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ABSTRACT

Background: It remains unclear whether coffee intake is associated with the risk of
hypertension. This study aimed to investigate the association between coffee intake and the
risk of hypertension by using a meta-analysis of cohort studies.

Methods: PubMed and Embase were searched using keywords in September 2022 to identify
studies on coffee intake and the risk of hypertension.

Results: We included a total of 13 longitudinal cohort studies, which involved a total of
64,650 incident cases of hypertension among 314,827 participants. In a random effects model
meta-analysis of all the studies, coffee intake was not significantly associated with the risk of
hypertension (relative risk [RR], 0.97; 95% confidence interval [CI], 0.90-1.05; I? = 58.0%;

n =13). In the subgroup meta-analysis, coffee intake was associated with a decreased risk of
hypertension in studies conducted in America (RR, 0.93; 95% CI, 0.87-0.98; I> = 4.6%; n = 5)
and in low-quality studies (RR, 0.92; 95% CI, 0.88-0.96; I> = 0.0%; n = 7). In the remaining
subgroup meta-analyses by amount of coffee intake, gender, type of coffee (decaffeinated vs.
caffeinated), smoking, and years of follow-up, coffee intake was not significantly associated
with the risk of hypertension.

Conclusion: The current meta-analysis showed that coffee intake is not associated with the
risk of hypertension.

Keywords: Hypertension; Coffee; Cohort Studies; Meta-Analysis

INTRODUCTION

Hypertension is a major global health problem that affects nearly 1 billion people
worldwide.1 It serves as a risk factor for cardiovascular disease, stroke, kidney disease,

and all-cause mortality.1,2 Having low physical activity, excess body mass index (BMI), and
unhealthy dietary habits including excessive salt consumption play an important role in the
development of hypertension.34

In the meantime, coffee is one of the most widely consumed beverages in the world.5
It contains a mixture of caffeine, phenolic compounds, niacin, minerals (magnesium,
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potassium), and fiber.6 Caffeine is known to increase blood pressure (BP) by blocking
adenosine receptors in blood vessels and by causing vasoconstriction.” Coffee also contains
chlorogenic acids (CGAs) that have been shown to have antihypertensive effects in animal
studies and randomized controlled trials (RCTs).812 For instance, the oral administration
of green coffee bean extract (GCE), which is rich in CGA, reduced BP in spontaneously
hypertensive rats in a dose-dependent manner.12 In addition, the ingestion of CGAs from
GCE for 3 months was associated with a significant decrease in BP in patients with mild
hypertension in the randomized, placebo-controlled trial.9 Though the exact mechanism
by which CGAs lower BP is unclear, it has been proposed that CGAs may lower BP by nitric
oxide-mediated vasodilation and by downregulating levels of reactive oxygen species, which
play an important role in the regulation of vascular tone.10,12

In two meta-analyses of RCTs, increased coffee in-take was associated with a slight increase
in BP.13,14 However, these RCTs only had a short duration of coffee exposure (< 85 days) and
tested relatively high doses of coffee (median of 5 cups/day).13,14 The long-term effect of
coffee constituents on BP is not yet fully understood due to a paucity of long-term RCTs.

The association between chronic coffee intake and the risk of hypertension has been explored
in observational epidemiological studies such as prospective cohort studies.15-26 However,
those findings remain inconsistent: some cohort studies reported a positive association
between coffee intake and hypertension,151718,20,21,26 while others showed a negative
association.16,19,22-25

A meta-analysis of cohort studies in 2011 showed an inverse J-shaped association between
chronic coffee intake and hypertension, with a maximum risk at 3 cups/day.2” Meanwhile,

a meta-analysis of cohort studies in 2012 concluded that chronic coffee intake was not
significantly associated with the risk of hypertension.28 On the contrary, recent two dose-
response meta-analyses of prospective studies in 2018 and 2019 reported a significant, but
trivial protective effect of coffee consumption on hypertension.29,30 Since then, several
additional cohort studies that explored the association between long-term coffee intake and
incident hypertension have been published.24-26

In this study, we aimed to investigate the association between coffee intake and the risk of
hypertension by using a meta-analysis of recently published prospective cohort studies with
sub-group meta-analysis by various factors.

