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serum triglyceride levels. The present MetS definition is 
inconsistent. Several researchers have expounded that the 
five definitions of metabolic syndrome are similar in their 
prognostic and management effectiveness. The National 
Cholesterol Education Program (NCEP/ATPIII) definition 
is the most widespread [1]. Although the mechanism is 
unknown, the underlying pathophysiology may be related 
to insulin resistance [2]. The high prevalence, morbidity, 
and poor prognosis of MetS have made it a major socio-
economic burden on global public health systems [3–5]. 
Consequently, MetS evaluation is important. Current meth-
ods focus on individually assessing each MetS component 
to determine its severity; however, their accuracy is limited 
because of the interdependence of the component factors. 
The MetS z-score, an emerging assessment tool, quanti-
fies MetS components by sex and ethnicity to produce a 
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Abstract
Background  Metabolic syndrome (MetS) is a clinical syndrome characterized by multiple metabolic disorders and is a 
serious global health problem. The coffee effect, acting as one of the most prevalent beverages on metabolic syndrome, is 
debatable.
Methods  We included patients from the National Health and Nutrition Examination Survey 2003–2018 and used a compre-
hensive evaluation called the MetS z-score to assess the severity of metabolic syndrome. The relationship between coffee, 
decaffeinated coffee, tea, and MetS z-scores was explored using a weighted linear regression. We also divided the partici-
pants into metabolic and non-metabolic syndrome groups according to the NCEP/ATP III criteria for the subgroup analysis.
Results  A total of 14,504 participants were included in this study. The results demonstrated that drinking more than three 
cups of coffee daily was significantly linked to lower MetS z-scores (p < 0.001). Daily coffee consumption was also associ-
ated with lower BMI (p = 0.02), systolic blood pressure (p < 0.001), Homeostatic Model Assessment for Insulin Resistance 
(p < 0.001), and triglycerides (p < 0.001), while it was positively correlated with HDL-C (p = 0.001). Participants who con-
sumed more than three cups of coffee daily had a lower MetS z-score in the MetS (p < 0.001) and non-MetS (p = 0.04) 
groups.
Conclusion  This research indicates that coffee consumption is linked to MetS severity. However, decaffeinated coffee and 
tea intake were unrelated to MetS severity.
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total score to assess MetS status, which is already consid-
ered to have potential clinical applications [6]. In addition 
to pharmacological treatment, lifestyle modifications (e.g., 
smoking cessation, alcohol cessation, adequate sleep, and 
a balanced diet) are among the major treatment modali-
ties [7]. Because dietary structure modification as part of 
lifestyle intervention affects blood glucose, obesity, lipids, 
and blood pressure, it is considered the primary preven-
tive intervention [2]. As one of the most prevalent bever-
ages worldwide, coffee embodies social norms and cultural 
traditions to some extent. Several studies have investigated 
the link between coffee intake and MetS risk by its wide-
spread consumption; however, the results are contradictory. 
A population-based prospective cohort study that included 
9514 middle-aged adults found no relationship between 
MetS incidence and coffee consumption [8]. Similarly, the 
Tianliao Old People (TOP) study that included elderly men 
in remote areas of China did not suggest a significant asso-
ciation between MetS and coffee consumption [9]. A Pol-
ish population study examining the relationship between 
coffee and MetS using a food frequency questionnaire dis-
played that coffee was linked to a reduced risk of MetS [10]. 
Another retrospective study from Japan that included par-
ticipants older than 40 years suggested that coffee consump-
tion was inversely correlated with MetS [11]. These diverse 
results might be due to option bias in the study population 
(middle-aged adults and elderly males) and study designs 
(cross-sectional surveys and using a food frequency ques-
tionnaire rather than a 24-hour dietary review). Further-
more, quantifying the severity of MetS is more beneficial 
for healthy population prevention and management of MetS 
patients than determining whether the patient is at risk. 
However, no correlation between MetS severity and coffee 
consumption has been established without validated assess-
ment tools. Our study included a representative population 
of US adults and used a 24-hour dietary review to collect 
their dietary data, whereas we used the MetS z-score as a 
tool to quantify the severity of metabolic syndrome. This 
made our findings more reliable.

