two studies (39, 44)
used slow-eating speed as the control group and divided eating
speed into two groups, one (44) (N = 2,136) was conducted in
Japan and was a cross-sectional study in children (age: 12-13
years), waist-to-height ratio (WHtR) was used as an outcome
variable in this study. The study found that eating quickly led to
an increased risk of central obesity (defined as WHtR > 0.5) in
boys and girls. The second study (39) (N = 8,941) was a cohort
study conducted among adults in Japan and China, this study
used waist circumference (WC) as the outcome variable and
demonstrated that the risk in the fast-eating group significantly
increased compared with the reference group.

Eating speed was divided into three groups in seven studies
(23,24,37,45,48-50). Three (23, 37, 45) regarded the slow-eating
group as a reference group, though one study (37) conducted
in Spain (N = 792) did not find a significantly increased risk
for central obesity, two studies (23, 45) conducted in Singapore
and China indicated that the risk increased significantly among
adults who ate fast. Four studies (24, 48-50) regarded the
moderate-eating group as the reference group. One study (24)
conducted in Japan (N = 1,018) indicated that fast-eating speed
was associated with an increased likelihood of developing central
obesity. Similar results were found in a study (39) conducted
among Japanese adults. One study (49) conducted in Iran (N
= 7,958) did not demonstrate significant associations between
eating speed and central obesity. One study (48) (N = 50,037)
conducted in China showed that eating speed was positively
associated with childhood central obesity. The fourth study (50)
(N = 56,865) conducted in Japan showed that the risk of central
obesity for the fast-eating group increased significantly with an
OR of 1.97, and three studies (44, 46, 47) indicated that slow-
eating speed was helpful in preventing central obesity.

Eating speed was divided into four groups in two studies
(46, 47), both studies were conducted in Japan and were cross-
sectional studies in adults. The two studies reported no significant
association between eating speed and risk of central obesity in
a moderate-eating group and a fast-eating group. However, one
study (46) showed that the risk of central obesity for the very fast-
eating group significantly increased. Another study (47) showed
that the proportion of participants who had central obesity
increased with increases in eating speed, irrespective of the status
of glucose tolerance. Also, a cohort study (43) in Japanese middle-
aged citizens (N = 141) showed that the decrease in WC from
baseline to 1 year was greater in the intervention group (received
health guidance to modify fast-eating speed) than in the control
group (P < 0.05). A cross-sectional study (52) indicated that
eating slower reduced WC for Japanese men (N = 59,717). A
cross-sectional study (51) in Spanish adolescents (N = 1,978)
also found that WC values were lower in those who reported an
adequate speed of eating when compared with fast-eating speed.

Eleven studies (23, 24, 37, 39, 44-50) were included in
the meta-analysis. Compared to the slow-eating speed subjects,
subjects in the faster-eating group had a significantly higher risk
of central obesity (OR = 1.54; 95% CI: 1.37-1.73; Figure 2).
Additionally, in the subgroup analysis, subjects with very fast-
eating speed had a more than triple risk of central obesity (OR =
3.14; 95% CI: 1.62-6.09), subjects in the fast-eating speed group
also had a significantly higher risk (OR = 1.65, 95% CI: 1.31-
2.07) (23,37, 39, 55). The OR for the medium-eating speed group
was 1.32 (95% CI: 1.15-1.52; Table 2) (23, 24, 37, 50).