METHODS

Literature search

We searched PubMed (1970 to September 2022) and Embase (1987 to September 2022) for
eligible studies using common keywords related to coffee intake and the risk of hypertension
based on predetermined study protocol. The keywords for literature search were as follows:
“coffee” and “caffeine” for exposure factors; “hypertension” and “blood pressure” for
outcome factors; “cohort study” for study design. We combined the above search terms

with AND and OR. We reviewed the bibliographies of relevant articles to find out additional
publications from the previous review articles and reference lists.
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Selection criteria

We included longitudinal cohort studies that investigated the association between coffee
intake and the risk of hypertension reporting outcome measures with adjusted relative
risk (RR) and 95% confidence intervals (CI). If the search returned duplicate studies, the
duplicate was removed. The language of publication was restricted to English.

Selection of relevant studies

Two of the authors (MJ Han and YJ Oh) independently evaluated the eligibility of all studies
retrieved from databases based on the pre-determined selection criteria. Disagreements
between evaluators were resolved by discussion. We extracted the following data from the
studies included in the final analysis: study name (along with the name of the first author

and publication year), country, study period (in years), population (age, gender), definition
of coffee intake (highest vs. lowest categories), RR with 95% CI, and adjustments of variables.

Assessment of methodological quality

We assessed the methodological quality of included studies based on the Newcastle-Ottawa Scale
(NOS) for assessing the quality of cohort studies in meta-analyses.3! A starring system of the
NOS ranges from O to 9 and consists of three subscales: selection of studies, comparability, and
exposure. In the current study, we considered studies awarded more than the mean score of all
studies as high quality, since the criteria for high or low quality studies have not been established.

Main and subgroup analyses

We investigated the association between coffee intake (highest vs. lowest use) and the risk of
hypertension by using adjusted RRs with 95% CIs for the main analysis. We also performed
subgroup analyses by amount of coffee intake (highest intake defined as quintile 5, quartile

4 or tertile 3; moderate as quintile 4 or quartile 3; lower as quintile 2, quartile 2 or tertile 2
respectively based on each study’s categorization), gender (male vs. female), region (America,
Asia, and Europe), methodological quality (high vs. low), type of coffee (decaffeinated vs.
caffeinated), smoking (never/ever vs. current smoker) and number of follow-up years (< 5
years, 5 years or longer to less than 10 years, 10 years or longer).

Statistical analyses

To calculate the pooled RR with its 95% CI, we used adjusted RRs and 95% CIs reported in
individual articles. We evaluated heterogeneity in results across studies using Higgins I, which
measures the percentage or total variation across studies.32 I* was calculated as follows:

I?=100% x (Q—df)/Q,

where Q is Cochran’s heterogeneity statistic, and df is the degrees of freedom. Negative values
of I? are set at zero. I? lies between 0% (no observed heterogeneity) and 100% (maximal
heterogeneity). An I* value greater than 50% was considered substantial heterogeneity.

A random-effects model meta-analysis on the basis of the DerSimonian and Laird method was
used in the current study because individual trials were carried out in the different populations.33

We also examined publication bias regarding the studies included in the final analysis
using Begg’s funnel plot and Egger’s test. If publication bias exists, Begg’s funnel plot is
asymmetrical or Pvalue is less than 0.05 by Egger’s test. For statistical analysis, Stata SE
version 12.1 software package (StataCorp, College Station, TX, USA) was used.

https://doi.org/10.3346/jkms.2022.37.332 3/M



Coffee Intake and Hypertension

JKMS

https://jkms.org

RESULTS

Identification of relevant studies

Fig. 1 shows the flow diagram of how we identified relevant studies. A total of 708 studies
were identified using PubMed and Embase. We excluded 108 duplicates and an additional 565
articles that did not satisfy the selection criteria. The full texts of the remaining 35 articles
were reviewed, and 23 articles were additionally excluded due to several reasons, as shown in
Fig. 1. The remaining 12 articles15-26 were included in the final analysis.