To explore the association between MetS severity and 
coffee consumption in this study, we assessed MetS severity 
using the MetS BMI z-score in a nationally representative 
and large American cohort and obtained dietary intake data 
using the gold criteria of nutritional epidemiology and two 
24-hour dietary recalls.
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Materials and methods

Study population

The National Health and Nutrition Examination Survey 
(NHANES) is a population-based survey program imple-
mented by the National Center for Health Statistics (NCHS) 
with a two-year cycle since 1971. Participants were enrolled 
using an oversampling device and multistage probability, 
allowing for a weighted dissection presenting the health and 
nutritional status of the non-institutional U.S. population.

Socioeconomic, demographic, dietary, and health infor-
mation was initially gathered in a mobile examination cen-
ter (MEC) through interviews. Interviewers who have gone 
through one week of strict training collected the second 
24-hour dietary recall by telephone interview 3–10 days 
later. In this way, two 24-hour dietary recalls were com-
pleted in collaboration with the U.S. Department of Agricul-
ture (USDA) and Health and Human Services. A subset of 
participants underwent additional laboratory tests, examina-
tions, and questionnaires.

A secondary data analysis of eight consecutive NHANES 
cycles from 2003 to 2018 was conducted. We included 20 
years old and above participants with a complete MetS 
z-score component, and 14,504 participants were selected. 
The cohort construction flowchart is displayed in Supple-
mentary Fig. 1.

Assessment of MetS severity

Numerous studies have been conducted to evaluate each 
MetS component individually; however, determining MetS 
severity in this manner is difficult. In contrast, confirmatory 
factor analysis was used to calculate MetS z-scores for vari-
ous MetS components. Unlike traditional MetS definitions, 
which establish separate thresholds for its components, 
MetS z-score is calculated by assigning values to the MetS 
components and summing them, allowing MetS z-score to 
recognize the crucial MetS state (for example, a dieting tri-
glyceride level of 1.69 mmol/L while the amount of cutoff 
reaches 1.7 mmol/L). Moreover, considering the effects of 
sex and race/ethnicity on MetS, the MetS z-score has differ-
ent algorithms for different sex and race/ethnicity popula-
tions to eliminate this bias.

The MetS z-score was derived from a nationally rep-
resentative population in the U.S. (NHANES). Similar to 
other z-scores, it is the number of standard deviations from 
the mean American population.

We divided patients into MetS and non-MetS groups 
according to the NCEP/ATP III, one of the widely used 
MetS criteria, to separately observe the effect of coffee on 
metabolic levels in MetS patients and normal subjects.
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Statistical analysis

Statistical dissections were implemented using R version 
3.4.3 and STATA (version 17.0), with two-tailed p < 0.01, 
showing statistical significance. For the study population 
to be nationally representative, all statistical analyses were 
weighted, and the novel sample weight (original two-year 
sample weight split by eight) was calculated using the 
NHANES Analytic Guidelines. Categorical variables were 
expressed as proportions with 95% confidence interval 
(95% CI), whereas continuous variables were expressed as 
mean and standard error. The chi-square test was used for 
categorical variables, and weighted linear regression was 
used for group comparisons.

Weighted linear regression was used in the current study 
to determine the connections between decaffeinated cof-
fee, tea, coffee, and MetS z-scores in three different mod-
els. The coefficients were standardized to make the results 
more practical and avoid the bias associated with large 
sample sizes. In the first model, model 1, no variables were 
adjusted. We then introduced education, age, PIR, and waist 
circumference in model 2 based on model (1) Finally, the 
covariates in the fully adjusted model (model 3) included 
LDL-C, fasting insulin, smoking exposure, drinking status, 
and daily fat, cholesterol, sugar, and total energy intake, as 
well as those regulated in model (2) Furthermore, we inves-
tigated the effect of coffee on participants with and without 
metabolic syndrome using the NCEP/ATP III. Weighted 
multivariate regression was also performed for fasting glu-
cose, triglycerides, HOMA-IR, HDL-C, systolic pressure, 
and BMI as dependent variables to explore how coffee 
affects metabolic syndrome severity.