Elevated BP

A total of 11 studies examining the relationship between eating
speed and elevated BP were identified and discussed in the
systematic review (23, 24, 37, 39, 42, 43, 47, 50, 53-55). Ten
studies involved adults and one study involved children (54).
In addition, confounding factors of studies about elevated BP,
including age, sex, BMI, and physical activity. Eating speed
was divided into two groups in three studies (39, 42, 55),
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MetS (N=32558) Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE_Weight IV, Random, 95% CI _Year 3 95% CI
Aesun Shin 2009 (Fast) 0.802 0.1697  7.9% 2.23[1.60, 3.11] 2009 -
Aesun Shin 2009 (Medium fast) 0.5068 0.1708  7.9% 1.66 [1.19, 2.32] 2009 —
Youji Sogai 2013 (Men) 0.5008 0.1417  8.5% 1.65 [1.25, 2.18] 2013 -
Youji Sogai 2013 (Women) 0.7271 0.1641 8.0% 2.07 [1.50, 2.85] 2013 —_
Bing Zhu 2015 0.2624 0.1075  9.2% 1.30 [1.05, 1.60] 2015 [~
Mizuki Saito 2017 (Fast) 0.7227 0.216  6.9% 2.06 [1.35, 3.15] 2017 —
Mizuki Saito 2017 (Medium fast) 0.2927 0.1919  7.4% 1.34[0.92, 1.95] 2017 —
Lixin Tao 2018 (Medium fast) 0.5008 0.1146  9.0% 1.65 [1.32, 2.07] 2018 -
Lixin Tao 2018 (Fast) 0.8198 0.1179  9.0% 2.27[1.80, 2.86] 2018 -
Indria Paz-Graniel 2019 (Medium fast) 0.0198 0.0753  9.7% 1.02 [0.88, 1.18] 2019 r
Indria Paz-Graniel 2019 (Fast) -0.0101 0.0718  9.8% 0.99[0.86, 1.14] 2019 T
Saleem Perwaiz Igbal 2020 0.1398 0.2188  6.8% 1.15 [0.75, 1.77] 2020 -+
Total (95% CI) 100.0% 1.54 [1.27, 1.86] *
Heterogeneity: Tau? = 0.09; Chi® = 78.47, df = 11 (P < 0.00001); I* = 86%
Test for overall effect: Z = 4.35 (P < 0.0001) 0-01 Oélow eating Faster eanig 100
Central Obesity (N=150868) Sdas Ratic R
Study or Subgroup log[0dds Ratiol SE_Weight IV, Random, 95% CI__vear 1V, Random, 95% C1
T. OhKuma 2012 (IFG & very faso 1411 02972 2.3% 7.34] 2012
T. OhKuma 2012 (Normal Glucose & fast eating) 08329 01788  s.6% . 327) 2012
T, OhKuma 2012 (Normal Glucose & medium fast) 03646 01539  4.0% | 1.95] 2012
T. OhKuma 2012 (Normal Glucose & very fast) 11969 0.2827  2.4% 5.76] 2012
T. OhKuma 2012 (Diabetes & fast eating) 00583 0.095  4.8% . 1.28) 2012
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FIGURE 2 | Forest plot of the odds ratios for metabolic syndrome and its components in association with eating rate (The slow eating group were used as the
reference group. MetS, metabolic syndrome; BP, blood pressure; FPG, fasting plasma glucose; TG, triglycerides; HDL, high-density lipoprotein).
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TABLE 2 | Subgroup analysis based on age, gender, location, eating speed, and study design.