General characteristics of studies

We identified a total of 13 independent cohort studies from 12 articles, which included 64,650
cases of hypertension amount a total of 314,827 participants. Since the study by Winkelmayer
etal.16 included two independent cohorts (Nurses’ Health Study I and II), we considered

each cohort study as separate studies. Table 1 shows the general characteristics of the studies
in the final analysis. The sample sizes ranged from 1,017 to 94,503. The follow-up period

for participants across studies ranged from 3.9 to 33 years. The main characteristics of each
study are presented in Table 1.

Overall, the regions where the studies were performed were as follows: Europe (n = 6),
America (n=5), and Asia (n = 2). Both men and women were included in nine of the 13
cohort studies.17-21,23-26 The remaining studies included only women (n = 3)16:22 or men
(n=1).15 Eight studies defined hypertension as systolic BP > 140 mmHg or/and diastolic

BP > 90 mmHg, systolic BP > 130 mmHg or/and diastolic BP > 85 mmHg, or the use of
antihypertensive medication, while five defined the outcome as self-reported hypertension.

Identified studies from the databases using the keywords and
the bibliographies of relevant articles (N = 708):
PubMed (n = 359) and EMBASE (n = 349)

—>| Excluded duplicates (n =108) |

| Articles after excluded duplicates (n = 600) |

—>| Excluded according to selection criteria (n = 565) |

| Articles reviewed including the full text (n = 35) |

Excluded articles (n = 23)
Meta-analysis (n = 6)
Review article (n = 5)
Reported only cross-sectional data (n =7)
Randomized controlled trial (n = 2)
No OR, HR reported (n=1)
Not relevant (n =1)
Population with underlying disease (n =1)

Cohort studies included in the final analysis (n = 12)

Fig. 1. Flow diagram of identification of relevant studies.
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Table 1. General characteristics of the studies included in the final analysis (n = 12)