Results

Demographic information and clinical features

The clinical and sociodemographic features of 14,504 
participants are depicted in Table  1. Participants were 
47.29 ± 0.17 years old, 49% were males, 73.7% were 
white, and 28.2% received a college education or higher. 
Approximately 77.4% of all participants had at least one 
drink in the past year, whereas 46.3% smoked more than 
100 cigarettes in their lifetime. The weighted mean PIR, 
MetS z-score, systolic blood pressure, and waist circumfer-
ence were 2.98 ± 0.02, 0.15 ± 0.01, 121.2 ± 17 mmHg, and 
99.54 ± 0.18 cm, respectively. Statistically significant differ-
ences were observed (p < 0.01) in the allocation of age, sex, 
race, educational level, PIR, BMI, smoking status, waist 
circumference, systolic blood pressure, MetS z-score, and 
daily fat, cholesterol, sugar, and total energy intake between 

Prescription medications were collected by drilled inter-
viewers using a Computer-Assisted Personal Interview 
(CAPI) mechanism. In addition to body mass index (BMI), 
fasting glucose, triglycerides, HDL-C level, and waist were 
examined in the MEC. Aside from the diastolic blood pres-
sure, the systolic blood pressure was averaged after four 
measurements.

Dietary intake assessment

Dietary intake data were gathered through dietary inter-
views in the form of 24-hour dietary retrospection. Nutri-
ents and energy in food/beverages and their categorization 
were derived from USDA’s Food and Nutrient Database for 
Dietary Studies. In this study, tea, decaffeinated coffee, and 
coffee consumption were converted to six ounces per serv-
ing and classified by the number of cups consumed (non-
drinkers: 0–1, 1–2, 2–3, or > 3 cups/day). Fat, cholesterol, 
and sugar of any origin claimed by the participants were 
converted to milligrams. All substances consumed during 
the day were converted into energy intake and recorded.

Covariates

Education level (below high school, high school, some 
college, and college), low-density lipoprotein cholesterol 
(LDL-C), poverty-income ratio (PIR), waist circumference, 
age, fasting insulin, smoking exposure (smoked at least 
100 cigarettes during lifetime), alcohol exposure (not less 
than 12 alcohol drinks yearly or not), daily fat, cholesterol, 
sugar, and total energy intake were introduced as potential 
covariates that may affect MetS severity. The euglycemic 
insulin clamp technique is the gold standard for measur-
ing insulin resistance [12]. However, this method has not 
yet been widely used because of its limited clinical appli-
cations. The homeostatic model assessment for insulin 
resistance (HOMA-IR) has been developed recently and is 
widely used (fasting glucose × fasting insulin/22.5) as an 
alternative insulin resistance or sensitivity measure [13]. 
Apart from HOMA-IR, insulin levels were employed to 
evaluate insulin resistance in the study. To clarify the unique 
effects of caffeine and coffee on metabolic syndrome, tea 
consumption, and decaffeinated coffee were used as con-
trols. We also divided the participants into four groups: non-
drinker, coffee-only, decaffeinated coffee-only, tea-only, and 
mixed-drink groups. Since the MetS z-score is produced by 
ethnicity/race, BMI, sex, fasting glucose, systolic blood 
pressure, triglycerides, and HDL-C, they were not included 
as covariates in the pattern, with the z-score as the depen-
dent variable.
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individuals with different coffee intakes (Table  1). There 
was no significant difference in the MetS z-score (p = 0.56) 
between individuals with different decaffeinated coffee con-
sumptions (Supplementary Table 1). In contrast, people who 
consumed different amounts of tea had an elevated MetS 
z-score (p < 0.001, Supplementary Table 2). Participants 
were divided into non-MetS and MetS teams based on the 
NCEP/ATP III, and an obvious connection was observed 
between lower education level and MetS, severe insulin 
resistance status (HOMA-IR), lower PIR, and female sex 
(p < 0.001, Supplementary Table 3).