Outcomes Subgroup Included studies OR 95%CI ? P Overall
P P
MetS Location Asian [23, 35, 36, 38-40] 1.70 1.47-1.98 0.59 <0.01 0.86 <0.01
(n = 32,558) Non-Asian [37] 1.00 0.91-1.11 0.00 0.77
Speed Fast [23, 35-40] 1.63 1.26-2.12 0.87 <0.01
Medium [23, 35-37] 1.36 1.00-1.86 0.84 <0.01
Study design Cross-sectional study [23, 35-38, 40] 1.56 1.26-1.94 0.87 <0.01
Cohort study [39] 1.30 1.05-1.60 0.86 <0.01
Central obesity Age Children [44, 48] 1.65 1.25-2.19 0.48 0.15 0.88 <0.01
(n =150,868) Adult [23, 24, 37, 39, 45-47, 49, 50] 153 1.34-1.75 0.89 <0.01
Gender Male and Female [23, 24, 37, 39, 44, 45, 47-50] 1.48 1.32-1.66 0.88 <0.01
All male [46] 2.97 1.562-5.80 0.63 0.07
Location Asian [28, 24, 39, 44-50] 1.59 1.43-1.76 0.78 <0.01
Non-Asian [37] 0.97 0.91-1.04 0.00 0.44
Speed Very—fast [46, 47] 3.14 1.62-6.09 0.84 <0.01
Fast [23, 37, 39, 44-47] 1.65 1.31-2.07 0.89 <0.01
Medium [23, 24, 37, 45-50] 1.32 1.15-1.62 0.88 <0.01
Study design Cross-sectional study [28, 37, 39, 41-47] 1.62 1.43-1.83 0.88 <0.01
Cohort study [24, 39] 1.37 1.13-1.66 0.00 0.67
Elevated BP Location Asian [23, 24, 39, 50, 55] 1.36 1.23-1.49 0.64 <0.01 0.93 <0.01
(n = 86,783) Non-Asian [37] 1.00 0.82-1.22 0.00 1.00
Speed Fast [23, 37, 39, 55] 1.25 1.02-1.52 0.93 <0.01
Medium [23, 24, 37, 50] 1.30 1.06-1.59 0.94 <0.01
Study design Cross-sectional study [23, 24, 37, 50, 55] 1.27 1.13-1.43 0.94 <0.01
Cohort study [39] 1.15 0.95-1.40 0.18 0.27
Elevated FPG Gender Male and Female [23, 24, 37, 39, 50, 55, 59, 60] 1.14 1.04-1.25 0.70 <0.0 0.72 <0.01
(n = 286,892) All male [58] 1.82 1.20-2.76 0.00 0.71
Location Asian [23, 24, 39, 50, 55, 59, 60] 1.17 1.08-1.28 0.61 <0.01
Non-Asian [37, 58] 1.25 0.92-1.68 0.84 <0.01
Speed Fast [23, 37, 39, 55, 58-60] 1.20 1.06-1.36 0.80 <0.01
Medium [23, 24, 37, 50, 58, 60] 1.14 0.99-1.31 0.60 0.02
Study design Cross—sectional study [28, 37, 55, 58, 60] 1.16 1.04-1.30 0.73 <0.01
Cohort study [24, 39, 59] 1.08 1.00-1.16 0.07 0.34
Others [60] 2.13 1.43-3.18 0.12 0.29
Low HDL Speed Fast [23, 37, 39, 55] 1.29 1.17-1.42 0.00 0.5 0.07 0.37
(n =86,783) Medium [23, 24, 37, 50] 1.17 1.07-1.29 0.11 0.34
Study design Cross-sectional study [23, 37, 50, 55] 1.21 1.13-1.29 0.00 0.48
Cohort study [24, 39 1.41 1.16-1.71 0.00 0.33
Elevated TG Speed Fast [23, 37, 39, 55] 1.38 1.22-1.56 0.51 0.0 0.52 0.03
(n = 86,783) Medium [23, 24, 37, 50] 1.34 1.12-1.61 0.00 0.59
Study design Cross—sectional study [23, 37, 50, 55] 117 1.02-1.34 0.00 0.42
Cohort study [24, 39] 1.32 1.19-1.47 0.58 0.02

MetS, metabolic syndrome; BR, blood pressure; FPG, fasting plasma glucose; HDL, high-density lipoprotein; TG, triglyceride.

one study (55) (N = 11,195) conducted in Japan indicated
that eating speed was significantly associated with a higher
risk of elevated BP for men, but the risk did not reach
statistical significance among women. However, the association
did not reach statistical significance among both genders in
another study (42). In addition, another study (39) also reported
insignificant associations between eating speed and the risk of
elevated BP. Eating speed was divided into three groups in
four studies (23, 24, 37, 50), two studies (24, 50) regarded the