Study Region  Total Total Sex Ageat Duration Measure of Definition HT RR (95% CI) Adjusted variables
(reference) number of number baseline,® of coffee intake of coffee assessment
subjects of cases yr follow- (highest consumption
up, yr vs. lowest (lowest
category) vs. highest
category)
Klag et al., North 1,017 281 M 26 33 Most recent O cups/day vs. Self-reported 1.07 Parental incidence of HT, BMI,
200215 America intake, > 5 cups/day (0.67-1.69) smoking, alcohol, and physical
questionnaire activity
Winkelmayer North 53,175 19,541 F 55 12 Most recent < 1 cup/day vs. Self-reported 0.88  Age, BMI, alcohol, family history
etal., 2005 America intake, FFQ > 6 cups/day (0.80-0.98) of HT, physical activity, smoking,
(NHS1)16 and other classes of beverages
Winkelmayer North 94,503 13,536 F 36 12 Most recent < 1 cup/day vs. Self-reported 0.91 Age, BMI, alcohol, family history
etal., 2005 America intake, FFQ > 6 cups/day (0.80-1.04) of HT, physical activity, smoking,
(NHS2)16 other classes of beverages, and
oral contraceptive use
Hu et al., Europe 24,710 2,505 M/F 43 13.2 Baseline 0-1cups/day  Directly 1.15 Age, sex, study year, education,
200717 coffee intake, vs.>8cups/ measured (0.95-1.39) physical activity, smoking,
questionnaire day alcohol, tea, vegetable, fruit,
sausage, bread consumption,
BMI, history of DM, total
cholesterol, and baseline SBP
Palatini et Europe 1,107 561 M/F 33 6.4 Most recent  Abstainer vs. Record of HT 1.24  Age, sex, lifestyle factors,
al., 200718 intake, heavy drinker ~ druguse (0.94-1.66) parental HT, duration of HT,
questionnaire (> 4 cups/day) BMI, change in body weight, and
recent coffee intake
Uiterwaal et Europe 6,368 956 M/F 40 11 Baseline 0-3 cups/day  Directly 0.83  Age, sex, height, weight, smoking,
al., 200719 coffee intake, vs.> 6cups/ measured or (0.65-1.07) alcohol, tea consumption,
questionnaire, day record of HT education, occupational status,
FFQ drug use and total energy intake
Grosso et Europe 2,725 1,735 M/F 56.2/55.2 5 Baseline coffee <1 cup/dayvs. Directly 1.58 Age, sex, education, occupation,
al., 201620 intake, FFQ > 4 cups/day measured or (0.85-3.64) BMI, alcohol, smoking, physical
record of HT activity, hx of CvD, DM, DL, total
drug use energy intake, vitamin supplement
use, oral contraceptive use, and
Na and K intake
Palatini et Europe 1,204 783 M/F  33.1 12.6 Most recent  Nondrinker vs.  Directly 1.50  Age, sex, BMI, ambulatory SBP and
al., 201621 intake, heavy drinker ~measured (1.10-1.90) DBP, smoking, alcohol use, and
questionnaire (> 4 cups/day) follow-up change in body weight
Rheeetal., North 29,985 5,566 F 62.5 3.76 Baseline Ocups/dayvs.  Directly 0.99  Age, baseline BP, BMI, physical
201622 America coffee intake, >4 cups/day measured (0.90-1.08) activity, HRT, alcohol, smoking,
questionnaire total caloric intake, Na, Mg, Ca,
and K and P intake
Cheietal., Asia 63,257 13,658 M/F  54.9 9.5 Baseline coffee 1 cup/day vs. > Self-reported 0.93  Age at recruitment, year of
201823 intake, FFQ 3 cups/day (0.86-1.00) recruitment, sex, dialect group,
BMI, education, smoking,
alcohol, physical activity, sleep
duration, dietary intake of sodium,
vegetables, fruits, dairy products
(allin quartiles), and intake of tea
Navarroet  Europe 13,374 1,757 M/F  35.7 9.1 Baseline coffee Never/seldom Self-reported 0.86 Age, BMI, alcohol, smoking, family
al., 201924 intake, FFQ  vs.> 2 cups/ (0.75-0.99) history, Na intake, whole and low-
day fat dairy product consumption,
sugar-sweetened beverage,
nonsugared carbonate beverage,
physical activity, adherence to
Mediterranean diet, personality,
time spent watching TV, and fried
and fast food consumption
Miranda et North 8,780 1,285 M/F 49 3.9 Baseline coffee Never/almost  Directly 0.85 Age, sex, race, education,
al., 202125 America intake, FFQ nevervs.>3 measured (0.70-1.04)income, BMI, physical activity,
cups/day smoking, alcohol, dietary

intake of fruit, vegetable, Na, K,
saturated fat, added sugar, total
energy intake, supplement use,
fasting glucose, total cholesterol,
and triglyceride

https://jkms.org
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Table 1. (Continued) General characteristics of the studies included in the final analysis (n = 12)

Study Region  Total Total Sex Ageat Duration Measure of Definition HT RR (95% CI) Adjusted variables
(reference) number of number baseline,? of coffee intake of coffee assessment
subjects of cases yr follow- (highest consumption
up, yr vs. lowest (lowest
category) vs. highest
category)

Tan et al., Asia 14,622 2,486 M/F 53.7/52.6 5 Baseline coffee O cups/dayvs.  Directly 1.18 Age, BMI, energy intake,
202126 intake, FFQ >3 cups/day measured (0.65-2.15)educational level, current

drinking/smoking status, and
physical activity

HT = hypertension, RR = relative risk, CI = confidence interval, M = male, BMI = body mass index, NHS = nurses’ health studies, F = female, FFQ = food frequency
questionnaire, SBP = systolic blood pressure, CVD = cardiovascular disease, DM = diabetes mellitus, DL = dyslipidemia, DBP = diastolic blood pressure, BP =
blood pressure, HRT = hormone replacement therapy.