Association between MetS z-score and coffee, 
decaffeinated coffee, and tea consumption

We introduced different covariates to detect the connection 
between MetS severity and coffee consumption, while tea 
and coffee served as control groups to reduce study bias. 
In pattern 1, blessed with the unadjusted variables (Sup-
plementary Table 4), drinking 2–3 cups of tea (p = 0.003) 
and > 3 cups of coffee (p = 0.002) were linked to a lower 
MetS z-score than non-drinkers, while daily tea intake of 
more than three cups was associated with an elevated MetS 
z-score. Behind the adjustment for education level, PIR, 
age, and waist circumference in model 2, only consuming 
over three cups daily was linked to a lower MetS z-score 
than non-drinkers. We considered all confounding variables 
mentioned in the inside method section of the fully adjusted 
model, model 3, and observed similar results to model 2 
(Table  2). In addition to coffee consumption and higher 
educational level (p < 0.01), PIR (p < 0.001) was correlated 
with a lower MetS z-score.

We explored the association between various compo-
nents of MetS z-score and coffee intake to determine the 
role of coffee in MetS severity (Table 3). In the multivariate-
adjusted analysis, a daily coffee intake of > 3 cups was asso-
ciated with a lower BMI (p = 0.02), HOMA-IR(p < 0.001), 
systolic blood pressure (p < 0.001), and triglycerides 
(p < 0.001) among all participants, whereas HDL-C was 
positively correlated with a daily coffee intake of more than 
three cups (p = 0.001). Considering the potential effect of 
insulin resistance on MetS [2], we also performed a cor-
relation analysis between HOMA-IR and coffee intake 
and discovered a negative correlation between the daily 
intake of more than one cup of coffee and HOMA-IR in all 
participants.

Subgroup analysis

We implemented a weighted linear regression using mul-
tiple variable adjustments for the MetS z-score in the two 
teams based on the presence or absence of MetS. In addition 
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to the demographic data, the clinical characteristics are 
illustrated in Supplementary Table 3. Participants who con-
sumed more than three cups of coffee daily were, in turn, 
linked to a lower MetS z-score with tea and decaffeinated 
coffee as controls (p < 0.001) in the MetS group (Table 4). 
Moreover, educational level (p < 0.01) was associated with 
a lower MetS z-score. Individuals who had consumed at 
least 12 drinks in the previous year (p < 0.01) had high MetS 
z-scores. The daily intake of more than three cups of cof-
fee was also linked to low z-scores (p = 0.04) in participants 
without MetS (Table  5) compared with non-drinkers (no 
statistically significant difference existed); nevertheless, no 
obvious connection was observed for decaffeinated coffee or 
tea consumption. Similar to the metabolic syndrome group, 
high PIR (p = 0.02), college education or higher (p < 0.001), 
and no alcohol exposure (p < 0.001) were associated with a 
lower MetS z-score for coffee consumption. We conducted 
a correlation study between fasting glucose, BMI, HDL-C, 
HOMA-IR, systolic blood pressure, triglyceride levels, and 
coffee consumption (Table 3). Coffee intake of more than 
three cups daily was linked to lower systolic blood pres-
sure (p = 0.003), HOMA-IR (p = 0.005), and triglycerides 
(p = 0.001) in the MetS group; however, only systolic blood 
pressure (p < 0.001) and triglycerides (p = 0.03) remained 
the same in the healthy group. When the participants were 
categorized into non-drinker, coffee-only, tea-only, and 
mixed-drink groups, the MetS Z-score was lower among 
participants in the coffee-only group (p = 0.004) than among 
non-drinkers (Supplementary Table 5).

Considering that different teas contain different caf-
feine amounts, we categorized the tea-drinking participants 
into green tea and black tea groups. The results suggest that 
although the two teas contain different caffeine amounts, nei-
ther of them had a statistically significant effect on metabolic 
syndrome (Supplementary Table 6).

Depending on the preparation method of the coffee, we cat-
egorized the patients into three groups: brewed, instant, and 
mixed-drink groups. After adjusting for the same variables as 
in model 3, participants who drank brewed coffee had a lower 
severity of metabolic syndrome compared with instant coffee 
(Supplementary Table 6). However, we did not find that par-
ticipants who drank both types of coffee had a higher or lower 
severity of metabolic syndrome.