moderate-eating group as the reference group. One study (50)
showed that those who were in the slow-eating speed group
had a significantly lower risk of elevated BP, and the OR of
those who were in the fast-eating speed group was 1.2. Another
study (24) also find statistical significance for the association
between fast-eating speed and elevated BP. Two studies (23, 37)
regarded the slow-eating group as the reference group, one study
(23) conducted among adults in China found that compared
with those who were in the slow-eating group, those who were
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in the moderate-eating group and the fast-eating group had a
significantly higher risk for elevated BP; however, another study
(37) did not find a significant association between eating speed
and risk of increased BP. One study (47) divided eating speed
into four groups, the study stratified participants into three
subgroups according to the status of glucose tolerance (normal
glucose/impaired fasting glucose/diabetes). The study found the
risk of elevated BP for those who had normal glucose in the
moderate-eating group was not significantly different, but those
who had impaired fasting glucose in the relatively fast-eating
group had a significantly higher risk compared with the slow-
eating group. In the very fast-eating group, the risk for those who
had impaired fasting glucose and diabetes significantly increased.
A cross-sectional study (53) conducted in Korea found that
the diastolic BP level among women was significantly different
between each eating speed group (P < 0.05), a cohort study
(54) among 1,490 children in Japan showed that eating speed
was positively associated with systolic BP among boys. Another
cohort study (43) among adults in Japan also found that systolic
BP varied with the speed of eating (P < 0.01).

Six studies (23, 24, 37, 39, 50, 55) were included in the meta-
analysis. As shown in Figure 2, subjects in the faster-eating group
had a significantly higher risk of elevated BP compared with the
slow-eating group (OR = 1.26, 95% CI: 1.13-1.40). Additionally,
with subgroup analysis significantly higher risk of elevated BP
was observed for the fast-eating speed group (OR = 1.25,95% CI:
1.02-1.52) compared with the slow-eating group (23, 37, 39, 55).
The OR for elevated BP for the medium-eating speed group was
1.30 (95% CI: 1.06-1.59; Table 2) (23, 24, 37, 50).

Low HDL

Nine studies examining the relationship between eating speed
and low HDL were included in our systematic review (23, 24,
37, 39, 43, 50, 53, 55, 56). Eight studies involved adults and one
study involved children (56). Eating speed was divided into two
groups in two studies (39, 55), a study (55) (N = 11,195) in
Japan showed that the risk of low HDL for the fast-eating group
increased only in men, but not in women. Another study (39)
showed that compared with the non-fast-eating group, the risk of
low HDL in the fast-eating group significantly increased.

Eating speed was divided into three groups in four studies
(23, 24, 37, 50). Two studies (24, 50) used the moderate-eating
group as the reference group. One study (50) showed that fast
eating was associated with a higher risk of low HDL in both men
and women, but slow eating was associated with a low risk of low
HDL in men only. Another study (24) indicated an insignificant
association between eating speed and low HDL.

Two studies (23, 37) used the slow-eating group as the
reference group; one study (23) showed that both moderate
eating and fast eating were associated with a higher risk of low
HDL. Another study (37) showed that HDL-cholesterol level
was significantly different between each eating speed group (P
< 0.05). In addition, a cross-sectional study (53) conducted in
Korea found that fast-eating speed was significantly associated
with a higher risk of low HDL (P < 0.05). A 12-month RCT
(56) involving retraining eating behavior (such as, reducing
eating speed) by a computerized device (Mandometer) showed

that compared with the standard care group, HDL-cholesterol
concentration of obese children for the Mandometer group
improved significantly (P < 0.05). However, this controlled,
non-randomized, intervention study (43) that analyzed 141
participants with MetS at baseline showed that the risk of
low HDL for participants in the intervention group was not
significantly lower than that in the control group (P = 0.242).

As shown in Figure 2, six studies (23, 24, 37, 39, 50, 55) were
included in the meta-analysis, the results indicated that the risk
of low HDL in the faster-eating group increased compared with
the slow eating group (OR = 1.23,95% CI: 1.15-1.31). The risk of
low HDL for the fast-eating speed group was 29% higher than the
slow-eating group (OR =1.29, 95% CI: 1.17-1.42) (23, 37, 39, 55).
Additionally, in subgroup analysis, the risk of low HDL of the
medium-eating speed group was 17% higher than the slow-eating
group (OR = 1.17, 95% CI: 1.07-1.29; Table 2) (23, 24, 37, 50).