2Mean or median age.

Coffee intake and risk of hypertension

Fig. 2 shows the effect of coffee intake on the risk of hypertension in the meta-analysis of all
studies. Coffee intake (highest vs. lowest intake) was not significantly associated with the risk
of hypertension in a random-effects model meta-analysis of all 13 cohort studies (RR, 0.97;
95% CI, 0.90-1.05; I? = 58.0%; n = 13). The Begg’s funnel seems visually asymmetric, but the
P for bias from Egger’s test was not statistically significant (P for bias = 0.101) (Fig. 3).

Methodological quality of studies

Table 2 shows the methodological quality of studies included in the final analysis based on
the NOS. The range of quality scores was 6 to 8; the average score was 7.1. The high-quality
studies (score of 7 or higher) included six studies.

Subgroup meta-analyses

Table 3 summarizes the results from the subgroup meta-analyses by several factors. In

the subgroup meta-analyses by amount of coffee intake, gender, type of coffee, smoking,

and years of follow-up, coffee intake was not significantly associated with the risk of
hypertension. The subgroup meta-analysis by region showed a decreased risk of hypertension

Study RR  (95% CI) Weight (%)
Klag et al., 2002" : 1.07 (0.67-1.69) 2.28
Winkelmayer et al., 2005 (NHST)' . 0.88 (0.80-0.98) 13.02
Winkelmayer et al., 2005 (NHS2)' 0.91 (0.80-1.04) 11.22
Hu et al., 2007" il 115 (0.95-1.39) 8.14
Palatini et al., 2007* T:—.— 1.24 (0.94-1.66) 4.95
Uiterwaal et al., 2007 —.-:r- 0.83 (0.65-1.07) 5.92
Grosso et al., 2016%° } # 1.58 (0.85-3.64) 1.00
Palatini et al., 2016” i —f— 1.50 (1.10-1.90) 5.23
Rhee et al., 2016* 0.99 (0.90-1.08) 13.65
Chei et al., 2018% 0.93 (0.86-1.00) 14.57
Navarro et al., 2019% B 0.86 (0.75-0.99) 10.78
Miranda et al., 2021 —-4:- 0.85 (0.70-1.04) 7.80
Tan et al., 2021% —‘:-—I— 1.18 (0.65-2.15) 1.44
Overall (I? = 58.0%) > 0.97 (0.90-1.05) 100.00

i

|

|

r T : T 1
0.2 0.5 1 2 5

Fig. 2. Association between coffee intake and risk of hypertension in a random-effects model meta-analysis of
cohort studies (n =13).
RR = relative risk, Cl = confidence interval, NHS = nurses’ health study.
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1.0 4

Log RR

Egger's test: P for bias = 0.101

-1.0

0 0.2 0.4
SE of log RR

Fig. 3. Begg’s funnel plots and Egger’s test for identifying publication bias in the meta-analysis of observational
studies.
RR = relative risk, SE = standard error.

in America (RR, 0.93; 95% CI, 0.87-0.98; I? = 4.6%; n = 5), but not in Europe (RR, 1.10; 95%
CI, 0.89-1.35; I> = 76.0%; n = 6) or in Asia (RR, 0.93; 95% CI, 0.87-1.01; I = 20.0%; n = 2).

Furthermore, subgroup analyses by methodological quality of study showed that coffee intake
was associated with a decreased risk of hypertension in low quality studies (RR, 0.92; 95%

CI, 0.88-0.96; I* = 0.0%; n = 7). In contrast, coffee intake was not significantly associated
with hypertension in high quality studies (RR, 1.17; 95% CI, 0.96-1.43; I* = 62.4%; n = 6).