Sensitivity analysis

Considering previous research concerning the impact of tea 
and coffee on metabolic syndrome and their same composi-
tion as coffee [14], we used model 3 to adjust for decaffeinated 
coffee and tea as independent variables for sensitivity analy-
sis (Supplementary Table 7). The results demonstrated that 
participants with more than three cups of coffee daily had a 
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of the main trace elements in coffee—is negatively associated 
with insulin resistance [24, 25]. We used HOMA-IR as a mea-
sure of insulin resistance in the current study and discovered 
that daily coffee of over three cups was inversely linked to 
HOMA-IR. This observation is consistent with that of previ-
ous studies. This may be because MetS patients are prone to 
inflammation and oxidative stress.

Consuming over three cups of coffee daily was appar-
ently and inversely associated with systolic blood pressure in 
participants with or without MetS in the current study. Con-
sidering the widespread consumption of coffee and the socio-
economic burden of hypertension, the interaction between 
coffee consumption and blood pressure has been the subject 
of extensive research. A dose-response meta-analysis revealed 
that increased intake was linked to a reduced risk of hyperten-
sion [26]. A recent Brazilian prospective study enrolled 8,780 
participants without hypertension and discovered that intake 
reduced the risk of hypertension [27]. Another recent finding 
from the Brisighella Heart Study also demonstrated that regu-
lar coffee drinking is linked to lower systolic blood pressure 
[28]. However, another meta-analysis, including 11 clinical 
controlled trials, suggested a slight increase in blood pressure 
with increased coffee consumption [29]. This inconsistency 
in the study results may be related to the chronic effects of 
caffeine on blood pressure. A systemic review indicated that 
eight RCTs caused a sharp increase in blood pressure more 
than three hours after administration, whereas no significant 
increase was observed for long-term intervention [30]. There-
fore, although coffee intake may temporarily increase blood 
pressure, there is no conclusive evidence that regular coffee 
intake intensifies the hazard of hypertension over time. We 
used nationally representative data from this study and discov-
ered that coffee intake was linked to lower systolic blood pres-
sure than non-drinkers. In addition to solid data and rigorous 
collection methods for coffee intake and blood pressure, the 
results may be explained by the following two factors. First, 
caffeine acts as an immunomodulatory agent by participating 
in both intrinsic and adaptive immune processes [23], which 
may reduce the effects of inflammatory states on endothelial 
cells and the renin system [31, 32], especially in MetS patients. 
Second, other compounds in coffee also have antihypertensive 
effects, such as ferulic acid, which increases the bioavailability 
of nitric oxide to restore endothelial function [33], and phenolic 
compounds (chlorogenic acid and caffeic acid), which act as 
antioxidants to achieve dilatation [24]. The preparation method 
of the coffee was also one of the factors influencing the sever-
ity of metabolic syndrome in our subgroup analyses, which 
may be related to chlorogenic acid. One study demonstrated 
that 180 mL of brewed coffee provided more polyphenols than 
instant coffee (396 vs. 316 mg) [34].

Furthermore, we discovered that coffee affects blood lipid 
levels, particularly triglycerides. Dyslipidemia is an important 

lower z-score inside the newly constructed model, consistent 
with model 3 (p < 0.001, p < 0.001, and p = 0.01 for all MetS 
patients and healthy participants, respectively). MetS z-score 
had no significant association with the other stratified drinking 
categories. Furthermore, because of the significant connection 
between the MetS z-score and coffee in the current models, 
but not decaffeinated coffee, the relationship between daily caf-
feine consumption and MetS z-score was investigated. We cat-
egorized caffeine consumption into three groups: non-drinkers, 
0–100 mg/day, and > 100 mg/day. We then adjusted for related 
covariates, as in model 3, for daily caffeine intake in all partici-
pants, MetS, and healthy participants (Supplementary Table 8). 
Nevertheless, no obvious differences were observed between 
the caffeine consumption groups.