Elevated TG

Eight studies examining the relationship between eating speed
and elevated TG were discussed in the systematic review (23,
24, 37, 39, 43, 50, 53, 55). These studies involved only adults.
In addition, confounding factors of studies about elevated TG
included age, sex, BMI, physical activity, and total energy intake,
etc. Eating speed was divided into two groups in two studies (39,
55). Although no significant associations were found between
eating speed and elevated TG in the cohort study (39) among
adults in Japan and China, the study (55) conducted in Japan
showed that the risk of elevated TG for the fast-eating speed
group was significantly higher compared with the slow-eating
speed group both in men and women.

Eating speed was divided into three groups in three studies
(23, 37, 50), two studies (23, 37) used slow-eating group as
the reference group, and one study (23) indicated that eating
speed was associated with a higher risk for elevated TG in
males. No significant association was found between moderate-
eating speed and elevated TG in another study (37), but
fast-eating was significantly associated with a higher risk of
elevated TG. Two studies (24, 50) regarded the moderate-eating
group as the reference group; one study (50) showed that the
association between slow eating and lower odds of elevated TG
was statistically significant; the risk of the presence of elevated
TG was positively associated with fast eating. However, no
significant associations were found between eating speed and
elevated TG in another study (24). In addition, one study (53)
conducted in Korea showed that elevated TG levels between each
group were significantly different (P < 0.05). The cohort study
(43) conducted in Japan showed that the presence of elevated
TG was significantly different in different eating speed groups
(P = 0.002).

Six studies (23, 24, 37, 39, 50, 55) were included in the meta-
analysis. The results showed that the risk of elevated TG for the
faster-eating-speed group was higher compared with the slow-
eating speed group (OR = 1.29, 95% CI: 1.18-1.42; Figure 2).
In subgroup analysis, the risk of elevated TG for the fast-eating
speed group was significantly higher than the slow-eating group
with an OR of 1.38 (95% CI: 1.22-1.56) (23, 37, 39, 55), and
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the OR for the medium-eating speed group was 1.34 (95% CI:
1.12-1.61; Table 2) (23, 24, 37, 50).

Elevated FPG

Twelve studies examining the relationship between eating speed
and elevated FPG were discussed in the systematic review (23,
24, 37, 39, 42, 50, 53, 55, 57-60). These 12 studies were all
conducted in adults. In addition, confounding factors of studies
about elevated FPG included age, sex, BMI, physical activity, total
energy intake, etc. Eating speed was divided into two groups in
three studies (39, 55, 59). Two studies (55, 59) conducted in Japan
indicated statistically significant differences of risk of elevated
FPG between fast-eating and slow-eating group, one study (59)
showed that the risk of elevated FPG for fast-eating speed was
1.10-fold (95% CI: 1.05-1.17), another study (55) showed that
the risk of elevated FPG for fast-eating speed was statistically
significant for men. However, two studies (39, 42) conducted in
Japan indicated an insignificant association between eating speed
and elevated FPG.

Eating speed was divided into three groups in six studies
(23, 24, 37, 50, 58, 60). Four studies (23, 37, 58, 60) used the slow-
eating group as the reference group, one study (23) indicated
that eating speed was associated with a higher risk for elevated
TG in males, one study (58) indicated that modified eating speed
could be an acceptable health intervention for the prevention of
type 2 diabetes. In addition, a case-control study (60) indicated
that fast-eating speed increased the risk of type 2 diabetes
mellitus significantly. However, no significant association was
found between moderate-eating speed and elevated FPG in
another study (37). Two studies (24, 50) regarded the moderate-
eating group as the reference group, one study (50) showed
that the association between slow eating and lower odds of
elevated TG was statistically significant, fast eating was associated
with a higher risk of elevated FPG. However, no significant
associations were found between eating speed and elevated FPG
in another study (24). In addition, one study (53) conducted
in Korea showed that the difference of elevated FPG between
each group was statistically significant. One study (57) showed
that eating fast was associated with insulin resistance in middle-
aged Japanese.