DISCUSSION

In this meta-analysis of cohort studies, coffee intake was not significantly associated with the
risk of hypertension. Also, in the subgroup analyses, coffee intake did not show a significant

Table 2. Methodological quality of studies included in the final analysis based on the Newcastle-Ottawa Scale® for assessing the quality of cohort studies (n =12)

Cohort studies (N = 12) Selection Comparability Outcome Total
Representa- Selection of the Ascertainment Outcome of Control for Assessment of Follow-up long Adequacy of
tiveness of non-exposed  of exposure interest was important factor outcome enough for  follow-up of
the exposed cohort not presentat  or additional outcomes to cohorts

cohort start of study factor occur

Klag et al., 200215 0 1 0 1 2 0 1 1 6

Winkelmayer et al., 2005 0 1 0 1 2 0 1 1 6

(NHS1)16

Winkelmayer et al., 2005 0 1 0 1 2 0 1 1 6

(NHS1)16

Hu et al., 200717 1 1 0 1 2 1 1 1 8

Palatini et al., 200718 1 1 0 1 2 1 0 1 7

Uiterwaal et al., 200712 1 1 0 1 2 1 1 (0] 7

Grosso et al., 201620 1 1 0 1 2 1 0 1 7

Palatini et al., 201621 1 1 0 1 2 1 1 1 8

Rhee et al., 201622 0 1 0 1 2 1 0 1 7

Chei et al., 201823 1 1 0 1 2 0 1 0 6

Navarro et al., 201924 1 1 0 1 2 0 1 1 7

Miranda et al., 202125 1 1 1 1 2 1 0 1 8

Tan et al., 202126 1 1 0 1 2 1 1 0 7

2Each study can be awarded a maximum of one star for each numbered item within the selection and exposure categories, while a maximum of two stars can be

given for the comparability category.
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Table 3. Association between coffee intake and the risk of hypertension in subgroup meta-analyses

Factors No. of studies Summary RR (95% CI) Heterogeneity, I (%)
Amount of coffee (vs. never or rarely drink)

Lowest 1215-25 1.02 (0.94-1.10) 85.1

Moderate 1015-17,19,20,22-25 0.95 (0.90-1.00) 59.4

Highest 1915-25 0.97 (0.90-1.05) 68.0
Gender

Female 816,17,19,20,22,24,26 0.96 (0.84-1.09) 78.6

Male 615,17,19,20,24,26 0.99 (0.88-1.11) 0.0
Region

Europe 617-21,24 1.10 (0.89-1.35) 76.0

America 515,16,22,25 0.93(0.87-0.98) 4.6

Asia 223,26 0.93 (0.87-1.01) 0.0
Type of coffee (decaffeinated vs. caffeinated)

Caffeinated 1315-26 0.97 (0.90-1.05) 58.0

Decaffeinated 922,24 0.95 (0.84-1.06) 0.0
Smoking

Never/ever smoker 317,20,25 1.03 (0.78-1.35) 51.9

Current smoker 317,20,25 1.00 (0.73-1.39) 0.0
Follow-up, yr

<5 222,25 0.94 (0.82-1.08) 46.8

5-10 518,20,23,24,26 0.97 (0.85-1.11) 48.6

> 10 615-17,19,21 1.01 (0.87-1.18) 73.1
Methodological quality

Low quality 715,16,19,22-24 0.92 (0.88-0.96) 0.0

High quality 617,18,20,21,25,26 1.17 (0.96-1.43) 62.4

RR = relative risk, CI = confidence interval.

association with the risk of hypertension, except for the studies conducted in America (RR,
0.93; 95% CI, 0.87-0.98; I? = 4.6%; n = 5) and low methodological quality studies (RR, 0.92;
95% CI, 0.88-0.96; > = 0.0%; n = 7).