Discussion

Numerous studies have provided evidence for MetS preven-
tion by investigating the influence of coffee on MetS risk [8, 
10, 15, 16]. However, the bias introduced by the study design 
and subject selection in observational studies makes the cor-
relation between metabolic syndrome and coffee inconsistent 
across studies. Therefore, unlike previous studies, we selected 
a diverse and nationally representative population and deter-
mined dietary intake using two 24-hour dietary retrospections 
(the gold criteria for nutrition epidemiology). The severity of 
MetS and the influence of coffee on MetS were evaluated in 
this study. Third, we included tea and decaffeinated coffee 
as controls and performed a sensitivity analysis to make the 
results of this study more reliable. Ultimately, we discovered 
a reproducible connection between reduced severity of MetS 
and coffee in participants with or without MetS. To the best of 
our knowledge, this is the first research that focuses on coffee 
consumption and MetS severity.

Coffee is negatively linked to insulin resistance. Coffee 
consumption was evidently linked to a reduction in HOMA-
IR in overweight participants (BMI ≥ 25 kg/m2) in a Japanese 
population-based cross-sectional epidemiological study [17]. 
A recent meta-analysis including four randomized controlled 
trials (RCTs) reported that coffee consumption could signifi-
cantly lower HOMA-IR levels [18]. Although the potential 
relationship between insulin resistance and coffee consumption 
is not fully understood, this effect is believed to occur through 
three different mechanisms. First, chlorogenic acid-rich cof-
fee was shown to lower blood glucose levels in a rat model, 
and quinides derived from chlorogenic acid were observed 
to improve insulin sensitivity [19]. Second, because systemic 
inflammation and oxidative pressure are closely connected to 
insulin resistance pathogenesis [20, 21], the antioxidant and 
anti-inflammatory properties of coffee prevent the develop-
ment of insulin resistance [22, 23]. Third, magnesium—one 
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metabolic syndrome characterized by high triglyceride and 
low HDL-C levels. The impact of coffee on lipid metabolism 
is complicated and varies with composition. Cafestol, a lipidic 
compound in coffee, reduces bile acid synthesis by affecting 
the activity of rate-limiting enzymes in the bile acid synthe-
sis pathway and by increasing cholesterol [35]. The residual 
caffeine content was low after filtration. Therefore, unfiltered 
coffee increases plasma cholesterol levels [36]. In addition to 
the ingredients responsible for elevated blood lipids, animal 
studies have revealed that chlorogenic acid has anti-lipidemic 
properties [37]. The effect of coffee on blood lipid composition 
is difficult to determine, and a series of clinical studies have 
been conducted. Zhou et al. studied 362,571 UK Biobank par-
ticipants to investigate the association between plasma lipid 
profiles and coffee consumption [38]. They discovered that 
participants who drank up to three cups of coffee daily had 
lower plasma triglyceride concentrations than non-habitual 
drinkers, consistent with our findings. However, a recent meta-
analysis of 12 RCTs examined the connections between coffee 
consumption and whole cholesterol, LDL-C, and triglycerides 
and demonstrated that they were positively correlated [37].

The correlation between coffee consumption and meta-
bolic syndrome severity was evaluated using z-scores. The 
underlying mechanisms, including the effects of coffee and its 
components on metabolic syndrome, were also investigated. 
However, it is important to recognize that metabolic syndrome 
is a collection of five interrelated symptoms; consequently, it 
must be viewed holistically. Further clinical and basic stud-
ies are demanded to identify the mechanisms by which coffee 
affects MetS severity.

However, this study has some limitations. First, this was 
a cross-sectional study that constrained causal inferences; 
accordingly, it was difficult to generalize the results of this 
study to a causal relationship between coffee consumption and 
MetS severity. Next, we did not categorize coffee according to 
bean sort and roasting, which are important factors that affect 
the amount of active ingredients in coffee. Furthermore, with a 
very large sample, even small differences can reach statistical 
significance, and there is also the possibility of over-emphasiz-
ing statistical significance without proper consideration of the 
effect sizes. Although utilizing the MetS z-score for deciding a 
patient’s MetS hazard might not be the most integrated, some 
studies have illustrated the reliability of the scoring mechanism 
[6, 39].

Conclusion

Daily intake of more than three cups of coffee was linked to 
lower MetS severity. This may be related to the beneficial 
effects of coffee on insulin resistance, blood lipid levels, and 
blood pressure.
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