As shown in Figure 2, nine studies (23, 24, 37, 39, 50, 55, 58—
60) were included in the meta-analysis, the results showed that
fast-eating speed increased the risk of elevated FPG (OR = 1.16;
95% CI: 1.06-1.27). Compared with the slow-eating group, the
risk of elevation for FPG in the fast-eating speed group increased
significantly (OR = 1.20; 95% CI: 1.06-1.36) (23, 37, 39, 55, 58—
60). However, the risk was not significantly different for the
medium-eating speed group (OR = 1.14, 95% CI: 0.99-1.31)
compared with the slow-eating group (23, 24, 37, 50, 58, 60)
(Table 2).

Subgroup Analysis and Meta Regression

Analysis

Results of subgroup analysis showed that there was a high
level of heterogeneity in studies of eating speed with MetS,
central obesity, elevated BP, a moderate level of heterogeneity
for studies with elevated FPG and elevated TG, and a low

level of heterogeneity for low HDL. The heterogeneity of the
subgroup analysis stratified by the eating speed did not change
significantly. However, in the subgroup analysis stratified by age,
gender, location, eating speed categorization, and study design,
the heterogeneity decreased substantially. The results of meta
regression analysis suggested that the heterogeneity between
studies may be due to differences in gender and eating speed
categorization. The results above indicate that age, gender, study
location, and study design may be possible sources for the
high level of heterogeneity among studies between eating speed
and the risk of elevated BP, central obesity, or MetS (Table 2,
Supplementary Table 6).

DISCUSSION

To the best of our knowledge, this is the first systematic review
and meta-analysis to assess the relationship between eating speed
with risk of MetS and its components. Our study included cohort
studies, cross-sectional studies, case-control studies, and RCTs.
The results suggest that the risk of MetS and its components
increased significantly as eating speed increased, especially in the
fast and very fast-eating speed group. In addition, the risk of
MetS and its components was significantly associated with the
medium-eating speed except for FPG. Our findings indicate the
potential importance of interventions to minimize the excessive
speed of eating to prevent the related adverse MetS outcomes.

For the medium-eating speed group, the CI was significant
for risk of MetS, central obesity, elevated BP, elevated TG, and
low HDL was significant, but not significant for elevated FPG.
There are two possible hypotheses to explain this phenomenon.
First, for the association between eating speed and risk of elevated
FPG, the association in male participants is much more profound
than in females. For the subgroup analysis of the association
between medium eating and FPG, most included studies (23, 24,
37, 50, 58, 60) involved much more males with an average ratio
of male of 75.78%, which is higher than other studies of meta-
analysis for other outcomes. However, male participants are most
fast eaters (59), medium-eating speed is not as common as in
females, which may lead to relatively smaller sample size and
then lower statistical power to test the significant associations
in the medium-speed group. The second hypothesis is that the
association between eating speed and risk of elevated FPG, the
threshold value of eating speed to increase the risk of elevated
FPG might be higher than other outcomes. These hypotheses
should be further explored or tested in future studies.