Our findings are consistent with those from the previous meta-analysis by Steffen et al.,28
which reported no association between coffee intake and hypertension risk. In contrast, other
meta-analyses by Zhang et al.,2’ D’Elia et al.,30 and Xie et al.29 reported a significant association
between coffee intake and hypertension. Zhang et al.2” found an inverse J-shaped relationship
between coffee intake and hypertension risk, with increased risk up to 3 cups/day. D’Elia et
al.30 reported that while habitual drinking of 1-2 cups of coffee per day, compared with non-
drinking, was not associated with the risk of hypertension, the consumption of more than
three cups of coffee per day was associated with a significantly lower risk of hypertension. Xie
et al.2% found an inverse association between the risk of hypertension and coffee intake, with
areduction of 2% per one cup/day increment of coffee intake. Such inconsistent results from
these meta-analyses may be attributable to differences in study populations, the inclusion of
studies reporting different measure of outcomes, and the inclusion of unpublished data.30

Coffee is a mixture of several bioactive elements, such as caffeine, phenolic compounds,

and minerals.¢ Caffeine is one of the main constituents of coffee. Caffeine, which acts as

an adenosine receptor antagonist, is known to cause vasoconstriction and to have an acute
pressor effect.34,35 In contrast, CGAs contained in coffee are known to have an antihypertensive
effect.36 Experimental studies have shown that CGAs lower BP in hypertensive rats as well as

in humans.%12 The mechanism by which CGAs lower BP might involve antioxidant activity.10
CGAs inhibit NAD(P)H oxidase expression and activity, causing a reduction in free radical
production.10 Patients with uncontrolled hypertension have been shown to have elevated levels
of hydrogen peroxide and superoxide anions, which deplete nitric oxide (NO) bioavailability in

https://doi.org/10.3346/jkms.2022.37.332 8/Mm
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endothelial tissue.37 NO deficiency has been cited as a cause of hypertension, and NO-mediated
vascular dilatation is reported to be decreased in hypertensive patients.38:39 Moreover, coffee

is rich in minerals such as magnesium and potassium, which are also known to lower BP.6,40
Thus, despite the acute pressor effect of caffeine, other constituents of coffee that have an
antihypertensive effect may counteract the effects of caffeine over long periods of ingestion.2’
Furthermore, over the long term, tolerance may develop to the acute pressor effects of caffeine
by the activation of counterregulatory hormones that maintain homeostasis for BP.34,35,:41,42
Thus, this mechanism explains why our study showed no significant association between
chronic coffee intake and the risk of hypertension.

Our meta-analysis contains several strengths. We performed a comprehensive meta-analysis
including the most recently published cohort studies on coffee intake and hypertension risk. We
also included studies that are characterized by high methodological quality, with scores ranging
from 6 to 8. In addition, we performed subgroup meta-analyses by various factors such as amount
of coffee, gender, region, type of coffee, smoking, years of follow-up, and methodological quality.
Thus, we were able to confirm the consistency and robustness of the main results.

However, our study also possesses several limitations. First, since only observational cohort
studies were included, this study cannot be used to infer cause and effect. Second, we could
not exclude publication bias. The Begg’s funnel seems visually asymmetric, and the P for
bias is close to 0.05, although it is not within the range of statistical significance (P for bias
=0.101). It means that coffee intake might have a protective effect against hypertension if we
consider unpublished studies showing a protective effect. Third, we were not able to account
for differences in cup size and type of coffee (boiled, filtered, etc.), since this information
was not given in most of the studies. Similarly, we were not able to differentiate the effects of
additives taken with coffee, such as cream or sugar, as certain studies did not assess for the
use of these items in survey questions. Last, coffee intake was assessed through self-report in
all studies, which may introduce misclassification of exposure. Thus, while we only intended
to classify caffeinated coffee as the exposure criteria in this meta-analysis, the potential
misclassification due to self-report may have resulted in the inclusion of decaffeinated coffee
drinkers among selected participants.

To our knowledge, this is the most recent and comprehensive meta-analysis of cohort studies
on the association of coffee intake and the risk of hypertension. Our study demonstrates

that long-term coffee intake is not significantly associated with the risk of hypertension. Our
study suggests that limiting coffee intake may not have a significant effect on lowering BP,
and that coffee intake may not serve as a risk factor for hypertension.
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