A previous intervention study showed that health guidance
about MetS and eating quickly decreased the prevalence of MetS,
BMI, WC, and TG (43). Various studies have also confirmed the
effectiveness of dietary interventions for individuals with MetS,
among these studies, individuals with MetS had significantly
lower body weight, WC, and TG levels after dietary intervention
(55, 58, 61, 62). Previous studies have shown that eating quickly
was associated with a higher risk of type 2 diabetes mellitus in
middle-aged men in Japan (44, 59), and those who ate quickly
had a higher risk (OR = 1.5) of insulin resistance (HOMA-IR
> 2.0) (63). Additionally, some studies have demonstrated that
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a fast-eating speed can lead to higher levels of serum insulin
resistance (64), increased FPG levels, and a higher risk of MetS.
Fast-eating speed can also cause overeating, resulting in higher
postprandial blood glucose levels (45, 64-66). Eating slowly can
decrease energy intake, leading to satiety or improvements in
insulin sensitivity (67), these findings support our results. A
previous study showed that a lower calorie diet can improve the
levels of HDL and other lipids (67). Eating too quickly makes it
difficult for the body to recognize calories and satiety, resulting
in excessive calorie intake (68). As a result, fast-eating speed
can affect HDL levels by influencing a greater energy intake.
Therefore, it can be speculated that controlling the speed of eating
might reduce energy intake and prevent the development of low
HDL, which is consistent with our findings. Excessive calorie
intake can also lead to an increased risk of central obesity; a
prospective study confirmed that eating slowly is beneficial for
preventing obesity in non-overweight/obese girls (67). Several
RCTs showed that WC was lower in an intervention group
(adjusting dietary intake) at the end of the dietary program (69),
and modifications in eating speed was efficient, cost-effective
means for weight management for centrally obese or healthy
adolescents (67, 70). A recent observational study indicated that
modification in eating speed can reduce the risk of obesity in
patients with type 2 diabetes (63). The study suggested that
slowing down eating speed may be beneficial in preventing
obesity. Additionally, one study showed that those who ate
quickly have higher levels of interleukin-18 and interleukin-6
compared with those who ate slowly, even after taking energy
intake and BMI into account (58). The increased cytokine activity
could lead to high BP levels via increases in renal sodium and
water retention (64, 66). This may also influence the activity of
plasma noradrenaline and the sympathetic nervous system, and
our results are consistent with the findings of these studies.

Our study has significant strengths. First, this is the first meta-
analysis and systematic review exploring the associations between
eating speed with the risk of MetS and its components. Second,
although most of the results showed significant heterogeneity,
the quality of included studies was in the medium-to-high range.
Third, the sample size of included studies was relatively large,
our meta-analysis with a large sample size provides relatively
strong statistical power to test the associations. Fourth, the study
involved 465,155 subjects from different countries.

However, there are also several limitations. The results
indicated a high heterogeneity between studies. Several reasons
may explain the high level of heterogeneity. First, assessment
methods for eating speed varied between studies, among the
29 included articles, a FFQ was used in four articles, the
diet history questionnaire (DHQ) was used in two articles,
self-administered questionnaire was used in other articles.
FFQ, DHQ, and other self-administered questionnaires can
introduce possible recall bias, leading to different classification
or misclassification of eating speed. Additionally, measurement
error and different measurement methods for dietary intake
could also introduce misclassification. Although we conducted
meta-regression analysis to estimate the heterogeneity and
explore the source of heterogeneity, actually for each meta-
regression model, the number of included studies was limited.

If future relevant studies were conducted using wearable
cameras to accurately estimate the speed of eating, it would
more informative and precise to verify the associations and
demonstrate the source of heterogeneity. Second, definitions of
MetS and its components in the included studies were different
in some studies. There are several definitions for MetS outlined
by different expert groups. As a result, it is difficult to compare
risk factors or prevalence for MetS across all studies. Among
included studies, most studies have adopted the ATP III NCEP
definition. However, it has been confirmed that current ATP III
NCEP definitions have resulted in an unrealistic low prevalence
of MetS in Asian cohorts, suggesting that ethnic-specific cutoff
values are needed urgently (68, 71). Third, most of the included
studies were conducted in Asian countries, especially Japan,
China, and Korea. Only four studies were conducted in non-
Asian countries (37, 51, 56, 60)—two in Spain, one in England,
one in America. Fourth, among the included studies, only five
studies were conducted in children (44, 48, 51, 54, 56), most
studies were conducted in adults. This may also explain in part
the high heterogeneity observed.

CONCLUSION

Epidemiological data have demonstrated significant associations
between eating speed with the risk of Mets and its components.
This suggests that there is a significant contribution from fast
eating in the development of metabolic disorders (57). Eating
slowly might be a protective factor for central obesity, whereas
eating fast is likely to be a risk factor for Mets, central obesity,
elevated BP, low HDL, elevated TG, and elevated FPG. Future
recommendations should aim to control the speed of eating to
prevent MetS and its components. Moderation in eating speed
may be an important and relatively simple measure to prevent
MetS and its related metabolic disorders (47). It is also important
to unify the measurement and classification of eating speed,
similarly, ethnic-specific cutoff values for eating speed are an
essential further scientific and research direction.
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